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ABSTRACT 

The broad objective of this study was to analyse sustainable agricultural resource use in 
Nigeria using the Ecological Footprint Approach. The specific objectives included to; 
estimate the global emergy and emergy density, determine the ecological footprint per capita, 
analyse the per capita bio-capacity, and ascertain the level of agricultural resource use, 
sustainability status and resource substitution in Nigeria. The total land area, population and 
thematic data of the country were used for the study. The 2011 aggregate national data 
collected from National Bureau of Statistics (NBS), Central Bank of Nigeria (CBN), Global 
Footprint Network (GFN), National Population Commission (NPC), ODINAFRICA (Ocean 
Data and Information Network for Africa), World Bank, International Energy Agency, UN 
agencies or affiliated organizations such as the Food and Agriculture Organization of the 
United Nations, the UN Statistics Division (UN Commodity Trade Statistics Database) were 
used for specific objectives. Appropriate ecological footprint and emergy accounting tools 
were used to analyse the data collected. The results showed that the total emergy amount of 
the earth and the country were 1.58E+25 sej/a and 1.23E+23sej/a respectively. It also showed 
that the emergy density index of the earth was 3.10E+10 sej/m2/year, while that of Nigeria 
was 1.33E+11 sej/m2/year. It implies that a total energy of 3.10E+10 sej was used up per 
meter square of the total global hectares to provide for the ecosystem services or life support 
services of the earth, and with the interaction of the renewable resource flows, a total energy 
of 1.33E+11sej was expended in the transformation of agricultural resources per meter square 
of the land area of the country. The results showed that the demand for agricultural resources 
per capita were 5.22 arable land, 2.54 pasture land, 0.816 water area, 0.131 forest land, 2.6 
fossil land and 0.0000481 built-up area, with a total ecological footprint of 11.3 hectares per 
capita. While the renewable resources available per capita for the year were 0.0104 hectares 
(Sun), 2.36 hectares (Rain/chemical potential),1.79 hectares (Rain/geo-potential), 0.0185 
hectares (Wind) and 1.03 hectares (Earth cycle), with a total carrying capacity per capita of 
5.2 hectares. The implication of the ecological footprint and bio-capacity results is that an 
average Nigerian consumes more agricultural resources than were available to sustain life for 
the year. The level of agricultural resource use and sustainability status showed a 
sustainability gap of -6.1 hectares per capita, and considering the carrying capacity of the 
country for the year (5.2ha/cap) as a reference point, it is an indication that agricultural 
resource use in Nigeria is not sustainable, entailing weak sustainability status and high level 
of resource substitution due to this ecological deficit (-6.1 hectares), and hence sustainable 
development cannot be achieved given this level of agricultural resource use in the country. 
The null hypothesis that the ecological footprint for agricultural resources is not significantly 
different from the composite index (carrying capacity) was rejected, indicating that the level 
of agricultural resource use in the country is different from its regenerative capacity. The 
study however recommended that ecological farming, organic farming, and other sustainable 
agricultural systems that reduce the footprint for arable land should be adopted in the country, 
and that Nigeria should strategize ways of reducing the importation and consumption of 
foreign food crops and encourage local food crop farmers – as this will reduce the ecological 
footprint of the country; and to ensure that agricultural resources are sustainable, every 
citizen of the country should adjust his/her lifestyle so as to reduce consumption by 6.1 
hectares per person, preserve and conserve agricultural resources for the current use and the 
future generation – as this will pave ways to achieving sustainable development in the 
country. 
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CHAPTER ONE 

INTRODUCTION 

 

1.1 Background of the study 

The human economy depends on the planet’s natural capital (all the raw materials and natural 

cycles on earth) that provides all ecological services and natural resources (Zhao, Zizhen & 

Wenlong, 2005). Agricultural sector is dependent on the natural resource base and thus faces 

risks such as desertification, rising temperatures, changing rainfall patterns and sea level rise 

(Nwajiuba, 2012), and loss in biodiversity due to the pressure posed by humans. The situation 

is aggravated in recent times due to man’s increasing intervention on the environment 

(Opeyemi, 2007). In Nigeria, as at 1997, there were 5,081 plants species, out of which 0.40% 

were threatened and 8.5% endangered; 22,090 animal species (20,000 being insects), 0.14% 

of which were threatened and 0.22% endangered (Okebukola, 2001), and the demand for 

agricultural produce is continuously rising due to the geometric rise in population, and this 

has resulted in the intensification of cultivable land in an attempt to increase agricultural 

productivity (Akinbile & Adekunle, 2000). However, of the 8.7 billion hectares of arable 

land, pastures and forests worldwide, nearly 2 billion of them have been degraded over the 

past 50 years, of which 18% are of forest land, 21% are of pasture land and 37% are of arable 

land (van Haaften, Zhenrong & Van de Vijver, 2004). Saleh, Badr, El-Banna and Shahata 

(2014) asserted that this has threatened food security and livelihood of those that depend on 

these lands, both now and in the future. The driving forces are the social processes such as 

population growth, migration, poverty, level of production, human behaviours and attitudes 

as well as their consumption pattern (Rigby, Howlett & Woodhouse, 2000), which increase 

the ecological footprint of any nation. 

 

Ecological Footprint is a measure of the demand populations and human activities placed on 

the biosphere in a given year, given the prevailing technology and resource management of 
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that year; and bio-capacity is a measure of the amount of biologically productive land and sea 

area available to provide the ecosystem services that humanity consumes (Wackernagel et al., 

2002). The ecological footprint was originally proposed as an intuitively simple and elegant 

method for comparing the sustainability of resource use among populations (Rees, 1992). It 

measures the biologically productive (the amount of biological materials useful to humans 

that is generated in a given area) area necessary to support current consumption patterns, 

given prevailing technical and economic processes (Holmberg, Lundqvist, Robèrt & 

Wackernagel, 1999). The calculations are based on two simple assumptions: that we can keep 

track of most of the resources we use and many of the waste we generate; and that most of 

these resources and waste flows can be converted to a corresponding biotical productive area 

(Wackernagel et al., 1999). The National Footprint Accounts (NFA) of the Global Footprint 

Network (GFN) track the resources, expressed in units of average biological productivity (or 

global hectares, gha: a productivity weighted area used to report both the bio-capacity of the 

earth, and the demand on bio-capacity) of crop and fish for human consumption, built up 

land, timber, grass and feed crop for livestock, and waste absorption of CO2 emissions. 

According to the National Accounts for the year 2009, the total earth’s bio-capacity is 

estimated at 12 billion gha (or 1.8 gha per person) but humanity’s Ecological Footprint has 

reached 17.6 billion gha (or 2.6 gha per person). Correspondingly, the number of planets (the 

number of earths it would take to support humanity’s footprint) demanded by all humans has 

increased to 1.47 planets, which represents an increment of 2.4 times the demand for nature’s 

renewable resources since 1961 (Global Footprint Network, 2013).  

 

However, each generation should inherit an adequate per capita stock of natural capital (all 

the raw materials and natural cycles on earth) assets no less than the stock of such assets 

inherited by the previous generation. Natural assets encompass not only material resources 

(e.g., petroleum, the ozone layer, forests, soils, etc) but also process resources (e.g., waste 



3 
 

assimilation, photosynthesis, soils formation). It includes renewable as well as exhaustible 

forms of natural capital (Costanza & Daly, 1992). The foregoing is a strong sustainability 

criterion due to its emphasis on maintaining natural (biophysical) capital intact (Daly, 1990). 

The prevailing alternative interpretation would maintain a constant aggregate stock of 

human-made and natural assets. This latter version reflects the neoclassical premise that 

manufactured capital can substitute for natural capital and is referred to as weak sustainability 

(Daly, 1990; Pearce & Atkinson, 1993; Victor, Hanna & Kubursi, 1995). Sustainability, 

however, means ensuring human rights and well-being without depleting or diminishing the 

capacity of the earth's ecosystems to support life, or at the expense of others’ well-being. It is 

a multi-dimensional concept encompassing environmental integrity, social well-being, 

economic resilience and good governance (Food and Agriculture Organization, FAO, 2014).  

 

Footprint approach is promoted to jointly measure planetary boundaries and the extent to 

which humanity is exceeding them (Borucke et al., 2013). Where the ecological footprint is 

significantly larger than a secure supply of productive land, the difference represents a 

sustainability gap and ecological deficit (Rees, 1996), and also known as overshoot. Global 

overshoot indicates that stocks of ecological capital are depleting and/or that waste is 

accumulating (Borucke et al., 2013). Zhao, Zizhen and Wenlong (2005) rephrased it that if 

the ecological footprint of a region is larger than the carrying capacity, the region runs an 

ecological deficit, and if the carrying capacity of a region is larger than ecological footprint, 

the region runs an ecological remainder. Lenzen and Murray (2001) argued that ecological 

remainders or deficits do not reveal whether ecosystems in that country are managed 

sustainably or not. A remainder may be unsustainably used for exports, and therefore may not 

indicate remaining capacity. A deficit of a country may be entirely due to imports, with 

associated impacts outside its borders, while local ecosystems may be well preserved. It can 
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offer a measure of carrying capacity available for human use, become an indicator of 

sustainability and provide a target for assessing progress (Wackernagel & Yount, 1998).   

1.2 Statement of the Problem 

Economic prosperity and societal well-being depend on the planet’s capacity to provide 

resources and ecosystem services (Costanza et al., 1997; Costanza & Daly, 1992; Daly, 1990; 

and DeFries, Foley & Asner, 2004). While most policy decisions are made under an 

assumption of limitless resources and ecosystem services, the planet has boundaries and 

sustainable development cannot be secured without operating within them (Rockström et al., 

2009). Natural resource constraints are becoming apparent and causing structural changes in 

our economies. As domestic resource demand is starting to outgrow the domestic availability 

of resources for many countries around the world, these countries turn to international trade 

for accessing the resource inputs needed to maintain their level of economic and social well-

being.  

However, in an era of global resource shortage, dependency on trade implies certain 

geopolitical and competitiveness risks. In Nigeria, we face a series of contradictions among 

the natural resources, environment and economy, such as population growth, resource 

depletion and environmental deterioration. Since the early 1970s, one report after another has 

warned that unlimited growth of human population and consumption is not sustainable (Zhao, 

Zizhen & Wenlong, 2005). The consumption of food in the country is on the increase 

annually, and this consumption per capita may contribute marginally to environmental 

degradation due to volume of consumption by population and households in general 

(Organization for Economic Co-operation and Development [OECD], 2002). The exploration 

and exploitation of crude oil, agricultural intensification and other human demand for natural 

resources in the country, and its attendant threatening issues, such as arable land degradation, 
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oil spillage, gas flaring, effluent discharge and imbalance in the ecosystem, seem to have 

moved humanity away from sustainability due to the rate of resource depletion.  

The non renewable (exhaustible) resources are depleted because they are being used at a rate 

that exceeds their rate of replacement. According to Global Footprint Network (2012), it 

takes the earth one year and six months to regenerate what we use in a year. Evidence 

suggests that demand is outpacing this regenerative and absorptive capacity of the biosphere, 

resulting to ecological overshoot. As a result of this level of substitution, the productivity of 

natural capital may increasingly become a limiting factor for the human endeavor, as the 

biosphere’s future ability to provide for humanity is at risk. This overshoot causes the 

liquidation of natural capital: carbon accumulates in the atmosphere, fisheries collapse, 

deforestation spreads, biodiversity is lost and freshwater becomes scarce.  

According to the United Nations, Nigeria has been undergoing explosive population growth 

and has one of the highest growth and fertility rates in the world (UN, 2005a). Between 1991 

and 2006 the population of Nigeria increased by 61% from about 89 million to about 145 

million; also the number of households increased by 27% (National Bureau of Statistics 

[NBS], 2011).  Considering this rate of population growth and as global ecological overshoot 

grows with time, high levels of waste accumulation and the general depletion of available 

natural capital, how then will the country continue to meet the needs of the people and the 

economy as a whole? In this light, the fundamental question for ecological and agricultural 

resource sustainability is whether remaining natural capital stocks are adequate to provide the 

resources consumed and assimilate the wastes produced by the anticipated human population 

into the next century, while simultaneously maintaining the general life support functions of 

the ecosphere.  
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Sustainable development is known to involve economic, social and environmental variables; 

all of which must be measured to some extent. According to Organization for Economic Co-

operation and Development (OECD, 2008), there exists a wealth of indicators from 

traditional macroeconomic measures, such as gross national product (GNP) and productivity; 

to environmental indicators, such as water consumption and emissions; to social statistics, 

such as life expectancy and educational attainment. The question then is which indicator is 

the most important to sustainable development?   

Unfortunately, sustainability and sustainable development have not been measured with the 

right tool that can address the issues they border (environmental integrity, social well-being, 

economic resilience and good governance), and the basic concepts of living within certain 

limits of the earths’ capacity to maintain life; understanding the interconnections among 

economy, society, and environment; and maintaining a fair distribution of resources and 

opportunity for this generation and the next. Moreover, the conventional approaches like 

Response-Inducing Sustainability Evaluation (RISE), Logical Framework Approach, 

Framework for Evaluating Sustainable Land management (FESLM), Life Cycle Assessment 

(LCA), Pressure-State-Response (PSR) Framework, Resource Management Domain (RMD), 

Sustainability Assessment for Farming and the Environment (SAFE), Input-Output 

Accounting System (IOA), Indicateurs de Durabilite des Exploitations Agricoles (IDEA), 

etc., are found wanting in addressing the aforementioned, and are applied mostly to farm 

level and micro level of production and consumption; and encouraged double counting when 

applied to national level. However, other approaches like Human Appropriation of Net 

Primary Production (HANPP), Environmentally-Weighted Material Consumption (EMC), 

Land and Ecosystem Account (LEAC), Multi-Regional Input-Output Approach (MRIO) and 

Conventional Ecological Footprint Approach, never considered ocean, sea and other water 

bodies as resources. As argued by Fisher and Turner (2009) that areas that are not directly 
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productive for human purposes also have an important role in generating bio-capacity or 

supporting critical ecosystem services. 

Modified Ecological Footprint Approach is adopted because it takes a holistic look at the 

pressure placed on agricultural resources, given the level of agricultural production and 

consumption in the country and the available ecosystem services for the year. Ecological 

Footprint Approach and Emergy Accounting have made substantial headway, especially in 

evaluating rational use of natural resources and the corresponding implication to sustainable 

development. As a helpful, best policy and planning tool for sustainability, Modified 

Ecological Footprint Approach offers a rapid resource appraisal method for nations or regions 

to compare human demands for resources with nature’s available supply for human use. It 

gives a clear outline of human impact on agricultural resources and human consumption of 

natural capital. As a new method for measuring the use of natural resources, it shows more 

clearly as to where we are and where we need to be. It is a unified thermodynamic metric for 

objectively evaluating resource depletion, environment degradation and ecological overshoot. 

It is more robust and relevant as a tool, needed to deliver the message of resource 

sustainability and consumption, both at national and international level – hence its application 

in this study.  

 

Abd’Razack et al. (2013) tried this approach on the lifestyle and consumption pattern in 

Nigeria (though the author used the conventional Ecological Footprint method). The author 

examined the factors that affect production and consumption of resources and their 

consequential effects on the environment, but they were not able to ascertain the 

sustainability level of resource use in the country or the effects of lifestyle and consumption 

on the future generation’s consumption and lifestyle, as well as the effects of using ecological 

footprint approach in analyzing agricultural resource use or sustainable development.  
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1.3 Objectives of the study 

The broad objective of this study was to analyze the sustainable agricultural resource use in 

Nigeria using the Ecological Footprint Approach. The Specific objectives were to; 

i. estimate the global emergy and emergy density in Nigeria. 

ii. determine the  ecological footprint per capita in the country. 

iii. analyse the per capita bio-capacity in the country. 

iv. ascertain the level of agricultural resource use, sustainability status and resource 

substitution in the country. 

1.4 Hypothesis of the Study 

The following null hypothesis was tested that: 

i. the ecological footprint for agricultural resources  is not significantly different from 

the composite index (carrying capacity) in Nigeria. 

1.5 Justification for the study 

The food sector provides a golden opportunity to reduce the ecological deficit through 

sustainable consumption (Deumling, Wackernagel & Monfreda, 2003), and to meet the basic 

human aspirations, there is need to visualize the available agricultural bio-capacity and the 

demand for agricultural resources. Moreover, a new approach to agricultural resource use, 

based on policies and practices that sustain the integrity of resources is needed, while 

pursuing options for improving lifestyle and enhancing food sufficiency in the country. 

 

However, past agricultural policies and practices in Nigeria have greatly undermined the bio-

capacity of agricultural resources, which are currently marked with unsustainable use, low 

productivity, degradation, depletion and pollution. Therefore, the results of this study 

provided a platform for weighing policy options and pointing towards better agricultural 

shadow projects, such as ecological farming, organic farming, and other sustainable 
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agricultural systems that reduce the footprint for agricultural resources especially the arable 

land. 

 

This study also provided policy makers, agricultural economists and scholars in Nigeria with 

a tool for agricultural resource management, with due consideration to economic, social and 

environmental implications; and instilled the need to look beyond Gross Domestic Product 

(GDP) as the sole measure of performance, and complement conventional economic analysis 

with data on footprint estimates of agricultural resource consumption and availability in the 

country. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Preamble  

The following subsections review literature on sustainable resource use from ecological 

footprints’ view.  

2.2 Theoretical Framework 

2.2.1 Agricultural Resource Use 
 
The term use (as in resource use) implies that there is one or more tangible or intangible 

benefits derived from the resource (Symonds, 2010). Resource use is thus either (a) 

consumptive (example, medicinal plant harvesting, sand mining) or (b) non-consumptive 

(passive use) (example, ecotourism, cultural practices), while (c) indirect use values (such as, 

soil and water conservation, genetic resources, landscape aesthetics) are also recognized 

(Lawes, Obiri & Eeley, 2004). Consumptive use implies the removal or withdrawal of all, or 

part of the natural resource from its origin (biotic and non-biotic), non-consumptive use refers 

to the passive or non-use value of resources (Lawes, Obiri & Eeley, 2004).  

 

The term agricultural resource is commonly used to refer to resources derived from the 

environment. The resources are either biotic/biological (derived from a living organism) or 

abiotic (non-living), and dependent on natural resource base. Natural resources are either 

renewable (able to be replenished in the course of natural events within the limits of human 

time) or non-renewable and cannot be produced, grown, or generated on a scale which can 

sustain their consumption rate. With a growing appreciation of the importance of natural 

resources and their potential role in the socio-economic well-being of especially rural 

communities (Clarke & Grundy, 2004), resource use is now recognized as an important 

aspect of the sustainable management. Unsustainable and uncontrolled resource use could 
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undermine biodiversity management objectives, both in terms of ecological patterns (species 

and communities) and process (ecosystem functioning). Benefits from resource use may be 

economic, social, cultural, political or ecological gain (Symonds, 2010). Achieving 

sustainable use of resources is cross-disciplinary and should be addressed at the confluence of 

the social, economic and ecological spheres, within a political framework (Cunningham, 

2001).  

 

Sustainability thus relies on favourable combinations of political, social, cultural, economic 

and ecological factors, and incentive systems which harness positive human motivations 

(International Union for the Conservation of Nature [IUCN], 2000). Fabricius (2004) asserted 

that for sustainability we need to maintain the ecological capacity (that is, the capacity of 

populations and ecosystems to renew themselves), the institutional capacity (that is, the 

capacity to manage), as well as the adaptive capacity (that is, the capacity of the socio-

ecological system to adapt to change).  Sustainability is enhanced if provisions are made for 

mitigation, remediation, compensation and / or rehabilitation when biodiversity loss results 

from overuse (Convention of Biological Diversity [CBD], 2004). As abiotic resources are 

considered to be non-renewable, and their sustainability refers rather to sound harvest and 

management practices to minimise negative impact on the environment, not to disrupt 

ecosystem functioning, not to compromise other conservation management objectives, and to 

ensure the responsible use of the resource in terms of its availability and optimising socio-

economic benefits. 

 

The world needs a new paradigm for the ways resources are used. The pertinent questions 

asked are: Should we eat less? Should we eat smarter (e.g., less protein of animal origin, with 

its high demands for energy, land, and water)? Should we create incentives to use fewer 

resources and implement legal directives to push for eco-efficiency? Should we put in place 
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measures to control population growth? In order to answer these questions, agricultural 

productivity must increase if we are to meet the increasing demands of a growing and more 

affluent population for food, feed, fiber, and fuels in the context of limited land available for 

expansion of agriculture (Hubert, Rosegrant, van Boekel & Ortiz, 2010). In United States, 

Pimentel et al. (2008) observed that the use of fossil energy in food system could be reduced 

by about 50% if appropriate technologies are adopted in food production, processing, 

packaging, transportation, and consumption. Sustainability should be monitored at ecosystem 

and population level and, because plant and animal populations are dynamic, monitoring 

systems for sustainability should be developed taking into consideration long-term natural 

fluctuations. 

2.2.2 Description of Sustainable Agriculture 

International Center for Agricultural Research in the Dry Areas (ICARDA, 2014) defined 

agricultural sustainability as striving to secure food for present and future generations, 

without compromising environmental performance. Sustainable agriculture encompasses not 

just the environmental aspects of agriculture but also economic viability and socioeconomic 

equity. Agricultural sustainability is defined in terms of closing the food gap by both 

increasing food production and reducing growth in food consumption, while curbing the 

environmental impacts of food production (Searchinger, 2014). Sustainable agriculture 

integrates three main goals of environmental stewardship, farm profitability and prosperous 

farming communities. It refers to the ability of farms to produce food indefinitely, without 

damaging soils and ecosystems, or human and social capital (United Nations Conference on 

Trade and Development &United Nations Environment  Programme [UNCTAD/UNEP], 

2008). 

Agriculture is essential for the provision of food, crops, and fibers required for the wellbeing 

of humans, as well as supporting the livelihoods of those who work in the industry. The 
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intensification and sustained inefficiencies of many agricultural processes have relied on 

natural, often non-renewable resources, namely soil, water, and energy. Skewed policies and 

practices in agriculture result in negative influences on the environment and human health, 

including deforestation (via conversion and logging), forest/land degradation (via agricultural 

expansion, overuse, and nutrient pollution), losses in animal and plant biodiversity (via 

habitat encroachment and farming of a limited number of species), decline in water quality 

(via nutrient pollution), decline in water quantity (via inefficient irrigation), decline in food 

safety (via pesticides and antibiotics), spread of invasive species (via introduction as new 

agricultural product or as alternative to pesticides), and depletion of fossil fuels (via energy-

intensive practices), while contributing to climate change (via greenhouse gas emissions). 

Sustainable agriculture policies and practices can help combat these negative impacts.  

Agriculture practices such as crop rotations, retention of crop stubble, and conservation 

tillage can improve yields while bolstering soil structure and fertility, improving water 

retention and providing savings to farmers in cost and labor for comparable yields. 

Sustainable approaches aim to maintain healthy soils while reducing reliance on external 

inputs such as fertilisers, pesticides and herbicides by (UNCTAD/UNEP, 2008): 

a. recycling crop waste and livestock manure as a source of nutrients 

b. avoiding growing one crop over and over, but instead rotating crops and inter-

cropping fields with nitrogen fixing plants (eg alfafa, beans, clover, lentils, peas or 

peanuts) 

c. integrating crops, animals, trees and natural pest control on individual farms 

d. using grasses and clover for animal fodder. 

Sustainable agriculture uses a wide variety of practices and technologies and often blends 

farmers’ traditional and local experience with scientific knowledge and innovation. Aimed at 
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ensuring access to healthy and nutritious food throughout the year, it emphasizes (Scialabba, 

2007): 

i. the use of locally-adapted seeds and breeds. 

ii. participatory agricultural research that involves smallholders in improving the crops 

they grow. 

iii. training that spreads knowledge through ‘farmer-to farmer’ methods. 

iv. collective approaches to solving farming and natural resource problems, such as pests, 

irrigation, watershed, forest and credit management. 

 
Sustainable agriculture can greatly increase productivity in developing countries. This is 

particularly true if the existing farming system uses few fertilisers and other chemicals, which 

is largely the case for Africa (Ching, 2009). Smallholder farmers play an integral role in 

global agriculture, producing more than half of the world’s food supply (Altieri, 2009).  

Approximately 2.5 billion people in poor countries live directly from agriculture, farming 

crops and livestock or relying on forestry or fisheries (Pimbert, 2009), and 1.5 billion people 

live in smallholder households (World Bank, 2007).  Of an estimated 525 million farms 

worldwide, about 404 million are small farms with two hectares of land or less (International 

Assessment of Agricultural Knowledge, Science and Technology for Development 

[IAASTD], 2008). These small farms produce the majority of the staple crops needed to feed 

the world’s rural and urban populations (Altieri, 2009). Sustainable agriculture is productive 

and has the potential to meet hunger and food security needs in poor countries. Such 

approaches allow smallholders to improve local food production with low-cost, renewable 

resources and technologies, without causing environmental damage. 

2.2.3 Explanation of Sustainable Development 

The term sustainable development began to gain wide acceptance in the late 1980s, after its 

appearance in Our Common Future, also known as The Brundtland Report. The result of a 
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United Nation-convened commission created to propose “a global agenda for change” in the 

concept and practices of development. The report signaled the urgency of re-thinking our 

ways of living and governing. Two points are essential to sustainable development. First, the 

realisation that economic growth alone is not enough to solve the world’s problems: the 

economic, social and environmental aspects of any action are interconnected. Considering 

only one of these at a time leads to errors in judgment and “unsustainable” outcomes. 

Focusing only on profit margins, for example, has historically led to social and environmental 

damages. Taking care of the environment and providing the services that people need 

depends at least in part on economic resources (Organization for Economic Co-operation and 

Development [OECD], 2008).  

 

According to Jonathan (2000), sustainable development is the development which meets the 

need of the present without compromising the ability of the future generation to meet their 

own needs. In an ecological perspective, sustainability must involve limits on the population 

and consumption levels and the process that generate variability and novelty (the generation 

of genetic diversity and the resultant processes of evolution and change in species and 

ecosystem). Sustainable development however is the efficient management of resources for 

human survival taking into consideration both the present and future generation (Adejumo & 

Adejumo, 2014).  

 

According to Adejumo & Adejumo (2014), poverty eradication, changing unsustainable 

patterns of production and consumption and protecting and managing the natural resource 

base of economic and social development are overarching objectives and essential 

requirements for sustainable development. Padisson (2001) noted that sustainable 

development entails the attainment of equilibrium among three contending sub-systems 

(economic, social-cultural, and environmental). World Commission on Environment and 
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Development (WCED, 2012) asserted that sustainable development is the one that does not 

compromise how the future generation gets satisfied with their needs. It contains within it 

two key concepts; the concept of needs, in particular the essential needs of the world’s poor, 

to which overriding priority should be given; and the idea of limitations imposed by the state 

of technology and social organization on the environment’s ability to meet present and future 

needs.  

2.2.4 Explanation of Global Hectare  
 
A global hectare is defined as a hectare that is normalized to have the world average 

productivity of all biologically productive land and water in a given year (Kitzes, Peller, 

Goldfinger & Wackernagel, 2007). Global hectares are needed to measure bio-productivity 

rather than surface area. Each global hectare represents the same fraction of the earth’s total 

bio-productivity, and is defined as a hectare with world-average productivity for all land 

types. The ecological production of global hectares is calculated by dividing the total 

ecological production of the earth by the total biologically productive area available. This 

gives an average productivity per hectare, which is set equal to one global hectare.  

Each global hectare can therefore be considered as an average hectare of all land types 

combined. Global hectares provide a useful representation of the ecological demand 

associated with the flow of a product, as they measure how much of global ecological 

productivity is required to produce a given flow. They provide more information than simple 

weight, which does not capture the extent of land and sea area used or physical area, which 

does not capture how much ecological production is associated with that land (Galli et al., 

2007). 
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2.3 Conceptual Framework  

2.3.1 The Concept of Resource Sustainability 

Agricultural and natural resources are the backbone of every economy and provide two basic 

functions - raw materials for production of goods and services, and environmental services. 

According to Zeeuw (2000) in European Commission [EC] - Environment (2002) natural 

resources are classified into: 

a. Non renewable and non recyclable resources such as fuels. 

b. Non renewable but recyclable resources, such as minerals 

c. Quickly renewable resources such as fish 

d. Slowly renewable resources such as forests 

e. Environmental resources, such as air, water and soil 

f. Flow resources, such as solar and wind energy 

The issue of depletion plays an important role in the use of non renewable and renewable 

natural resources. In the renewable resources depletion occurs when extraction exceeds 

renewal rate. However, environmental resources can be degraded by pollution, and rendered 

useless (EC Environment, 2002). This led to a serious conflict of interests in the demand for 

environmental resources. On one hand was the concern about the capacity of the ecosystem 

to process the pollution created by commodity production and consumption, and the other 

was the increase in consumer demand for environmental amenities as a rapid growth in per 

capita income. In 1972, the Club of Rome published a report called “Limits to Growth”, 

which drew worldwide attention to the limits of resources and an inevitable collapse of all 

life on earth if the current rate of resource depletion was not changed. This led to Ruttan’s 

“third wave of concern” of the mid-1980s which was about the implications of serious global 

environmental changes on environmental quality, food production, and human health for this 

and the next generations. The Club of Rome’s report was however disputed for a number of 
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reasons. One was that the current reserves of resources were found to be much larger than 

was estimated, mostly due to advances in technology which improved and increased access to 

these resources. Secondly, the use of resources did not grow as much as was predicted due to 

increasing resource efficiency, development of substitutes and increased levels recycling 

(Mensah & Castro, 2004). 

Another argument has been that in using resources and transforming them, capital stocks are 

built which add to the wealth of present and future generations. Some economists argue that 

there is an important positive relationship between economic growth and environmental 

quality. This has led to the concept of ‘weak’ and ‘strong’ sustainability which refers to the 

degree to which man and natural forms of capital can be substituted for one another (Turner, 

1992). In ‘weak’ sustainability there is a high degree of substitution – although as the 

resource becomes scarce, the benefits of its further use would have to be greater to justify the 

use. At a critical point however, environmental quality began to improve as the now higher-

income society restores the environmental impacts of the early stages of economic 

development (Mensah & Castro, 2004).  

Strong sustainability recognizes that manufactured and natural capitals are really not 

substitutes but complement in most production functions (Daly, 1990). In other words, many 

forms of biophysical capital perform critical functions that cannot be replaced by technology. 

For sustainability, a critical minimal amount of such capital must be conserved intact and in 

place. This will ensure that the ecosystems upon which humans depend remain capable of 

continuous self-organization and production (Pearce & Atkinson, 1993). Concerns about 

irreversible loss of resources such as biodiversity or global warming, are pacified with the 

potential of new technologies which will lead to greater investments to the future generations 

for alternative resources and welfare (Erekson, Loucks & Strafford, 1999). 
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Starting from these fundamental and different ways for a society to destroy the functions of 

the ecosphere, four principles for sustainability have been developed. In order for a society to 

be sustainable, nature's functions and diversity are not systematically (Holmberg, Robèrt & 

Eriksson, 1996; Robèrt, Daly, Hawken & Holmberg, 1997): 

a) subject to increasing concentrations of substances extracted from the lithosphere; 

b) subject to increasing concentrations of substances produced by society; 

c) impoverished by over-harvesting or other forms of ecosystem manipulation, i.e., 

decreasing the thickness of the productive soils, nutrient contents, ground water, 

genetic variation etc. Together, the three first principles give a framework for 

ecological sustainability. It implies a set of restrictions within which the sustainable 

societal activities must be incorporated. Based on that reasoning, a first order 

principle for the society's internal turnover of resources is formulated which is the 

fourth principle. 

d) resources are used fairly and efficiently in order to meet basic human needs 

worldwide. 

Sustainability, according to FAO (2014), means ensuring human rights and well-being 

without depleting or diminishing the capacity of the earth's ecosystems to support life, or at 

the expense of others’ well-being. It is a multi-dimensional concept encompassing 

environmental integrity, social well-being, economic resilience and good governance. The 

capital theory approach provides a valuable insight into the meaning of sustainability. 

Development path is not sustainable if it depends on the continuous depletion of productive 

capital. From this perspective, society can be said to be economically sustainable only if it 

passes on an undiminished per capita stock of essential capital from one generation to the 

next (Victor, 1991; and Pearce & Atkinson, 1993).  
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In understanding its complexity, Munasinghe’s triangle framework shows sustainability 

issues as being classified into three categories: Social/Political, Environmental, and 

Economic issues, as shown in figure 2.1. Economic progress is often evaluated in terms of 

welfare (or utility), measured as willingness to pay for goods and services consumed. Thus, 

many economic policies typically seek to enhance income more efficient production and 

consumption of goods and services.  Economic efficiency is measured against the ideal of 

pareto optimality, which encourages actions that will improve the welfare of atleast one 

individual without worsening the situation of anyone else. Environmental sustainability 

focuses on overall viability and normal functioning of natural systems. Ignoring safe 

ecological limits could undermine long-run prospects for development. Natural resource 

degradation, pollution and loss of biodiversity are detrimental because they increase 

vulnerability, undermine system health, and reduce resilience. The notion of a safe threshold 

and carrying capacity are important to avoid catastrophic ecosystem collapse (Munasighe, 

2002). 

Social development usually refers to improvements in both individual well-being and overall 

social welfare resulting from increases in social capital. The quality and quantity of social 

interactions underlying human existence determine the stock of social capital. Thus, social 

capital grows with greater use and erodes through disuse, unlike economic and environmental 

capital, which are depreciated or depleted by use. Thus social dimension of development 

includes protective strategies that reduce vulnerability, improve equity and ensure that basic 

needs are met. According to Munasighe (2002), it is important to integrate and reconcile the 

economic, social and environmental aspects within a holistic and balanced sustainable 

development framework, since the economic aspects is geared mainly towards improving 

human welfare, primarily through increases in the consumption of goods and services, 

environmental domain focuses on protection of the integrity and resilience of ecological 
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systems, and the social domain emphasizes the enrichment of human relationships and 

achievement of individual and group aspirations. These three classes of issues are arranged as 

vertices of a triangle – depicted as Munasinghe’s triangle, as shown in the figure 2.1 and 

imply that achieving sustainability involved finding solutions which balance the importance 

and impacts of each of the three categories (Pearce, 1999).  

This provides a good classification system for sustainability properties, and highlights issues 

such as social and political impacts which have often been omitted from consideration in 

traditional design processes, or otherwise overshadowed by variables such as time, cost and 

quality (Mensah & Castro, 2004). The figure 2.1 shows the Munasinghe’s triangle: 

Social/Political, Environmental, and Economic issues. 

 Figure 2.1     Munasinghe’s Approach to Sustainable Development 
Source: Pearce (1999). 
 
Another model shows interaction among the three components with a middle ‘zone of 

sustainability’ which recognizes the interdependence of biological, economic and social 

systems (Spies, 2003). In business, this notion of three integrated aspects is sometimes called 

the ‘Triple Bottom Line’ – increasing profits, improving the planet and improving the lives of 

people (Mensah & Castro, 2004). This is shown in figure 2.2: 
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Figure 2.2       The interaction of the three E’s (Economy, Environment and Equity), 
 with a  middle zone of sustainability (S)  

Source: (Mensah & Castro, 2004). 

A redefined concept is of the community as whole system, made up of three concentric 

circles: the economy is found within the environment, as shown in figure 2.3.  Sustainability 

indicators are therefore said to attempt to measure the extent to which these boundaries are 

respected (Mensah & Castro, 2004). 

 
 
 
 
 
 
 
 
 

Figure 2.3    Sustainability Measures as a Whole Concept. 
Source: Hart Environmental Data, www.sustainablemeasures.com 
 
A different framework known as the triangle of equity, economy and environment was 

proposed by Daly (1990), as shown in figure 2.4. Daly (1990) rearranged the sustainability 

into a triangular setup of the 3E’s – Environment, Equity and Economy. At the bottom of the 

triangle is the Environment or the ‘Ultimate Means’ which represents natural resources as a 

precondition for decent human life. The Economy (which includes technology, politics and 

ethics) is on the next rung, is not independent but serves as a vehicle for achieving ultimate 

ends. At the top of Equity, or the ‘Ultimate End’ which refers to the wellbeing of the human 

being. The economy  
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therefore succeeds to the extent that it conserves and restores ultimate means (the 

environment), and enables the achievement of ultimate ends (Daly, 1990). The figure 2.4 

shows the Daly’s Triangle of Equity, Economy and Environment. 

 
 

 

 

 
 
 
 
             Figure 2.4    Daly’s Triangle of Equity, Economy and Environment. 

Source: www.sustainablesonoma.org/keyconcepts/dalystriangle.html 
 
In cases where the ecological footprint is significantly larger than a secure supply of 

productive land, the difference represents a "sustainability gap" and "ecological deficit" 

(Rees, 1996). This is the amount by which consumption (or the measurable impact of 

consumption) must be reduced for long-term ecological sustainability. Ecological footprint 

also estimates how much we have to reduce our consumption, improve our technology, or 

change our behavior to achieve sustainability (Rees & Wackernagel, 1996). Sustainability 

thus depends on protecting natural capital from systematic overuse. By monitoring human 

use of renewable natural capital, Ecological Footprint Accounts provide guidance for 

sustainability: a Footprint smaller than the available bio-capacity is a necessary condition for 

‘strong sustainability,’ a stance which asserts that securing people’s well-being necessitates 

maintaining natural capital. Some argue that ‘strong sustainability’ is too stringent since 

technology and knowledge can compensate for lost ecological assets. While this can be 

debated upon, even managing for ‘weak sustainability’ requires reliable accounting of assets. 

Hence, by measuring the overall supply of and human demand on regenerative capacity, the 

Ecological Footprint serves as an ideal tool for tracking progress, setting targets and driving 

policies for sustainability (Wackernagel, Moran & Goldfinger, 2004). 
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2.3.2 The Concept of Ecological footprint  

The concept of Ecological Footprint introduced by Rees and Wackernagel in 1994, measures 

the biologically productive area necessary to support current consumption patterns given 

prevailing technical and economic processes (Holmberg, Robèrt & Eriksson, 1999). There are 

two basic ecological footprint methods: component- and compound-based. The first 

calculates the footprint of individual goods or organizations. This bottom-up, component-

based method first identifies all relevant items and then assesses the ecological footprint of 

each item using life-cycle data, while the compound-based method uses a top-down approach 

to aggregate economic and environmental statistics into national ecological footprints 

(Wackernagel & Monfreda, 2004).     

In the analysis of ecological footprint, six main categories of ecologically productive area are 

distinguished: crop land, pasture, forest, water area, built-up and energy land (Zhao, Zizhen 

& Wenlong., 2005). The Footprint of each crop type is calculated as the area of cropland that 

would be required to produce the harvested quantity at world-average yields. Cropland bio-

capacity represents the combined productivity of all land devoted to growing crops, which the 

cropland footprint cannot exceed (Borucke et al., 2013). The eventual availability of data on 

present and historical sustainable crop yields would allow for improving the cropland 

footprint calculation and tracking crop overexploitation (Bastianoni, Niccolucci, Pulselli & 

Marchettini, 2012).   

 

Ecological footprint is a way of measuring a population's demand on nature. It is a measure 

of the land area required to produce all of the products and resources consumed by a 

population and to process all of the wastes created by the population. An ecological footprint 

measurement can be made for a single individual to a whole city or a country or a single 
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activity (e.g. a car trip) or for a group of activities (e.g. household operations). Ecological 

footprint calculations are based on the following simple facts (Begum & Pereira, 2012): 

a) Total amount of the resources consumed by a population and all of the wastes 

generated by that population. 

b) Total biologically productive areas necessary to provide these resources and waste 

flows. 

c) World average biologically productive area that is necessary to provide all the 

ecology services for humans. 

2.3.3 Concept of Emergy, Transformity and Their Ecological Applications  

Emergy (spelled with an ‘m’) is defined as the energy of one type required in transformations 

to generate a flow and storage; it is the available energy of one kind previously used up 

directly and indirectly to make a service or product (Odum, 1996). It is the energy of one type 

required in transformations to generate a flow and storage (Odum, 1988). Emergy analysis 

has been developed over the past 20 years by Odum (1996). Emergy evaluates the work 

previously used up directly and indirectly to make a product or services. Emergy measures 

both the work of nature and that of humans in generating products and services, as a science-

based evaluation system that represents both natural values and economic values with a 

simple, universal unit (Zhao, Zizhen & Wenlong, 2005). In this account solar emergy is used. 

Solar emergy of a flow or storage is the solar energy required to generate that flow or storage. 

Its units are solar emergy emjoules (sej).  

However, transformity is defined as the amount of emergy required directly and indirectly to 

generate a unit of energy in unit of solar emjoule per joule (sej/J), which constitutes the ratio 

of emergy to available energy (Liu, Lin, Feng & Liu, 2008). Transformity is an indicator of 

past environmental contributions that have combined to create a resource, and is, in theory, 

an indicator of the potential effect on a system that will result from the use of that resource 

(Brown & Ulgiati, 1997). The units of transformity are solar emjoules/Joule, abbreviated sej/J 
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or solar emjoules/g (sej/g). The higher the transformity, the higher that item is located in the 

energy hierarchy chain. This is based on the assumption implicit in the maximum power 

principle that the more energy required to make a product or service, the higher its emergy 

value. As its name implies, the transformity can be used to transform a given energy into 

emergy, by multiplying the energy by its transformity. Once transformities are known for a 

class of item, the total emergy of an item can be expressed as in Zhao, Zizhen and Wenlong 

(2005): 

Emergy = Available energy of item × Transformity. 

The figure 2.5 shows the emergy based indices, accounting for local renewable emergy 

inputs, local non-renewable inputs, and purchased inputs from outside the system. 

io

 

Figure 2.5       Emergy based indices, accounting for local renewable emergy inputs  
  (R), local nonrenewable inputs (N), and purchased inputs from outside 
  the system.  

Source:  Brown and Ulgiati  (1997) 

  
Once the total number of input flows has been identified and the total emergy driving a 

process has been evaluated, a set of indices can be calculated. Some researchers have defined 

such indices and ratios to illuminate different aspects of sustainability (Bastianoni, 

Marchettini, Panzieri & Tiezzi, 2001; Brown & Buranakarn, 2003; Yang, Li, Shen & Hu, 

2003).  
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Table 2.1 shows the emergy based indices and their significations. It shows the indices for 

emergy investment ratio (EIR), emergy yield ratio (EYR), environmental loading ratio (ELR) 

and sustainability (ESI). 

Table 2.1 Emergy Based Indices and their Significance 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

The geo-biosphere of the earth receives and processes energy from three primary sources, 

namely, solar radiation, the deep heat of the earth including both residual heat and radioactive 

decay, and the gravitational attraction of the sun and moon on the earth (Campbell, Brandt-

Williams & Cai, 2005). Odum (1996) and Campbell, Williamson & Heyden (2006) 

developed methods to equate these three independent sources in terms of solar emergy 

resulting in the determination of a set of planetary solar emergy baselines that depend on how 

the equivalences between the independent sources are determined. All transformities are 

measured relative to a planetary solar emergy baseline and care should be taken to ensure that 

the transformities used in any particular analysis are all relative to the same baseline. 

However, all the past baselines can be easily related through multiplication by an appropriate 

factor and the results of an emergy analysis do not change by shifting the baseline (Odum, 

Brown & Williams, 2000). Global production processes are used to determine the 

transformity of planetary products like the wind, rain, snow, and waves (Odum 2000). 

Indices Expression  Signification 
Emergy investment ratio 
(EIR) 𝐹

(𝑁 + 𝑅)
 

The ratio of emergy F fed back from 
outside the system to the indigenous 
emergy inputs (N+ R) 

Emergy yield ratio (EYR) 
𝑌

𝐹
 

The ratio of the emergy of the output Y 
divided by the emergy of those inputs F to 
the process that are fed back from outside 
the system under study 

Environmental loading ratio 
(ELR) (𝐹 +  𝑁)

𝑅
 

The ratio of purchased F and 
nonrenewable indigenous emergy N to 
free environmental emergy R 

Index of sustainability (ESI) 𝐸𝑌𝑅

𝐸𝐿𝑅
 

The emergy yield ratio divided by 
environmental loading ratio 

 
Source : Zhao, Zizhen and Wenlong (2005) 
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Transformities are determined through the analysis of a production process or by other 

empirical means. All energy inputs required for the production of an item are documented 

and converted to solar joules (the available energy inputs are multiplied by the appropriate 

transformity). These emergy inputs to the process are summed and divided by the available 

energy in the product to obtain the transformity of that item in sej/J (Environmental 

Protection Agency [EPA], 2009).  

 

When many production processes are evaluated, a distribution of values can be obtained for 

the transformity of any item. The thermodynamic limits on the efficiency of all production 

processes lead to the hypothesis that there will be a minimum attainable transformity, which 

results when the production process is operating at maximum power. This minimum 

transformity may approach an asymptote for a given product or service and this minimum 

value indicates the location of that item in the hierarchy of all natural processes. In practice, 

when a general value for a transformity is to be determined, a well-adapted (fast and 

efficient) production process is evaluated on the scale and in the setting under which the 

product is commonly formed (Bastianoni, Campbell, Susani & Tiezzi, 2005). For example, 

rain and wind are products of the global atmospheric heat engine and thus their transformities 

are determined through an analysis of their global production processes (Odum, 2000).  

 

In any emergy analysis, it is important to consider whether the energy and material inputs to 

the system can be considered to be of average transformity for that item. If so, the general 

value for the transformity for these items can be used. For example, electricity can be 

generated by many processes (using wood, water, coal, gas, tide, or solar voltaic cells, etc.) 

each with a different transformity (Odum, 1996). An average value of 1.7 E5 sej/J was 

determined by Odum (1996), which is close to the transformity of electricity generated from 

coal-fired power plants. The use of a general transformity for an item is appropriate when the 

(EPA, 2009): 
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1)  item is representative of the mix of production processes that determine the mean,  

 2)  general value reflects the specific input, and 

 3)  transformity of the particular item is unknown or is undeterminable 

2.3.4 Ecology, Ecosystem and Ecological Balancing 

Ecology is the scientific study of the distributions, abundance and relations of organisms and 

their interactions. With the environment ecology includes the study of plant and animal 

populations, plant and animal communities and ecosystems. Since ecology refers to any form 

of biodiversity, ecologists research everything from tiny bacteria's role in nutrient recycling 

to the effects of tropical rain forest on the Earth's atmosphere. The discipline of ecology 

emerged from the natural sciences in the late 19th century. Ecology is not synonymous with 

environment, environmentalism, or environmental science (Begon, Townsend & Harper, 

2006). Ecology is closely related to the disciplines of physiology, evolution, genetics and 

behavior (Huffaker, 1999).  

Ecosystems describe the web or network of relations among organisms at different scales of 

organization. Ecosystems are complex adaptive systems where the interaction of life 

processes forms self-organizing patterns across different scales of time and space (Levin, 

1998). According to Campbell, Williamson and Heyden (2006), the environment in 

ecosystems includes both physical parameters and biotic attributes. The physical environment 

is external to the level of biological organization under investigation, including abiotic factors 

such as temperature, radiation, light, chemistry, climate and geology. The biotic environment 

includes genes, cells, organisms, members of the same species (conspecifics) and other 

species that share a habitat. The laws of thermodynamics (Thermodynamics is a branch of 

physics concerned with heat and temperature and their relation to energy and work) applies to 

ecology by means of its physical state.  
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The biology of life operates within a certain range of temperatures. Heat is a form of energy 

that regulates temperature. Heat affects growth rates, activity, behavior and primary 

production. Temperature is largely dependent on the incidence of solar radiation. The 

latitudinal and longitudinal spatial variation of temperature greatly affects climates and 

consequently the distribution of biodiversity and levels of primary production in different 

ecosystems or biomes across the planet. Heat and temperature relate importantly to metabolic 

activity. Poikilotherms, for example, have a body temperature that is largely regulated and 

dependent on the temperature of the external environment. In contrast, homeotherms regulate 

their internal body temperature by expending metabolic energy (Rickleffs, 1996). Rickleffs 

(1996) observed that there is a relationship between light, primary production, and ecological 

energy budgets. Sunlight is the primary input of energy into the planet's ecosystems. Light is 

composed of electromagnetic energy of different wavelengths. Radiant energy from the sun 

generates heat, provides photons of light measured as active energy in the chemical reactions 

of life, and also acts as a catalyst for genetic mutation. Plants, algae, and some bacteria 

absorb light and assimilate the energy through photosynthesis. Organisms capable of 

assimilating energy by photosynthesis or through inorganic fixation of H2S are autotrophs. 

Autotrophs responsible for primary production, assimilate light energy that becomes 

metabolically stored as potential energy in the form of biochemical enthalpic bonds 

(Rickleffs, 1996).  

The ecosystems of planet earth are coupled to human environments. Ecosystems regulate the 

global geophysical cycles of energy, climate, soil nutrients, and water that in turn support and 

grow natural capital (including the environmental, physiological, cognitive, cultural, and 

spiritual dimensions of life). Ultimately, every manufactured product in human environments 

comes from natural systems (Liu et al., 2009). Becker and Ostrom (1995) considered 

ecosystems as common-pool of resources. According to these authors, ecosystems do not 
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exclude beneficiaries and they can be depleted or degraded. For example, green space within 

communities provides common-pool health services. Research shows that people who are 

more engaged with regular access to natural areas have lower rates of diabetes, heart disease 

and psychological disorders (Hartig, 2008). These ecological health services are regularly 

depleted through urban development projects that do not factor in the common-pool value of 

ecosystems (Pickett & Cadenasso, 2007). 

The Millennium Ecosystem Assessment, an international UN initiative involving more than 

1,360 experts worldwide, identifies four main ecosystem service types having 30 sub-

categories stemming from natural capital. The ecological commons includes provisioning 

(e.g., food, raw materials, medicine, water supplies), regulating (e.g., climate, water, soil 

retention, flood retention), cultural (e.g., science and education, artistic, spiritual), and 

supporting (e.g., soil formation, nutrient cycling, water cycling) services (UN, 2005b). 

Natural capital is the stock of materials or information stored in biodiversity that generates 

services that can enhance the welfare of communities (Costanza et al., 1997). Population 

losses are the more sensitive indicator of natural capital than are species extinction in the 

accounting of ecosystem services. The prospect for recovery in the economic crisis of nature 

is grim. Populations, such as local ponds and patches of forest are being cleared away and 

lost at rates that exceed species extinctions (Ceballos & Ehrlich, 2002). World Wide Fund 

(WWF) in 2008 reported that human civilization has exceeded the bio-regenerative capacity 

of the planet (Moran, Wakernagel,  Kitzesa, Goldfinger & Boutau, 2008). This means that 

human consumption is extracting more natural resources than can be replenished by 

ecosystems around the world.  

Rees (1992) developed a concept of ecological footprint. The ecological footprint is a way of 

accounting the level of impact that human development is having on the earth's ecosystems. 

All indications are that the human enterprise is unsustainable as the ecological footprint of 
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society is placing too much stress on the ecology of the planet (Moran, Wakernagel,  Kitzesa, 

Goldfinger & Boutau, 2008). Rees (2002) observed that the mainstream growth-based 

economic system adopted by governments worldwide does not include a price or markets for 

natural capital. This type of economic system places further ecological debt onto future 

generations. Human societies are increasingly being placed under stress as the ecological 

commons is diminished through an accounting system that has incorrectly assumed "... that 

nature is a fixed, indestructible capital asset.  While nature is resilient and it does regenerate, 

there are limits to what can be extracted, but conventional monetary analyses are unable to 

detect the problem (Wackernagel & Rees, 1997; Pastor, Light & Sovel, 1998). Evidence of 

the limits in natural capital is found in the global assessments of biodiversity, which indicate 

that the current epoch, the Anthropocene is a sixth mass extinction (Zalasiewicz, 2008). 

Species loss is accelerating at 100–1000 times faster than average background rates in the 

fossil record (Wake & Vredenbury, 2008). 

The ecology of the planet has been radically transformed by human society and development 

causing massive loss of ecosystem services that otherwise deliver and freely sustain equitable 

benefits to human society through the ecological commons. The ecology of the planet is 

further threatened by global warming, but investments in nature conservation can provide a 

regulatory feedback to store and regulate carbon and other greenhouse gases (Chaplin et al., 

2000; Mooney et al., 2009). Foley et al. (2011) estimated that about 80 per cent of new 

croplands are replacing tropical forests, a pattern which is resulting in the loss of biodiversity, 

depletion of critical ecosystem services and increased levels of greenhouse gases. Yet this 

expansion has done relatively little to add to global food production; most production gains 

have instead been achieved through various forms of intensification. Nonetheless, both 

processes often involve long-term costs to ecosystem services, such as habitat loss; soil 

erosion; nutrient run off), and to human health (e.g. from pesticides and fertilizers), 
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ultimately undermining the natural base upon which agricultural livelihoods depend. In 

Pacific island countries, World Health Organization (WHO, 2015) reported that driving 

forces and pressures such as natural disasters, climate change, globalization of food systems 

and urbanization have threatened the ecological balance.  

Many processes such as predator-prey, host-parasite, environmental stress, adaptation and 

specialization help to maintain balance and stability within an ecosystem. In agricultural 

production, ecological farming is another way of balancing the ecosystem. Ecological 

farming is a food and agriculture system that follows the principles of agro-ecology. 

Ecological farming can be applied in smallholdings, as well as in large farms. Ecological 

farming is diverse, knowledge intensive and low in external inputs and fossil fuels (Tittonell, 

2013). It requires a systemic approach to agriculture from the field to the regional level, 

including diversity (soil, water, air and climate protection). It is also ideally suited for poor 

and small-scale farmers, as they require minimal or no external inputs, use locally and 

naturally available materials to produce high-quality products, and encourage a whole 

systemic approach to farming that is more diverse and more resilient to adverse weather 

conditions, pests and diseases (UNCTAD/ UNEP, 2008). 

2.4 Empirical Framework 

2.4.1 Effects of Man’s Activities on the Ecosystem Services 

According to Wake and Vredenbury (2008) human activities are associated directly or 

indirectly with nearly every aspect of the current extinction spasm. Koh et al. (2004) opined 

that the current wave of threats, including massive extinction rates and concurrent loss of 

natural capital to the detriment of human society, is happening rapidly. This is called a 

biodiversity crisis, because 50% of the world’s species are predicted to go extinct within the 

next 50 years. Jackson (2008) observed that the world's fisheries are facing dire challenges as 

the threat of global collapse appears imminent, with serious ramifications for the well-being 
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of humanity. Jonsson and Wardle (2009) opined that some researchers have attempted to 

place a dollar figure on ecosystem services, such as the value that the Canadian boreal forest 

is contributing to global ecosystem services; and if ecologically intact, the boreal forest has 

an estimated value of US$3.7 trillion. The boreal forest ecosystem is one of the planet's great 

atmospheric regulators and it stores more carbon than any other biome on the planet, and the 

annual value for ecological services of the Boreal Forest is estimated at US$93.2 billion, or 

2.5 greater than the annual value of resource extraction. 

 Costanza et al. (1997) observed that the economic value of 17 ecosystem services for the 

entire biosphere (calculated in 1997) has an estimated average value of US$33 trillion per 

year. According to Ferguson (2006), these ecological economic values are not currently 

included in calculations of national income accounts, the GDP, and they have no price 

attributes because they exist mostly outside of the global markets. Wakernagel and Rees 

(1997) opined that the loss of natural capital continues to accelerate and goes undetected by 

mainstream monetary analysis.  

2.4.2 Global Human Demand and the Carrying Capacity 

According to Ewing (2010), the world consists of approximately 51 billion hectares of land 

and water, and of this, approximately 1.6 billion hectares are cropland, 3.4 billion hectares 

are used for grazing land, 3.9 billion hectares are forest, 0.2 billion hectares are built-up land, 

and 2.9 billion hectares are continental shelf or inland water areas. Figure 2.6 shows the 

development of the global Ecological Footprint from 1961 to 2005:  
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Figure 2.6: Humanity’s Demand and the Earth’s Capacity. 
Source: Ewing, 2010. 
 
 
According to this author, humanity’s demand (Ecological Footprint) first exceeded the 

Earth’s capacity (bio-capacity) to meet it around 1980,  humanity was - living within the 

Earth‘s ecological limits until around 1986, whereas after 1986 these limits have increasingly 

been exceeded every year. In 2006, the ecological overshoot was 44 percent, meaning that it 

took the Earth the equivalent of one year and 5 months to regenerate the resources used and 

assimilate the wastes produced.  

 

 

Ruževičius (2011) opined that the growing pressure on ecosystems creates disintegration and 

extinction of natural habitats and threatens the biological diversity and wellbeing of 

humanity. However, Torregrosa-López, Bellver-Navarroy and Iacono-Ferreira (2012) 

observed that the available space for these growing activities has not increased; the planet is 

only one. Although technology improves efficiency, the resources are limited; and the 

renewable ones a renewable rate that, in many cases, surpassed the growing demand by 

humans, such as water; other resources are exhausted by forced marches for lack of renewal, 

such as fossil fuels. Wackernagel, Moran and Goldfinger (2004) indicated that it is possible 

to exceed global bio-capacity because trees can be harvested faster than they re-grow, 

fisheries can be depleted more rapidly than they restock, and CO2 can be emitted into the 
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atmosphere more quickly than ecosystems can sequester it. According to Global Footprint 

Network (2012), it takes the Earth one year and six months to regenerate what is used in a 

year.  Table 2.2 shows the humanity’s Ecological Footprint and Bio-capacity through Time. It 

showed that humanity’s ecological footprint outgrew the prevailing bio-capacity after 1975. 
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 Table 2.2  The Humanity’s Ecological Footprint and Bio-capacity through Time, per person (gha). 
 

            
  1961 1965 1970 1975 1980 1985 1990 1995 2000 2005 2007 

Global Population 
(billion) 

3.1 3.3 3.7 4.1 4.4 4.8 5.3 5.7 6.1 6.5 6.7 

Total Ecological 
Footprint 

2.4 2.5 2.8 2.8 2.8 2.6 2.7 2.6 2.5 2.7 2.7 

Cropland Footprint 1.1 1.1 1.0 0.9 0.8 0.8 0.7 0.7 0.6 0.6 0.6 

Grazing Land 
Footprint 

0.4 0.4 0.3 0.3 0.3 0.2 0.2 0.2 0.2 0.2 0.2 

Forest Footprint 0.4 0.4 0.4 0.4 0.4 0.3 0.3 0.3 0.3 0.3 0.3 

Fishing Ground 
Footprint 

0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Carbon Footprint 0.3 0.5 0.9 1.0 1.1 1.1 1.2 1.2 1.2 1.4 1.4 

Built-up Land 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Total Biocapacity 3.7 3.5 3.1 2.9 2.6 2.4 2.3 2.1 
 

2.0 1.8 1.8 

Ecological Footprint to 
Biocapacity ratio 

0.63 0.73 0.88 0.97 -1.06 -1.07 -1.18 -1.24 -1.29 -1.45 -1.51 

Source: National Footprint Account (2010)  
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Moreover, two possible scenarios of our planets’ ecological development and the projected 

impact from 1960 – 2050 were predicted by Ruževičius (2011), as illustrated in the figure 

2.7:   

 

 

 

 

 

 

 

 

 
 
 
Figure 2.7: The possible scenarios of our planet’s ecological development 
Source: Ruževičius, 2011. 

 

Line I indicates that without global radical measures to decrease the ecological footprint, the 

consumption level in 2040-2050 will require twice as much resources as there are currently 

on the planet Earth. According to this author, we would be living at the expense of future 

generations of humans and the irreversible point of no longer regenerating the consequences 

of ecological, economical and social degradation would be reached. However, the author 

further suggested that the global environmental agreements, development of the management 

systems and tools for preserving the environment, environmental education of society and 

individual reach to decrease the personal ecological footprint can redirect the development of 

our planet towards sustainable development of ecological health, as revealed by line II that by 

adjusting the lifestyle and global demand, the anticipated global overshoot will reduce to the 

extent that the ecological footprint will be situated within the bio-capacity by the year 2040. 
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According to Begum and Pereira (2012), the average Malaysian consumes 3.0 hectares of 

land and sea to support people’s demand on nature as same as to sustain their current life 

needs and wants. It takes 3.0 hectares of land and sea throughout the world to support each 

Malaysian, and the largest contributor to the Ecological Footprint for each Malaysian is 

energy consumption (53% of total footprint). According to this author, any effort to reduce 

energy consumption will serve to reduce the Ecological Footprint of the country. 

2.4.3 Population Changes and Per Capita Consumption in Nigeria. 

Abd’Razack, Nelson, Ludin and Umaru (2013) identified four aspects of household 

consumption in Nigeria, this include: Food; Housing; Energy for Transportation and Goods 

and Services. Consumption of food has a major impact on lifestyle as this determines the 

ability of households’ to affect the environment. According to Federal Office of Statistics 

(2004), the National Policy of Government of Nigeria is that households should not spend 

more than 30% of their earning on food. National Bureau of Statistics (2010) reported that the 

consumption by different households in Nigeria shows that while the low income groups 

which account for over 60% of the population depend on locally grown food items, the 

medium and higher income groups eat more of imported food which is highly processed and 

packaged, and this has greater effect on the Ecological Footprint (EF) of the country.  

However, the Organization for Economic Co-operation and Development (OECD) in 2002 

confirmed that the consumption of food in the country is on the increase annually. According 

to the OECD, consumption by households is one aspect of economy and this consumption per 

capita may contribute marginally to environmental degradation due to the volume of 

consumption by the population and households in general.   

 

National Bureau of Statistics (NBS, 2011a) reported that all these consumption and lifestyle 

have had a huge impact on the environment; the rate of waste generation is becoming more 
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and going beyond the capacity of the urban government to tackle it; there is heap of refuse in 

every part of Nigerian cities, and other problems such as poor sanitation, potable water 

shortage, unhygienic sewage and effluent etc; and  these have been on the increase, the 

incidence of poverty, epidemics such as cholera, as a result of poor environmental sanitation 

and ecological imbalances. According to Abd’Razack, Nelson, Ludin and Umaru (2013) 

several factors influence household consumption pattern and lifestyle at individual to national 

level and consequently the extent to which that affect the environment. The author further 

observed that lifestyle changes the consumption habit, and that the household size, 

population, economic growth, emerging technology, marketing strategies, change in style and 

taste are some of the factors influencing consumption pattern and lifestyle in Nigeria. 

Moreover, NBS (2011) reported that between 1991 and 2006 the population of Nigeria 

increased by 61% from about 89 million to about 145 million, also the number of households 

increased by 27%, while household expenditure increased by 32%. Abd’Razack, Nelson, 

Ludin and Umaru (2013) observed that this population increase has led to increase in 

household demand and consumption of resources.  

2.4.4 The Nigerian Ecological Footprint Situation and the Level of Demand. 

Table 2.3 shows the ecological footprint of nations. It shows the results for 51 other analyzed 

countries and the world as a whole.  For each country, this table lists its 1997 population, 

ecological footprint, available bio-capacity and national ecological deficit. According to 

Wackernagel et al. (1999), in 1997, Nigeria has a population of 118,368,000 persons with the 

ecological footprint of 1.5 hectares per capita, available bio-capacity of 0.6 hectares per 

capita and running an ecological deficit of -0.9, as shown in Table 2.3.  

In Nigeria, humanity has a footprint larger than the ecological carrying capacity of the 

country, thereby, running a national ecological deficit of -0.9gha, using more resource than is 

available within the country’s boundary. According to Global Footprint Network (GFN, 
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2012), Nigerian population (147.7 million) is classified as low income group, with a total 

ecological footprint consumption of 1.4gha per capita (having cropland footprint of 0.84gha 

per capita, graze land 0.09gha, forest footprint 0.21gha, fishing ground 0.06gha, carbon 

footprint 0.17gha and  built-up land 0.07gha), with a total bio-capacity of 1.1 gha (cropland 

0.82gha, graze land 0.18gha, forest 0.02gha, fishing ground 0.02gha, built-up land 0.07gha), 

and running an Ecological deficit of 0.3gha. 
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Table 2.3: The Ecological Footprint of Nations 

Source: Wackernagel et al., 1999 
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2.5 Analytical Framework 

2.5.1 Carrying capacity Calculation 

The ecological footprint has its roots in the concept of the carrying capacity. As defined by 

biologists, carrying capacity is the number of individuals of a given species that a given 

habitat can support without being permanently damaged (Rees, 1992). If the population of a 

given species exceeds the carrying capacity of a given habitat, then either the resources 

required to meet the needs of that species will be depleted, or the wastes produced by that 

species will build to the point of poisoning members of the species, or both, and the 

population will crash (Zhao, Zizhen & Wenlong, 2005). A better understanding of carrying 

capacity can be gained by separating the natural resources for society into renewable and 

nonrenewable components. The distinction between renewable and nonrenewable resources 

is somewhat artificial because all resources on earth are renewed by the global web of 

ecological processes; however, those that are being renewed very slowly compared to their 

rate of use are said to be nonrenewable. The nonrenewable resources are depleted because 

they are being used at a rate that exceeds their rate of replacement. Carrying capacity is not 

sustainable unless it is based on the use of resources in a renewable way. So, only renewable 

resources would be taken into account in the calculation of carrying capacity. By inverting 

the standard carrying capacity ratio and extending the concept of load, we can use ecological 

footprint for assessing human carrying capacity. Ecological footprints are denominated in 

hectares per capita, whereas carrying capacity is generally expressed in units of individuals 

per hectare, making one concept the inverse of the other. The following equation is used to 

estimate the carrying capacity (Zhao, Zizhen & Wenlong, 2005): 

𝑐𝑐 =                                           ………………………………………………... (2.1) 
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where cc is the carrying capacity per capita (ha); e is the renewable resources of emergy 

amount per capita (sej); p1 is the earth emergy density, it is the emergy amount per meter 

square of the earth (sej/m2·a); the following equation is used to calculate it: 

𝜌 =  
𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑎𝑟𝑡ℎ 𝑖𝑛 𝑜𝑛𝑒 𝑦𝑒𝑎𝑟 (𝑠𝑒𝑗)

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑎𝑟𝑡ℎ (𝑀 )
=  

1.583 × 10 𝑠𝑒𝑗

5.1 × 10 𝑚
  … . . (2.2) 

                          = 3.1 × 10 𝑠𝑒𝑗/𝑚 . 𝑎 

The total emergy amount 1.583×1025 sej of the earth in one year is taken from Odum, Brown 

and Williams (2000); as shown in Table 2.4. The total emergy amount of the earth is the sum 

of the emergy of solar insolation, deep earth heat and tidal energy.  

                     
Table 2.4 Total emergy amount of the earth 

Source: Odum, Brown and Williams (2000). 

 
2.5.2 Ecological Footprint/Consumption per Capita 

The calculation procedure proposed by Wackernagel et al. (1999) involves using 

consumption and population statistics to calculate the ‘average person’s’ annual consumption 

for several items in each of the consumption categories. The area appropriated by each person 

can then be calculated by dividing the annual per capita consumption by the average annual 

productivity or yield for each item consumed. The total per capita ecological footprint is 

obtained by summing all ecosystem areas appropriated for each item consumed during a 

particular time period. First we estimate the annual per capita consumption of major 

consumption items from aggregate regional or national data by dividing total consumption by 

population size (Zhao, Zizhen & Wenlong, 2005). For many categories, national statistics 

provide both production and trade figures from which consumption can be assessed: 
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Consumption = production + imports – exports      or         𝜋   =  𝜇 + 𝛾 −  𝜏       … … (2.3), 

 the total consumption is divided by the population size, as shown in equation 2.4. 

 

𝜔 =  
∑  

 ……………………………………………………………………………….(2.4)  

Where, 𝜋  𝑖𝑠 Annual Consumption of ith item (Joules); 𝜇  = Production of the ith item 

(Joules); 𝛾  = Imports of the ith item (Joules); 𝜏  = Exports of the ith item (Joules); 𝑁 = 

Population size (number); 𝑛 = number of consumption items; 𝜔 = per capita consumption 

(Joules) and 𝑖 = level of consumption item (numbers).  

According to the original calculation model of Wackernagel and Rees (1997) the modified 

calculation model for the ecological footprint is estimated by the following equation: 

𝑒𝑓 =   ∑ 𝑎 =  ∑  ….....................................................................................(2.5) 

From the model above, ef  is the ecological footprint per capita (ha); i are the kinds of natural 

resources; ai is the corresponding areas of no. i resources per capita (ha);  ci is the emergy 

amount of no. i resource per capita (sej); p2 (sej/m2 a) is a region emergy density, it is the 

emergy amount per meter square of a region; the following equation is used to calculate p2: 

 

𝜌 =  
        ( ) 

    ( )
…………………………………..……(2.6) 

 
 
In the calculation of the total emergy of a region, five kinds of renewable resources emergy 

are considered: sun, wind, chemical energy in rain, geopotential energy in rain, and earth 

cycle energy. The maximum item of emergy amount is regarded as the total emergy of a 

region. For example, in the case of cereal, the footprint component would be: 

 𝑒𝑓 ( ) =  ∑ =   
( )× /

( )
 …………(2.7) 

 
Here Ccereal is the emergy amounts of cereal consumption per capita; N is the population size 

of a region. The calculation of this new method consists of two components. One is the 

carrying capacity; the other is the ecological footprint. In the calculation of the carrying 

capacity, first, the emergy amounts of available renewable resources are estimated. Here, five 
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kinds of renewable resources emergy are considered: sun, wind, chemical energy in rain, geo-

potential energy in rain, and earth cycle energy. In order to avoid double counting, the 

maximum item of emergy amount is regarded as the total available emergy (This is because 

the items of renewable resources directly or indirectly determine the others). Thus, this 

amount is divided by the amount of population. We get the amount of e in equation 2.1, that 

is, the emergy supply of natural resources per capita. Then, the amount of e is divided by the 

emergy density p1. We get the carrying capacity per capita (cc). In the calculation of 

ecological footprint, it is composed of two parts: (1) agricultural resources, (2) energy 

resources.  

 

In the footprint accounting of agricultural resources, four kinds of the consumption emergy 

are distinguished: agriculture, forestry, animal husbandry, and fishery. In the calculation of 

energy resources, four kinds of commercial energies are considered: coal, natural gas, liquid 

fossil fuel, and electricity. The actual consumption amounts of these two kinds of natural 

resources (agricultural resources and energy resources) are calculated respectively, and these 

amounts are translated into the common units, emergy. These emergy amounts are divided by 

the population to get the ci in equation 2.5. The amount of ci is divided by the region emergy 

density p2 to get the footprint, and all the footprints are added together to get the ef of 

ecological footprint per capita (Zhao, Zizhen & Wenlong, 2005). 
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CHAPTER THREE 

METHODOLOGY 

3.1 Study Area 

Nigeria where this study was conducted is located in West Africa on the Gulf of Guinea and 

has a total area of 923,768 km2 (Ocean Data and Information Network for Africa, 

ODINAFRICA, 2014), making it the world's 32nd-largest country (after Tanzania). It is 

comparable in size to Venezuela, and is about twice the size of California (World Fact Book, 

2011). The country is bordered in the south by approximately 800km of the Atlantic Ocean, 

on the West by the Republic of Benin, on the North by the Republic of Niger, and Republic 

of Cameroun on the East (National Bureau of Statistics, NBS, 2007). Nigeria is fraught with 

higher demand for agricultural resources, which questioned its sustainability in the country. 

However, aggregate national data were used for the study.  

Nigeria lies between Latitudes 4° and 14°N, and Longitudes 2°and 15°E (World Fact book, 

2011). There are 36 states and the Federal Capital Territory, Abuja, in some contexts; the 

states are aggregated into six geopolitical zones: North West, North East, North Central, 

South East, South South, and South West (Federal Research Division, 2008). The country’s 

population is about 144million (National Population Commission, NPC, 2006), with 

urbanization rate of 5.3% (Soludo, 2008). According to the World Bank (2011), Nigeria is 

classified as a mixed economy emerging market, and has already reached lower middle 

income status. The country's oil reserves have played a major role in its growing wealth and 

influence (World Bank, 2014). Agriculture used to be the principal foreign exchange earner 

of Nigeria (Ake, 1996). At one time, Nigeria was the world's largest exporter of 

groundnuts, cocoa, and palm oil and a significant producer of coconuts, citrus fruits, 

maize, pearl millet, cassava, yams and sugar cane. Economically, Nigeria’s per capita income 

is barely $1000, compared to South Africa with over $5300. However, at current population 
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growth rate, and Gross Domestic Product (GDP) growth rate at 13% per annum, Nigeria will 

achieve today’s per capita income of South Africa in 2033 (Olugboyega, 2005). 

3.2 Types and Sources of Data 

The study relied on the use of aggregate national data obtained from National Bureau of 

Statistics (NBS), Central Bank of Nigeria (CBN), Global Footprint Network (GFN), National 

Population Commission (NPC), ODINAFRICA (Ocean Data and Information Network for 

Africa), World Bank, International Energy Agency, UN agencies or affiliated organizations 

such as the Food and Agriculture Organization of the United Nations, the UN Statistics 

Division (UN Commodity Trade Statistics Database), for specific objectives. Other data 

sources include studies in peer reviewed journals and thematic collections. 

3.3 Data Collection 

The 2011 aggregate national data obtained from the sources in section 3.2 were used for this 

study. This base year data set is resorted to due to lack of complete aggregate national data in 

Nigeria.  

3.4 Data   Analysis 

This study adopted a modified method to Ecological Footprint analysis. Data collected were 

analyzed using descriptive statistical tool, emergy evaluation technique, transformity indices, 

consumption footprint analytical tools, ecological footprint, bio-capacity analytical tools and 

t-statistical tool. 

Objective 1 was realised using Emergy Density Indices. The emergy densities for the earth 

and the country were obtained from the models represented in equations 3.1 and 3.2 (Zhao, 

Zizhen & Wenlong, 2005): 

𝜌 =  
𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑎𝑟𝑡ℎ 𝑖𝑛 𝑜𝑛𝑒 𝑦𝑒𝑎𝑟 (𝑠𝑒𝑗) 

𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑒𝑎𝑟𝑡ℎ (𝑀 )
    … … … . . … … . … (3.1) 
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and 

𝜌 =  
𝑇𝑜𝑡𝑎𝑙 𝑒𝑚𝑒𝑟𝑔𝑦 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 𝑖𝑛 𝑜𝑛𝑒 𝑦𝑒𝑎𝑟 (𝑠𝑒𝑗) 

𝐿𝑎𝑛𝑑 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑡ℎ𝑒 𝑐𝑜𝑢𝑛𝑡𝑟𝑦 (𝑀 )
   … … … … … … . . (3.2) 

Where, 
𝜌  = emergy density of the earth (Sej/𝑀 ) 
 
𝜌  = emergy density of the country (Sej/𝑀 ) 
 

Objective 2, was analysed using consumption and ecological footprint analytical tools. The 

model is represented explicitly in the equations 3.3 and 3.4 (Zhao, Zizhen & Wenlong,2005): 

𝑒𝑓 =    
𝑐

𝜌
     … … … … … … … . . … … … … … … … … … … … … … . … . . (3.3) 

This can be rewritten as: 

𝑒𝑓 =  ∑
( )× /

( )
     ……….……………...……… (3.4) 

Where,  

𝑒𝑓 = ecological Footprint per capita (ha/cap) 

𝑐  = emergy amount of the ith resource per capita (sej) 

𝜌  = emergy density of the country (sej/𝑚 ) 

𝑁 = Population size (number) 

𝑛 = Number of natural resource. 

In this case, the annual per capita ecological footprint of each consumption item was analysed 

using the following model, represented explicitly as (Zhao, Zizhen & Wenlong, 2005): 

𝜋   =  𝜇 +  𝛾 −  𝜏              … … … … … … … … … … … … … … … … … … … … . . (3.5) 

While per capita Consumption was obtained from the following model: 

𝜔 =  
∑ 𝜋  

𝑁
            … … … … … … … … . … … … … … … … … … … … … … . … . . . (3.6) 
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Where, 

𝜋   = Annual Consumption of ith item (Joules) 

𝜇  = Production of the ith item (Joules). 

𝛾  = Imports of the ith item (Joulesfq). 

𝜏  = Exports of the ith item (Joules). 

𝑁 = Population size (number). 

𝑛 = number of consumption items (number). 

𝜔 = per capita consumption (Joules). 

𝑖 = level of consumption item (numbers). 

Objective 3 was analysed using Emegy Evaluation Technique and Bio-capacity Analytical 

Technique. This is explicitly represented in the equation 3.7 (Zhao, Zizhen & Wenlong, 

2005): 

 

𝑐𝑐 =  
𝑒

𝜌
                                                                   … … … … … … … … … … … … … … . . (3.7) 

 
 
Where,  
𝑐𝑐 = Carrying capacity per Capita (ha) 
𝑒  = Renewable resource emegy amount per capita (sej). 
𝜌 = Earth emergy density (sej/𝑚 ) 
 
Objective 4 was realized by subtracting the total ecological footprint per capita from the 

maximum carrying capacity per capita (ha). This is explicitly represented in equation 3.8. 

𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑔𝑎𝑝 =  
𝑒

𝜌
    

∗

 −  
𝑐

𝜌
      … … … … … … … … … … … … … . . … (3.8) 

 
The hypothesis was realized using the t-statistical tool. The model is stated as: 
 

𝑡 =  
�̅� −  𝜑

𝑆

√𝑛

   ~ 𝑡(𝑛 − 1)                                                  … … … … … … … … … … … … (3.9) 

Where 

𝑆 =
1

𝑛 − 1
 (𝑥 − �̅�)                                        … … … … … … … … … … … … … . (4.1) 
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The hypothesis is stated as: 

𝐻 :  �̅� = 5.2 ℎ𝑎/𝑐𝑎𝑝                                                     ……………………………….  (4.2) 

𝐻 :  �̅�  ≠ 5.2 ℎ𝑎/𝑐𝑎𝑝                                                    ……………………………….  (4.3) 

Where 

�̅� = mean of ecological footprint for agricultural resources (ha/cap) 

𝜑  = Composite index (carrying capacity, ha/cap). 

𝑆  = variance 

𝑛   = Number of observations 

 
3.5 Decision Rule 
 
The following decision rule was taken for this study: 

1. The reference point for the sustainability of agricultural resource use was based on the 

value of the bio-capacity or carrying capacity of the country for the year. The decision 

was based on the following: 

a.   
∗

 ≥  ∑  =      𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑙𝑒 𝑢𝑠𝑒 (𝑆𝑡𝑟𝑜𝑛𝑔 𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦) 

or 

b.   
∗

<  ∑  =  𝑈𝑛𝑠𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑙𝑒 𝑢𝑠𝑒 (𝑊𝑒𝑎𝑘 𝑆𝑢𝑠𝑡𝑎𝑖𝑛𝑎𝑏𝑖𝑙𝑖𝑡𝑦) 
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CHAPTER FOUR 

RESULTS AND DISCUSSION 

 

4.1 Global Emergy and Emergy Density in the Area 

This section discussed the total global emergy and emergy amount of the area in one year. 

The global emergy was derived from energy from renewable resources. These include; solar 

insolation, deep earth heat and tidal energy. While that of the area (Nigeria) was derived from 

the sun, rain chemical potential, rain geo-potential, wind and earth cycle. 

Table 4.1 shows the emergy amount of the earth. This is the sum of the emergy of solar 

insolation, deep earth heat and tidal energy. 

Table 4.1 Emergy Amount of the Earth 

Energy Items Energy (J/a) 
Solar Transformity 

(Sej/J) 
Solar Emergy 

(Sej/a) 
i. Solar Insolation 3.93E+24 1 3.93E+24 

ii. Deep Earth Heat 6.72E+20 1.20E+04 8.06E+24 
iii. Tidal Energy 5.20E+19 7.39E+04 3.84E+24 

TOTAL 1.58E+25 
Source: Adapted from Odum, Brown and Williams (2000). 

From Table 4.1 the total emergy amount of the earth was 1.58E+25 Sej/a. Using the emergy 

density index, it was found that the emergy density of the earth was 3.10E+10 sej/m2/year. 

This is an indication that a total energy of 1.58E+25 sej was used up either directly or 

indirectly to provide for the available renewable resources or the ecosystem services of the 

earth in one year. However, the emergy density index indicates that a total energy of 

3.10E+10 sej was dissipated per meter square of productive land and sea areas of the earth in 

one year. It implies that a total energy of 3.10E+10 sej was used up per meter squared of the 

total global hectares, to provide for the ecosystem services or life support services of the earth 

in one year. 



53 
 

4.1.2 Emergy and Density of the Study Area 

Table 4.2 shows the emergy amount of the study area. This was derived from the energies 

from the sun, rain, wind and earth cycle. In this case, the maximum emergy from these 

renewable resources was captured as the total emergy of the country. This is to avoid double 

counting or duplication in the analyses. 

Table 4.2 Emergy amount of the study area 

Renewable Resources  
Raw Data 

(Joules/Yr) Transformity (Sej/J)* Total Emergy (Sej) 

   i. Sun 5.42E+20 1 5.42E+20 
ii. Rain, Chemical 

potential 4.03E+18 3.05E+04 1.23E+23*** 
iii. Rain, 

Geopotential 1.98E+18 4.70E+04 9.31E+22 
iv. Wind 3.94E+17 2.45E+03 9.65E+20 
v. Earth Cycle 9.24E+17 5.80E+04 5.36E+22 

Maximum Emergy 1.23E+23 
*Transformities were taken and modified from Odum (1996); Odum, Brown and Williams (2000). 
***Maximum emergy. 
Source: Computed Results, 2014. 
 

From Table 4.2, rain chemical potential had the highest emergy. This implies that the total 

emergy of the country was 1.23E+23 Sej/a. However, using the emergy density index, it was 

found that the emergy density of Nigeria was 1.33E+11sej/m2/year. This is an indication that 

with the interaction of renewable resource flows, a total energy of 1.23E+23 sej was 

expended in the transformation of agricultural resources in one year. Moreover, the emergy 

density index indicates that a total energy of 1.33E+11 sej was dissipated per meter square of 

the land area of the country in one year, to provide for the needs and wants of her citizens. 

This implies that a total energy of 1.33E+11 sej was used up per meter square of the land area 

of the country per year. It means that with the interaction of renewable resource flows, a total 

energy of 1.33E+11 sej was expended in the transformation of agricultural resources per 

meter square of the country’s land area. 
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4.3 Ecological Footprint of Nigeria 

Table 4.3 shows the Ecological Footprint of the country, involving the population and 

consumption statistics, and emergy density of the country. This shows the level of 

agricultural resource use and the available resources appropriated for each person in the 

country, and expressed in arable land, pasture, water, fossil and built-up area. Resources were 

converted to joules per year, in order to determine their consumption energies and emergies. 

Table 4.3 showed the consumption on food crops, livestock, fisheries, forestry, natural gas, 

oil, coal, other solid minerals and electricity, with per capita of 5.25 arable land, 2.54 pasture 

land, 0.816 water area, 0.131 forest land, 0.000545 fossil land, 2.33 fossil land, 0.000327 

fossil land, 0.266 fossil land and 0.0000481 built-up area, respectively. This implies that each 

person in the country consumed 5.25 arable land, 2.54 pasture land, 0.816 water body, 0.131 

forest land, 2.6 fossil land and 0.0000481 built-up land per year.   It was then found that the 

ecological footprint for Nigeria was 11.3 hectares per capita. This is an indication that an 

average Nigerian consumes 11.3 hectares of land and sea to sustain their current life needs 

and wants per year. This ecological footprint came close to Qatar’s per capita consumption 

(11.68gha/cap) in 2008 as reported by Borucke et al. (2013), and is quite higher than the 

consumption of an average Malaysian (3.0 hectares of land and sea) reported by Begum and 

Pereira (2012). This is also an indication that an average Nigerian mounts excessive pressure 

on the agricultural resources of the country in order to meet current needs and wants. 
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Table 4.3 Ecological Footprint per Capita 

Agricultural Resources 
Raw Data 

(Joules/Yr) 
Transformity 

(Sej/J)* 

Total 
Emergy 

(Sej) 
Emergy Per 
Capita (Sej) 

Emergy Per Capita 
Per Emergy Density 
Of The Country (P2) 

Ecological Footprint Per  
Capita (Ha/Cap)1 

1. Food crops 3.64E+18 3.22E+05 1.17E+24 6.98E+15 5.25E+04 5.25E+00   Arable land 
2. Livestock 1.76E+17 3.22E+06 5.67E+23 3.37E+15 2.54E+04  2.54E+00    Pasture land  
3. Fisheries 5.66E+16 3.22E+06 1.82E+23 1.08E+15 8.16E+03  8.16E-01    Water Area 
4. Forestry 1.32E+18 2.21E+04 2.92E+22 1.74E+14 1.31E+03 1.31E-01     Forest land  
5. Natural Gas 2.07E+15 5.88E+04 1.22E+20 7.25E+11 5.45E+00 5.45E-04     Fossil land 
6. Oil 6.11E+18 8.53E+04 5.21E+23 3.10E+15 2.33E+04 2.33E+00    Fossil land 
7. Coal 1.14E+15 6.40E+04 7.30E+19 4.34E+11 3.27E+00 3.27E-04     Fossil land 
8. other minerals** 5.36E+13 1.11E+09 5.95E+22 3.54E+14 2.66E+03  2.66E-01     Fossil Land 
9. Electricity 3.34E+13 3.22E+05 1.08E+19 6.40E+10 4.81E-01     4.81E-05     Built-up land 
Total Ecological 

Footprint 11.3 
** measured in grams/year 
*Transformities were taken and modified from Odum (1996); Odum, Brown and Williams (2000). 
1Note: 
Population 1.68E+08 persons  
Land area 923769 sq. km or  9.24E+11 sq. m 
Total emergy of Nigeria 1.23E+23 sej/a 
P2 1.33E+11 sej/sq.m/a 

Source: Computed Results, 2014 
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4.4  Bio-capacity per Capita 
Table 4.4 shows the carrying capacity per capita given the available renewable resources and 

the ecosystem life support services in the Nigeria. 

Table 4.4     Carrying Capacity and Ecosystem Life Support Services per Capita. 

Renewable 
Resources 

 
Raw Data 

(Joules/Yr) 
Transformity 

(Sej/J)* 

Total 
Emergy 

(Sej) 

Emergy 
Per 

Capita 
(Sej) 

Emergy 
Per 

Capita 
Per P1 

Carrying 
Capacity 

Per Capita 
(Ha/Cap) 

1. Sun 5.42E+20 1 5.42E+20 3.23E+12 1.04E+02 1.04E-02 
2. Rain, Chemical 

potential 4.03E+18 3.05E+04 1.23E+23*** 7.32E+14 2.36E+04 2.36E+00 
3. Rain, Geo-potential 1.98E+18 4.70E+04 9.31E+22 5.54E+14 1.79E+04 1.79E+00 
4. Wind 3.94E+17 2.45E+03 9.65E+20 5.75E+12 1.85E+02 1.85E-02 
5. Earth Cycle 9.24E+17 5.80E+04 5.36E+22 3.19E+14 1.03E+04 1.03E+00 

Total Carrying 
Capacity 5.2 

*Transformities are taken and modified from Odum (1996); Odum, Brown and Williams (2000). 
***Maximum emergy. 
Area of the Earth 5.10E+14 sq. m 
Total Emergy of the earth 1.58E+25 sej/a 
P1 3.10E+10 sej/sq.m/a 

Source: Computed Results, 2014. 

 

From Table 4.4, the renewable resources were found to be available per capita for the year at 

0.0104 ha, 2.36 ha, 1.79 ha, 0.0185ha and 1.03ha of the sun, rain/chemical potential, 

rain/geo-potential, wind and earth cycle, respectively. It was then found that the total bio-

capacity was 5.2 hectares per capita. This implies that the available resources that can support 

life were 5.2 hectares per person. This is quite higher than the carrying capacity of Gansu 

Province in Western China, which was 3.8326 ha/capita in 2000 as reported by Zhao, Zizhen 

and Wenlong (2005).This is an indication that the available resource flows that can support 

the needs and wants of each citizen for the year were 5.2 hectares of land and sea. Moreover, 

it also indicates that for the use of agricultural resources to be sustainable, each person’s 

lifestyle and consumption should not exceed 5.2 hectares for the year.  
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4.5 Agricultural Resource Use level and Sustainability Status  

Table 4.5 shows the summary of the agricultural resource use and the sustainability status. 

The ecological footprint per capita shown in the Table 4.3 was subtracted from the Carrying 

capacity per capita shown in Table 4.4 to derive the sustainability status and level of 

agricultural resource use in Nigeria as reported in Table 4.5. 

Table 4.5 Summary of the Agricultural Resource Use and Sustainability Status. 

ITEM 
Resources   
(Ha/Cap) 

Sustainability 
gap Sustainability Status 

Ecological Footprint  11.3 
- 6.1 

Unsustainable 
(Weak Sustainability) Bio-capacity 5.2(reference point) 

Source: Computed Results, 2014. 

Table 4.5 showed that the sustainability gap was -6.1 hectares of land and sea per capita. It 

implies that each person’s lifestyle and consumption exceeded the available resources by 6.1 

hectares in the country. It indicates that the level of agricultural resource use in the country is 

not sustainable, since the then population of 167.9 million persons (NPC, 2011) consumed 

more (-6.1ha/cap) than was available to support their current needs and wants. In addition, it 

is an indication that the current generation has consumed additional 6.1 hectares of land and 

sea, part of what should have been left for the future generation. As a result, sustainable 

development cannot be achieved with this level of agricultural resource use since sustainable 

development is one that does not compromise how the future generation gets satisfied with 

their needs as reported by World Commission on Environment and Development (WCED, 

2012), and living well within the means of nature (Ewing, 2010). 

Table 4.5 also showed that there is ‘weak’ resource sustainability and ecological deficit. This 

is an indication that there is a high degree of renewable resource substitution. This means that 

reproducible agricultural resources are now substituting for the natural capital and that the 

environmental services and its functions can no longer assimilate the accumulated waste from 
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present production and consumption. This, in other words, means that the rate of agricultural 

resource use (or withdrawal) exceeded its regenerative rate. This stems from the fact that as 

agricultural resources in the area become scare, the benefits of its further use become greater 

to justify the use as opined by Mensah and Castro (2004), and by that wastes accumulate 

more than can be assimilated by the environmental services. 

4.6 Test of Hypothesis 

Table 4.6: t-test Results of the Ecological Footprint for Agricultural Resources and 

 Carrying Capacity  

  
 
t 

 
 
df 

 
 
Sig. (2-tailed) 

 
Mean 

Difference 

95% Confidence Interval of 
the Difference 

Lower Upper 
Ecological 

Footprint for 
Agricultural 
Resources 

-6.567 8 0.000 -3.940675544 -5.324376525 -2.556974564 

Test Value            5.2 
Mean                    1.259324456 
Std. Deviation     1.8001281429 
Std. Error             0.6000427143 
Source: SPSS Computed Results, 2014 

 

Table 4.6 shows the results of the t-test for ecological footprint for agricultural resources. The 

p-value (.000) for 2-tailed test of significance showed that the ecological footprint for 

agricultural resources is significantly different from the composite index (5.2). Therefore, the 

null hypothesis was rejected, and the study accepted the alternative that the ecological 

footprint for agricultural resources is significantly different from the carrying capacity in 

Nigeria. This is an indication that the level of agricultural resource use in Nigeria is different 

from the regenerative capacity of these resources. This further confirmed the results shown in 

Table 4.5, indicating that agricultural resource use in the country is not sustainable. 



59 
 

CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATIONS 

5.1 Summary 

The broad objective of this study was to analyse the sustainable agricultural resource use in 

Nigeria using the Ecological Footprint Approach. The specific objectives included to; 

estimate the global emergy and emergy density, determine the ecological footprint per capita, 

analyse the per capita bio-capacity, and ascertain the level of agricultural resource use, 

sustainability status and resource substitution in Nigeria. The null hypothesis that the 

ecological footprint for agricultural resources is not significantly different from the composite 

index (carrying capacity) in Nigeria was tested. The total land area, population and thematic 

data of the country were used for the study. The 2011 dataset collected from National Bureau 

of Statistics (NBS), Central Bank of Nigeria (CBN), Global Footprint Network (GFN), 

National Population Commission (NPC), ODINAFRICA (Ocean Data and Information 

Network for Africa), World Bank, International Energy Agency, UN agencies or affiliated 

organizations such as the Food and Agriculture Organization of the United Nations, the UN 

Statistics Division (UN Commodity Trade Statistics Database), were used for the study. This 

base year data set is resorted to due to lack of complete aggregate national data in Nigeria. 

Appropriate ecological footprint and emergy accounting tools were used to analyse the data 

collected.  The results showed that the total emergy amount of the earth and the country were 

1.58E+25 sej/a and 1.23E+23sej/a respectively. It also showed that the emergy density index 

of the earth was 3.10E+10 sej/m2/year, while that of Nigeria was 1.33E+11 sej/m2/year. 

Moreover, the results showed that the demand on and/or for agricultural resources per capita 

were 5.22 arable land, 2.54 pasture land, 0.816 water area, 0.131 forest land, 2.6 fossil land 

and 0.0000481 built-up area per year. It showed that the ecological footprint per capita in 
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Nigeria was 11.3 hectares. Furthermore, the results of the analysis showed that the renewable 

resources available per capita for the year were 0.0104 hectares (Sun), 2.36 hectares 

(Rain/chemical potential), 1.79 hectares (Rain/geopotential), 0.0185 hectares (Wind) and 1.03 

hectares (Earth cycle). It also showed that the carrying capacity per capita was 5.2 hectares.  

The results of the analysis on agricultural resource use and sustainability status showed that 

the sustainability gap was -6.1 hectares per capita, and considering the carrying capacity of 

the country for the year as a reference point, it is an indication that agricultural resource use 

in Nigeria is not sustainable, entailing weak sustainability status and high level of resource 

substitution due to this ecological deficit (-6.1 hectares). Therefore, sustainable development 

cannot be achieved given this deficit in agricultural resource use in the country. 

Finally, the null hypothesis was rejected, and the study accepted the alternative that the 

ecological footprint for agricultural resources is significantly different from the carrying 

capacity in Nigeria. 

5.2 Conclusion 

This study concluded that agricultural resource use in Nigeria is not sustainable, as each 

person’s lifestyle and consumption in the country exceeded the available resources. This 

could be linked to agricultural intensification and high level exploitation of resources in the 

country, resulting from population increase and pressure which increased the demand on 

and/or for resources as they became scarce. As a result, ripping off part of what should have 

been left for the future generation. Sustainable development cannot be achieved with this 

level of agricultural resource use since sustainable development is one that does not 

compromise how the future generation gets satisfied with their needs. It was also concluded 

that there is weak sustainability in resource use and high level of resource substitution in the 
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country, and running an ecological deficit - as the reproducible resources are now substituting 

for the renewable or non-renewable resources in the country.   

5.3 Recommendations 

Based on the findings of this study and the policy implications, the following 

recommendations were made: 

1. In view of the fact that arable land consumption (5.25 hectares/cap) is the largest 

contributor to the ecological footprint for each Nigerian (46.64% of total footprint), 

ecological farming, organic farming, and other sustainable agricultural systems that 

reduce the footprint for arable land should be adopted in the country. In addition, the 

government through her agencies should strategize ways of reducing the consumption 

of foreign (imported) food crops - for any effort to reduce this will reduce the 

ecological footprint of the country, and promote the integration of the three 

components of sustainable development – economic development, social development 

and environmental protection-as interdependent and mutually reinforcing pillars. 

2. Considering the ecological deficit of 6.1 hectares per capita, to ensure ecological 

remainder or strong sustainability of agricultural resources, every citizen of the 

country should adjust his/her lifestyle so as to reduce overall consumption by 6.1 

hectares per capita. This will go a long way to preserving and conserving agricultural 

resources for the current use and the future generation, and hence pave the way to 

achieving sustainable development in the country. 

3. Based on the high level of resource substitution (Weak sustainability) which can be 

linked to excessive importation (International trade) of food crops, there is need to 

reduce the importation of food crops or other resources that depend heavily on the 

available resources in the country, and encourage local food crop farmers.  
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APPENDIX 1 
 

TRANSFORMATIONS AND CALCULATIONS 
 

1. Renewable Resources: 
Sun     5.42E+20J/yr 

Land Area: 9.24E+11m2  (WorldBank, 2013). 
Insolation: 140kcal/cm2/year  (Average) 
Albedo: 0.4    (Average) 
Energy Received (J) = [Av. Insolation]*[Area]*[4186J/kcal] 
Energy Absorbed (J) = [Energy Received]*[1 – Albedo] 
 

Rain/Chemical Potential  4.03E+18J/yr 
Land Area: 9.24E+11m2  (WorldBank, 2013). 
Rainfall: 1.15m/yr   (Average in mm; FAO, 2005) 
Density of water: 1000kg/m3  (Literature) 
Evapo-transpiration: 0.92  (est. as 80% of total rain) 
Energy (J) = [Area]*[Evapo-trans]*[Density]*[Gibbs. No.] 
 

Rain geopotential   1.98E+18J/yr 
Land Area: 9.24E+11m2  (WorldBank, 2013). 
Rainfall: 1.15m/yr 
Acceleratiopn due to gravity: 9.8m/s 
Av. Elevation: 950m 
Runoff rate: 0.2% 
Density of water: 1000kg/m3 
Energy (J) = [Area]*[Rainfall]*[Runoff]*[Av. Elevation]*[Gravity]*[Density] 
 

Wind     3.94E17J/yr 
Land Area: 9.24E+11m2   
Density of Air: 1.3kg/m3 
Av. Annual wind velocity: 6.27m/s 
Geostrophic wind: 10.45m/s   (Observed winds are about 0.6 of geostrophic 
     wind (Reiter, 1969)) 
Drag Coefficient: 1.00E-3   
Seconds per year:   (Literature) 
Energy (J) =  [Area]*[Air Density]*[Drag coefficient]*[Geostrophic Wind  
  velocity]3*[Sec/yr] 
 

Earth Cycle:    9.24E+17J/yr 
Land Area: 9.24E+11m2   
Heat flow: 1.00E+06J/m2  (Odum, 1996) 
Energy (J) = [Area]*[Heat flow] 
 
 

2. Agricultural Resources: 
            Recall: Annual Consumption = Production + Imports – Exports (Zhao et al., 2005) 
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Food crops:    3.64E+18J/yr 
Consumption:  217660776MT (Adapted from FAOSTAT(2011) and converted) 
Energy (J) = [MT/yr]*[Energy content] 
 

Livestock                1.76E+17J/yr 
Consumption: 8400420MT   (Adapted from FAOSTAT(2011) and converted) 

Energy (J) = [MT/yr]*[Energy Content] 

Fisheries                  5.66E+16J/yr 

Consumption: 2704200MT/yr  (Adapted from FAOFISHSTAT(2012) and  
     converted) 
Energy (J) = [MT/yr]*[Energy content] 
 

Forest Extraction    1.32E+18/yr 
Wood: 174860258m3    (Adapted from FAOSTAT(2011) and converted) 

Paper and Fibers: 888530MT  (Adapted from FAOSTAT(2011) and converted) 

Wood Energy (J) = [M3/yr]*[g/m3]*[Energy content]*[J/Kcal] 

Paper and Fiber Energy (J) = [MT/yr]*[g/MT]*[Energy content]*[J/kcal] 

Total Energy = [Wood energy] + [Paper & fiber energy] 

 
Electricity (hydroelectricity)             3.34E+13J/yr 

Consumption (h/yr): 9287000Kw/h (CBN Report, 2011) 
Energy (J) = [Energy in Kw/h]*[Energy content] 

 

Natural Gas     2.07E+15J/yr 

Consumption: 55099319.46m3/yr  (CBN Report, 2011) 

Energy (J) = [M3/yr]*[Energy content]*[J/Kcal] 

Oil:     6.11E+18J/yr 

Consumption: 1.28E+11L/yr 

Energy (J) = [L/yr]*[Energy content]*[J/kcal] 

Coal      1.137E+15 J/yr 

Consumption: 39213.4MT/yr 

Energy (J) = [MT/yr]*[Energy content] 

Other Solid Minerals             5.36E+13g/yr 

Consumption: 53570667.1MT (CBN Report, 2011) 

Mass (g) = [MT/yr]*[g/MT] 
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