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ABSTRACT 

Tropical rainforests are recognized to harbor the richest biological ecosystems on earth. 

Again, their significant roles in protecting regional hydrology, capacity to sequester tonnes of 

carbon and safeguarding global climate cannot be down-sized. But not withstanding these 

assertions, tropical rainforests still face serious destruction with an estimation of about 13 

million hectares being destroyed each year. Agriculture expansion has been reported as a 

major contributor to almost all deforestation cases in the tropics. Against all these follies, 

several studies have estimated the enormous mitigation potentials that abound in agricultural 

activities to sequester carbon and other greenhouse gas emissions from agriculture. In light of 

these considerations, the central aim of this study was to elucidate the real relationship 

between agriculture and deforestation in the tropics. In trying to ascertain ways through which 

sustainable agriculture and forestry could be realized in the tropics, the study advocates that 

an adoption of policy initiatives that serve to provide incentives that are geared towards the 

conservation of forest, and also involves the integration of productive agricultural practices 

could aid in minimizing the extent to which agriculture expansion influences deforestation. 

The research further, highlights that the progressive adoption of biotic sequestration systems 

such as agroforestry and crop-based biofuels, when complimented with some abiotic systems 

such as carbon capture and storage technologies would be a surest way of optimally utilizing 

the unproductive lands that abound in the tropics in such a manner that could safeguard food 

security, whiles conserving the endowed rich biodiversity tropical forest.  
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1 INTRODUCTION 

1.1 Background and Scope of research 

Tropical rainforests are recognized to harbor the richest biological ecosystems on earth. 

Again, their significant roles in protecting regional hydrology, capacity to sequester tonnes of 

carbon and safeguarding global climate cannot be down-sized (Butler and Laurance, 2008). 

But not withstanding these assertions, tropical rainforests still face serious destruction with an 

estimation of about 13 million hectares being destroyed each year (FAO, 2005). 

On the other hand, agriculture has been postulated to have contributed between 5.1 – 6.1 Gt 

CO2- eq/yr in 2005, and is also responsible for the emissions of 47% and 58% of methane and 

nitrous oxide respectively (IPCC, 2007). The daring imprints of global emission of methane 

and nitrous oxide gained a worldwide recognition especially within the periods of 1990-2005 

when their emissions rose by nearly 17% from an average referenced annual emission 

increase of about 60Mt CO2- eq/yr (IPCC, 2007). However, the extent and comparative 

significance of the various sources and emissions differ between regions with the developing 

countries contributing to the majority of the contributions of almost three quarters of the 

agricultural emissions (Stern, 2006). 

 Areas of the world especially in Asia, Latin America, and Africa will have a high demand for 

agricultural products largely owing to the fact that there will be increases in population, rising 

of per capita caloric intake and a heightened dietary preference for meat and dairy products. 

In this regard, Smith (2007) placed emphasizes that the use of land globally together with its 

ensuing greenhouse gas emissions will change in response to these increasing anthropogenic 

demands. This also implies increased land use intensity or agricultural expansion so as to 

meet these expected consumption increases. It has been shown by a wide consent that an 

expansion of cropped areas and designated pasture lands serve as major impetus for massive 

deforestation. Pasture expansion which is especially important in Latin America has led to 

massive deforestation rates. Again an increase in the annual rates of deforestation of about 1.4 

to 4.7% per year in Madagascar has been attributed wholly to slash and burn agricultural 

practices (Achard et al 2002; FAO, 2003). Other frontier contributors to deforestation such as 

logging seems not to have shown a direct relation to forest destruction, though, in some 

instances they may play an indirect role. In contrast to this assertion, it has been proven that 

logging plays an important role in the spate of deforestation in Southeast Asia. Fuelwood in 
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Africa, especially has been noted to being an occasional source of deforestation, but evidence 

have shown that fuelwood together with open pit mining have weak correlation to 

deforestation in the tropics in general. 

The extent of the damaging effects of deforestation in the tropics within the past decade has 

become more apparent, and the deliberations about the causes of tropical deforestation have 

also intensified. Again, many studies that have sought to establish the underlying causes of 

deforestation seem not to provide a clear picture of its causes. These causes vary from place to 

place in a peculiar fashion, therefore placing a necessity to the furtherance of studies to know 

the root causes of deforestation in the tropics. According to Shane (1986) for instance, the 

increase in the size and number of cattle ranches has caused much deforestation in Latin 

America, whiles little deforestation rates have been recorded elsewhere due to this 

phenomenal cattle ranches increase.     

Land as it has been noted is finite, having limited boundaries. But against the expected back 

drop of population increases across the world, and in particular in the tropics, there seem to 

exist a seemingly clash between agriculture and deforestation, as the former has been shown 

to be inevitable; largely as a results of population increases. Thus, despite the many 

importance of forests, the rate of forest loss especially in the tropics which constitutes the 

chunk of the world‟s forests (forming 56% and with a size of 2 billion hectares) has been on 

the increase for decades.  The FAO in 2001, estimated that of these rates of tropical 

deforestation that were recorded between 1960 and 1990, Africa had the highest estimated 

annual loss of about 0.8%, followed by South America at 0.4%.  Owing to these facts, a 

substantial loss of forest in these areas have consequential effects on the significant proportion 

of the world‟s biological diversity also, as tropical forests are noted to be the „house‟ of the 

earth‟s richest biodiversity source.  

 Another interesting twist that presents itself to this issue has to do with the paradigm into the 

adoption of large scale biofuel utilization. Biofuels are seen to share some qualities with fossil 

fuels such as storage and transportation (Hall and Scrase, 1998), and subsequently been 

described as a potential alternative to fossil fuels. This has led to the springing up of „biofuel 

hotspots‟ in many places of the world, in particular in the tropical regions. These have further 

heightened the competition for lands both for agricultural and forestry purposes. But this type 

of initiation could have grave consequences on man and the environment at large as such 
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initiations would infer an intensification of agriculture; whiles on the other hand there would 

be limited or a reduction of forest lands due to the large scale adoption of biofuels. Studies 

conducted by Von Braun (2007) have reported that the increasing demand for biofuels 

globally have led to a higher cost of food in the developing world. This global thirst for 

biofuels has led to rising standards of living, especially higher costs of agricultural produce in 

developing countries that requires a careful consideration particularly in an era where 

sustainable agriculture and sustainable forestry are being advocated.  

Occurring in tandem to some of the issues raised above is that; financial global markets and 

the worldwide commodity explosion have created avenues that have sought to increase the 

activities of the frontiers to deforestation, with large scale agriculture predominantly leading 

as dominant cause of tropical deforestation. For instance, Smeraldi and May (2008) as 

referenced in Butler and Laurance (2009) reported that large scale cattle ranching in the 

Brazilian Amazon has more than tripled, from 22 to 74 million head since 1990, whiles 

logging and cultivation of soya beans have also increased intensely. The reason for these 

increases in the activities of agriculture, especially in the Brazilian Amazon could be 

attributed to the international market availability to these agricultural produce worldwide.  

Against all these follies, there have been studies that have estimated the enormous mitigation 

potentials that abound in agricultural activities to sequester carbon and other greenhouse gas 

emissions from agriculture. Smith et al (2007) added that technically 5500-6000 MTCO2 

could be offset through agricultural activities, with 89% of these mitigation potentials falling 

at the fore fronts of the developing world. Awareness creation through Eco-certification and 

other sustainable forestry management actions seem to also present a brighter future for the 

management of tropical forests (Butler and Laurance, 2008). But attaining these ideal 

conditions of a sustainable agriculture and forestry does not and will not definitely occur on a 

silver platter. 
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2 OBJECTIVES AND METHODOLOGY OF RESEARCH 

 Many areas within the tropical region especially, sub-Saharan Africa has been shown to have 

recorded a decline in the per capita food production despite the global increase. Moving to the 

intensification of agriculture especially the application of fertilizers has been suggested as 

capable to reverse the trend. This means that even though emissions from land use change 

may be experienced, a more potent GHG, NO2 will be on the rise.  Already, agriculture has 

been noted as the foremost cause of forest loss, having been projected to account for about 

90% of all tropical deforestation (Behnin, 2006). The complex processes involved in 

ecosystems always present a difficulty during research studies within this subject area. This 

effect of knowledge gap is encountered when trying to assess how anthropogenic activities 

such as deforestation and agricultural practices affect climate change. Thus, the global search 

for ensuring sustainable agriculture without considering its relation to deforestation, 

especially in relation to the tropical region would seem a total fiasco, as they both appear to 

share some common relations. In light of these considerations, the central aim of this study 

was to elucidate the real relationship between agriculture and deforestation in the tropics. This 

was achieved by: 

 

 Researching and reviewing into scientific articles that merit more insights to quantify 

local and regional levels of agriculture expansion and rates of deforestation in the 

tropics 

  To discuss the land use decision making in relation to forestry and agriculture in the 

tropics 

 Discuss the need for ensuring sustainable forestry and agriculture by critically looking 

at the abatement measures that could lead to this realization 

 

This thesis is centered on insightful literature reviews, which were conducted at the initial 

commencement the research. Gaps in the literature in relation to subject area were 

consequently identified.  The literature articles that met the general objectives of the research 

were selected, reviewed and critically analyzed so as to broaden the scope of knowledge from 

each selected article. The background and the findings of this research were placed into the 

context of the scientific literature that were selected, and where necessary, personal comments 

aside those of selected articles were properly supported using scientific data. 
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3 RESULTS AND DISCUSSION 

3.1 A historical account of global climate change research 

With a brief description of the distribution of land within the tropics, it could be highlighted 

that, the total tropical land is divided between the continents of South and Central America, 

Africa and South and South-East Asia with each possessing 32%, 52% and 17% respectively 

out of the estimated total land of 56 million km
2
. A classification of Global Land Cover types 

in 2000 (GLC2000) that was actually reported by  IES (2010), shows that out of the total 

tropical land, 24% is covered by humid forests, 35% covered by bare and agricultural areas 

and 27% constituting shrubs and grassland areas. The tropical Americas constitute 

predominantly of 47% humid forest, with agriculture and other landscape mosaics comprising 

25%, whiles herbaceous or sparse vegetation forms 15%. However, tropical Africa which is 

much drier, comprises of 10% humid forest, 16% deciduous forest, 29% shrub lands and 

grasslands and 16% of agricultural and other land use mosaic types whiles, the Asian region 

has 24% humid forest, land mosaic types and agriculture forming 23%, shrub cover and 

sparse vegetation also being 18% and 22% respectively in terms of the total land area (IES, 

2010). 

The impacts of the activities of man have been predicted to have been a major contributor to 

the increased CO2 concentration globally. The potency of CO2 to effectively trap heat had 

been forecasted several years. For instance; Weart (2004) as reported in Johnson et al (2007) 

stated that John Tyndall who was a researcher predicted and laid emphasis on the absorbing 

potential of CO2 in 1891. But ever since, scientific research has moved more progressively 

into finding the real interrelationship between CO2 concentration in the atmosphere and its 

ensuing impacts on temperature globally (Suess, 1957). Several models were also presented 

by researchers to bring a clear understanding of the real relationship between CO2 

concentration and global temperature by presenting a contextual data to aid in the recording of 

the increases in CO2 concentration (Keeling 1960, 1979). As another major contribution to 

research, it was again recognized in the 1970s the global warming potential of other trace 

gases, to which notably amongst them were N2O, CH4 and Chlorofluorocarbons (Lovelock, 

1974, Wang, 1976). By the 1980s, the human induced activities and its impacts on global 

warming had gained much prominence globally; with this insight bring able to trigger several 

debates on how the world could actually come to a consensus on how effectively to the curb 

the issue of global warming. In furtherance of this, several organizations sprang up to study 
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into detail this up rise phenomenon. Key amongst these organizations was the 

institutionalization of the Inter-Governmental Panel on Climate Change (IPCC, 1990). The 

IPCC in recent times has established human induced activities as having a positive stimulus to 

the  global greenhouse gases on the global scale as a whole (IPCC 2001, 2007). Although 

there have been several predictions to buttress the fact that global CO2 emissions and thus its 

concentration on global climate is on the increase, there has been varying opinions from 

different institutions.  But the general consensus is that CO2 is on the increase and has been 

predicted even further to increase in the near future. For instance, Wood (1990) reported that 

CO2 concentration were recorded at 350 ppm, but CO2 concentration was seen to have risen to 

370 ppm at the Scripps Institution of Oceanography monitoring sites in 2004 ( Keeling and 

Whorf , 2005). CO2 concentrations have been projected to reach 500 ppm by the end of the 

twenty first century (IPCC, 2007). On the other side of the issue, some trace gases have also 

been predicted to have increased in terms of their concentrations in the atmosphere from the 

pre-industrial era.  The IPCC recounted that CH4 and N2O by 1992 had sharply risen by 145% 

and 15% respectively (IPCC, 1996).  After a seeming decrease of CH4 concentration during 

the 1990s, it has been found through recent studies that human induced activities have again 

heightened the emission rates of CH4 (Bousquet et al., 2006). The concentration of N2O on 

the other hand has been reported to have increased linearly between 1979 and 2004 

(Hofmann, 2005). The underlying forces of the climate interfaces have not been 

comprehended fully, although there exist an overall scientific consensus that human induced 

actions have in actual sense contributed to the toll of global climate change (IPCC, 2007; 

Oreskes, 2004). Increase in sea levels, turn overs in rainfall circulations and a hastened 

extinction rate of species have been predicted as some of the awaited and detected impacts 

from global climate change imprints (Shepherd and Wingham 2007; IPCC, 2007). Kimble et 

al (2001) reported that the general negative imprints that the world faces today has led a move 

by the world to rethink and strategize on how to effectively curb this menace by exploring 

other alternative fuels to fossil fuel, and to better create avenues that would aid in C 

sequestration. 

3.1.1 Overview of agriculture and deforestation: dynamics of agricultural practices and 

factors contributing to deforestation over the years  

The era earmarked as the green revolution characterizes the period through which culminating 

efforts were put together to enhance and improve man‟s understanding of the ecosystem and 
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deploying efficient technological developments to meet the increasing demand for food 

products (Desjardins, 2009). These changes in our understanding and technological 

development of agricultural systems have been reported to have had diverse influence on 

ecosystems in different areas and regions in the world. Typically, as referenced by Desjardins 

(2009), that agricultural practices across Europe and China in about 8000 years ago deployed 

only few forest clearings under the hunting and gathering system to meeting food demands; 

which had minimal impact on climate. From then, farm mechanization systems, and the 

adoption of intensive slash and burn agriculture through paddy rice system have been 

recognized as major improvements in the Asian region. 

These agricultural system changes have since, modified the face of the planet, in terms of 

converting other ecosystem types to natural vegetation. Particularly, Ramankutty et al (2009) 

buttressed this assertion by stating that the natural vegetation over large expanse areas of the 

total land surface in the world had been replaced by agricultural crops that cover about 

18Mkm2 of land worldwide. Other related studies, like that reported by Desjardins (2009), 

have reported that, from the period of 1700 to 1990, the global crop land size and areas 

designated for livestock grazing have increased rapidly, with reported figures during this time 

periods being; 265M ha to 1,471M ha in terms of crop land changes, and from 524M ha to    

3,451M ha representing that of livestock grazing increases. These reported changes have 

contributed in degrading land in many parts of the world, thereby playing significant role in 

terms of global climate change. 

Agricultural systems that were initially practiced have been noted to have contributed 

minimally to the GHG build-up in the atmosphere on an annual basis (Desjardins, 2009). 

Those initial agricultural systems such as the slash and burn have been reported to have 

minimal impacts on geochemical cycles. For instance, as reported by Tinker (1995), that 

traditional slash and burn practices allowed for enough fallow periods to allow natural 

vegetation to re-establish, and thus had the capacity to balance the carbon and nitrogen fluxes 

effectively. However, the adoption of agricultural practices that involves the massive 

application of fertilizers, tillage practices and other practices associated with the 

developmental changes that have occurred in agriculture have extensively contributed to 

modifying the physiology and the physical characteristics of land in a global context 

(Desjardins, 2009). 
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Trails of the impacts of agriculture have assumed different shapes on different parts of the 

world in the regard of adopted methods and production. Demand in an increase in production 

is one thing the varying agricultural forms have in common in the present day. For instance, 

as reported by Smith et al. (2007), the past four decades have seen a dramatic change in 

agriculture with the major drivers of this change being population pressure, technological 

changes, public policies, economic growth and price squeeze. The FAO in 2003 as referenced 

in Verge et al. (2006) reported that the increase in the production of crops has been driven by 

yield improvement with 78% of the growth; a further 15% came from expansion arable land 

and the remaining 7% being accounted for by crop intensity increment since the 1960‟s. There 

is a prediction of the trend continuing in the same manner through 2030 with an average of 

about 70% for yield improvement, 20% for land expansion and 10% for cropping intensity 

increment. 

The era of the green revolution that was earmarked as the planned international efforts that 

had a quest of wanting to improve the performance of crops so as to eliminate hunger, was 

seen to have aided in the increase of food production in the world. In order to benefit from the 

new crop varieties and cultivars during this era, increased use of fertilizers and pesticides, 

irrigation and farm mechanizations were some of the agricultural practices that were deployed 

to aid in this global objective. Although, notable regional exceptions occur, the productions of 

food and fibre in general have been recognized to have kept pace to meeting the global 

increasing demand. Notwithstanding, these positive strides, the influence of the agricultural 

development on environmental quality and ecosystems cannot be down-sized. This assertion 

is buttressed by several authors who have reported that the growth in the production of food 

has occurred to the detriment of environmental quality whiles its strides in unraveling the 

issue of malnutrition among children in the developing world has been limited (Verge 2006; 

Smith et al., 2007). 

Native rainforest clearance to make way for the cultivation of crops and pasture have been 

noted as the predominant factor for tropical rainforest loss in places such as Brazil, Congo and 

Indonesia. While subsistence agriculture can be said to be the main driver of land use change 

in an area such as Congo, Brazil‟s increased clearance can be attributed to biofuel plantations 

and pasture lands. Increasing agricultural land expansion in the tropics as shown in table 1 has 

been recognized as a major contributor to tropical deforestation (Smith et al., 2007). 



14 

 

Taking into consideration the size of areas earmarked for direct pasture cultivation and for 

indirect forage currently, livestock production could be recognized as the world‟s largest user 

of agricultural lands. This statement is further reiterated by Ramankutty et al (2005) who 

stated that more than twice the land dedicated to cultivation of food crops was under 

permanent pastures, with the production from livestock accounting for over 40% of global 

food production with this share on the rise. The progressive increase in the global population 

has been predicted to inevitably increase food demand. The culminating food demand 

increases and factors that include the emerging carbon-credit and incentives for the wide-

range adoption of biofuels have been noted not only to increase the pressure on agricultural 

lands, but will also entice the world into adopting a more intensified agricultural productivity 

systems ( Desjardins, 2009). Although agriculture have been noted as a source of all the three 

major GHGs, it has been recognized by Pitesky and Stackhouse (2009) that the amount of 

release from agriculture is very much dependent on some specific site parameters and the 

methods deployed in the agricultural production. The developed world‟s system of agriculture 

deploys the use of intensive fertilizers on smaller land units for agricultural production, and 

such a system in relation to the slash and burn system often observed across the developing 

world, releases N2O and CH4 which have been noted to have a higher global warming 

potential than CO2, as both NO2 and CH4 have 23 and 296 respectively, times a more potent 

global warming potential than CO2. (Pitesky and Stackhouse, 2001). 

Agricultural land expansion has been reported to be inevitable, as it serves as the source 

through which the world could use and adopt to keep pace with the increasing food demand. 

But as Desjardins (2009) puts it, there now exist a limited potential of agricultural land 

expansion as cultivation is presently recognized on most good quality arable land already. 

Such an adoption could have grave implications on other land forms such as natural forest 

vegetation, which have been noted to being the sources of primary land as seen in most places 

in the tropics to help meet the increasing demand for food products (Gibbs et al 2009). 

Large expanse of African tropical forests clearance is believed to have been more glaring in 

areas that could be assessed easily by timber companies during the twentieth century. Large 

portions of initially untouched forests were opened as a result of the high selective felling 

procedures adopted by the felling companies (Rudel and Roper, 1995).  These opening-ups by 

the felling companies afforded an easy entry by other settlers who exploited the non-timber 

forest products, and also to pursue other agricultural activities to meet their demands for food. 
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Thus, these activities by the felling companies have been predicted as a major contributor to 

the heightened rates of deforestation in some West African countries such as Ghana and Cote 

D‟Ivoire in the 1970s and 1980s. Again, countries such as Cameroon, which is Africa‟s 

leading exporter of tropical timber, and also serves as a host to the rich-species within the 

Congo Basin is being threatened by issues pertaining to deforestation. The rate at which CO2 

is released into the atmosphere is increased by the process of forest clearance. Some activities 

like logging and tillage operations possess the potential of disturbing the soil to release soil-C 

at very high rates (Gorte and Sheikh, 2010). Levels of soil organic carbon (SOC) also decline 

during cultivation phase of deforested land following burning (Tinker et al., 1995).   

Table 1: Different uses of agricultural land in global and regional contexts from 1961-2002 

(redrawn from: Smith et al 2007) 

 Area from 1961-2002 

(Mha) 

Area increment 

within period (Mha) 

Percentage increase 

World 

  Agricultural land 

  Arable land   

  Permanent crops 

  Permanent pasture 

 

5023 

1405 

  130 

3488 

 

 461 

 107 

   49 

 306 

 

 +10 

   +8 

 +59 

 +10 

Developed countries 

  Agricultural land 

  Arable land 

  Permanent crops 

  Permanent pasture 

 

1838 

  613 

     24 

 1202 

 

– 41 

– 35 

    1 

  – 7 

 

 – 2 

 – 5 

 +4 

 – 1 

Developing countries 

  Agricultural land 

  Arable land 

   Permanent crops 

   Permanent pasture 

 

3184 

792 

106 

2286 

 

502 

142 

  48 

313 

 

 +19 

 +22 

 +81 

 +16 
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Deforestation in tropical forests such as that of Indonesia is a major concern because they 

have peat soils which possess very high soil carbon. Burning of the biomass to make way for 

agricultural activities also releases very significant amounts of fine particulates and aerosols 

which are known to have a high global warming effect (Gorte and Sheikh, 2010). Cutting 

down vegetation in the tropical forests causes a very high release of CO2 into the atmosphere 

due to the very high amount of carbon stored in this forest type.  

Tropical deforestation in general, is expected to have more significant impacts on the global 

climate because; sequestration of carbon in tropical forests is relatively higher. The amount of 

carbon stored in vegetation of tropical forests is twice that of other forests and four times 

more carbon than the global average (Gorte and Sheikh, 2010). Data by World Resource 

Institute (2000) as was cited in Desjardins (2009) estimated global tropical deforestation as 

exceeding 13M ha per year which makes it a definite source of substantial atmospheric CO2. 

The past few decades have witnessed an accelerated increase in tropical deforestation caused 

by agricultural activities which has altered the land cover of many parts of the globe. There 

has been huge clearance of tropical forests for permanent small scale agriculture, plantations 

and pasture. Permanent small-scale agriculture is said to be related to about one-third of total 

agriculture-related tropical deforestation (Gorte and Sheikh, 2010). Of the many human 

activities contributing to the emissions of GHGs which destroys the ozone layer, deforestation 

and agricultural practices have been labeled as some of the main ones. Different studies have 

attempted to estimate the amount of GHGs emitted by each of these activities and their effect 

on climate change though they are seen as related in some cases for instance agriculture 

induced deforestation.  

Deforestation is seen to be a very significant source of atmospheric CO2. Anthropogenic 

burning of forest is a great concern for carbon emissions as they are known to release very 

large amounts of CO2 in a very short period (Gorte and Sheikh, 2010). Expansion of 

agricultural lands have led to an approximated farm land size of about 1.4 billion hectares in 

the world today (Desjardins, 2009) and this expansion eats into the forest areas especially in 

developing, tropical countries adding to the gas emissions from deforestation (Pitesky and 

Stackhouse, 2009). Generally, forests have also been shown by studies to be net CH4 sinks but 

there still remains an uncertainty whether forest cover modification affects the release and 

absorption of CH4 (Gorte and Sheikh, 2010). 
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3.2 The three prominent greenhouse gases: Carbon dioxide, Methane and Nitrous oxide 

3.2.1 Carbon dioxide 

Large forest clearance and its subsequent conversion to other land use types such as; 

agricultural intensification purposes are believed to contribute enormously to global CO2 

concentrations. Although, the effects of the levels of soil organic carbon (SOC) could vary, it 

has been shown that SOC levels reduce at the cultivation phase after burning forested lands 

for agriculturally induced activities (Bouajila and Gallali, 2010). Forest clearing activities 

such as those that adopt the use of bulldozers have been predicted as the most disruptive in 

terms of SOC declines (Tinker, 1996). Other prevailing conditions in the tropics such as the 

higher temperatures of the topsoil, reduced input of litter and an increased oxidation of SOC 

through tillage have been noted as some activities that lead to SOC declines. 

History has it that during the gathering and hunting era, anthropogenic activities were 

recorded to have had minimal negative repercussions on the biotic and abiotic aspects of the 

environment. However, the onsets of the industrial revolution where enormous strides were 

made in terms of mechanization and an improvement of agriculture were seen to have 

changed to a large extent the surface of the planet. In advance of the 1960s, Houghton et al., 

(1983), reported that the discharge of CO2 from soils and its related biota were remarkably 

higher than the release from fossil fuels. With agriculture having been purported to be a major 

contributor to global CO2  emission, several advancements have been made so as to ensure 

that agriculture moves from being just a mere net contributor to GHG emissions to a more 

acceptable net sink through carbon sequestration techniques ( Reicosky et al.,2000). 

3.2.2 Methane 

Agriculturally induced production of methane is released to the atmosphere biologically 

through the activities of methanogenic bacteria residing in flooded anaerobic soils, such as; 

flooded rice patties, in the digestive tract of termites and in the rumen of livestock animals. 

Contributions of methane to anthropogenic radiative forcing is predicted to be second behind 

CO2 at 20%, with CO2 forming 60% (Lassey, 2007). The concentrations of methane in the 

atmosphere have increased so much within the decades. For instance, US EPA in 2007 

reported that the year 2000‟s concentration of methane with reference to its emissions in the 

1700s had increased enormously from 700 ppb to an unprecedented level of 1750 ppb.  
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Livestock farming are known to be a major contributor to global CH4 emissions 

predominantly through enteric feed digestion. However, livestock‟s contribution to CH4 

emissions is largely dependent on site specific site parameters and methods adopted in the 

farming process. This assertion is supported by Oenema (2006), who reported that the 

efficiency of livestock animals to convert plant carbohydrate and protein into animal protein 

are dependent on the type of animal being reared and the type of management practices that 

have been adopted. 

3.2.3 Nitrous oxide emission 

According to Smith and Conen (2004), activities of soil microbial organisms that aerobically 

converts ammonium to nitrate and those that stimulates the anaerobic conversion of nitrate to 

Nitrogen gas, are estimated to form about 65% of all global N2O emissions. The applications 

of nitrogen fertilizers and animal manures to soils form the predominant agricultural activities 

that increase global N20 emissions into the atmosphere. Thus, applications of animal manures 

and Nitrogen fertilizers add up to significantly increase global N2O emissions. Globally, rates 

of production of N manures and N fertilizers have been reported to be somewhat similar. This 

assertion is in conformity to the studies by Oenema, 2006 who reported that global 

productions of N manures and N fertilizers had an almost similar rates of production, with 

global N manure production being about 94 Tg, whiles N fertilizer rates of production 

globally also, stood at 70-80Tg (Fixen and West, 2002). Oenema (2006) further added in his 

studies that cattle accounted for 56% out of the total N manure production globally, while 

swine and poultry accounted for 11% and 9% respectively out of the reported global estimates 

of N manure production. Management options that focus on N-use efficiency have been 

predicted to help reduce N2O emissions that arise as a result of N manure applications. 
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Figure1: Global anthropogenic activities and their contributions to GHG concentrations 

(IPCC, 2007) 

 

3.3 To sink or to burn: Some land use policy initiatives that could affect tropical 

agriculture and deforestation through model studies 

Several policy initiatives have the capacity to affecting significantly land use decision 

making. This therefore makes it really important to critically ascertain some of these policy 

elements that might have a tolling rippling consequence on tropical deforestation and 

agriculture. 

In analyzing land-use decision making options in the tropics, it could be noted that, land could 

be viewed as a fixed asset that could be used for either agricultural purposes or for forestry 

related purposes.  Relating to studies that were conducted by Barbier and Burgress 1997, it 

was shown that the relative marginal returns of alternative land use served as the major factor 

shaping the perception of people on how to allocate lands for specific uses. Thus, the marginal 

benefits from agriculture could significantly impact on the area of forest cover, and a vice 

versa in the tropics. For instance, Behnin (2006), noted that for many reasons the rates of 

deforestation in the tropics continues unabated due to the fact that the marginal benefits from 

agriculture seem to be relatively higher than the marginal benefits from forestry. 
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Policies that sought to either subsidize or further impose tax on forest clearing sectors affects 

significantly the extent of forest clearance. For instance, modeling studies conducted by 

Anderson et al (1997), showed that in situations where agricultural prices are exogenous, 

implementation of policies that effect tax impositions on sectors involved in forest clearance 

aid in reducing activities of forest clearance, while policies that offer tax exemptions or 

subsidies to these forest related sectors have differing consequence. A lower or a higher price 

in agriculture also has differing consequences to affect the extent of forest. This point was 

buttressed by Jones and O‟neil (1992), who also showed that an inflection of higher prices in 

agriculture has the tendency of further reducing the area of secondary forests due to the 

reduction in the duration to which farmers have to abandon their lands to fallow. Thus, 

increasing activities related to manufacturing and urbanization for instance, through 

impositions of import and export taxes and other subsidies biased in favour of activities that 

sought to decrease deforestation have a positive effect on the extent of forest cover. An 

increased real agricultural and timber prices are also projected to occur largely through 

devaluation initiatives; that could also heighten the extent of deforestation. These deductions 

could further imply that policies that sought to eliminate both agricultural and forest logs 

exportation and to eliminate also activities that enhance urban drifts could increase the 

pressure on forests (von Amsberg, 1994). This latter assertion was contested by Jones and 

O‟neil (1995), who were of the view that different outcomes could instead, be recognized 

when agricultural prices are endogenous. Under this scenario, policy initiatives that are more 

geared towards the favouring of urbanization and other non-related agricultural activities 

could induce the extent of the urban population‟s demand for food, and thus increasing 

agricultural prices, making the net consequences on deforestation indeterminate. However, if 

such imitative have a declining impact and reduces the urban population‟s demand for food, 

the pressure on forests could be reduced significantly.  

With agricultural output taxes being raised by several analysts as a surest way of helping 

reduce the toll on deforestation, some researchers have also proposed other efficient ways of 

ensuring forest protection aside agricultural output tax. In particular, it has been suggested by 

Jones and O‟neil (1993), that policy initiatives that favour the imposition of land and fuel 

taxes also, have the tendency of reducing deforestation. Inelastic agricultural prices are also 

believed to further induce forest clearance through the construction of roads and an increase 

in agricultural output. 
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Implications of growth in rural populations have rather differing opinions depending on the 

exogenous or endogenous prices of agriculture. Under exogenous conditions of agricultural 

prices, rural population growth could clearly induce forest clearing through the reduction of 

real wages, however under endogenous condition of agricultural prices, rural population 

growth have an indeterminate effect on the extent of forest clearance. Also, according 

preference to policy initiatives that favour the apportioning of labour to ensuring a cost-

effective soil conservation activities have been proven through model studies to reduce the 

extent of forest clearance through the diversion of the labour that would have in actual sense 

been used by farmers into clearing forests into such conservation activities (Jones an O‟neil, 

1992). Under exogenous conditions, factors such as; an increase in timber demand, an 

increase in the harvesting output of timber and increase supply of labour could lead to a total 

elimination of the resource (Brander and Taylor, 1994). Findlay and Lundahl (1994) further 

reiterated on this same assertion by further adding that a complete elimination of the forest 

resource might be realized when joint collaborations in the world‟s economy avails new 

avenues that could result in higher prices of timber and agriculture. 

Log prices and activities of farmers could also determine the extent of deforestation. For 

instance, Soest (1995), showed through his modeling studies that reductions in log prices 

together with the activities of small scale farmers; who have a higher propensity to deforest, 

would further induce large clearance of forest areas as logging companies would be seen to 

adopt a more lukewarm investment in forest protection, thus making accessibility easy to 

these farmers to encroach and deforest at an alarming rate. 

The assumption of higher marginal benefits of agriculture than forestry in the tropics could 

also stem from the fact that land use decision making analyses do not at always take into 

consideration some of the values of the forest. The underestimation of these forest values have 

been predicted as a major cause for the rapid forest depletion especially, in the tropics. Some 

authors have described this underestimation of some forest values as: market failures, 

institutional failures and policy failures (Behnin, 2006). However, Perrings (2000) described 

these underestimations as the underlying factors of rapid forest depletion in the tropics.  

The forest provides both tangible and intangible benefits to meet the demand of man, but it is 

those of the intangible benefits that are difficult to be accorded monetary values thereby, 

making forestry relatively cheaper in terms of accessing cost-benefit analysis between forestry 
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and other related land use alternatives. Thus, market failures are bound to occur if markets are 

not able to provide a true reflection of all the social benefits of the forest. For instance, 

Barbier et al., (1997), although, conceded to the assertion that it would be profitably sound to 

opt for other land use alternatives than forestry, such decisions were described not to result in 

an optimal outcome for society. In this regard, policy initiatives that seek to increase a 

country‟s export revenues by adopting subsidies for cash crops for instance, could lead to 

rapid forest depletion as reported by Pearce, (1999).  

In trying to access the major reasons why farmers opt to expand their farmlands into those of 

forestlands, Angelsen et al (1999), observed that there exist three primary stages to which 

forests are lost. It was firstly identified that, forests serve as inputs to some initial agricultural 

activities through the burning of its biomass which serve as a suitable alternative to fertilizers. 

Again, decision parameters that are generally based on the marginal benefits of other non-

forest land uses such as agricultural price inputs and the cost of forest conversion plays a key 

role in determining the rate of forest cover removal in the tropics.  The third primary stage to 

loss of forest was identified as the underlying factors such as economic growth, per capita 

gross domestic product and external debt that influence the rate of agricultural expansion 

through their impacts on the decision parameters. 

The reasons assigned above that have been shown by different researchers to contribute to 

deforestation could be seen to result in a seemingly clash of policy objectives of the income 

levels of the rural and urban populations and the conservation of forest. 

3.3.1 Tropical Deforestation: Evaluating the Underlying causes 

Does population growth have a direct causal relation with Tropical Deforestation? 

Establishing a real causal relationship between the underlying factors of deforestation such as: 

population growth, income, external debt, trade and structural adjustment is more difficult 

than between the immediate decision parameters to deforestation due to unavailability and 

poor quality of data to make conclusive deductions. For instance, studies by Pffaf 2009; 

Angelsen and Kaimowitz 1998 explain that higher per capita incomes of tropical countries 

could not be placed to having a direct causal relationship to tropical deforestation. Their 

studies reveal that on one side; higher per capita incomes could lessen monetary constraints 

and thereby leading to an increased deforestation rate, while on the other hand, increased per 
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capita income could infer a reduction in the cost of labour, thereby reducing the propensity to 

deforest. 

Deliberations around the world to establish a real link between population growth and tropical 

deforestation have been on-going. Several researchers and analysts are of the view that there 

exists a direct causal relationship, with population growth having the propensity to stimulating 

large forest clearance within the tropical region of the world. For instance researchers such as 

Laurance (2002) assert that human induced population pressures could be deemed as a 

probable underlying cause of tropical deforestation. This same assertion is supported by 

internationally recognized bodies such as the World Bank (1992), World Wide Fund for 

Nature (2000). Again, this same view that purports a direct causal relation between population 

growth and tropical deforestation is strongly supported by the logging industries who seek to 

detract forest degradation to the very fore front of population growth.  However, opponents to 

this assertion have also reported that directly linking population growth as the direct causal 

effect to tropical deforestation seems to be an oversimplification (Lambin, 1995). These 

conclusions by the opponents and proponents to this assertion should not make one jump into 

drawing infallible deductions and sticking rigidly to a conclusion as purported by the separate 

actors to this assertion (Angelsen and Kaimowitz, 1999). Several studies too, have accepted 

the assertion that population growth has a direct negative causal repercussion on deforestation 

but have however, added that several activities act in consonance with population growth to 

influence the extent of deforestation.  In the same vain, Contreas-Hermosilla (2000), argued in 

his report that population growth does not act as a single independent variable to determine 

the fate of forests, but it does so in relation to many factors such as the accessibility of 

infrastructure or economic avenues and policies. Pacheco( 2009), in his studies to accessing 

the effectiveness of the agrarian reform in the Brazilian Legal Amazon also revealed that, 

population pressures have ensuing consequences on the activities of the large and small scale 

farmers to deforest. The small scale farmers were noted to deforest more through the opening 

up of new secondary forest areas resulting in a more diffused or fishbone pattern of 

deforestation, whiles their counterparts in the large scale farming have the ability to deforest 

more due to their huge machinery utilization. Again the shores of Indonesia have also been 

shown to deforest large tracts of forested areas for the cultivation of palm tree plantations to 

meet the ever increasing demand of the world‟s thirst for biofuels in the regions of Sumatra 

and Borneo (Earth Observatory, 2011).  Forest degradation could also be dependent on some 
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actions that are based on management and on the structure of the society that stimulate large 

expanse of forest area clearance. After having analyzed the results of more than 140 economic 

models, Angelson and Kaimowitz (1999), reported that there exist a weak correlation between 

population increases and tropical deforestation, and those correlations that oppose that of their 

studies might be based on defective data or erroneously specified models.   

Proximity of forests to roads and rails have a higher tendency of being deforested than their 

counterparts that are far away from these accessibility points, as for instance with the scenario 

reported by Mamingi et al., (1996) that large forest conversions recorded in the Democratic 

Republic of Congo and Cameroon could be attributed to their proximity to roads and 

railroads. Model studies conducted by Rudel and Roper (1997), to better explain the 

complexity of the issue of deforestation in the tropics, classified deforestation using two 

model types. The actors of tropical deforestation were classified under either the „frontier‟ or 

the „immiserization‟ models. The frontier model sought to classify the actors of tropical 

deforestation into an array of companies, entrepreneurs and small-scale farmers, whose 

activities open-up initially inaccessible forest regions. The actors form a „growth coalition‟ 

whose activities complement the activities of the other actors indirectly. For instance, model 

analysis conducted by Kummer (1992) to classify actors of tropical deforestation under the 

„frontier‟ model type reported, that penetration of roads constructed by logging companies 

and other entrepreneurs into formerly inaccessible forested areas, in the absence of 

enforceable property rights provides an easy access to small scale farmers to deforest within 

short time frames. The main relationships between the various actors of deforestation as 

described as a frontier deforestation model by Rudel and Roper (1995) is represented in figure 

2. Road construction for instance, leads to the opening up of undeveloped forest regions and 

this has been aptly described as a „frontier‟ model of deforestation (Walker, 1993). Thus, the 

central idea behind the frontier model is the contributions by companies and other 

entrepreneurs who construct roads through initially inaccessible forest areas. Higher Gross 

National Product (GNP) may stimulate road construction which may further induce 

deforestation. Similarly, population growth has also been shown to also stimulate tropical 

deforestation through the provision of labour surpluses. 

Forests that form in small porch-fragments are more susceptible to being lost than large forest 

areas. It was further reported that areas with higher soil fertility and in drier climates are also 

likely to be cleared for agricultural purposes. The extent of forest clearance could also be 
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dependent on the level of interactions between the influence from roads and other prevalent 

environmental conditions, so that the extent of deforestation could be assumed to be higher in 

forests in close proximity to roads and with fertile soils and with suitable climatic conditions. 

For instance, Chomitz and Gray (1996) showed that in Belize, the likelihood of an area being 

cleared for agriculture on highly fertile lands next to roads was 50%, whereas lands with 

impoverished soils lying even loser to roads had only a 15% probability of being cleared. 

Thus, it is not always that forest proximity to roads play a sole significant factor to stimulate 

forest clearance, but also related sometimes too with the fertility of the soil and the prevailing 

environmental conditions. A totally different scenario, however, seem to exist in Mexico as 

propensity to deforest is largely dependent on the extent of poverty levels. This was noted by 

Deininger and Minten (1997), who reported in their studies that there exist a positive 

correlation between poverty and deforestation in Mexico. The study even added that the rate 

of deforestation even seemed to be higher in more remote and inaccessible places, far from 

roads. Further, areas that are characterized by diffuse shifting cultivation are noted to also 

have a high probability of being subjected to forest clearance, whereas less importance is 

accorded to places of close proximity to roads and towns in this regard (Mertens and Lambin, 

1997). 

The unavailability of suitable economic avenues and the increases in the number of persons 

within households, coerce people into the opening up of peripheral lands for cultivation. A 

classical type of this scenario happened in the Philippines in the 1980s when the reduction in 

urban economic situation led to an increase in the migration of farmers to new areas to start 

up new farms (Cruz et al., 1992). Another model type which goes contrary to the frontier 

model is used to describe this scenario which is induced by the migration of poor farmers and 

a lack of suitable economic options. The „immiserization‟ model is used to better understand 

this kind of scenario as seen in figure (3).  Inman (1993) reported that the enthusiasm of 

governments to ensuring an increased revenue and foreign exchange so as to forfeit 

international debts could also lead to the increase in cultivation and expansion of that 

particular agricultural product at the expense of forests. 
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Figure (2): Frontier model describing the contributions of companies, entrepreneurs, GNP and 

population growth to tropical deforestation (Redrawn from: Rudel and Roper, 1997)       
 

A review of 152 cases in the tropics to aid in the assessment of the proximate and underlying 

causes of deforestation in the tropics was conducted by Geist and Lambin (2002), with 55 

cases in Asia, 78 cases in Latin America and 19 cases from Africa. However, their studies 

could not find any „universal‟ link between cause and effect. Their studies revealed that 

tropical deforestation in differing geographical contexts was caused not by just one proximate 

cause, but by different combinations of several proximate causes. Some of the proximate 

causes of tropical deforestation that were identified were: expansion by agriculture, extraction 

of fuel wood and commercial timber and expansion of infrastructure. Thus, from past and 

present researches, Geist and Lambin (2002) concluded that agriculture played an important 

role in determining the extent of forest loss in the tropics, as their study estimated agriculture 

expansion to have accounted for about 96% of land use changes that resulted almost in all 

cases of deforestation in the tropics.                                                                     
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Figure (3) Immiriserization model showing GNP and Population growth and their relation to tropical 

deforestation (Redrawn from Rudel and Roper, 1997) 

 

3.3.2 Sources of Deforestation: Assessing the mediator decision parameters 

There exists a broad general consensus on the fact that an increase in the area of cultivated 

lands and pasture designated areas serve as a major frontier to deforestation. This contention 

is generally supported by Pacheco (2009), who showed in his studies that typically, expansion 

of pasture areas have grave consequences on the extent of deforestation in Latin America. 

Logging activities also have been shown to have a somewhat correlation with the extent of 

deforestation although, this assertion seems not to be agreed upon on a large consensus within 

this subject area (Mertens and Lambin, 2000). However, some places especially in the 

Southeast Asia have been noted as one region where logging activities contribute significantly 

to deforestation. Other places within the tropical region such as Africa have been shown to 

have a positive correlation between fuel wood and open mining activities to the extent of 

deforestation. 
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Differences in crop suitability coupled with the differing needs of the countries within the 

tropical region have been major factors in determining land use patterns after a forest area has 

been cleared. This view is consistent with that of Bellassen et al (2008) who explained that in 

Africa, after a deforestation event, the probability of the land being used for activities of small 

scale agriculture predominates, whiles cattle ranching and the cultivation of soy beans 

becomes the norm elsewhere in the Amazon and other places in Latin America. This assertion 

is further supported by the FAO Report (2005) which in a related study to access and define 

the role of the various frontiers to deforestation in the tropics using satellite imagery and other 

remote sensing techniques, found that forest conversions largely leads to small scale 

agricultural activities in Africa, whiles activities of large scale farming dominated in the Latin 

America and Asia. This is shown in the figure (4) which throws more light on the most likely 

land use to be adopted following the event of deforestation. 

Cote d‟Ivoire has been noted as the country with the highest rate of deforestation in the world, 

but at the same time, noted as the world‟s largest exporter of cocoa. Several studies have been 

conducted to access whether or not; cocoa expansion had any impacts on affecting 

deforestation rates. Estimates based on the aggregate data analysis from Cote d‟Ivoire by Ehui 

and Hertel (1989) showed that there exist a positive correlation between the extent of 

deforestation and agricultural yields, particularly; cocoa. Slash and burn agriculture have been 

predicted as a relatively cheap means to which farmers could prepare lands for crop and cattle 

pasture cultivation in the tropics. Studies through comparative micro-level experiments have 

shown that incorporation of ash and the quick mineralization of organic matter after burning 

and clearing forest areas within the tropics serve as a means to avail nutrients to planted crops 

within the first season, but after that, nutrient availability declines and therefore affects crop 

yields (Ehui et al., 1990). Thus, after the decline in crop yields, further forested lands are 

cleared to repeat the same cycle of the activities of slash and burn; reducing the overall forest 

cover in the tropics. 
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Figure (4) Agriculturally induced activities and their frequency of involvement in 

deforestation (Redrawn from: Geist and Lambin 2002) 

 

 

 
 

Figure (5) Agriculture frontier types and their contributions to forest clearance in the tropics 

(Redrawn from: Geist and Lambin, 2002) 
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3.4 Mediator decision parameters to tropical deforestation 

3.4.1 Physical environment 

The prevailing conditions within the physical environment sturdily impacts on where frontiers 

adopt to deforest (Kaimowitz and Angelsen, 2001). For instances, modeling studies have 

proven that aspects within the tropical landscape where forests exist in drier regions, higher 

nutrient-rich soils and with sufficient abundance of water, have a high degree of probability of 

being cleared for agricultural purposes.  

3.4.2 Price of Agriculture 

Assigning higher prices of agriculture have been noted to induce forest clearing. For instance, 

McAllister (2008) reported that the international prices for soya beans and beef had a 

somewhat relationship to the extent of forest loss in the Amazon. This assertion was 

buttressed due to the fact that between 2002 and 2004, increases in the world‟s market prices 

of soya beans and beef was believed to have aided in the reduction of the relative commodity 

prices in Brazil, thereby leading to an increased rate of deforestation. However, reduction of 

the world‟s market prices of soy and beef after 2004 led to a reduction in the expansion of 

agriculture in Brazil, thus leading to lower rates of deforestation.  

Higher prices of agriculture stimulate large expanse of forest clearance in the sense that, 

agriculture in this regard is made more lucrative and also aids in the funding of putting 

additional land into clearing. Some researchers however, contest this assertion. For instance, 

Vincent (1997) as referenced in Angelsen and Kaimowitz (2001) showed that higher 

agricultural prices would increase the propensity to deforest only in the short run, but the rates 

of deforestation in the long run would be expected to dwindle as these places assume a more 

industrialized region that would depend less on agriculture. Another point worthy of noting is 

that the price- tag, assigned to forested lands could also have implications on the extent of 

deforestation that is most probable to occur. This assertion was typical in the findings of 

Friedman (2009), whose report revealed that the price of forested areas in Brazil is 

considerably cheaper than agricultural lands. The price of a forested area in 2004 was about 

US$50 per acre, whiles agricultural lands within the same period stretched from between 

$100 and $300. This assignment of lower price tags to forest lands has been predicted as a 

major reason for the cultivation boom in the tropics (Friedman, 2009). The price of 

agricultural outputs has also been postulated to immense greatly on the extent to which 
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forested areas could be converted for agricultural purposes. The Asian region has lately been 

noted to have cleared large expanse of forests for palm plantations largely owing to the huge 

financial gains from the sale of palm oil, especially its growing demands in Europe (FAO, 

2009; Sheil et al., (2009). Out of the estimated 32 million tonnes of palm oil produced in 2007 

in Indonesia and Malaysia, about 22 million tonnes were exported due to the increasing 

demands of palm oil in the world. However, it has also been reported that the increasing 

exportation of palm oil from Malaysia and Indonesia have had grave daring impacts on the 

forest cover of the areas. For instance, the increased exportation of palm oil in Indonesia and 

Malaysia from 2000-2007 has been predicted to have resulted in 57% and 56% deforestation 

rates, respectively in these two areas (Sheil et al., 2009). 

Agriculture utilizes different technologies to meet up with the cultivation of crops and 

pastures and the rearing of animals on different land intensities. Thus higher prices in 

agriculture would further determine the extent to which these farming ventures would also 

expand, making marginal prices of agricultural products to exert so much influence on the 

degree to deforest even more than the mere lucrativeness of agriculture (Angelsen and 

Kaimowitz, 1998). In this regard, prices in agriculture requires a cautious analyses of the 

various actual prices of agricultural products as, products impact differently to the extent to 

which forests would be cleared for further agricultural purposes.  

Prevailing conditions within the market also serve as a major contributor to tropical 

deforestation. This result is consistent with that of Geist and Lambin (2002), who reported 

that prices of agriculture had an 81% impact on the extent of deforestation. The prices of cash 

crop products such as cocoa and coffee have been identified as a major contributor to 

deforestation in Cameroon and Cote d‟Ivoire. Kaimowitz and Angelsen (2001) after 

reviewing 150 economic models of tropical deforestation, made deductions that higher price 

of agriculture could really induce large forest area clearance.  

3.4.3 Prices of timber 

The Democratic Republic of Congo, which contains almost 10 percent of global tropical 

rainforest has over the years experienced large expanse of forest destruction, with an 

estimated rate of about 180,000 ha annually by the 1980s. Issues relating to poor timber prices 

and poor taxes on timber have been reported to have led to a focus of exporting only the 

commercially high-demand timber. Thus, as referenced in Barbier and Burgress (1991), a lot 

of these commercial timbers were felled to ensure increased foreign revenue, whereas lands 
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that contained trees that were not highly demanded commercially were cleared to make way 

for agricultural purposes. 

Deductions obtainable through the prices of timber have also been shown to be definitive in 

terms of its contributions to tropical deforestation. Wertz-Kanounnikoff and Kongphan-

Apirak (2008) showed in their report that higher prices of timber could have the tendency of 

increasing the extent of deforestation due to the fact that, it leads to a provision of a more 

lucrative logging venture. On the other hand, policy initiatives that seek to impose log export 

taxes and bans have been shown through the customary demand-supply context, to cause a 

reduction in the overall demand for timber and the ensuing prices of timber. Using specific 

case scenarios, modeling studies have in addition shown that activities in relation to logging 

and agriculture occur in tandem with each activity, complementing each other (Angelsen and 

Kaimowitz, 1998). Thus, initiatives that will resort to increasing the prices of timber, could 

further lead to massive deforestation rates as; logging and its resultant and complementing 

agricultural activities would also be expected to increase. 

3.4.4 Prices of Agricultural inputs 

Price reductions of agricultural inputs and the provision of alternative employment avenues 

have the propensity of shaping the decisions to clear marginal forest lands for cultivation 

purposes. However, the effects of price increases of some agricultural inputs such as fertilizer 

have been noted to differ under different scenarios.  For instance it has been established 

through linear programming and regression models that price increases of fertilizer in South 

Africa could trigger massive deforestation rates, whiles the opposite is expected to happen in 

in some Latin American contexts where deforestation rates have been purported to decline in 

this regard. A recursive model was used by Behnin and Barbier (2001) to access the 

contributions by the commodity input and output prices of agriculture and the production of 

timber and their impacts on the extent of forest loss in Ghana for a thirty year period between 

1965 and 1995.  It was indicated from their recursive modeling studies that agricultural 

activities such as the cultivation of cash crops like cocoa, contributed significantly to the 

extent of deforestation.  

Some researchers, however, have also drawn a somewhat contradictory deductions stating that 

higher prices of fertilizers could prompt massive forest area clearings especially when farmers 

have an option to choose between sedentary agriculture and a more extensive shifting 
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cultivation practices. This assumption precludes that any policy initiative geared at reducing 

fertilizer subsidies, should be done with caution as this might further induce the extent of 

deforestation, especially in Sub-Saharan Africa (Kaimowitz and Angelsen, 1998). 

3.4.5 Changes in agriculturally related technologies 

The extent to which a particular type of technology could have on the extent of forests areas 

to be cleared is dependent on the availability of labour and the demands of the output markets. 

In the same regard as increases of agricultural prices, adoption of some changes such as the 

use of new crop varieties that does not require large labour force and capital, are believed to 

result in an increase of deforestation. Again, if the technology to be adopted is more labour 

intensive, its effects on the extent of deforestation have been proven through model studies to 

be indeterminate (Chomitz and Griffiths, 1996). Technologies that have also been proven to 

be a best option on the land already under cultivation, such as irrigational practices, would 

reduce the extent of deforestation. Modeling studies that seek to access the impacts of 

technological changes in agriculture and its relation to deforestation, have shown that 

deforestation could be reduced tremendously through the initiation of policies that seek to 

increase profit to farmers through the adoption of technologies in areas that have been 

deforested initially, and requires huge capital investments and more labour force (Kaimowitz 

and Angelsen, 1998). 

3.4.6 Accessibility 

Deforestation has been reported to increase through factors such as; greater accessibility of 

forests and markets. Accessibility routes such as rivers, railroads, have been noted to aid in 

the extent of deforestation (Dourojeanni, 2001). Cropper et al 2001 have also shown that 

primary roads have a high probability to induce deforestation by facilitating easy access to 

markets in forests areas in close proximity to roads in North Thailand. 

Studies conducted by Angelsen and Kaimowitz (1997) ; Behnin (2000) have shown that the 

profitability of agriculture, particularly in accessible areas with suitable conditions for 

agriculture, has so much influence on the extent to which forest cover would be removed.  

The impacts of roads have been shown to be stronger in areas largely dominated by 

commercial agricultural activities that also abound in fertile soils than in areas of 

impoverished soils dominated by small scale farmers who practice slash and burn agricultural 



34 

 

practices. Roads could serve as catalyst to inducing massive deforestation rates through the 

opening up of initially inaccessible places to settling humans and the promotion of 

agriculturally related invasions (Angelsen and Kaimowitz, 1998). Road constructions have 

also been shown by Nepstad et al (2001), to have impacted greatly on the extent of 

deforestation in the Brazilian Amazon, as 29-58% of its forest was reported to have been 

cleared within 50km of constructed roads in less than 20 years. 

3.4.7 Property rights and strategic behavior 

Agriculture has been reported as a precursor to deforestation across most places within the 

tropical region (Pacheco 2009; Southgate 1991), however, tenure insecurity is also believed to 

contribute to land clearance. For instance, the awarding of 15 years leases to farmers who 

were able to have cleared over 85% of their apportioned lands in 3 years by the Parastatal 

Merchandised Corporation is believed to have led to massive deforestation rates in Sudan. 

Analytical models to evaluate the extent of deforestation have predicted that, deforestation 

increases under open access regimes. This is further buttressed by Pacheco (2009), who 

showed in his report in assessing the impacts of the agrarian reform and its contributions to 

frontier deforestation in the Brazilian Legal Amazon, that paucity in property right acquisition 

of lands have led to massive land grabbling by land squatters thereby increasing the rates of 

deforestation in the Amazon. 

In the hierarchy diagram as noted from Angelsen et al 2001; in trying to access a cause and 

effect relationship between agricultural expansion and deforestation in the tropics, it could be 

realized that this relationship would move from the stage of the underlying causes of 

deforestation to the immediate causes (or decision parameters), and to the agents (sources of 

deforestation), as seen in the figure (6). For instance, an increase in the profitability of export 

markets ( a source of deforestation), may increase the price of agriculture (a decision 

parameter to deforest) and this would eventually lead to an increase in the marginal benefits 

from of agricultural products in relation to sustainable forestry, thereby affecting the decisions 

to convert more forestlands.  
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Figure (6): The different types of variables providing a simple logical approach in analyzing 

the agents of deforestation (Redrawn from: Angelson and Kaimowitz, 1998) 

 

3.5 Potential sources of land to Agricultural expansion in the Tropics: Assessing new 

primary sources of agricultural land using statistical data by FAO  

Expansion of pasture and croplands has increased tremendously across the developing world, 

largely owing to the increasing global demand for agricultural products (Gibbs et al., 2010). 

Owing to this assertion, many studies have reported that agricultural yield increases through 

agricultural intensification on limited agricultural lands available, would be a surest way of 

regulating the extent of agricultural expansion into forested lands whiles meeting the general 

goal of meeting the increasing global demand for food. However, as reported by Rudel et al 
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(2009), that notwithstanding  the extent of  agricultural intensification on small agricultural 

lands, there would still be a net area expansion of agriculture, particularly into forested lands 

in the tropics. 

Expansion of agricultural lands globally during the 1980s and the 1990s was reported to have 

increased by 629 million ha in the developing world, while their counterparts within the 

developed regions of the world recorded a reduction of 335 million ha (Smith et al 2007; 

FAO, 2009). Total area of agricultural lands have been predicted to increase undoubtedly in 

the tropics, with some studies projecting that there would be an increase of 10 billion new ha 

of agricultural lands to meet the world‟s increasing demands for food by the year 2050 ( FAO, 

2009). 

3.5.1 Approach for conducting research (as referenced in Gibbs et. al, 2010) 

A statistical survey was conducted by the FAO to explore the possible pathways of 

agricultural lands in the tropics during the years 1980s and 1990s. The survey conducted 

across the tropics covered 117 sampling units, with 30 sampling units from Asia, 40 in Latin 

America and 47 in Africa.  These sampling units were then statistically standardized using 

three different Landsat imageries that were acquired through the year: 1980, 1990 and 2000, 

so as to better explore the extent to which expansion of agricultural lands impacted on intact 

forest lands across those three time frames. The sampling units were statistically standardized 

by subjecting each scene of the Landsat imagery to paired t tests to determine if the changes 

on the scenes of these places within the two decadal periods from 1980 to 2000 were 

statistically significant. 

3.5.2 Research’s outcome for assessing primary sources of agricultural land 

In trying to access the sources of lands for the newly expanded lands for agriculture across the 

selected regions within the tropics, the studies reported that a total net increase of more than 

100 million ha of agricultural areas were recorded during the 1980s and 1990s, as referenced 

by FAO, (2009).  Again, it was noted that pasture cultivation expanded significantly in the 

1990s than in the 1980s, while the expansion of croplands was rather more rapidly in the 

1980s than in the 1990s. Although crop types such as ; cassava, millet and beans were 

reported to have been produced at steady states, the FAO, further reported that crops like rice, 

maize, oil palm and soya beans however, increased dramatically within the two decadal 

period. Out of the total net increase of over 100 million ha of newly agricultural lands within 
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the periods; 1980 and 2000, about 55% of the reported new lands for agriculture across the 

tropics came from intact forested lands as shown in figure (7).  Thus, the expansion of 

agricultural lands into intact forested lands could have led to the increased deforestation rates 

across the tropics and its associated emissions of greenhouse gases. This confirms the 

assertion made by Gibbs et al (2010), who reported that the expansion of agricultural lands 

into marginal forested lands had proven to be a major contributor to tropical deforestation 

rates and its ensuing emissions of carbon. Again, of the over 100 million ha of newly 

agricultural lands reported during the 1980 and 2000, 28% of these agricultural lands were 

reported to have come out of initially disturbed forests, affected by the activities of shifting 

cultivation, fuel wood extraction and logging. The remaining 8% of the newly agricultural 

areas were also reported to have come out from the conversion of shrub lands. The 

contributions by shrub lands, intact forests and disturbed forests as sources of lands for the 

newly expanded agriculture in the tropics then, were noted to have varied across the different 

areas within the tropics. For instance, shrub lands contributed significantly to the provision of 

lands to the newly expanded agriculture in South America and East Africa, whiles degraded 

forests were most rapidly converted to agricultural lands in the poor-forest areas, largely 

South Asia and West Africa. On the other side, intact forests from forest rich areas across the 

tropics such as those of Latin America, Central Africa and Southeast Asia, were seen to have 

provided sources of lands for these newly agricultural expansion. But, the conversion of intact 

forests to agriculturally related purposes is reported to have gained most prominence by 2000, 

when it is compared to the other sources of lands for the newly agricultural expansion. For 

example, whiles the conversion of intact forests to agriculturally related purposes increased by 

6% from the 1980 to 1990, those of disturbed forests and shrub lands, reduced by 4% and 2% 

respectively. Therefore, if these increasing trends are to continue unabatedly, even larger 

areas of intact forests could be predicted to be converted for new agriculturally related 

purposes. In comparison to the crop land area increases between 1980 and 2000, the rate of 

increase in South America is reported to have more than doubled in relation to those of 

Central America. The FAO Report stated, that although crop types such as maize dominated 

across the Central America, crop types such as sugar cane and soya beans were however, 

produced on approximately 5 million ha of land in South America placing crop production in 

South America more than twice the crop production in Central America.  
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Contributions by the various sources of land for agriculture were reported not to have always 

been universal in places within the tropical region. For instance Pacheco (2009) asserts that 

although, the clearance of intact forest for newly agriculturally related purposes dominated in 

Latin America, shrub lands serve as the major source of land for agricultural purposes in the 

Eastern and Northern Tocantins of the Amazon, whiles the clearance of intact forests for 

agriculture dominated in other Brazilian areas found along some areas along the „arc of 

deforestation‟ such as; Mato Grosso and Rondonia. 

Newly agricultural land areas that resulted from the conversion of intact forests was reported 

to have been about 13% higher in South America in the 1990s than in the 1980s, whiles the 

contributions by intact forests for agriculture reduced from about 73% to 67% in Central 

America: where disturbed forests have been shown to be very viable sources of lands by 

2000. In terms of cropland comparisons, Africa has the least which comprises of 13% of the 

harvested area globally (Leff et al., 2004). Nonetheless, the area of cropland in Africa 

increased by approximately 50% and 25%, respectively in East Africa and West Africa 

between 1980 and 2000. Despite the availability of suitable conditions to favour agricultural 

expansion, its rate declined in Central Africa (Ramankutty, 2002). 

Across Africa, it came to bare that almost 60% of agricultural lands were provided from intact 

forests, whiles the contributions by disturbed forests to newly agricultural lands was 35%. 

Shrub lands contributed the remaining 5% to the newly agricultural lands. This assertion is 

further buttressed by the Landsat based studies conducted by Brink (2008) as referenced in 

Gibb et al (2010), which estimated that between the periods of 1975 and 2000, 58% of newly 

agricultural lands resulted from forests. 

Shrub lands were the primary sources of land for agricultural by the 1990s in mainland Asia 

and Philippines, with shrub land plantations accounting for about 70% of lands to newly 

expanded agriculture. The assertion that shrub lands served as a major means for newly 

expanded agriculture in mainland Asia and the Philippines has been strongly contested by 

some researchers. For instance studies by Koh and Wilcove (2008) in assessing the national 

agriculture and deforestation rates in Asia and Philippines have stressed that over half the 

designated plantation areas were carved from forests, thereby placing intact forest as a source 

of land to newly expanded agriculture rather than by shrub lands.  
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Figure 7 Bars showing the average proportion of land sources comprising new agricultural 

land in major tropical regions from 1980 to 2000 (Redrawn from: Gibbs et al., 2010) 

3.6 On a highway of sustainable agriculture and sustainable forestry in the tropics: A 

possibility or a myth 

The concepts of agricultural and forestry sustenance have in the past decades gained more 

prominence within the tropical region. There has however not been a universal definition for 

sustainable development, although the definition by the Brundtland Convention is accepted 

and used within circles that dwell largely on sustainable development. The Brundtland 

Convention defined sustainable development as: „the development which meets the needs of 

the present without compromising the ability of future generations to meet their own needs‟.  

The quest of the FAO Report (2001) to assess land sources available for agricultural 

expansion from 1985 to 2005 as referenced in Gibbs et al (2010) have brought to bear that 

expansion of agricultural lands have grave consequences on the extent of tropical 

deforestation. Thus, from this assertion, it could be deduced that any means that tries to 

ensure a realization of sustainable agriculture that improves the quality of life in an 
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environmentally accepted manner in the tropics, would also indirectly control the extent of 

tropical deforestation to some extent. In trying to access and evaluate land for agricultural 

production in the tropics, Verdoodt and van Ranst (2003) asserted that countries within the 

tropical region are confronted with the issue of trying to ensure optimal agricultural yield with 

minimal resource utilization such as water, land and nutrients. Land use decision options 

greatly affects the extent to which deforestation also occurs in the tropics, this therefore led to 

the formulation of the Sustainable Land Management (SLM) in the 1990s to help address the 

issues of sustainable agriculture, especially in the tropics (Hurni, 2000).  

An assurance of sustainable forestry in the tropics as referenced by Kobayashi (2004) could 

be realized if more attention is also given to the optimal utilization of the already cleared and 

deforested areas in the tropics. In this sense more priority could be accorded to increasing 

productivity in agriculture and establishing more plantations on these initially forested lands.  

Agriculture in the tropics is characterized by subsistence farming that employs low farming 

inputs that have over the years led to a reduction of the fertility and the structural attributes of 

soils in the tropics. Against this premise, assumptions of the use of high external farming 

inputs have been predicted as a surest way of ensuring food security. However, a 

contradictory view is shared by Smith et al (2007), who showed that an adoption by the 

tropical region to the use of high external inputs such as fertilizers have in actual sense rather 

led to increase in emissions of GHGs from the region and still not being able to meet the 

demands of food.  

The sustainability of agriculture and forestry therefore presents a double challenge to the 

tropical region, as the region is not only confronted with the issue of sustenance, but also on 

how to ensure that the forest resource base and the already cultivated land areas are not 

further degraded. 

3.6.1 Sustainable agriculture and sustainable forestry: Suitable alternatives for sequestering 

Carbon in the tropics 

In trying to mitigate global climate change, Schrag, 2007 reported that strategies that involve 

a reduction in the energy usage of the world, an adoption of fuels that utilize low carbon and 

the sequestration of CO2 could have significant positive imprints to reducing the phenomenon 

of global climate change. The oceanic pool that has been shown to be the largest of the five 

Carbon pools is estimated to be increasing at a rate 2.3 Pg C/yr as shown in figure (8). The 
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pedologic pool, which consists of soil organic carbon and soil inorganic carbon, is also noted 

as the third largest carbon pool, being estimated to having a sequestering capacity of 2500Pg 

of carbon. Out of the five carbon pools, biotic pool has been noted to be the smallest having a 

sequestering potential of 560Pg C/yr. The biotic pool and the pedologic pool are together 

referred to as the terrestrial pool of Carbon having been estimated to having the capacity to 

sequestering 2860 Pg. Against this backdrop, Smith et al (2007) added that technically; 5500-

6000 MT CO2 could be offset through agricultural activities, with 89% of these mitigation 

potentials falling at the fore fronts of the developing world. Expansion of agricultural lands 

into initially forested lands has the potential of releasing several tonnes of carbon into the 

atmosphere. Thus, as predicted by Lackner (2003), any means possible should be adopted to 

avoiding the release of carbon from tropical forests that have been proven to have a high 

carbon sequestering potential than other forest biomes, as small leakage or release from these 

tropical biotic pools could seriously have grave consequences on the global climate. 
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Figure (8): Interrelationships between the five carbon pools and their potentials to sequester carbon 

(Redrawn from Lal 2008) 

 

3.6.2 Safeguarding the tropical forest: Role of the biotic and abiotic sequestration pools 

According to Freund and Ormerod (1997) as referenced in Lal (2008), abiotic sequestration 

refers to those engineering techniques which are rooted on the principles of chemical and 

physical reactions without the intervention of plants and other living organisms. Over the last 

decade, abiotic sequestration has gained more prominence as it forms the major subject in 

round table discussions in most local and regional conferences due to the fact that abiotic C 

sequestration in oceanic and geological media have been proven theoretically to be of a higher 

capacity than that of the biotic sequestration media (Kerr, 2001). This had therefore led to the 
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rapid development of technologies for capturing, transporting and injecting CO2 into these 

abiotic media. Oceanic injection of CO2 have been shown as a means that could help 

safeguard global climate, although this proposed assertion has been strongly contested by 

many researchers who believe, CO2 under this method of sequestration would be expensive to 

bear as the CO2 would have to be buried deep into the ocean to prevent any leakage at a later 

stage (O‟Connor, 2001). As asserted in Lal (2008), oceanic sequestration which have been 

proven to have the largest sink capacity has the tendency for sequestering an estimated 5000-

10000 Pg C, which far exceeds the estimated reserves of fossil fuels in the world.  

Biotic sequestration on the other hand deploys the management interventions that use higher 

plants and other micro-organisms to removing atmospheric CO2, with some of the biotic 

sequestration options being outlined in the figure below.  Although the sequestering capacity 

of CO2 through biotic media such as forests, soils and wetlands; is lower in relation to the 

abiotic sequestration media, the former have been proven not to have negative repercussions 

on global climate. For instance, Lal et al (2001) assert that sequestration through the biotic 

pools serve as a „win-win or no-regrets strategy‟. This is due to the fact that it offers 

numerous benefits without adding on to any threat of global climate. Thus, in relation to cost 

and any leakage of CO2, the biotic sequestration pool as predicted by Lamb et al (2005), could 

be enhanced further through afforestation of most of the degraded areas, especially in the 

tropics to offset the increasing CO2 concentrations being released into the atmosphere.  An 

effective management of the tropical forests would play a key role if there should be a 

realization of the goals set in the Kyoto Protocol through to the recent Climate Change 

Conference that was held in Cancun to stabilizing the concentration of CO2 in the atmosphere. 

This view is supported by Pacala and Socolow (2004) who reported that an effective 

management of the world‟s forests, especially that of the tropical forests would be vital if 

there should be a stabilization of the concentration of CO2 at 550ppm by 2050 as enshrined in 

the climate conventions. However, notwithstanding the many benefits that could be obtained, 

many authors have questioned the large scale adoption of afforestation projects in the tropics. 

For example, studies conducted by Jackson et al (2005) to access the impacts of plantations 

on stream flows reported, that plantation tree establishments led to a reduction of stream flow 

by about 227 mm/yr globally, with 13% of streams in the world drying up completely for a 

period of at least one year due to the establishment of plantations. In a similar research, 

conducted by Bunker et al (2005) to access if monoculture plantation establishments could 
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have any repercussions on the decline of biodiversity in the tropics, reiterated that expansion 

of monoculture plantations in the tropics should be accessed critically as they could impact on 

the tropical forest biodiversity. The utilization of constructed wetlands has largely been 

adopted in the developed world and this adoption has been predicted as one of the reasons for 

the reduction in GHGs. Thus an assurance of sustainable forestry and agriculture in the tropics 

could be realized if measures that involve the construction of wetlands are also established to 

offset CO2, CH4 and N2O that have been predicted to be on the increase in the tropics largely 

owing to the predicted agricultural intensification in the tropics. For instance, Warner et al 

(1993) have shown that wetlands and its related soils have a sequestering capacity of more 

than 450 Pg of Carbon.  

Advances in the abiotic sequestration processes are underway and they have been predicted be 

routinely available by 2025 and beyond (Lal, 2008). Although, the processes of biotic 

sequestration have been estimated to occur at low total sink capacity of about 50-100 Pg C 

over a duration that spans from between 25 and 50 years as reported by Lal (2004), the system 

has also been proven to be cost-effective and again improves agronomic production (IPCC, 

1999). The biotic and the abiotic systems have also been shown to complement each other in 

sequestering anthropogenic Carbon emissions into the atmosphere. Adoption of the biotic 

systems of sequestering Carbon for example, have been shown to be a better option to „buying 

time‟, whiles the worldwide search for neutral carbon energy technologies of alternatives to 

fossil fuels continue (Lal, 2008). Biofuels for example; bioethanol, methane gas and H2 cell 

from biomass have been predicted as very important aspects of alternative energy sources to 

fossil fuel use. This is further shown in figure (9) to represent the integration of the biotic and 

abiotic systems to sequestering carbon. 
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Figure (9) Biotic and Abiotic sequestration pool options that could be employed to reduce net 

CO2 emission (Redrawn from Lal 2008) 

 

Charcoal otherwise known as bio char, which results from carbon biomass combustion has 

been shown to be an effective soil amendment option that could store-up and recycle carbon 

for centuries and still enhance agronomic productivity (Fowles, 2007). The importance of bio 

char to having the tendency of increasing agricultural produce have therefore led many 

analysts to reporting that a conversion from a slash and burn process of land cultivation 

especially practiced in the developing countries to a „slash and char‟ process could enhance 

soil quality tremendously. For instance as referenced by Christoph et al (2007), addition of 

bio char together with NPK fertilizer was shown to have improved the growth of plants and 
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increased the yield of grains compared to a scenario of using inorganic fertilizer alone in 

Brazil. As reported by Day et al 2005 and Fowles 2007, leaching and runoff would be 

significantly reduced if plant nutrient source such as Nitrogen are infused with bio char to 

form an ammonium bicarbonate nutrient source that acts to release the ammonium 

bicarbonate fertilizer source in a slow pace. 

3.7 Will the adoption of large scale biofuel production in the tropics safeguard food 

security and aid in the reduction of GHGEs after all?  

Displacement of fossil fuels with renewable energy seems to have been one of the major 

consensuses reached by the world in order to address the growing concern of climate change 

(Hall and Scrace, 1998). In the light of this, several analysts have predicted biofuels otherwise 

described as the conversion of derived biomass to other fuel energy sources such as ethanol, 

as a suitable C-neutral energy source that could effectively displace fossil fuels (Himmel et 

al., 2007).  Signatories of the Kyoto protocol are to adhere to a cut in emissions of greenhouse 

gases and to achieve this renewable energy especially biofuels are to play an essential role. 

This is so because biofuels are seen to share some qualities with fossil fuel such storage and 

transportation (Hall and Scrace, 1998).  A global search for alternatives to fossil fuels has also 

become very necessary due to the fact that several studies have shown the possibility of 

world‟s fossil fuel reserves depleting within the next two decades. Typical amongst these 

studies is that of the Uppsala model that has suggested that the depletion of the fossil fuel 

reserves might even occur sooner than expected (Aleklett et al., 2010). World prices of crude 

oil have been shown to relate positively to the Gross Domestic Product growth of nations, 

with the less developed world, particularly the Sub Saharan Africa being predicted as the most 

vulnerable. Thus, a displacement of fossil fuels by biofuels would be a step in the right 

direction to alleviating poverty, whiles at the same time reducing anthropogenic greenhouse 

gases emissions (Birol, 2008). A move towards adoption of alternative fuel in the near future 

has been progressive and recently high due to the dual problems global warming and fuel 

supply insecurity (Kaul and Edinger, 2004). Annually, fossil fuel combustion and land use 

change emit approximately 6.7 and 1.6 Pg C respectively.  Kyoto Convention on Climate 

Change recommended some management options of forests to conserve and sequester about 

90 Pg C in the next century through global afforestation to which biofuel adoption could play 

a significant role in this realization (Kirschbaum, 2002). Advocacy for renewable energy has 

always been deeply rooted in the fact that they are „green‟ and therefore may serve as a low-
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carbon source for future energy needs. Not with standing these positive imprints from the 

adoption of biofuel fuel production, researchers such as Trostle, (2008), have reported that 

large scale biofuel adoption as being seen lately in the biofuel „hotspots‟, especially in the 

tropics could as well have negative implications on an increased global greenhouse gas 

emissions that usually arise from the burning of tropical forests to pave way for crop 

cultivation.  

Large scale biofuel adoption has in recent times been recognized as a major competitor to 

land use options in the tropics, and this has been noted to have to a somewhat an extent had 

grave impacts on food security. For example, acts that seek to convert initially forested lands 

to biofuel production have the tendency of reducing the availability of food. This assertion 

becomes more apparent as cultivation of food crops are relegated to unproductive lands, 

thereby; reducing crop yields food security, and even has the potential of increasing the prices 

of food. In a related issue, the International Food Policy Research Institute (IFPRI) as 

referenced in Tirado et al., (2010) have provided estimates that show that increases in the 

demand for bioenergy impacted about 30% of the weighted increase prices of grain between 

the years 2000 and 2007. Again, with a projected world‟s population increase from the current 

6.5 billion to 9 billion by 2050 coupled with the rapid demand for grains and livestock 

products have been noted to be leading factors that would have significant influence on the 

land use options and on the extent to which greenhouse gases would be emitted into the 

atmosphere as more forested lands would be expected to be cleared to keep pace with the 

increasing world‟s population and the increasing global demand for food and fuel (Evans 

2009; Godfrav et al., 2010). Thus, as shown in the figure (10) below, Harvey and Pilgrim 

(2010) have predicted biofuels as the new competitor for land use options, particularly in the 

tropics where several areas have been described as the biofuel hotspots. 
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Figure (10) The new competition offered by biofuels for land use: interactions and feedbacks (Harvey 

and Pilgrim, 2010) 

 

Biomass based biofuels (as shown in the figure below) which utilizes CO2 in the atmosphere 

and also has the ability of reducing the rate of abundance of other greenhouse gases as 

reported by Lal (2008), have also been strongly opposed by other studies that have shown that 

biofuel adoption has the tendency for increasingly competing with other land use options for 

land and water.  
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Figure (11) Contributions by biofuels to reducing CO2 emissions (Harvey and Pilgrim, 2010) 

 

Though Gao (2010) finds no causal relationship between deforestation and biofuel, the 

emergence of crop-based biofuel hotspots in tropics cannot be overlooked as, the development 

of biofuel production may have the potential of affecting land uses in these areas and also 

induce deforestation. 

Several literature related studies as referenced in Harvey and Pilgrim (2010), have however 

defied the inherent belief that biofuels are sustainable and environmentally friendly (Phalan, 

2009; Havlick et al., 2010; Scarlat and Dallemand 2010). Biofuel production may be 

sustainable and „green‟ in some cases while it may have negative impacts on the environment. 

Biofuels from first generation feedstock which are the now commercially available are the 

ones which have been proven to be not so environmentally friendly and this is enough reason 

for the optimism of biofuels to be reconsidered and a more cautious approach adopted.  

As proven by Amigun et al (2010), biofuel expansion in itself may not be a silver bullet as it 

has both potential positive and negative impacts on environment and socio-economic aspects 

depending on the scale of adoption. For this reason, the impact of the production, trade and 

final conversion of the biofuel must be analyzed by integrating and taking into account the 

three interlinked criteria of sustainable development which are the social, environmental and 
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economic impacts as shown in the figure 12 below. Such a means would control the rate of 

agricultural land expansion and at the same time affording the conservation of forests. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Figure (12): Sustainable development in addressing bioenergy needs taking into 

consideration the pillars of sustainable development: the environmental factors, economic 

and social factors (Redrawn from: Amigun et al., 2010) 

 

3.8 Tropical Agroforestry Systems: Roles and Tradeoffs to ensuring sustenance in 

agriculture and forest management 

The era of the green revolution has kept apace in ensuring that the world meets its growing 

demands for food, particularly in the Asian region. Notwithstanding this assertion, the extent 

of poor farmers, especially in the Asian and other places in the tropics have been glaring 
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(King, 1989). This actually led a move by several reputable organizations to deliberate on 

how to solving this problem of entrenched poverty amongst these poor tropical farmers. This 

led to the establishment of ICRAF in 1977 through the FAO‟s social forestry initiative on 

how to assist ordinary peasant farmers on how to increase the production of food whiles the 

environment is being conserved at the same time through the integration of forestry, 

agriculture and animal husbandry (Nair et al 2009). 

Agroforestry as defined by the International Centre for Research on Agriculture and Forestry 

(ICRAF) is the: “collective name for land-use systems and practices where woody perennials 

are deliberately integrated with crops and/or animals on the same land management unit”. 

Thus, per the definition provided by ICRAF, it could be realized that of the three components 

of an Agroforestry System (AFS), there should always be the presence of the tree component 

together with the agricultural crop and/or animals on the same piece of land.  

Such tree integration together with the other two components of an AF System is to optimize 

the benefits that would in actual sense have been obtained from a forest through the 

integration of the tree component to represent a miniature forest, whiles at the same time 

meeting human‟s demand for food through the animal and/or crop components of the AF 

System. For instance, Nair (1997) reported that, environmental services that includes; the 

conservation of biodiversity, carbon sequestration and an improvement in the quality of water 

represents some of the reasons why AFS in the tropics should be strongly advocated for. In 

similar studies, other analysts have also added that an integration of forestry management 

options and that of agriculture on the same piece of a land management unit could help 

improve and ensure sustainable agriculture whiles at the same time conserving the biological 

diversity of organisms, especially in the tropical region where food insecurity and rapid forest 

depletion have been shown to be apparent (Izac and Sanchez, 2001; Jackson et al., 2007).  

These assertions stem from the fact that several studies have reported that AFS have a higher 

capacity to sequestering Carbon than pastures and other related agricultural field crops 

(Sanchez 2000; Kirby and Potvin, 2007). In reviewing the soil carbon sequestration in 

Agroforestry Systems in relation to other land-use options, Nair et al., (2009) recognized a 

general increasing trend of soil organic carbon in the various land use options with: forests 

having the highest soil organic carbon, which was followed by agroforests, and with tree 

plantations and arable crops following the order as the recognized land use option with the 
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lowest soil organic carbon. Interplay of the various factors of agroforestry (as shown in the 

figure 13) plays a major role in the sequestration of carbon. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (13): A schematic representation of the interrelationship among the various factors of 

AFS that affect carbon sequestration (Redrawn from: Nair et al., 2009) 

 

 

The components of soil organic carbon have been predicted to have varying mean residence 

times from as short as one year to over 100 years (Torn et al., 2005). This therefore places 

emphasis on the reasons why soil organic carbon needs to be protected, as the carbons 

sequestered in such pools are fragile and could be lost easily into the atmosphere by the 

slightest disturbance. Against this backdrop, Six et al., 2000 reported that the rate of soil 

organic carbon decomposition is lower in undisturbed systems. This therefore implies that the 

soil carbon sequestration under AF Systems are dependent upon several factors that ranges 

from agro-ecological conditions to the management options that are being adopted in a 

particular AFS, as shown in the figure above. Also, soil carbon sequestration has been 
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predicted even to increase under AFS management practices that embrace an adoption of 

optimal application of fertilizers and reduced tillage practices. For instance, after assessing 

about 150 peer reviewed papers and reports on the extent of soil carbon sequestration 

potential in the soils of AFS in the tropics; Nair et al., (2009) reported that management 

options that target in the deployment of reduced tillage practices and on an optimal 

application of fertilizers could even enhance the soil carbon sequestration potential under an 

AFS establishment. Thus, as shown in the table below, the extent to which the soil carbon 

sequestration potential could be enhanced is greatly dependent on the type of management 

option that is adopted.   

Differing estimates have been provided by different researchers as to the area of land put 

under AFS globally. For instance, whiles Watson et al., 2000 places the total area under 400 

M ha, Nair et al., 2009, asserts that the total designated agroforestry lands in the world to be 

more than 1000M ha. But not withstanding these estimated values, other notable body of 

researchers have also reported that there are still more avenues to agroforestry expansion, 

especially in the tropical region where numerous unproductive lands have been purported to 

abound. For instance, the IPCC (2000) reported that, an estimated unproductive cropland and 

grassland area of more than 630M ha could be transformed to agroforestry establishments in 

the world. Again, such an option would also afford some relief to humans as the conversion of 

such unproductive lands to AFS, could offset and sequester 391 Gg C/yr by the year 2010 and 

an estimated 586 Gg C/yr by the year 2040.  The IPCC‟s Report (2000) has also in addition 

predicted that areas of the world that could provide avenues for agroforestry expansion lie in 

degraded marginal areas in the tropics. Such avenues will not only help in the sequestration of 

carbon, but also offer better option in ensuring sustainable agriculture in the tropics (Nair et 

al, 2009).  

Notwithstanding the numerous benefits that an adoption of AFS could offer the world, and in 

particular to the tropical world, AFS have also been shown to beset with its own problems. 

Notable among these unresolved controversies are whether or not to use exotic tree species as 

opposed to their native tree species. In a related research, Kumar et al (1998) showed that an 

adoption of native species in AFS in the tropics would be a better option as the trees species 

would be most adaptable to the prevailing climatic conditions than with their exotic tree 

counterparts. Again the controversies surrounding whether there should be an adoption of fast 

growing trees or slow growing trees to meet some of the needs of humans have been ongoing. 
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For instance, Baker et al (2004) have shown that slow growing trees have the tendency of 

accumulating more carbon in the long term than their fast growing trees counterparts. 

However, as shown by Montagnini et al (2005), fast growing trees too, have the tendency to 

meeting the immediate needs of humans, and this has led to many accepting the fact that an 

AFS that integrates both fast growing and slow growing trees would be a better option, as 

recommended for plantations in Costa Rica.   

An Agroforestry system that integrates Nitrogen-fixing tree species have also been proven not 

only to meet the immediate demands of farmers in the short term but also adds to improve 

nutritive quality of the fodder given to livestock. In a similar study, Resh et al (2002) as 

referenced by Nair et al (2009) reported in their study that Nitrogen-fixing trees have the 

capacity to sequester about 0.11 kgm-2/yr more of the total soil organic carbon when they 

were compared with their non-Nitrogen fixing Eucalyptus species. This therefore implies that 

an incorporation of Nitrogen fixing trees would not only aid in the effective sequestration of 

Carbon, but would also double up to improve the nutritive quality of the fodder of livestock.  

Taking cue from the table below, and making deductions from the studies conducted by Nair 

et al., (2009), reaffirms the fact that tree incorporation with pasture or field crops would be a 

suitable option to be adopted within the tropics where massive deforestation and unproductive 

lands abound, as AFS have proven to result in a greater above ground and below ground 

sequestration of carbon.  
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Table (2): Major AFS and their potential indicative values of soil carbon sequestration under 

different management conditions (Nair et al., 2009) 

 
Agroforestry 

System 

Condition/Management 

practice 

Effects on C-

sequestration 

Potential to 

sequester C from 

stock to 50cm soil 

depth 

Time frame for 

realizing 

potential(yr) 

 

Shaded perennial 

systems 

Tillage and soil 

disturbance 

Less soil 

disturbance: more 

C storage 

100-200 10 

Alley cropping 

 

 

 

 

 

 

 

 

 

 

Fertilizer application 

 

 

Plant residue 
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More fertilizer: 

more C storage 

 

More residue left 

in soil: more C 

storage 

Repeated harvest 

of woody 
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impact soil C 

storage 

20-70 >10 

 

Improved      

fallow 

 

Age of system and Tree 

density 

 

Long existing 

systems have 

limited potential 

for sequestering 

additional C; more 

trees: more C 

storage 

60-100 

 

>20 

 

Silvopasture Incorporation of 

Nitrogen fixing trees 

More C storage on 

clay and silt soils 

60-100 >20 
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4 CONCLUSION AND RECOMMENDATIONS 

4.1 Lessons for building on success to ensuring sustainable agriculture and forestry in 

the tropics 

 

Having compiled all these insightful literature reviews in a quest of trying to ascertain ways 

through which sustainable agriculture and forestry could be realized in the tropics, I have 

come to a realization that no „single bullet‟ solution can be pin-pointed at as the universal 

remedy for this realization. The situation is even complex to an extent that some researchers 

and policy makers have reported that there seem not a reasonable solution to help in the 

attainment of sustainable forestry and agriculture in the tropics. I have also come to a 

realization that if, any positive strides are to be made; countries within the tropical region will 

require the conscientious contributions from the other parts of the world, in particular, from 

the developed world. This long awaited issue of tropical deforestation could in my opinion 

only be realized if the issue is regarded as a problem that bears equal future burden among the 

developed and the developing countries. Having stated this, I would also want to add my 

voice to the many researches, in particular, the research conducted by Pacala and Socolow 

2004, whom after providing fifteen wedge options that could help stabilize CO2 

concentrations in the atmosphere by 2050, reported that these options that could help reduce 

CO2 emissions in the regard falls under three major categories of: technologies that could be 

deployed to help reduce GHG emission; monetary funding or investment into research and 

other mechanisms that could help reduce global CO2 emissions and the policy options that 

would be adopted to reducing these emissions. An attainment of sustainable forest 

management and sustainable agriculture in the tropics would be realized by taking into 

consideration abatement measures that fall within these three stated categorizes.  

It was further recognized from the research that some major strategies that could aid in the 

realization of sustenance in the agricultural sector that include: the improvement in the yield 

of crops and an improvement in the management of pasture lands; improvement in the 

cultivation techniques of rice and an adoption of agricultural practices that employ the use of 

options that better manage livestock and manure, does not only help to guarantee food 

security, but, also doubles up to reducing global anthropogenic greenhouse gas emissions. I 

must be quick to add that although an adoption of one or more of these strategies could help 

in the realization of sustainable agriculture in the tropics, these sustainable agricultural 

practices though not conclusive, seem to be on the widespread adoption in most places in the 
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tropical region. The issue therefore comes to rest upon some factors and policies that deploy 

large expanse of forest clearance for agricultural purposes; it is with these policy initiatives 

that need to be critically looked at.  

4.2 Final thoughts- Leading decision making into the future through the adoption of 

crop-based biofuels and Agroforestry Systems in the tropics 

Notwithstanding the numerous benefits that an adoption of AFS could offer the world, and in 

particular to the tropical world, AFS have also been shown to beset with its own problems. 

AFS thereby presents itself as a suitable option through which most of the unproductive lands 

in the tropics could be put to, as this option does not only serve to provide income, but also 

aid in the sequestration of carbon (Nair et al 2009). Improved fallow, which is an AFS, could 

also serve as an option to shortening the fallow period and also serving as a means of 

increasing the yield of successive crops. This in my opinion could further help in reducing the 

extent of unproductive lands in the tropics and minimize the extensive slash and burn 

practices, as well. 

Large scale adoption of biofuels also, serve as a major competitor to land use options and 

therefore affect the extent of forest clearance in the tropics. Biofuel adoption in the tropics, 

though it comes with so many advantages not only to the tropics, but to the world at last is 

beset with its own problems. For instance, in taking key notes from the wedge stabilization 

options in reducing CO2 concentration by 2050 that was carried out by Pacala and Socolow 

2004, it was reiterated by Childs and Bradley (2002) that for biofuels to displace a gigaton of 

the anthropogenic emissions of carbon, one sixth of the world‟s agricultural lands would have 

to be converted for biofuel production, and this could further induce the destruction of large 

tropical forest areas, impact on the prices of food and inflict untenable suffering on the 

world‟s poor . This assertion therefore places emphasizes on some of the reasons shared by 

many as to why policy initiates that advocate for an outright biofuel adoption should be done 

with a sense of caution. Adoption of a large scale biofuel production in the tropics could 

therefore focus on the following considerations: 

 Improving on smaller scale production of biofuels to cater for local energy needs may 

be the best option rather than commercial production which may have a negative 

trade-offs in terms of land use changes and GHG emissions. 
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 In the same sense, developing countries must define their own biofuels development 

path and develop appropriate legislation to ensure that biofuel development is 

sustainable and appropriate policies put in place to address all the three criteria of 

sustainable development; environment, economy and society. 

 To contribute in meeting targets of Millennium Development Goals and carbon 

emissions reduction in Kyoto protocol, specific policies must be put in place before 

biofuels are developed and the developments must undergo careful monitoring and 

regulation. 

Biofuel expansion in itself may not be a silver bullet as it has both potential positive and 

negative impacts on environment and socio-economic aspects depending on the scale of 

adoption. For this reason, the impact of the production, trade and final conversion of the 

biofuel must be analyzed by integrating and taking into account the three interlinked criteria 

of sustainable development which are the social, environmental and economic impacts. 

4.3 Non-mainstreaming approaches to ensuring sustainable agriculture and sustainable 

forestry in the tropics 

A means of trying to address the underlying factors to tropical deforestation such as: 

population pressure, level of income and the external debt; that increase the marginal benefits 

of agriculture to forest, and thereby influences the extent to which forested lands are cleared 

also need to be critically looked at.  Although, the impacts of population pressure on the 

extent of tropical deforestation appears not to be clear cut, initiatives that could help reduce 

population in the tropics could also in my opinion help to reduce the extent of tropical 

deforestation. This would be so because, the impacts that increasing populations would exert 

on a forest resource would be reduced, if the populations are on a lower side.  

An initiation of alternative livelihoods, in particular for the people that fringe around forest 

areas could also serve to reduce tropical deforestation, as the extent through which agriculture 

is expanded into marginal forested areas in the tropics is largely dependent on the availability 

and conditions of alternative source of income. I would also add that, policy options that serve 

to provide incentives that are geared towards the conservation of forest, and also involves the 

integration of productive agricultural practices could help in attaining sustainable agriculture 

and forestry in the tropics. Thus, an adoption for a payment for environmental services (PES) 

would be a step in the right direction in reducing the extent of agricultural expansion in the 
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tropics to marginal forested areas, thereby minimizing the extent to which agriculture 

expansion influence deforestation.  

Due to the nature and complexity of the issue of deforestation in the tropics, researches could 

be conducted at specific times to note the differing causes of the deforestation across different 

areas in the tropics so as to propose effective abatement measures at the local and regional 

contexts.  

4.4 Complimenting biotic and abiotic systems to safeguarding the tropical forest whiles 

ensuring agricultural sustenance  

Although several concerns have been raised regarding; leakage risks, cost effectiveness and 

possible adverse impacts on the environment through the adoption of  carbon capture and 

storage technologies, I personally believe that such avenues should be researched into further 

as there might be some good prospects in using such technologies to sequestering carbon. In 

relating to the focus of this research by taking cue from the studies conducted by Gibbs et al 

2009; which after assessing the lands available worldwide that could serve as sources to 

agricultural land expansion reported that about two-thirds of such available lands are present 

in the tropics. This assertion is further buttressed due to the fact that several crop-based 

biofuel hotspots have for the last decade been recognized to be springing up steadily in the 

tropics. Thus, an assurance of sustainable tropical forestry through a regulated agricultural 

land expansion has been further proven a daunting task to accomplish due landuse 

competiveness that crop-based biofuels present. For this reason, an adoption of some abiotic 

sequestration techniques such as those of the carbon capture and storage technologies could 

be researched into further to address some of the unforeseen problems that may arise in an 

adoption of such initiative, and then implementing such abiotic techniques in tandem with 

some biotic sequestration components such as suitable Agroforestry Systems and crop-based 

biofuel initiatives that are already underway in the tropical region.  This should be so as in 

my opinion, complimenting the biotic and the abiotic sequestration systems would be a surest 

way of optimally utilizing the unproductive lands that abound in the tropics in such a manner 

that could safeguard food security, whiles conserving the endowed rich biodiversity tropical 

forest.  
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