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A B S T R A C T
Carbon dioxide emission due to associated natural gas flaring is among the major causes of 
climate change which affects the global environment adversely. Nigeria is rated as the 
country with second largest volume of associated natural gas being flared the world over. 
Dominant oil and gas companies being operated by foreign multinational oil companies 
have been responsible for over ninety percent of associated natural gas flaring in the 
Nigerian upstream sector. Aside from being waste of valuable energy resource, the 
damaging, environmental impact of gas flaring, along with the intense physical nature of 
the practice, is among the major causes of environmental-accountability-triggered conflict 
especially in the Niger Delta region of the country. With this in mind, this study aims at 
evaluating gas flaring-related environmental accountability of dominant companies 
operating in the upstream sector of the Nigerian oil and gas industry. This is carried out via 
the evaluation of gas flaring-related ‘environmental performance’ and ‘environmental 
disclosure’ individually and together within the same framework. Deductive research 
strategy underpinned by positivists’ research philosophy is employed to facilitate the 
empirical conduct of the research. Consequently, five testable hypotheses were developed 
from three theories, namely, Environmental Kuznets Curve theory, Pollution Haven 
Hypothesis and Voluntary Disclosure Theory. Each of the five hypotheses is directly 
related to a specific objective, so that they can be the mechanisms for meeting the 
objectives. By virtue of its nature, objective six is the only objective that does not have a 
corresponding hypothesis. To test the five hypotheses and also explore objective six, a 
number of analytical tools were employed. They include DEA window analysis, content 
analysis, one sample hypothesis test for mean, correlated two sample t-test for means, 
Panel Corrected Standard Errors (PCSE) using Prais-Winsten regression and simple time- 
series Ordinary Least Squares (OLS) regression in the first difference.

Results obtained enabled the documentation of important key findings. Thus, the study 
documents empirical evidence confirming that the elements of gas flaring-related 
environmental accountability, namely, ‘environmental performance’ and ‘volumetric 
environmental disclosure’ are adverse and inadequately low respectively; and that the 
relationship between them is significantly positive. The ‘substance’ of the disclosure is also 
found to be not superior. It is also found that dominant companies in the sector use 
‘specific’ or ‘hard’ gas flaring-related information that gives positive reflection on their 
reputation to legitimise their associated gas flaring and production activities. All these 
support the evidence, provided in this study, that gas flaring-related environmental 
responsibility, reporting and, in general, accountability by dominant companies in the 
Nigerian upstream are poor.

The significance of these major findings is evident in the empirical support they lend to 
Environmental Kuznets Curve theory, Pollution Haven theory and Voluntary Disclosure 
Theory in the context of a less developed country, and the confirmatory empirical evidence 
that ‘consequentialism’ is the dominant environmental moral philosophy in the Nigerian 
upstream sector. The significance of the findings is further indicated by providing evidence 
that change in gas flaring-related environmental performance is responsible for the 
undulating trends in the level of environmental disclosures by companies operating in less 
developed countries over time.
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1.1 B ack grou n d  to th e Study

Nigeria is among the top producers of crude oil in Africa and its position on the list of 

largest producers worldwide is the fifteenth (US ELA, 2008; CIA, 2008). Also, its position 

among countries with largest proved oil reserve is tenth, and it is the seventh country 

worldwide in terms of proved natural gas reserve (CIA, 2008). Like many other developing 

countries that have been blessed with oil and gas resources, for example Saudi Arabia, Iran, 

Iraq, Kuwait, Libya, Venezuela, Congo or Algeria, its economy depends, to a very large 

extent, on these resources. Consequently, over eighty per cent of its foreign exchange and 

revenue come from oil and gas industry. Indeed, given the buoyant market of crude oil and 

natural gas as well as their importance as sources of energy for many countries, especially 

the developed ones, revenue realised therefrom should have brought about improved health 

care facilities, qualitative education and improved living standard for Nigerians. However, 

the rate at which exploration and production activities in the Nigerian petroleum industry 

are bringing about such problems as conflict, repression, corruption and environmental 

degradation is more than what the Nigerians have bargained for (Watts, 2004). Concurring 

with this view Orubu et al (2004) contend that activities in the Nigerian oil and gas industry 

are notoriously connected to alarming environmental damages. Although, negative 

environmental impacts could be directly more identifiable with the ‘host communities’, i.e. 

the inhabitants of Niger Delta in Nigeria, they also affect the rest of Nigerians and the 

world at large through gas flaring and other forms of Green House Gas (GHG) emissions. 

Gas flaring could be defined as burning of associated natural gas while producing crude oil. 

Omoweh (1995) observes that both gas flaring and oil spillage have significant adverse 

environmental impacts in Nigeria, especially in the Niger Delta region. There is high
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degree of consensus among scholars concerned with environmental aspect of oil and gas 

operations in Nigeria, that gas flaring and oil spillage are the two most disturbing sources 

of environmental degradation in the Nigerian upstream sector (Omoweh, 1995; Aprioku, 

2001; Jike, 2004; Osuide, 1990; Orubu et al, 2004; Watts, 2005; Ejewe, 2006; Aigbedion & 

Iyayi, 2007). An upstream sector of an oil gas industry involves such activities as 

exploration, extraction and transportation of crude oil and natural gas while downstream 

sector involves refining transportation, and distribution of finished petroleum products 

(Wright and Gallun, 2008). It has been argued that oil spillage remains unavoidable even in 

advanced countries or places where best oil field practices are observed (Okonmah, 1997; 

Aghalino & Eyinla, 2009). However, gas flaring can be significantly avoided through 

increased utilisation which is very much likely to bring about enhanced economic 

prosperity. This study focuses exclusively on the adverse environmental impact of

Associated Natural Gas (ANG) flaring by companies in the upstream sector of the Nigerian
\

oil and gas industry.

Over 40 years ago Foreign Multinational Oil Companies (FMOCs) came to Nigeria with 

the sole intent of exploration and production of crude oil (Orubu, 2006). Consequently, for 

quite a long time they had considered the vast deposit of ANG, found along with the crude 

oil, as unwanted byproduct which must be produced along with the oil. In order to dispose 

of the ANG, the oil and gas companies have been massively burning it away in flares. The 

magnitude of the volume of ANG being flared in Nigeria makes it second only to Russia, 

the world over. The discovery of natural gas, now globally considered as a valuable energy
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resource, in Nigeria was more or less accidental1. However, since the mid 80’s when 

natural gas was recognised in most international energy markets as preferred energy 

resource (Ariweriokuma, 2009), reluctantly, the Nigerian government has begun to 

concede that Nigeria is a natural gas province with comparably reasonable deposits of oil 

reserves. From this moment on the government has been making effort to end the wasteful 

flaring of this important energy resource which pollutes the environment.

The adverse consequences of gas flaring are two folds. First, it has negative impact on the 

environment mainly due to its consequent emission of enormous CO2 and, hence 

significant addition to GHG and contribution to global warming2. Second, it represents loss 

of significant economic benefits; for instance forfeiture of huge revenue that would have 

been realised from its sale and improved standard of living that Nigerians would have 

enjoyed from its domestic utilisation. This study focuses on the first adverse consequence 

of ANG flaring in the Nigerian upstream sector -  i.e. its negative environmental impact. 

Specifically, the thesis intends to address environmental responsibility and environmental 

reporting behaviours of dominant oil and gas companies in relation to CO2 emission 

consequent of ANG flaring.

1 This is obviously because the interest, and hence the focus of the oil and gas companies was on the 
discovery of crude oil and not natural gas.
2 Methane is the major component of the Nigerian natural gas. As such, it is scientifically classified as sweet, 
indicating that its major chemical composition (95% to 98%) consists of methane gas (CH 4) (See Maina, 
2005). This implies that flaring of Nigerian ANG is essentially combustion/buming of methane gas 
(Galadima & Garba, 2008). When CH4 is burnt, it turns into carbondioxide (C 02) and notably, releases of 
C 02 into the atmosphere constitute GHG emission which causes hash climatic conditions known as global 
warming/cooling. Consequently, it can be stated that about 95% to 98% of the ANG being flared in Nigeria 
converts to GHG and contributes to global warming. So, the greatest negative environmental consequence of 
gas flaring in Nigeria is attributable to climate change.
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Having provided preambles to the study in the current section, the rest of the chapter would 

proceed as follows. Section two focuses on the problematic situations and theoretical gaps 

that motivate the research. Section three presents the main research question, and this is 

followed by presentation of the aim and specific objectives of the study in section four. The 

hypotheses of the study are presented in section five, while theoretical underpinnings of the 

study are introduced in section six. Section seven gives highlights of the research 

methodology and methods employed in the study. Finally, section eight presents and 

describes the structure of the thesis.

1.2 S tatem en t o f  the R esearch  P rob lem  and Ju stifica tion s for  the S tu d y

In Nigeria, incessant and long standing ANG flaring along with its damaging 

environmental consequences are known features of oil and gas exploration and production, 

especially in the Niger Delta area (Ogri, 2001). Nigerian case of gas flaring attracts 

attention worldwide, because it is currently second on the list of countries that flare the 

highest volume of ANG all over the world. Bitter disagreement among the host 

communities, the oil companies and the Nigerian government often causing sabotage, 

kidnapping and destruction of properties can be partly traced to the issue of environmental 

accountability especially as it relates to ANG flaring and oil spillage. This conflict often 

causes unnecessary stoppages of oil and gas operations leading to huge loss to the country 

and the oil and gas companies. Murthy (2007) observes that environmental accountability 

problem is likely to occur, usually in the form of conflict between the actors/accountors (in 

this case oil companies) and stakeholders (in this case host communities, NGOs, regulators 

and the general public) with increasing environmental damages. Similarly, it has also been
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observed that if accountability pressure from stakeholders is not properly responded to by 

providing reasonable accounts, social or environmental anxiety may be created which may 

lead to conflict (Schlenker & Leary, 1982; Dezoort, Harrison & Taylor, 2006; Atakpu,

2007). Unsuccessful flare out/reduction policies in the country, persistent flaring of high 

volume of ANG by oil and gas companies and the outcries from the host communities, 

local and international environmental NGO (e.g. GGFR & Friend of the Earth Nigeria) for 

the practice to stop are clear indications of environmental accountability problem relating 

to flaring of ANG in Nigeria. The oil and gas companies, especially the dominants one, 

often claim that they are making all concerted efforts to stop the practice. On the other 

hand persistent complaints from the relevant stakeholders as well as physical evidence 

show that volume of ANG being flared by oil and a gas companies still remains 

significantly high.

In addition to the problematic situation described in the preceding paragraph, the study has 

also identified the following gaps in the environmental accountability literature in general, 

which serve as further justifications for conducting this research.

First, some previous research on environmental reporting in less developed countries have 

documented undulating trends in the volume of what is being disclosed by corporations 

over time (see for example, Tsang, 1998; Jamil, Alwi & Mohamed, 2002; de Villiers & van 

Staden, 2006). The question as to why the rise and fall over time, as against continues 

increase in the case of results documented by studies in developed countries (see for 

example, Guthrie & Parker, 1990; Gray Kouhy & Lavers, 1995; Campbell, 2004; KPMG,

6



2008), is still unresolved. Although, de Villiers and van Staden (2006) have attributed the 

undulating trend in the volume of environmental disclosure in the context of South Africa, 

they failed to empirically identify any specific variable or variables responsible for the 

scenario. This current study suspects that this undulating trend may be specifically 

consequent of the influence of environmental performance on environmental disclosure 

across companies and over time. Consequently, the study seeks to fill this void by 

evaluating gas flaring-related environmental performance and disclosure separately and 

investigating the relation between the two across companies and over time.

Second, diversity of measurement strategies leading to development of non-standardised 

and non-theory-based environmental performance measurements (Tyteca, 1996; Fare, 

Grosskopf & Tyteca, 1996; Tyteca, 1997) has been identified as another gap, especially in 

the environmental performance-environmental disclosure relationship research (Patten, 

2002; Clarkson et al, 2011). This is recognised as one of the major reasons why results 

regarding environmental performance and environmental disclosure relation are mixed (see 

Patten, 2002). Consequently, this study seeks to make an effort towards filling this gap by 

employing Data Envelopment Analysis (DEA), a theory-based, standardised and generally 

applicable environmental performance measurement strategy for the measurement of gas 

flaring-related environmental performance.

Third, most of the studies concerned with relationship between environmental performance 

and environmental disclosure were carried out in the developed part of the world, 

especially US, Europe, Australia and Canada (for instance, Ingram & Frazier, 1980;
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Freedman Wasley, 1990, Fekrat, Inclan & Petroni, 1996; Patten, 2002; Al-Tuwaijri et al, 

2004; Cho & Patten, 2007;Clarkson, Richardson & Vasvari, 2008; Dawkins & Fraas, 

201 la & 201 lb; de Villiers & van Staden, 2011). To the best of the researcher’s knowledge 

none of the studies reviewed in this work had attempted to examine this relationship in the 

context of a less developed country. In addition, most of these studies attempted to analyze 

this relationship using data set related to firms in a single period. In other words, most 

studies reviewed in this research have carried out cross-sectional regression analysis in 

order to estimate this relationship. This current study attempts to extend the current state of 

the art by conducting cross-sectional time-series analysis of the relation between gas 

flaring-related environmental performance and environmental disclosure in the context of a 

less developed country.

It is, indeed, from the problematic situation as well as the three justifications or gaps 

explicated above that the study derives its motivation.

1.3 T he M ain  R esearch  Q uestion

As explained earlier, Nigeria is second only to Russia with regard to flaring of ANG the 

world over. Empirical data from satellite imaging shows that while Russia’s level of ANG 

flaring declined in 2010 compared to what was flared in 2009, Nigeria’s level of ANG 

flared in 2010 was more than that of 2009 (see Table 1.1 below). Several attempts by the 

country, to reverse this waste of valuable energy resource which causes global warming, 

have not effectively yielded the desired result. Indeed, this situation is among the major 

reasons behind the persistence of conflict between the oil and gas companies and the green
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stakeholders (especially the host communities), environmental NGOs and regulatory 

authorities, over the issue of gas flaring-related environmental accountability.

Table 1 .1 : Estimated ANG Flared by Oil Producing Countries in Billions Cubic 
Meters

Country Position
Year

2006 2007 2008 2009 2010
Change (2009 to 

2010)
Russia 1st 50.00 52.30 42.00 46.60 35.20 -11.40
Nigeria 2nd 18.60 16.30 15.50 14.90 15.20 00.30
Iran 3rd 12.20 10.70 10.80 10.90 11.30 00.40
Iraq 4th 07.20 06.70 07.10 08.10 09.10 01.10
Algeria 5th 06.40 05.60 06.20 04.90 05.40 00.50
Source: GGRF World Bank 2011.

It is against this backdrop that this study seeks to address the following main research 

question:

To what extent are dominant companies in the upstream sector o f the Nigerian  

oil and gas industry environmentally accountable with regard to carbon dioxide 

emission due to flaring of associated natural gas?

1.4 A im  and O bjectives o f  the S tu d y

Consistent with the main research question posed above, this study aims at evaluating the 

environmental accountability, in relation to carbondioxide emission consequent of 

associated natural gas flaring, of dominant companies operating in the upstream sector of 

the Nigerian oil and gas industry.
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Having regards to the fact that gas flaring-related environmental accountability has as its 

components, ‘environmental responsibility’ and ‘environmental reporting’, and has as its 

elements, ‘environmental performance’ and ‘environmental disclosure’, other specific 

objectives consistent with this aim are stated as follows:

i. To evaluate gas flaring-related environmental responsibility behaviour of dominant 

companies in the upstream sector of the Nigerian oil and gas industry;

ii. To evaluate the volume of gas flaring-related environmental information reported 

by dominant companies in the upstream sector of the Nigerian oil and gas industry;

iii. To evaluate the substance of gas flaring-related environmental information reported 

by dominant companies in the upstream sector of the Nigerian oil and gas industry;

iv. To investigate the nature of the relationship between gas flaring-related

environmental performance and gas flaring-related volume of environmental 

disclosure by dominant companies in the Nigerian upstream sector;

v. To investigate the nature of the relationship between gas flaring-related

environmental performance and the substance of gas flaring-related environmental 

disclosure of dominant companies in the Nigerian upstream sector, and

vi. To examine factors that influence changes in the level of associated natural gas 

being flared in the Nigerian upstream sector over time3.

1.5 T he R esearch  H ypotheses

In order to facilitate meeting the first five specific objectives stated above, the researcher 

intends to subject the following hypotheses to statistical testing:

3 Objective six does not have a corresponding hypothesis because it focuses on the examination of the 
relationship between changes in the volume of ANG flared and a number of explanatory variables.
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1.5.1 Hypothesis One
Hi.o: Gas flaring-related environmental performance of dominant companies in the

upstream sector of the Nigerian oil and gas industry is not adversely low.

Hi.a: Gas flaring-related environmental performance of dominant companies in the
upstream sector of the Nigerian oil and gas industry is adversely low.

1.5.2 Hypothesis Two
H2.0: Gas flaring-related environmental disclosure by dominant companies in the

upstream sector of the Nigerian oil and gas industry is not inadequately 
low.

H2.a: Gas flaring-related environmental disclosure by dominant companies in the
upstream sector of the Nigerian oil and gas industry is inadequately low.

1.5.3 Hypothesis Three
H3.0: The degree of substance in respect of gas flaring-related environmental

disclosure by dominant companies in the upstream sector of the 
Nigerian oil and gas industry is not inferior.

H3.a: The degree of substance in respect of gas flaring-related environmental
disclosure by dominant companies in the upstream sector of the 
Nigerian oil and gas industry is inferior.

1.5.4 Hypothesis Four
H4.0: The association between gas flaring-related environmental performance

and the volumetric environmental disclosure by dominant companies 
in the upstream sector of the Nigerian oil and gas industry is not 
positive.

H4.a: The association between gas flaring-related environmental performance
and the volumetric environmental disclosure by dominant companies 
in the upstream sector of the Nigerian oil and gas industry is positive.
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1.5.5 Hypothesis Five

H5.0: The association between gas flaring-related environmental performance and
the substance of environmental disclosure by dominant companies in the 
upstream sector of the Nigerian oil and gas industry is not positive.

H5.a: The association between gas flaring-related environmental performance and
the substance of environmental disclosure by dominant companies in the 
upstream sector of the Nigerian oil and gas industry is positive.

1.6 T heoretica l U nd erp in n in gs o f  the R esearch

This study approaches evaluation of gas flaring-related environmental accountability from 

the perspective that it is made up of two major components, namely environmental 

responsibility and environmental reporting, and that these components are operationalised 

via environmental performance and environmental disclosure respectively. Indeed, 

environmental performance and disclosure are referred to as the elements of environmental 

accountability (see Al-Tuwaijri et al, 2004). In addition, the study subscribes to the notion 

that environmental accountability can be assessed via an analysis of the relation between 

the elements of environmental accountability (Ingram & Frazier, 1980; Al-Tuwaijri et al,

2004).

Therefore, the situation described above is applied to CO2 emission due to flaring of ANG 

by dominant companies in the upstream sector of the Nigerian the oil and gas industry in 

this research. The approach to such application is carried out under the auspices and 

underpinnings of ‘consequentialism’ environmental moral philosophy; ‘deontology’ 

environmental moral philosophy; Pollution Haven Hypothesis (PHH), Environmental 

Kuznets Curve (EKC) theory and Voluntary Disclosure Theory (VDT).
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The environmental moral philosophies of consequentialism and deontology are used as the 

premises on which the three theories (PHH, EKC theory and VDT) used in this study stand. 

Consequentialism, as applied to environmental morality, proposes that corporations whose 

productive activities cause environmental damage, believe that such environmental damage 

is not wrong provided the benefits of their productive activities out-weight the negative 

environmental consequences (Spash, 1997). This philosophy is consistent with the classical 

approach to Corporate Social Responsibility (CSR) which holds the view that while 

companies pursue the main objective of profit maximisation in a competitive market place, 

continuous economic growth alongside advancement in technological inventions would 

eventually solve environmental degradation problems (Mazurkiewicz, 2004; DesJardins, 

1998). However, in contrast to consequentialism, deontology proposes that actions are 

intrinsically right or wrong irrespective of their consequences (Spash, 1997; Desjardins, 

2001; SEP, 2006; Murthy, 2007). As it applies to environmental accountability, the 

philosophy postulates that corporations should voluntarily assume environmental 

accountability for their adverse environmental impacts, because it is a moral duty upon 

them to do so. The notion of deontology conforms to the sustainability approach to 

corporate environmental accountability which implies that firms should be obliged to 

address environmental degradations such that they leave the environment no worse off than 

it was before the start of their operations4.

Three basic theories are used in this research to facilitate the derivation of five hypotheses. 

The first two theories, PH theory and EKC theory, are closely linked together and are used

4 Hence, the popular notion: while pursuing the achievement of their own objectives business firms should 
take all necessary measures to ensure that the ability of the future generation to achieve their objectives is not 
hindered.
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to develop hypothesis one, two and three stated in section 1.4 above. EKC theory states that 

the relationship between economic growth and environmental degradation is explained by 

an inverted U-shaped curve (see for example, Panayotou, 1993; Arrow et al, 1995; 

Grossman & Krueger, 1995 & 1996; Stem, 1998; Hilton & Levinson, 1998; Dasgupta et al,

2002). Thus, the theory proposes that as economic growth increases initially, 

environmental degradations also increase up to a certain point, called turning point, after- 

which the environmental degradations begin to decrease (Arrow, et al., 1995; Dinda, 2004; 

Dasgupta et al, 2002). While the initial stage implies low level of environmental 

accountability in less developed countries, the turning point and beyond indicate the high 

level standards of environmental performance and reporting in developed countries. PH 

theory reinforces the notion of poor environmental performance and low level of 

environmental disclosures in less developed countries at the firm level (i.e. micro level). 

The theory proposes that companies in developed countries are more likely to record better 

environmental performance than companies operating in less developed countries. This is 

because environmental regulations in developed countries are much more stringent, and 

enforcement mechanisms are more effective (Mani & Wheeler, 1998; Eskeland & 

Harrison, 2003; Cole, 2004; Cole & Fredrikson, 2009; Kearsley & Riddel, 2010). 

Conversely, in less developed countries such regulations along with their enforcement 

mechanism are weak.

Having predicted, on the bases EKC theory and PHH, that both elements of gas flaring- 

related environmental accountability (environmental performance & disclosures) are 

adverse/low (see section 1.4 above), voluntary disclosure theory steps in to predict the
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nature of the relationship between the two elements. The theory predicts positive relation 

between environmental performance and the level of voluntary environmental disclosure 

(Verrachia, 1983; Dye, 1985; Li et al, 1997; Bewley & Li, 2000, Clarkson et al, 2008, 

Dawkins & Fraas, 2011b). Essentially, the theory implies that good environmental 

performers attempt to showcase such fact by providing increased environmental disclosure, 

while poor environmental performers will attempt to conceal their adverse environmental 

impacts by providing less environmental information5. Consequently, hypothesis four and 

five are derived from this theory (see section 1.4 above).

Finally, it can be inferred from the brief discussions of the environmental philosophies and 

theories underpinning this research, that while voluntary disclosure theory is supported by 

deontology, PHH is supported by consequentialism. However, EKC theory is supported by 

both philosophies6.

1.7 R esearch  M eth od ology: T he C on d u ct o f  th e S tudy

The empirical nature of this study inspired the adoption of positivism as the research 

philosophy underpinning it. Positivism advocates objectivity and holds the view that social 

objects being researched are independent of the researcher and his/her research activities. 

Therefore, consistent with positivism the research strategy adopted is deductive reasoning 

which involves derivation of testable hypotheses from relevant theoretical propositions

5 A competing theory that predicts inverse relationship between environmental performance and disclosure is 
legitimacy theory. This theory is discussed in detail in chapter five as an alternative theoretical explanation to 
fall back on, in case the empirical results of this study happen to be inconsistent with voluntary disclosure 
theory.
6 Detailed discussions on these environmental philosophies and theories are provided in chapter five.
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Time-series cross-section empirical data sets in respect of eleven dominant companies 

operating in the upstream sector of the Nigerian oil and gas industry, for the period 1997- 

2009, were collected from three major archival sources. These sources are: (i) Nigerian 

National Petroleum Corporation’s (NNPC) Annual Statistical Bulletin (ASB); (ii) reports 

of the Foreign Multinational Oil Companies (FMOC) that operate the Nigerian companies 

in the sample and (iii) the statistical bulletin of Central Bank of Nigeria (CBN). Data on 

crude oil produced, ANG produced, ANG flared, ANG utilised were extracted from the 

NNPC’s ASBs. The data used for content analysis was accessed from both the operators’ 

reports and the ASBs. Time-series data on exchange rate between Naira (the Nigerian 

currency) and Dollar was sourced from the CBN’s statistical bulletin.

Two different methods, Data Envelopment Analysis (DEA) and content analysis, are used 

to measure the two main variables of this study (i.e. gas flaring-related environmental 

performance and gas flaring-related environmental disclosure). DEA is used in this study to 

measure gas flaring-related environmental performance. DEA is described as a 

nonparametric tool which facilitates the measurement of environmental performance of 

similar or peer Decision Making Units (DMU) that use similar production inputs to 

produce similar desirable and undesirable production outputs7, using the general

and subjecting the hypothesis so developed to robust statistical testing that are expected to

produce empirical evidence either consistent w ith the theory or contrary to it.

7 Note that undesirable production outputs are pollutants produced in the process of producing desirable 
production outputs (example, volatile organic substances, C02 emission, NOx, emission, oil spill and so on)
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formulation of linear programming8. Content analysis is a renowned and widely applied 

technique for the measurement of environmental and social disclosure in the literature of 

social and environmental accountability. In this study, the technique is also employed in 

order to measure two forms of gas flaring-related environmental disclosures. These are: 

volumetric disclosure of the information and its substance. While volumetric disclosure 

was measured using word counts (Zeghal & Ahmend, 1990; Deegan & Gordon, 1996;), the 

substance is measured by assigning scores to identified gas flaring-related disclosure items 

based on the importance attached to specificity of the information (Wiseman, 1982; 

Freedman & Wasley, 1990; Patten, 2002; Al-Tuwaijri et al, 2004; Freedman & Jaggi,

2005).

For the purpose of data analyses the study relies on one sample hypothesis t-test for mean; 

correlated two sample hypothesis t-test for means; Panel Corrected Standard Errors (PCSE) 

using Prais-Winsten regression and Ordinary Least Squares (OLS) time-series regression in 

the first difference. Thus, one sample hypothesis t-test for means is employed for the 

purpose of testing hypothesis one, two and three. Correlated two sample hypothesis test for 

means is used to compare a theory-based gas flared-related environmental performance 

index to non-theory-based index. PCSEs using Prais-Winsten regression is employed to 

evaluate the effect of theory-based gas flaring-related environmental performance on the 

volume and substance of gas flaring-related environmental disclosures. In addition PCSEs 

is also used to investigate the determinants of theory-based gas flaring-related 

environmental performance. Finally, OLS time-series regression in the first difference is

8 Linear programming is a mathematical technique that enables optimization of a specified objective given 
certain constraints (Dentzig & Thapa, 1997).
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used to investigate factors responsible for changes in volume of ANG flared in Nigeria 

over time.

1.8 T he S tructu re o f  T hesis

This thesis follows the conventional structure with some modifications with regard to the 

literature review and methodology chapters. Based on the nature of the relevant literature, 

as reviewed in this study, three chapters are prepared to constitute the whole literature 

review. Furthermore, an additional chapter is created which resides between the literature 

review chapters and the methodology chapter and it is meant to provide a meaningful 

linkage between the literature and the research methodology. Indeed, this is done with a 

view to providing congruence among the major element of the thesis. So, in view of the 

fact that the literature review is made up of three chapters coupled with an additional 

chapter inserted between the literature review and the methodology, the overall thesis is 

made up of eight chapters. Figure 1.1 below presents the diagrammatical structure of the 

thesis.

The current chapter presents preambles to the thesis. Its main purpose is to provide 

background information regarding the thesis, discuss the problematic situations and 

identify the gaps that motivate the study. In essence, the chapter presents what the 

researcher intends do in an attempt to solve the problem or fill in the gaps. Specifically, the 

chapter begins with description of environmental degradations in the upstream sector of the 

Nigerian oil and gas industry narrowing down the discussion to ANG flaring. It then 

proceeds to articulate the problematic situations and gaps that motivate the study. Then, the
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chapter goes ahead to make a chronological presentations of the main research question, 

the aim of the study, the specific objective of the study and the hypotheses of the study. 

Finally, introductory discussions on the theoretical underpinnings, methodology and 

methods adopted by the study are presented.

Chapter two presents the first phase of the study’s relevant literature review. The chapter 

discusses the origin of hydrocarbons, while focusing on crude oil and natural gas. The 

nature and the history of the Nigerian oil and gas industry are also discussed in the chapter. 

This is followed by discussion on environmental degradation caused by oil and gas 

operations and activities in the upstream sector. Finally a detailed discussion on flaring of 

ANG in the upstream sector of the Nigeria oil and gas industry is presented.

Chapter three, as the second phase of the literature, proceeds with presentation of the 

review. The chapter begins with discussion of the two main paradigms for dealing with 

environmental impacts, namely ‘exemptionalism’ and ‘environmentalism’. Subsequent 

discussion in relation to corporate environmentalism, corporate environmental 

accountability and identification of environmental stakeholders in the Nigerian oil gas 

industry are presented based on the premise of environmentalism paradigm.

Chapter four as the final phase of the literature review narrows down the review to 

component of environmental accountability (environmental responsibility and 

environmental reporting) as well as its elements (environmental performance and 

environmental disclosure). After discussing the concept of firms’ environmental
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responsibility, related literature dealing with measurement of environmental performance is 

reviewed in the Accounting, Management and Economic disciplines. The chapter continues 

to present review of related literature on corporate environmental reporting and 

measurement of environmental disclosure using content analysis in general. This is 

followed by review of previous studies on environmental reporting in less developed 

countries in particular. Finally reviews of previous research on environmental 

performance-environmental disclosure relationships are presented.

Chapter five is the nucleus of the study, as it establishes and describes the links and internal 

consistency among the major elements (specific objectives/hypotheses, current theories 

from relevant literature, methodology and findings/theoretical contributions) of this 

research. The chapter begins with description of consequentialism and deontology as the 

premises on which the three relevant theories (EKC theory, PHH and VDT) underpinning 

this research are placed. Legitimacy theory is also discussed in this chapter as a side theory 

that will provide additional implication of findings where relevant. Furthermore, the 

chapter describes how the five hypotheses of the study are derived from the relevant 

theories and environmental philosophies used in this study. Also, the chapter presents the 

theoretical framework of the study showing linkages among the major elements of the 

research. Finally, the chapter discusses the framework designed by the study in order to 

facilitate the evaluation of gas flaring-related environmental accountability.

Chapter six is devoted to the explanations of the philosophical assumptions underpinning 

the research. It also explicates the methodological approach to the study which is
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essentially identified as deductive research strategy. The chapter provides detailed 

explanations regarding the methods employed to measure the two main variables of the 

study. It also identifies and explains the method adopted for the purpose of data analyses.

Essentially, chapter seven focuses on the empirical aspect of the study, for it is concerned 

with organisation and processing of the relevant data in order to facilitate analyses. 

Therefore, to put it tersely, the chapter presents analyses of empirical data and 

interpretations of results.

Finally, Chapter eight closes the thesis with general concluding remarks. It begins with 

discussion of the major findings summarised at the end of chapter seven. Then, it 

articulates the study’s major contributions to knowledge, and this is followed by discussion 

of the study’s limitations. The chapter draws the cotton with identification and discussion 

of possible areas open for further research.
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2.1 In troduction

The relevance of oil and gas energies to the activities of humankind, as well as the 

significant influence they have on the economies of both oil producing and oil importing 

countries, can never be overstressed. Oil and gas have far-reaching influence on the politics 

of these countries and the world at large. The discovery of oil and gas has brought about 

staggering advancement to industrial growth worldwide, and has helped improve and ease 

up transportation at both international and local levels. At household level, oil and gas 

energy has made life easier for mankind in such areas as cooking, heating, provision of 

electricity and local mobility (Bastianoni, Campbel, Susani, & Tiezzi, 2005). Thus, 

petroleum and its related products as sources of energy are nowhere near being replaced in 

the contemporary world of humankind (Yergin, 2008). However, as important as it is to 

mankind, petroleum has its drawbacks. One major downside associated with exploration 

and production of petroleum is its negative environmental consequences in both oil 

producing and importing countries, which is perilously destructive, not only to these 

countries, but also to the world at large.

This chapter consists of seven sections. Section two dwells on discussions related to origin 

of crude oil and natural gas. Section three explains the history of the Nigerian oil and gas 

industry. Section four discusses the nature of the industry. Section five gives an overview 

of negative environmental impact in the Nigerian oil and gas industry. Section six dwells 

on the discussion of gas flaring in Nigeria. Finally, section seven summarises and 

concludes the chapter.
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2.2 O rigin  and D efinition o f  H ydrocarbon s

The three major kinds of fossil fuels - coal, oil and natural gas - were formed millions of 

years ago. Fossils could be described as the remains of animals and plants preserved from 

an earlier era inside a rock or other geological deposits (Rahimi & Gentzis, 2005). The era 

these fossil fuels were formed is called the ‘carboniferous period’ which derives its name 

from carbon, the principal element in coal, oil and natural gas (Energy Quest, 2010; North, 

1985). Organic theory is the most widely acceptable explanation for the origin of 

petroleum, which proposes that oil and natural gas (hydrocarbons) originate from the 

remains of plants and animals that lived millions of years ago (Wright & Gallun, 2008). 

Over these millions of years, the deposits of plants and animals along with particles of 

eroded igneous rock underwent some bacterial and chemical changes, under intensive heat 

to form hydrocarbons (Bastianoni et al, 2005; Wright & Gallun, 2008). In this connection, 

Bastianoni et al (2005) provides three stages under which ‘naftogenesis’ -  petroleum 

formation -  takes place. These stages are: (i) photosynthesis (ii) bacterial degradation and 

diagenesis, and (iii) catagenesis. These phases are briefly explained as follows:

i. Photosynthesis: The energy inherent in crude oil and natural gas has its origin 

from solar energy stored during photosynthesis in plants from which the 

hydrocarbons were formed (Tissot & Welte, 1978; Bastianoni et al, 2005; North, 

1985). By means of photosynthesis, the plants deposited at the bottom of sea or 

beneath the earth crust, stored solar energy while they were alive. This solar 

energy transformed to chemical energy through the reduction of atmospheric 

carbon (CO2) (Anderson, 1984; Webb & Mc.Intyre, 1990; Zhang, 2008). For
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photosynthetic plants and animals to be capable of being transformed into 

petroleum they must be existing in almost enclosed marine area; grown in 

biomass (for example, a gulf or lagoon) and the area’s exchange of water with the 

open sea must be very limited (Tissot & Welte, 1978). These conditions made it 

favourable for diagenesis to have taken place in the areas of the world where 

petroleum resources are located.

ii. B a cteria l degradation and diagenesis: This stage begins with bacterial 

degradation, a process whereby the organic biomasses deposited at the bottom of 

a sea are broken down into simple compounds. These simple compounds are then 

transformed into ‘kerogen’ by means of diagenesis. Thus, diagenesis is a process 

whereby kerogen (a solid, waxy, organic substance) is formed consequent of 

pressure and heat from the earth, exerted on the remains of degraded biomasses.

iii. Catagenesis and O il Form ation: Catagenesis, a stage that involves formation of 

oil and gaseous hydrocarbons from Kerogen, is the next phase in petroleum 

formation after diagenesis. The formation of petroleum from kerogen is a function 

of the intensity of heat coming from deep down the earth. In this respect, Tissot 

and Welte (1978) observe that in this phase kerogen converts to oil and natural 

gas at 2km to 6km depth below the earth surface, under a temperature ranging 

from 50° to 115° centigrade.

After being formed, the crude petroleum moves upwards through sedimentary layers until 

they become enclosed in an impervious layer of rocks called trap. Hence the name 

petroleum or rock oil, derived from the Latin words p e t r a ,  meaning ‘rock’ and o l e u m ,
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meaning ‘oil’ (API, 2010). According to Wright and Gallun (2008) for production of 

petroleum to be feasible there has to be adequately large quantity of hydrocarbons to the 

extent that the financial benefit outweighs the cost involved. Such trapped accumulation of 

hydrocarbons in economic quantity is referred to as a reservoir. Wright and Gallun (2008) 

indentify four conditions, which must be present before a reservoir is formed. These are:

■  A source: remains of land and sea plants and animals deposits in biomass should 

exist;

■  Existence of bacterial activity to facilitate transformation of the organic biomass 

into kerogen;

■ Presence of heat and pressure to enable catagenesis to take place; and

■ Presence of porous or permeable rock and impervious rock to act as a trap.

2.2.1 C rude O il
Crude Oil is a fossil fuel, which is formed from the remains of plants and animals millions 

of years ago, consisting of complicated mixture of compounds, which are mostly 

hydrocarbons. Rahimi & Gentzis (2005) remarks that, when pumped up from the 

underground reservoirs, crude petroleum looks thick, dark and smelly containing up to 95% 

hydrocarbon elements. It oozes to the surface of the earth through fault lines, fissures or 

cracks where it accumulates as tar, asphalt or bitumen (North, 1985; API, 2010). Note that 

crude petroleum is usually found along with ANG.
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2.2.2 Natural Gas

Natural gas composes of deposits of gas beneath the earth crust, in either liquefied or 

gaseous form mainly made up of methane (US-EIA, 2008). Natural gas is so light that it is 

described as being lighter than air (Energy-Quest, 2008). Roberts (1984) defines natural 

gas as a mixture of gaseous substances formed and trapped either alone, or along with 

crude oil within the earth crust with methane as its major constituent. In this light, natural 

gas may occur as either associated or non-associated. Non-associated natural gas occurs 

alone in a reservoir that does not contain crude oil, while ANG occurs together with crude 

oil in the same reservoir. As stated in the preceding paragraph methane is the major 

component of natural gas. However, in spite of the dominance of methane, other elements 

such as ethane, propane, carbon dioxide, nitrogen and hydrogen sulphide can also be found 

in natural gas depending on the source of the gas (Roberts, 2004).

Since associated natural gas (ANG), which is found along with crude oil, is of principal 

interest in this study, henceforth the study focuses on it with reasonable reference to crude 

oil. This is because environmental impacts consequent of ANG flaring is the main concern 

of this study.

2.3 H istory  o f  the N ig eria n  O il and G as In d u stry

History of the Nigerian oil and gas industry could be traced back to the colonial era. The 

first company to search and prospect for crude petroleum in Nigeria was Nigerian Bitumen 

Corporation, a company of German origin. The company commenced prospecting for oil in 

1908, which came to an abrupt stop in 1914 as a result of the eruption of the First World
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War. In the same year British colonial petroleum law, The Mineral Oil Ordinance of 1914, 

was enacted in Nigeria, which vested the right to search for, win and work mineral oil only 

in British enterprises, corporations or companies controlled by British subjects (Okonmah, 

1997). However, Oil prospecting did not resume until 1937 when Shell D’arcy, now called 

Shell Petroleum Development Company (SPDC) of Nigeria, was given the sole concession 

rights for the entire Nigerian landscape. Shell kept on prospecting for oil in earnest, but the 

Second World War interrupted its activities. When the war ended, Shell resumed operation 

in 1947, but this time around joined by British Petroleum (the then British state owned 

company) to form Shell-BP (Okonmah, 1997). Efforts of twenty years with N30,000,000 

worth of investment finally yielded fruits. Thus, in 1951 the first oil well drilled by the 

company did not yield any oil, but five years later the company discovered oil in 

commercial quantity at Oloibiri in the Niger Delta in 1956 (Okonmah, 1997). Nonetheless, 

production and exportation did not commence until after two years, i.e. in 1958. Initial 

quantity produced and exported was 5,100 barrels of crude oil per day, but this increased 

steadily to 2,000,000 barrels per day in 1972, and then to 2,400,000 barrels in 1979 

(NNPC, 2010). In 1972, Nigeria ranked the seventh major oil producer worldwide.

The Shell-BP’s sole concession right was broken, and this gave room for other 

multinational oil companies such as Gulf, Mobil, Texaco, Chevron, Sunray-Tenneco, Agip 

Safrap (which later became Elf) to participate. Mobil Oil Corporation started operation in 

1955; Texaco Overseas commenced operation in 1961; Saffap (later Elf) and Agip oil both 

commenced their operations in 1962; Phillips oil started operation in 1963 (Okonmah, 

1997; NNPC, 2010). By 1968, all these companies had discovered and started exporting
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crude oil in profitable quantities. To date, all these and other smaller oil companies, both 

local and foreign, are still operating in the Nigerian oil and gas industry, perhaps some of 

them under different names.

Up to 1968, multinational oil companies were given concession rights to operate in the 

Nigerian oil and gas industry, but this picture changed when Nigeria became a member of 

OPEC. Nigeria became OPEC member in 1968, and in this very same year OPEC issued its 

Declaration Statement of Petroleum Policy which encouraged members to enhance their 

participation in order to have greater control of operations in their oil and gas industries. 

Influenced by the OPEC policy, the Nigerian government enacted the Petroleum Act of 

1969 which drastically modified the nature of the oil mining lease granted to the 

Multinational Oil Companies operating in Nigeria, thereby giving the Nigerian government 

the power to acquire equities or majority interest in them (Okonmah, 1997).

In order to effectively consolidate its greater participation in the oil and gas industry, the 

government in 1971 formed the Nigerian National Oil Corporation (NNOC). NNOC was 

established as government’s vehicle for participation in commercial activities of the oil and 

gas industry. Okonmah (1997) observes that aside from being the government adviser on 

oil and gas issues, NNOC participates in the exploration, production, transportation, 

refining and marketing of crude petroleum and its related products. By 1973, the Nigerian 

Federal Government had acquired 35% shares in the oil companies by means of the first 

participation agreement (NNPC, 2010). Conflictingly, NNOC was at that time saddled with 

the responsibility of regulating the oil and gas industry. This was conflicting because
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NNOC had commercial interest in what it regulated. The industry was being regulated via a 

department within NNOC called the Department of Petroleum Resources (DPR). With the 

creation of Ministry of Petroleum Resources (MPR) in 1975, DPR came under the new 

ministry (DPR, 2009). In order to optimise the then scarce human capital in the public 

sector of the petroleum industry NNOC and MPR were merged in 1977, to form Nigerian 

National Petroleum Corporation (NNPC). In 1979, Government share in the oil companies 

rose to 60% by means of third participation agreement between the foreign multinational 

oil companies and NNPC (NNPC, 2010). The fourth participation agreement, also executed 

in 1979 saw the nationalisation of the BP’s share in Shell-BP, and gave NNPC 80% shares 

leaving Shell with 20% in the joint venture. Therefore, the name of the company was 

changed to Shell Development Company of Nigeria (SPDC).

In 1985, another Ministry of Petroleum Resources was created, but DPR remained part of 

NNPC until 1988 when NNPC was commercialised, at which time the DPR was pulled out 

of NNPC and transferred to MPR (DPR, 2010; NNPC, 2010). In 1989 NNPC, Shell, Elf 

and Agip entered into the fifth participation agreement resulting in a joint venture with the 

following interest NNPC 60%, Shell 30%, Elf 5% and Agip 5% NNPC (2010). Indeed, 

other joint ventures and production sharing arrangements began to emerge thereafter (See 

Table 2.1). To date the dominant oil and gas companies operating in Nigeria are mostly JV 

and PSC.
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Generally, activities in the oil and gas industry, including that of Nigeria, are categorised 

into upstream and downstream. In other words, oil and gas industry can be divided into two 

sectors, namely upstream and downstream sectors. However, given the complex nature of 

the modem oil and industry a third category can be identified as midstream. Upstream 

sector of an oil and gas industry relates to activities involving prospecting, exploring, 

developing, producing and recovery of crude oil and natural gas. Operation in the oil and 

gas industry According to Wright & Gallun (2008) consists of such activities as 

exploration, acquisition, drilling, developing and producing oil and gas. In other words, 

upstream operation encompasses all activities from search for the oil and developing it up 

to the moment when it is ready for sale or transportation to refinery. Downstream sector on 

the other hand involves all activities employed to transform the cmde petroleum to various 

finished or semi-finished products (e.g. liquefied petroleum gas, gasoline or petroleum, jet 

fuel, asphalt and petroleum coke). Thus, it involves refining, transportation, marketing and 

distribution of finished petroleum products (Gary and Hanwerk, 1984; Wright and Gallun,

2008).

Upstream sector is further subdivided into offshore and onshore. Offshore oil and gas 

operation involves exploration and extraction of oil and gas in water territories or seas, 

where as onshore oil and gas operations relates to search for and extraction of oil and 

natural gas from the subsurface area of the solid part of the earth crust. At this point there is 

the need to assert that both the offshore and onshore activities have exploration and 

production in common (Gary and Hanwerk, 1984).

2.4 Nature o f the N igerian O il and Gas Industry
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Exploration involves the application of geological and geophysical (G&G) technology to 

isolate areas that may contain oil reserves within the earth crust. Geological studies involve 

analysis and interpretation of the surface of the earth with a view to gathering information 

about features that can indicate the presence or existence of petroleum resources. Methods 

used for geological studies include Ariel photography, satellite imaging, imaging radar, as 

well as topographical and geological mapping (Wright and Gallun, 2005 and 2008). 

Geophysical methods involve the studies of the subsurface areas of the earth conducted 

with a view to locating or detecting the existence of some specified physical features 

confirming the possibility of oil and gas reservoirs (North, 1985). Geophysical studies 

relies on such methods as gravitational studies, magnetic and electromagnetic evaluation 

and seismic studies to measure/estimate the size, shape and physical properties of the earth 

sub-surface in order to determine the presence of oil and gas reservoirs (Wright and 

Gallun, 2008).

Oil and Gas companies operate in Nigeria under any of the following five different 

arrangements, namely, Concession Agreement (CA), Joint Ventures Agreement (JVA), 

Production Sharing Contract (PSC), Risk Service Contract (RSC) and Marginal Oil Fields 

Operators (MOFO). JVA and PSC are the kind of arrangements through which the 

Nigerian government participates in its oil and gas industry, via NNPC; while in the case of 

CA, RSC and MOFO the government does not get involved in any way. This shows, 

therefore, that the Nigerian government usually participates in the oil and gas industry 

through two arrangements with oil and gas companies, namely joint venture arrangement 

or production sharing arrangement.
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In this case, a foreign oil and gas company seeking to obtain working interest in the 

Nigerian oil and gas industry must enter into a contractual agreement with the federal 

government of Nigeria. The foreign oil company is referred to as the contractor and the 

state, the contractee. The specific terms governing the agreement are normally derived 

from legal provisions enacted by the federal government of Nigeria (Okonmah, 1997; 

Wright and Gallun, 2005); for example, Mineral Oil Ordinance 1914 Caption 120 laws of 

the federation of Nigeria 1958, Mineral Oil (Amendment) Act 1958, Petroleum Act 1969 

and Nigerian National Petroleum Corporation Act 1977. In this type of arrangement, most 

often the government is paid signature bonuses and royalties (Wright and Gallun, 2005). 

Moreover, in compliance with Nigerian tax legislations, the foreign oil company pays 

Value Added Tax (VAT), Petroleum Profit Tax (PPT) and other relevant taxes payable by 

foreign companies in Nigeria. In addition, FMOCs that were granted oil concession were 

allowed to operate in the country as unincorporated businesses, as an incentive for them to 

invest in the country. Concession agreement system had been applicable in Nigeria up to 

1973, by which time the Nigerian government had acquired 35% equities in the foreign 

multinational companies through the first participation agreement. Thereafter, many 

foreign oil and gas companies participate in the Nigerian petroleum industry via joint 

venture arrangement and production sharing contracts. As stated in section 2.3, the federal 

government of Nigeria switched over to these forms of arrangement (i.e. JVA & PSC) in 

order to enhance the level of participation and control of its oil and gas wealth.

2.4.1 Concession Agreement (CA)
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Oil and gas operation especially in the upstream sector is highly risky and requires huge 

capital investment (Webb and McIntyre, 1990; Wright and Gallun, 2005). For this reason, 

and more importantly coupled with the fact that the Nigerian government has the intention 

to control its oil and gas wealth, it enters into a joint venture with Foreign Multinational Oil 

Companies (FMOCs). In Nigeria, joint venture arrangement takes the form in which the 

working interest owners, in this case NNPC and other multinational oil companies, agree to 

have individual interest in the oil property with clear understanding that the FMOCs are to 

be the operators and the Nigerian government, via NNPC, the non-operating working 

interest owner (Webb and McIntyre, 1990: Gallun, 2008; Lawal, 2008, NNPC, 2010). This 

implies that the FMOCs as the operators prospect, explore and develop oil properties, while 

solely incurring all expenditure associated to these activities at which point, NNPC has the 

option to participate or not. Where NNPC opts to participate, the government share in the 

venture will be agreed upon and the operators apportion and send a bill to NNPC showing 

details concerning the government’s share of the costs incurred.

At this point it is imperative to make reference to the fact that in Nigeria, joint venture 

arrangements account for about 70% of the countries crude oil production (NNPC, 2010). 

Table 2.1 presents the six major joint venture arrangements between NNPC on one hand 

and foreign multinational oil companies on the other hand.

2.4.2 Jo int Venture Arrangement (JVA)
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Table 2 .1 : Joint Ventures between NNPC and Foreign Oil Companies in Nigeria

S/N N igerian Joint 
V enture Com pany

Joint V enture W orking Interest in P ercentage
T otalN on

operator O perators (M ultinational Oil Com panies)
NNPC Shell Chevron Mobil Agip E lf Texaco Phillips

1
Shell Petroleum  
Development 
Company o f  Nigeria 
Limited (SPDC)

55% 30%* - - 5% 10% - - 100%

2 Chevron Nigeria 
Limited (CNL)

60% - 40%* - - - - - 100%

3
M obil Producing 
Nigeria Unlimited 
(M PNU)

60% - - 40%* - - - - 100%

4
Nigerian Agip Oil 
Company Limited 
(NAOC)

60% - - - 20% * - - 20% 100%

5
E lf Petroleum  
Nigeria Limited 
(EPNL)

60% - - - - 40%* - - 100%

6

Texaco Overseas 
Petroleum  
Company Unlimited 
(TOPCON)

60% - 20% - - - 20%* - 100%

Source: generated from www.nnpcgroup.com/nnpc-business/upstream 2010. 
* Share of the operator in the joint venture company.

Table 2.1 shows that Nigerian government mainly participates in the country’s oil and gas 

operations or activities through six major joint venture arrangements, all of which are 

Nigerian companies, operated by six different FMOCs. According to NNPC (2010), though 

Nigerian government participates in the six ventures as non-operator, it reserves the right to 

become an operator if it deems fit. In addition, each interest holder has the right to 

separately lift and sell its share of crude oil produced by the joint venture company, after 

the determination and payment of Petroleum Profit Tax and Royalty to Federal Inland 

Revenue Service (FIRS). Moreover, the foreign oil companies as the operators have the 

responsibility to develop, prepare and present proposals for work schedules or programmes
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and budget of costs to be incurred annually. These costs are to be apportioned based on 

interest holdings in the venture.

NNPC (2010) goes further to give the following highlights of joint venture agreements as 

they affect the operations of the joint venture companies:

■  The participation agreement sets out the level of participation of each partner in 

running the affairs of the company.

■  The agreement determines parties’ interests and obligations.

■  The agreement specifies ownership of production facilities or assets.

2.4 .3  P rod uction  S h arin g  C on tract (P SC )

Historically, the concept of production sharing was first applied in Bolivia in the 1950s 

(Paliashvili, 1998). However, production sharing contract is now being used as a legal 

device by countries that have oil and gas wealth - and are lacking in capital and 

technological capacities to exploit their oil and gas deposits - to regulate their relations with 

oil and gas companies, especially foreign companies. Paliashvili (1998: 2) defines 

production sharing contract as “a special form of contract of subsoil use relations based on 

civil contractual laws/regulations governing such relations between a state and an investor 

with respect to prospecting, exploration and extraction of mostly mineral oil; where the 

state (owner of the mineral oil) entrust the investor to conduct the oil and gas operations 

within the confines of a defined subsoil area on a compensated basis and for an established 

time period during which the investor is obliged to conduct the indicated work at its own
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expense and risk”. Thus, PSC implies that the state agrees to allow an investor to prospect, 

explore, develop and produce mineral oil within a defined mineral oil area during a 

specified time period, at the exclusive expense and risk of the oil company, with the state 

rewarding the company usually not in money but with portion of the mineral oil produced 

based on agreed basis of apportionment. It is worth noting that the quantity to be shared or 

its money equivalent, known as the ‘profit oil’ , is determined by allowing the investor to 

recoup oil quantity called ‘cost oil’ , or its money equivalent, whose worth is equal to the 

expenditure on capital and operation expenses incurred by the investor. Example of 

companies operating PSC in Nigeria include: Star Deep, Addax and SNEPCO.

2.4 .4  S ervice R isk  C on tract (SR C )

Another form of arrangement found in Nigeria is Service Risk Contract. It is a contractual 

arrangement between the state and an oil company where the company prospects, explores 

and extracts mineral oil at its own expense and risk, so that upon attainment of economic 

production the contractor is allowed to recoup his costs of production, and receives a fee 

determined on the basis of volume of production. Wright and Gallun (2005) remark that 

SRC is similar to PSC in many respects; noting that the basic difference between them is 

that the mode of compensation in SRC is fee, rather than sharing of ‘profit oil’ after the 

recovery of ‘cost oil’ by the oil companies. Examples of SRC in Nigeria include NPDC, 

Consolidated and Express Petroleum.

38



2.4 .5  M argin al O il F ield s O p erators

An oil field or well is referred to as marginal if productivity therefrom is unprofitable as a 

result of depletion/exhaustion or innately low yield. In the context of the Nigerian upstream 

sector, marginal oil fields are those fields mostly abandoned by joint venture companies 

and production sharing contract companies, because of the alleged unprofitable nature of 

the fields, low productivity or difficulties associated with locations. There are very many 

such oil fields spread across the Niger Delta region of Nigeria, containing billions of 

barrels of crude oil. By means of Local Content and Indigenous Participation Policy, the 

Nigerian government gives opportunities for the small indigenous oil companies to 

participate in the upstream sector by allocating to them these fields and giving them 

incentives that ensures profitable production. Therefore, marginal oil field operators in 

Nigeria are essentially small indigenous oil and gas companies.

2.5 N egative E n v iron m en ta l Im p acts in th e  N igerian  O il and  G as In d u stry

Oil production process is inherently characterised by tremendous environmental damages 

in its entirety. In places where exploration and production of oil take place, the 

environment sustains degradations at various stages of exploration, extraction and 

transportation. In this regard, Orubu, Odusola & Ehwarieme (2004) contend that every 

phase associated with oil exploration and production generates negative environmental 

consequence. So, all things being equal, environmental stakeholders in the oil and gas 

industry should expect reasonable discharge of environmental accountability from the 

companies operating in the industry. In the past it was generally believed that unlimited 

amount of pollutants could be absorbed by water, air and land without causing much
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detrimental effect to the ecosystem, biodiversity, the environment and human beings 

(Osuide, 1990). It was on the basis of this assumption that pioneer oil producers in 

America, Russia and East Indies used to dispose of oil related products other than kerosene 

in seas, rivers, oceans and on land (Yergin, 2008), because they considered them valueless 

by-products. Contrary to this assumption, however, it has now been appreciated almost 

worldwide, based on the famous concept of sustainability, that economic development 

through industrialisation cannot be realised in the long run without ameliorating the 

environmental degradations that come along with it.

In the context of the Nigerian oil and gas industry, Orubu et al (2004) specify negative 

environmental impacts and their sources at every phase associated with oil exploration, 

production, transportation and marketing. Table 2.2 presents a modified version of Orubu 

et al (2004) negative environmental impacts of activities in the Nigerian oil and gas 

industry. Although, long standing environmental degradation resulting from the negative 

environmental impacts specified in Table 2.2, have long run overall consequences to 

Nigeria in general, the host communities (i.e. dwellers of the Niger Delta region) are hit the 

worst.
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Table 2. 2: Environmental Pollutions in the Nigerian Oil & Industry
Sector Activity Source of Environmental 

Pollution
Effect of Environmental Pollution

Upstream

Exploration Deforestation & Noise Pollution

Destruction of forest land, 
vegetation, farm land and human 
settlement; disturbances of flora and 
fauna; dislocation of economics 
activities, dislocation of Animals & 
nearby settlers

Drilling

Accumulation of Toxic Materials Pollution of the sea, beaches or land,

Oil Spillage
Destruction of fisheries & soil 
fertility; adverse effect on water & 
human health

Production

Toxic Gas Emissions Air pollution and global warming

Oil Spillage
Destruction of fisheries & soil 
fertility; adverse effect on water & 
human health

Gas Flaring Global warming, acid rain

Transportation 
of crude oil

Oil Spillage
Destruction of fisheries & soil 
fertility; adverse effect on water & 
human health

Downstream

Refining Oil Spillage
Destruction of fisheries & soil 
fertility; adverse effect on water & 
human health

Toxic Gas Emissions Air pollution and global warming

Storage

Oil Spillage
Destruction of fisheries & soil 
fertility; adverse effect on water & 
human health

Pollution from Effluent Water & 
Solid Waste

Air pollution from gaseous fumes 
during loading; land pollution from 
effluent water & solid waste of 
chemical cans & drums

Transportation 
of refined 
products

CO2 Emission Global warming

Oil Spillage
Destruction of fisheries & soil 
fertility; adverse effect on water & 
human health

Marketing Pollution of immediate 
environment from retail outlets

High hazard potentials if located near 
residential buildings

Source: Adopted and modified from Orubu et al (2004).

There is general agreement among scholars occupied with environmental impacts of oil and 
gas operations in Nigeria that gas flaring is one of the most disturbing sources of 
environmental degradations in the industry (Omoweh, 1995; Jike, 2004; Osuide, 1990;
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Orubu, Odusola, & Ehwarieme, 2004; Watts , 2005; Ejewe, 2006; Aigbedion & Iyayi,

2007) . Therefore, at this point, the study narrows down the focus of discussion to gas 

flaring. Consequently, the ensuing section focuses on ANG production, utilisation and 

flaring in the upstream sector of the Nigerian oil and gas industry.

2.6 Associated Natural Gas Flaring in Nigeria

Nigeria has enormous reserve of both associated and nonassociated natural gas. It is ranked 

the seventh country worldwide in terms of proved natural gas reserve (Orubu, 2006, CIA,

2008) . Usually, crude oil is trapped along with natural gas, in which case the gas is called 

associated gas. Conversely, the gas is referred to as non-associated, if it occurs in a 

reservoir that does contain little or no crude oil. About 52% of the Nigerian total proven 

gas reserve is associated, while the remaining is non-associated (ICF-Intemational, 2006). 

International Association of Oil and Gas Producers (2007), herein after OGP, remarks that 

when crude oil is pumped to the surface, it is usually mixed with ANG which has to be 

separated from the crude oil in order to make it ready for sale or refining. The ANG can be 

flared, vented, reinjected back into the earth or captured, processed and sold. Associated 

gas can only be reinjected into the reservoir if the geological conditions are favourable and 

the appropriate reinjection facilities are installed (Orubu, 2006; OGP, 2007). Reinjection of 

gas into the reservoir is useful, because it boosts the future productivity of an existing well. 

Venting occurs when the associated gas is released directly into the atmosphere, in its 

unignited form, as methane. A small fraction, on average 2%, of total gas flared, goes into 

the atmosphere as unbumed methane (ICF-Intemational, 2006).
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Gas flaring occurs in a form of releases of blend carbondioxide (CO2), as a result of natural 

gas combustion, when crude oil is brought to the surface (Galadima & Garba, 2008, Ikari, 

2008). OGP (2007) defines gas flaring as burning of natural gas while producing oil and 

gas, which occurs at the end of a flare stack or boom. Gas flaring is also described as a 

controlled burning off ANG as a by-product of oil production (Nwaugo, et al, 2006). This 

definition implies that since gas flaring can be controlled, then it is avoidable -  a number of 

OPEC-oil-producing countries, for example Saudi Arabia, Kuwait and United Arabic 

Emirates, have succeeded in reducing gas flaring to the barest minimum level (see figure 

2 .1).

Gas flaring is a heated environmental issue, which makes significant contribution to green 

house gas emission, and it could be seen from economic perspective as waste of valuable 

energy resource leading to huge financial loss (Orubu et al, 2004). Nigerian case of gas 

flaring attracts attention worldwide, because it is currently the second among countries that 

flare the highest volume of natural gas (see Figure 2.1). Therefore, Nigeria has been at the 

forefront in relation to flaring of ANG in the world, ranking second only to Russia (Edino 

et al, 2009). The average amount of ANG, 18.72 billion cubic meters annually, being flared 

in Nigeria could meet its energy need along with many other neighboring African countries 

(Dung et al, 2008). The negative environmental consequences of the enormous level of gas 

flaring in Nigeria, especially global warming, and its revenue loss implication have made it 

infamous practice. This has, for long, been raising concern and evoking outcry from 

environmentally concerned groups and individuals at both local and international levels for 

the Nigerian government and the oil and gas companies to put a stop the practice or, at
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least, have it significantly reduced to the barest minimal level. The amount of gas-flaring- 

related policies and utilisation projects in Nigeria is an indication that Nigerian government 

and oil and gas companies are making concerted efforts to reduce gas flaring in the country 

(Malumfashi, 2007; Sonibare and Akeredolu,2006; Orubu, 2006). Sonibare and Akeredolu 

(2006) argue that attempts by the Nigerian government and the oil and gas companies to 

eliminate gas flaring are driven by environmental and economic concerns, and these 

attempts have not shown any significant level of success so far. This is because, on the 

average, volume of ANG being flared still remains high. Figure 2.1 presents ranking of 

countries with regard to associated gas flaring:

Figure 2.1: Ranking of Oil Producing Countries with Regard to Associated Gas 
Flaring
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2.6.1 Trend of Gas Flaring in the Nigerian Oil and Gas Industry

Although, available empirical evidence indicates that to date the average annual volume of 

gas flaring in absolute term in the Nigerian oil and gas industry still remains high 

(Aghalino, 2009), in percentage its trend is on the decline (Orubu et al, 2004, Madueme, 

2010). Recent studies have provided evidence consistent to this assertion. For instance, 

Orubu et al (2004) reported that in percentage, quantity of associated gas flared compared 

to associated gas produced had decreased continuously from 99% to 54.1%, during the 

period 1970 to 2000. In a similar token, Madueme (2010) relied on descriptive statistics 

(percentages and graphs) to analyze the trend of gas flaring of seven major oil and gas 

companies in the Nigerian oil and gas industry, concluding that in general gas flared by the 

companies studied had been persistently decreasing. Having examined the measures taken 

to reduce gas flaring by the Nigerian government from 1970 to 2003, based on aggregate 

time series data for the whole oil and gas industry, Orubu (2005) concurred with this view. 

Although, the result of his empirical model showed high flare elasticity, yet the elasticity 

had been trending downward. This informed the Orubu’s conclusion that the Nigerian 

government’s efforts at enacting policies/regulations to reduce flaring of ANG had started 

producing the desired result. Concurring with the empirical findings of these three local 

empirical research, an international, empirical study by Elvidge et al (2009) revealed that 

global gas flaring had reduced by 19%, and the study attributed the global decline largely 

to the downward trend in the amount of ANG being flared in the oil and gas industries of 

the two major world contributors to global gas flaring (Russia and Nigeria).
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However, with regard to the effectiveness of flare reduction policies in Nigeria, implied by 

the findings of Orubu (2005), Aghalino (2009) reported a contradictory result. Thus, 

Aghalino (2009) assessed the environmental impact of gas flaring in the Nigerian oil and 

gas industry (1969 to 2001) from ecological cost point of view, and found that ecological 

costs borne by Nigerians, especially the Niger Delta local communities, had been on the 

increase. This finding serves as the basis for the author to question the effectiveness of gas 

flaring reduction regulations and policies in the country.

2.6.2 Environmental Impacts of Gas Flaring in the Nigerian Upstream Sector

Nigerian ANG being flared while producing crude oil contains toxic compounds, such as 

methane (constituting 95%-98%), carbondioxide, hydrogen sulfide, benzene and others 

(constituting 2%-5%). The blazing flare emits a lethal chemical known as benzene which 

causes convulsion, chromosomal damage and birth defect (Osuoka & Roderick, 2005). 

Similarly, Oburu et al (2004) note that gas flaring has adverse effect on plant growth as 

well as wild life in general, adding that the burnt gas produces very small methane and 

huge carbondioxide which contribute to global warming leading to hash climatic conditions 

on earth. Furthermore, empirical records show that Nigerian gas flaring contributes 

significantly to total GHG emission in Africa (Orubu, 2005, Osuoka, A., & Roderick, 2005, 

Oloruntegbe, Akinsete & Odutuyi, 2009). Having assessed the impact of gas flaring on the 

vegetation of Niger Delta, Kalio-Danial & Braide (2006) concurred with the view of Oburu 

et al, (2004) on plant destruction, concluding that such deadly insects as yam beetles and 

grasshoppers are attracted to the blazing fire and these insects attack the crops planted by 

the native farmers. It has been reported that the nearer plantain and palm oil plants are to
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the gas flare areas, the poorer their greenish general appearance (Isiche, & Sanford, 1976; 

Kalio-Danial & Braide, 2006) and yields (Kalio-Danial & Braide, 2006). In a similar vein, 

while discussing the negative environmental effects of gas flaring in the Niger Delta, 

Environmental Rights Action (2008) remarks that another adverse effect of gas flaring is its 

tendency to rain acid which devastates vegetation, pollutes rivers, lakes and creeks, and 

destroys house roofings, adding that the toxic cocktail, also produced by the flare, may 

cause such health problems as asthma, blood disorder, cancer and chronic bronchitis.

2.6.3 Gas Flaring Reduction Efforts in Nigeria

Although, in general CO2 emissions occur due to burning of fossil fuels, but a greater 

portion of GHG emission in Africa is linked to gas flaring (Orubu, 2006) of which Nigeria 

remains the highest contributor (Elvidge et al 2009). The realisation that the country is 

blessed with much more ANG, which is being enormously burnt away in flares, than crude 

oil and the fact that the practice contributes significantly to GHG emissions, are what 

entice the Nigerian government to engage in various ANG flaring reduction schemes. 

Broadly speaking, gas flaring reduction policies in Nigeria can be categorised into two, 

namely, homemade flaring reduction policies and international flaring reduction policy. 

The two categories are discussed as follows:

2.6.3.1 Homemade Gas Flaring Reduction Policies

Nigerian government has been making attempts to put a stop to the wasteful and 

environmentally pernicious practice of gas flaring since 1969, when it instructed oil and 

gas companies to set up infrastructures that could facilitate effective utilisation of
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associated gas (ERA, 2008, Bassey, 2008). This order was simply ignored by the oil 

companies because, one may argue, it was not backed by any legislation, and the trend of 

associated gas flaring continued to increase as crude oil production rose. To encourage 

utilisation of ANG, the Nigerian government in 1973 adopted the amended petroleum 

decree which provides that oil and gas companies can utilise ANG produced without 

paying any royalty (UNFCCC, Undated). Yet the amount of gas flared continued to 

increase. Six years later, the government enacted Associated Gas Reinjection Act of 1979. 

The Act required oil companies to prepare and submit plans for utilising all associated gas 

in specific details, and gave them an ultimatum of putting an end to gas flaring by 1984 

(UNFCCC, undated; Dung et al, 2008). Initially, the penalty prescribed by this act was 

forfeiture of concession right by the perpetrating oil company (UNFCC, undated). 

However, the act was amended in 1984 by the Associated Gas Reinjection (Continued of 

Gas Flaring) Regulation of 1984. By means of this amendments a total of 86 oil fields out 

155, were allowed to continue flaring associated gas, and the rest were charged very low 

penalty [11 kobo (equivalent to $0.14) per 1000 standard cubic feet] for the practice 

(UNFCC Undated; Orubu, 2005). However, the penalty was reviewed upward to 20 kobo 

(equivalent to $0.22) per 1000 cubic feet flared in 1985 (Sonibare & Akeredolu, 2006; 

Stanley, 2009). It was once again reviewed to 50k per 1000 cubic feet in 1992 (equivalent 

to $0,029) and then later to N10 (equivalent to $0.46) per 1000 cubic feet flared) with 

effect from 1998 (Orubu, 20005; Sonibare & Akeredolu, 2006, Agahlino, 2009). Hiding 

behind the facade of this provision, oil companies have, since that time, opted to flare the 

increasing amount of the associated gas and pay the fine.
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In 1992, the Nigerian government introduced a package of fiscal incentives designed to 

induce reduction of wasteful flaring of associated gas and the package took the form of 

Associated Gas-Framework Agreement. The agreement, subsisting between the oil 

companies and the Nigerian government, was aimed at enhancing the level of gas 

utilisation (UNFCC, Undated). Two major incentives were specified in the agreement. 

These are: (i) tax free period for three years and (ii) expenditure related to investment for 

the purpose of separating gas from oil leading to utilisation of the gas, was regarded as an 

aspect of oil field development.

Malumfashi (2007) reported that National Gas Policy (NGP), first reviewed in 1995, 

required that production sharing contracts entered into with oil companies should 

incorporate gas utilisation clauses. It is also required that gas field optimisation studies be 

conducted by the individual oil and gas producing companies, while the overall 

optimisation plan of the gas fields development was to be overseen by National Petroleum 

Investment Management Service (NAPIMS).

Moreover, UNFCCC (undated) and, Sonibere & Akeredolu (2006) reported that in 1998, 

the Nigerian government, via section 28(9) Finance (Miscellaneous Taxation Provision) 

Act (1998) introduced the following additional fiscal incentives aimed at enticing the oil 

firms to increase gas utilisation and sales:

• Profit generated from gas projects to be taxed at 30% as against 85% in the case of 

profit generated from oil project.

• Capital expenditure related to associated gas production was regarded as allowable 

deduction under Petroleum Profit Tax.
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• Tax holiday was increased to 5-7 years.

• Equipments imported for the purpose of gas development were to be exempted 

from custom duties and Value Added Tax (VAT).

• Investment allowance of 15% was fixed for capital expenditure on gas related 

assets.

• Dividends during tax holiday are also tax free.

According to NAPIMS (2011) other recent ANG utilisation incentives include:

• The upstream producer is exempted from payment of royalty and PPT on any gas 

that is transferred to a downstream project.

• The Liquefied Natural Gas (LNG) projects receive a 10-year tax holiday/break.

• The LNG project is also exempted from withholding tax on interest and dividends 

paid to non-residents and from income tax on work or services provided by non

residents.

• There is an additional investment allowance of 20% for upstream projects, 35% for 

NGL extraction and gas-to-liquid facilities and 15% for downstream projects.

Mandatory, domestic flare out policies in Nigeria have been branded by the Nigerian media 

and academia alike as moving target, shifting the goal post or postponing the evil day 

(Malumfashi, 2007). This is definitely not unconnected to the manner in which ultimatum 

for zero gas flaring has kept moving from one date to the next. However, in 2006 following 

a court case against Shell, Federal High Court of Nigeria declared gas flaring as “gross 

violation” of the host communities’ human rights (Center for Constitutional Rights (CCR) 

& Earth Rights International (ERI), 2009). The latest deadline for companies to end gas 

flaring in Nigeria was changed from December 31st, 2008 to December 31, 2010, by the
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country’s National Assembly. However, even at the end of 2008 and 2009 some oil 

companies in Nigeria flared more than 50% of the associated gas they produced. 

Confirming this assertion Madueme (2010) documented that in 2008 CNL flared 64.3% of 

its associated gas produced; TOPCON flared 99% and PAN OCEAN 98%.

2.6.3.2 Investment in Natural Gas Utilisation Projects in Nigeria

In Nigeria, many associated gas utilisation schemes have been established with either the 

sole or partial motive of reducing gas flaring. While some of these projects have started 

operating either partially or in full, others are due to commence operation in the near 

future. Most of the gas utilisation projects are products of joint efforts between the 

Nigerian government and the major FMOCs operating in the country. Major gas utilisation 

projects are discussed as follows:

/. Nigerian Liquefied Natural Gas Company limited
The first, and to date the biggest gas utilisation project in Nigeria is the creation of the 

Nigerian Liquefied Natural Gas (NLNG) company. The company was created with the 

main purpose of selling its main product, LNG, in the gas export market. This project is a 

joint venture with ownership distributed as follows: NNPC (49%), Shell (25.6%), 

TotalFinaElf (15%) and Agip (10.4%) (Malumfashi, 2007). Although, the company was 

established in 1989, it did not commence production until September 15, 1999 (Ukpohor, 

undated). The company has the capacity of utilising 3.5 billion cubic feet of natural gas per 

day and production of over 30 million metric tons of LNG per annum (Ukpohor, undated).
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It is important to point out that the daily natural intake is made up of both associated and 

non-associated natural gas.

ii. Brass River LNG Plant
This is also another LNG production plant being constructed at the cost of $3.5 billion. The 

ownership structure of the company reflects the following holdings: NNPC 49%, Eni 17%, 

ConocoPhillips 17, and Total 17%. The company was incorporated as a Nigerian company 

in 2003 to buy an estimated 12.6 trillion cubic feet of natural gas, process it to produce 

LNG and then export the LNG to users mostly in USA and Europe. The plant is designed 

to produce 10 million metric tons of LNG and other related products at full capacity 

(Ukpohor, undated). The plant has also been planned to have equipment for the extraction, 

separation and treatment of liquefied butane and propane. Apart from this, it has also been 

designed to have LNG, LPG and NGL massive storage facilities. The plant was planned to 

commence production in 2 0 11 .

iii. Okoloka LNG
This plant was planned to be constructed at the cost of over $7 billion. It was to be funded 

and owned by NNPC, Shell, Chevron and British Gas Group. The plant is designed to take 

in 1.5 billion cubic feet of natural gas per day and produce 22 million tons of LNG and 

other related products per annum at normal capacity, when all its four production units, 

called trains, are fully operational. The company is to operate as a joint venture with the 

following proportion of interest holdings: NNPC 49%, Shell 18.5%, Chevron 18.5% and 

BG Group 13.5%. The joint venture agreement specifies that natural gas inputs are to be
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supplied by SPDC and Chevron Nigeria Unlimited. The agreement further provides that 

BG Group as one of the interest holders may opt to participate in the supply of natural gas 

inputs for train three and four.

iv. Escravos Gas-To-Liquid (GTL) Plant
This plant, commonly known as Escravos Gas Project 1-3 (EGP1-3), is jointly owned by 

Chevron Nigeria Limited and NNPC in the following proportion: CNL (75%) and NNPC 

(25%). The project is made up of three phases which were altogether estimated to cost the 

sum of 1.7 billion US dollars. When fully operational, the plant will have the capacity to 

convert 300 million cubic feet of natural gas a day into 120,000 barrels of fuel, diesel and 

other GTL naphtha products per day (Ariweriokuma, 2009). The company targets both 

domestic and regional markets for the purpose of selling its GTL products.

The first phase, called EGP-1, commenced operation in 1997 and the company exported 

334,000 barrels of oil equivalent as its first shipment in that year (Ariweriokuma, 2009). 

The EGP-1 was built at the cost of 550 million US dollars and it uses an input of 150 

million cubic feet of natural gas a day.

v. Oso Natural Gas Liquid (NGL) Project
This plant is owned by Mobil Nigeria Limited, an NNPC/Mobil joint venture company, 

and it has been planned to produce and export 350 million barrels of NGL over its life 

span. The plant was established with the aim of using ANG from nearby oil production 

fields as feed gas in order to produce the NGL which is exported to foreign consumers. The

53



plant commenced production and export of NGL in 1998 and the natural gas inputs for this 

plant are primarily obtained from Oso oil production field and other near-by fields.

vi. West Africa Gas Pipeline
In an attempt to create a West African regional market for its abundant natural gas, Nigeria 

entered into a natural gas supply partnership with Ghana, Benin and Togo, which paved the 

way for the laying of gas pipeline from Lagos (Nigeria) through Cotonnou (Benin) to Lome 

(Togo) and to Tema (Ghana). This gas pipeline project has its origin in the Article 48 of the 

Economic Communities of West African State (ECOWAS) Treaty. Based on this Article, 

in 1982 ECOWAS recommended that natural gas supply pipeline be constructed through 

West Africa (Ukpohor, undated). The governmental agreement was ratified by the four 

countries in the year 2000 and West Africa Gas Pipeline Company Limited (WAGPCO) 

was formed for the sole purpose of construction, ownership, and maintenance of the 

pipeline. The main purpose of the project is to supply natural to places of demand in West 

African countries.

vii. Associated Natural Gas Reinjection Plants
One of the desirable options for putting ANG to good use involves reinjecting it back into 

the reservoir. It can be described as a useful technique that is employed to revive the 

productivity of a mature oil field that is experiencing spontaneous productivity decline 

applicable to non-renewable energy resources. Two major advantages associated with gas 

reinjection include: (i) Avoidance of burning or venting of the gas, thereby preventing its 

consequent negative environmental impacts and waste and (ii) It enhances the future
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productivity of the well. Thus, the primary purpose of the Associated Gas Reinjection Act 

of 1979 was to induce investment in reinjection facilities in order to reduce flaring of ANG. 

A number of oil and gas companies in the country have invested in ANG reinjection plants; 

for example, Ekpe Gas Compression and Reinjection Plant, Oso 2Y2 reinjection plant and 

Belema Gas Reinjection Plant.

2.6.3.3 Participation in International Gas Flaring Reduction Scheme

Another important effort made by the Nigerian government to end gas flaring is its 

participation in the Global Gas Flaring Reduction (GGFR) Public Private Partnership. This 

scheme was formed by the World Bank and International Finance Corporations (ICF- 

Intemational). It was lunched at the world summit on sustainable development in South 

Africa in 2002. GGFR was created with the main motive of assisting countries and oil and 

gas companies to maximise the utilisation of ANG, thereby hopefully ending global gas 

flaring. In this respect, GGFR seeks to support oil producing countries and oil companies 

via Clean Development Mechanism (CDM) formed by the Kyoto Protocol (KP), to lower 

their GHG emissions by reducing the level of associated gas they flare (ICF-Intemational,

2006). CDM makes it possible for oil companies, operating in developing countries, which 

have succeeded in reducing their GHG emission, measured in unit of CO2, to sell such 

emission reduction to developed countries classified under Annex I of KP. The situation 

where this arrangement takes place is called Carbon Trading Market. Developed countries 

indentified by the KP as Annex I have specified GHG emission reduction target to reach by 

2012 (ICF-Intemational, 2006). Therefore, CDM via carbon trading is designed in such a 

way that it helps developing countries to reduce GHG emissions, while enabling the
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developed countries to reach their targeted GHG emission reductions. By implication, 

GGFR assists oil producing countries and oil and gas companies that ratified KP to reduce 

gas flaring. There are 35 partners to the GGFR. The partners are presented in Table 2.3 

below.

Table 2.3: Partners to the Global Gas Flaring Reduction Scheme

S/N Name of Partner S/N Name of Partner
1 Algeria (Sonatrach) 19 USA (DOE)
2 Angola (Sonangol) 20 Uzbekistan (Uzbekneftegaz)
3 Azerbaijan (SOCAR) 21 British Petroleum
4 Cameroon (SNH) 22 Chevron
5 Canada (CIDA) 23 ConocoPhillips
6 Chad 24 ENI
7 Ecuador (PetroEcuado) 25 Exxon Mobil
8 Equatorial Guinea 26 Marathon Oil
9 France 27 Maersk Oil and Gas
10 Gabon 28 Royal Dutch Shell
11 Indonesia 29 StatoilHydro
12 Iraq 30 TOTAL
13 Kazakhstan 31 Qatar Petroleum

14 Khanty-Mansiysk (Russian 
Federation 32 OPEC Secretariat

15 Nigeria (NNPC) 33 European Union
16 Norway 34 World Bank
17 Qatar 35 International Finance Corporation

18 United Arab Emerates (Masdar 
Initiative)

Source:http://web.worldbank.org/wbsite/extemal/topics/extogmc/extggfr

2.6.4 Impediments to Flare out Policy in Nigeria

As discussed in section 2.6.3, there were several attempts to put an end to gas flaring in the 

Nigerian oil and gas industry, but the practice still persists. Thus, the non-realisation of 

flare out policies in Nigeria, according to ICF-Intemational (2006) and UNFCCC 

(Undated), could be linked to the following market and institutional barriers:
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■  Limited and insufficient market for gas and its related products (CNG, LPG and 

Fuel methanol) within the country.

■  Low and noncompetitive gas and gas products’ prices in Nigeria.

■  Lack of gas infrastructure.

■  Poor generation, transmission and distribution of electricity.
■  Difficulty in securing funding for associated gas utilisation project

■  Security issues.

If it was not for the aforementioned barriers, coupled with the fact that governmental 

stakeholders and the oil and gas companies did not make enough collaborative and 

concerted efforts, the zero flare target might be possible (ICF-Intemational, 2006). 

However, it can be argued that in the Nigerian context the impediments listed above are not 

the only important reasons why associated gas is still being flared in large volume. In this 

respect Orubu (2005) attributes the following as barriers to non-realisation of flare out 

policies in Nigeria:

■  Reluctance to commit sufficient resources for gas reinjection and utilisation 

project by the oil and gas companies, because they come to explore and produce 

crude oil and not associated gas.

■  High level of cost associated with gas utilisation and reinjection schemes.

■  It is cheaper to wastefully bum the associated gas than to invest in gas 

utilisation/reinjection equipment.

2.7 Summary and Conclusion

This chapter discusses the two main root-areas of this thesis. These are the Nigerian oil and 

gas industry and the environmental impacts of oil and gas operations with specific
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emphasis on ANG flaring. Therefore, discussions in the chapter flow as follows. First, a 

preamble to the chapter was provided followed by detailed discussion of the history and 

nature of the Nigerian oil and gas industry. Finally, the chapter focuses on the discussion of 

the environmental impacts of oil and gas operations in general and then dwells on the 

discussions of ANG flaring and gas utilisation in particular.

Conclusively, it can be deduced from the chapter that Nigerian oil and gas industry suffers 

from massive environmental degradation, since the commencement of serious oil 

exploration and production in 1956. The two major sources of environmental pollution that 

catch the attention of academics, home and international journalists, local and international 

NGOs and pressure groups, and cause misery and devastation to the host communities are 

gas flaring and oil spillage. But in order not be too ambitious, the study focuses on ANG 

flaring only.
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CHAPTER THREE -  CORPORATE ENVIRONMENTALISM, 
CORPORATE ENVIRONMENTAL ACCOUNTABILITY AND 

RELEVANT STAKEHOLDERS IN THE NIGERIAN OIL & GAS
INDUSTRY
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3.1 Introduction

It is not in any doubt that activities of business firms affect individuals, groups as well as 

private and public entities. Conversely, it is also undisputed that business firms are affected 

by some of these individuals, groups as well as private or public bodies, and by extension 

affect the achievement of the firms’ objectives (Freeman, 1984). These individuals, groups, 

private organisation and governmental organisations are called stakeholders (Freeman, 

1984). The manner in which firms affect their stakeholders might be favourable or adverse. 

While examples of positive impacts may include provision of goods and service, provision 

of employment, payment of taxation, negative impacts may include space occupancy, 

noise, resource depletion and environmental degradation. Those that are affected by the 

negative environmental activities of the firms or those who have the ability to affect the 

firm in relation to the negative environmental consequences of their activities are called 

environmental or green stakeholders (Fineman & Clarke, 1996; Harvey & Schaefer, 2001). 

In the contemporary world of increasing consciousness to environmental problems, 

environmental stakeholders expect firms to develop positive environmental behaviour and 

demonstrate reasonable level of environmental accountability.

As it was pointed out in chapter two, oil and gas firms operating in the upstream sector of 

the Nigerian oil and gas industry cause different forms of negative environmental impacts, 

and that the environmental impacts resulting from gas flaring and oil spillage are the most 

significantly disturbing. Hence, the need to examine the environmental accountability of oil
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firms operating in the Nigerian oil and gas industry in relation to gas flaring and oil 

spillage9.

Broadly speaking, this chapter aims at discussing corporate environmentalism which is 

linked to corporate environmental behaviour of firms and how this behaviour could be 

linked to environmental accountability expected by relevant environmental stakeholders. 

The rest of this chapter is, therefore, structured as follows: section two discusses the 

general paradigmatic approaches to broad environmental problems. Section three describes 

the concept of corporate environmentalism. Section four discusses the concept of 

accountability, explaining its implication for sustainability. Narrowing down the 

sustainable implication of accountability, section five discusses corporate environmental 

accountability. Section six identifies and discusses environmental stakeholders in the 

Nigerian oil and gas industry. Section seven provides explanation on the sources of demand 

for environmental accountability. The chapter ends with concluding remarks provided in 

section eight.

3.2 P arad igm atic A pproaches to E n viro n m en tal Problem s

Prior to the evolution of environmental movements and environmentalism, it is generally 

believed that earth, water and the atmosphere could absorb any amount of environmental 

degradation caused by human activities (Osuide, 1990). However, with coming of 

industrial revolution and technological advancements in relation to production processes in 

different industries, the world began to experience massive environmental degradation

9 This study has opted to focus on gas flaring only in order not to be too ambitious. Another reason of 
focusing on gas flaring is to avoid difficulties associated with spillage-related data accessibility.
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problems. This disabused humankind of the earlier illusion and led to the realisation that 

efforts must be made to provide logical solution to the problem. Cairns (1999) 

distinguishes two general paradigms employed in approaching environmental problems, 

namely, ‘exemptionalism’ and ‘environmentalism’. These two paradigms, located at two 

opposing ends of a single continuum, are the starting point regarding the debate on how to 

approach environmental problems. Discussions on these two basic paradigms unfold as 

follows.

3.2.1 E xem ptionalism

The proponents of exemptionalism approach argue that human creativity and technological 

inventions incessantly provide favourable conditions for unlimited growth, and supply 

readily solutions to negative environmental consequences that may be caused by massive 

economic growth and industrialisation. In support of this position Cairns (1999) observes

that “economic activities create more than they destroy............. ” Thus, exemptionalists

believe that human technological ingenuity can provide solution to any conceivable 

problem that it may cause (Myers and Simon, 1994; Cairns, 1999). Supporting this 

proposition Friedman (1962), applies it to business firms in the following words “There is 

one and only one social responsibility of the business -  to use its resources and engage in 

activities designed to increase its profit, as long as it stays within the rules of the game, 

which is to say, engages in free and open competition, without deception or fraud.
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3 . 2 . 2  E n v i r o n m e n t a l i s m

On the other hand, however, the proponents of environmentalism paradigm hold the view 

that the survival of human beings on this earth is closely related to the well being of the 

entire ecological life support framework provided by nature (Deval & Sessions, 1985; 

Cairns, 1999; Fredriksson, Neumayer, Damania, & Gates, 2005; Schumacher, 2009). As 

such, human beings should not indulge in activities that cause excessive damage to the 

environment. Thus, humankind should always take necessary and appropriate measures to 

ameliorate inevitable environmental damages that have already occurred, control activities 

prone to environmental degradations and prevent, where possible, environmental 

degradations from occurring (Hawken, 1993; Robert et al, 1997). This study argues that the 

global acceptance of sustainable development is a testimony to the fact that 

environmentalism has been gaining significant dominance over exemptionalism. 

Obviously, wide spread recognition, promotion and proclamation to sustainable 

development owe their origin to environmentalism paradigm.

Environmentalism is a common concept of discourse for many fields of study, for example 

Geography, Science, Economics, Management, Sociology and Accounting, all have 

environmentalism as a common area of interest. Thus, to describe part of a particular field 

of study concerned with the environment, the noun representing the name of that field is 

usually qualified by the adjective “environmental”; for example, Environmental Science, 

Environmental Management, Environmental Accounting and so on. Therefore, 

environmentalism could be viewed as an interdisciplinary area of academic research that 

constitutes intersection of many fields of study. As such, it is not out of place to make
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reference to areas other than social and environmental accounting that are relevant to this 

study, having to do with environmentalism. In this regard, Paisey & Paisey (2010) stress 

that drawing insights from other disciplines can provide useful inputs and changes in 

accounting research and policies.

Although, environmentalism has been defined in different ways by many scholars, almost 

all these definitions have one thing in common, which is ‘conservation of natural 

environment and its components’. For instance, Slocombe (1984) defines 

environmentalism as an activity concerned with conservation of humanity, natural physical 

environment, and provision of solutions to their social, economic and political 

consequences. Similarly, Holdgate (1990) describes environmentalism as the wise 

assumption of natural endowment stewardship, including the environment, by humanity in 

its present and future best interest - this definition reflects the sustainable development 

view as well. In the same vein, Mulvihill (2009) views environmentalism as a movement -  

whose members range from individuals, corporate bodies, NGOs and governments -  that 

pursues, advocates and promotes the conservation and protection of the environment from 

damages caused by human activities.

About one hundred years ago environmentalism was only associated with conservation of 

wildlife, and many years later the concept had expanded to incorporate all aspects of 

physical, natural environment -  this is called ‘natural environmentalism’-  (Slocombe, 

1984). However, currently, there is unanimous consensus of opinion among scholars that 

environmentalism goes further than the natural environmentalist view to include social,
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economic and political aspects of humanity (Slocombe, 1984; Bramwell, 1989; Holdgate, 

1990; Gray, 1992; Banerjee, 2002). Moreover, the case for environmentalism has been 

linked to natural resources scarcity -  non-renewable resources -  (Xenos, 1989; Dobkowski, 

1991; Homer-Dixon, 1999; Rogers, Timmerman, Leduc, & Dickinson, 2004), ecological 

limits (Rogers et al, 2004; Mulvihill, 2009) and the need for environmental conservation 

(Deval & Sessions, 1985; Cairns, 1999; Baneijee, 2002; Mulvihill, 2009). In addition, 

while commenting on the development of the concept of environmentalism, Bramwell 

(1989) and Holdgate (1990) identify three principle strands related to evolution of 

environmentalism, namely, the development of ecology as a science, the recognition of 

environment as an important agenda for governments and Non-Governmental 

Organisations (e.g. World Bank, United Nations, Commission on Environment and 

Development and World Conservation Strategy) and the development of vast 

interdisciplinary literature and philosophy (Banerjee, 2002).

It is generally agreed that different forms of human activities cause environmental 

degradation (Fredriksson et al, 2005; Moghissi 1991 & 1995). As such, Tesh (1994) 

identifies three schools of thoughts (general-public-causality school, government-causality 

school and political-economy-causality school) each holding a particular group or identities 

as being responsible for the occurrence of environmental damages. Firstly, the proponents 

of the general-public-causality school hold the view that the total sum of the 

environmentally insensitive behaviours of individual members of the general public causes 

environmental degradation problems on earth (e.g. Leopold, 1966; Deval and Session, 

1985; McKibben, 1989). Thus, according to this school lack of, or weak attentive
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commitment to the environmental well being, on the part of the individual members of 

humanity, is the main cause of environmental problems. Secondly, government-causality 

school posits that environmental damages and environmental diseases are mainly caused by 

weak laws, poor regulations, and ineffective enforcement mechanisms. Impliedly, the 

proponents of this school are of the opinion that most environmental degradation problems 

are caused by the failure of governments as regulators and providers of enabling 

environment. Thirdly, scholars in the political-economy-causality school believe that most 

of the environmental degradation problems are attributable to the faults of corporate firms 

and the political economy. They argue that these problems are the results of decisions made 

by the owners and managers of various companies in different industries, compounded by 

the structure of the political economy within which the decisions are made (e.g. Gorz, 

1980; Freudenberg, 1984; Bookchin, 1991). Ascribing to this view, Mulvihill (2009) 

attributes evolution of environmentalism to atmosphere crisis, arguing that it first began as 

a movement that critiqued, protested against and confronted environmental polluters 

(mainly business firms), and then later as a framework for management and governance -  

i.e. the greening of corporate business or corporate environmentalism. This study 

subscribes to the view expressed by the business-firms-causality or political-economy- 

causality school and government-causality school, because it is concerned with 

environmentalism of oil firms, which are corporate bodies, in the Nigerian oil and gas 

industry being regulated by the Nigerian government. Sequel to this view, the next section 

discusses the concept of corporate environmentalism.
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The support for environmentalism saw a significant increase since the United Nations 

conference on environment and development, which took place in Rio de Janeiro, known 

as the ‘earth summit’ in 1992. This conference brought about formidable sustainability 

partnership that encompasses both developed and developing countries, corporate bodies 

and non-governmental organisations the world over. In addition, business firms 

participating in this global partnership for sustainable development and their efforts for 

promoting environmentalism have been on a persistent increase. Banerjee (2002) defines 

corporate environmentalism as an act of accepting and incorporating environmental 

concerns into business organisations’ strategic decision making. In the light of this 

definition Baneijee, Iyer and Kashyab (2003) propose two strands of corporate 

environmentalism adopted by firms that intend to embrace positive environmental 

behaviour, namely ‘environmental orientation’ and ‘environmental strategy’ . 

Environmental orientation relates to the identification and recognition of the relevance and 

importance of environmental issues and concerns, by being conscious of both existing and 

potential environmental consequences of firms’ activities and actions, which may either be 

voluntary or compulsory. However, environmental strategy refers to the integration of 

environmental issues into the main stream strategic planning process of the organisation. 

Consequently, it follows that environmental orientation and environmental strategy could 

be achieved by organisations through the following two environmental tools, namely, 

Environmental Impact Assessment (EIA) and Environmental Management System (EMS) 

respectively (Kanna & Anton, 2002). These tools are discussed in the next two subsections.

3 .3  T h e  C o n c e p t  o f  C o r p o r a t e  E n v i r o n m e n t a l i s m
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As stated earlier, environmental orientation is made possible via EIA, which is described as 

a process of anticipating environmental damages likely to occur in the future and 

recognising those which have occurred, as a result of organisation’s action, decision or 

operation (Palframan, 2007). International Association for Impact Assessment (IAIA) 

describes EIA as the process of identifying, projecting, evaluating and ameliorating the 

biophysical, social and other relevant negative environmental impacts before taking a 

major decision about commitment to environmental accountability. Thus, via EIA, firms 

can assess and acquaint themselves with existing and potential environmental degradation 

of their activities. Canter (1996) cited in Liu and Lai (2009) connects EIA to legislative 

provisions enacted to protect the environment from excessive adverse impacts. As such, in 

some countries EIA is a legal requirement for projects or operations that are likely to cause 

significant environmental damage -  for example in UK, EIA is governed by the 

Environmental Impact Assessment Regulation 1999 (SI No. 293), while in some other 

countries it is carried out voluntarily. In Nigeria, however, EIA became a legal requirement 

since 1992, with coming into effect of the Environmental Impact Assessment Act number 

86 of 1992. Prior to 1992, EIA in Nigeria was not being regulated and hence not a 

mandatory requirement (Olokesusi, 1992) -  like in many other less developed countries 

corporate businesses carry out EIA voluntarily.

Section 1 of the Nigerian EIA Act mentions the first and foremost objective of 

environmental impact assessment as follows: To compel organisations in both private and 

public sector to evaluate the likely negative environmental effects that their proposed

3 . 3 .1  E n v i r o n m e n t a l  I m p a c t  A s s e s s m e n t  ( E I A )
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projects, activities or operations will have. For firms, individuals and governmental 

organisations to achieve this objective, section 2 (1) provides the steps needed to 

implement EIA system. These are:

a) description of measures available to mitigate adverse environmental impacts of 
proposed activity and assessment of those measures;

b) an indication of gaps in knowledge and uncertainly which may be encountered in 
computing the required information:

c) an indication of whether the environment of any other State, Local Government 
Area or areas outside Nigeria is likely to be affected by the proposed activity or its 
alternatives;

d) a brief of the practical activities, as appropriate;

e) an assessment of the likely or potential environmental impacts on the proposed 
activity and the alternatives, including the direct or indirect cumulative, short-term 
and tong-term effects:

f) an identification of technical summary of the information provided under paragraph 
(a) to (g) of this section.

With the exception of the oil and gas industry, the power to enforce compliance with the 

provisions of EIA Act (1992) in all other industries in Nigeria is vested in National 

Environmental Standards & Regulations Enforcement Agency (NESREA). Generally, the 

regulation and enforcement of compliance in the Nigerian oil and gas industry rests with 

Department of Petroleum Resources (DPR), the chief regulatory authority in the Nigerian 

oil and gas industry. Therefore, compliance with provisions of EIA Act (1992) and the 

provisions of the DPR Environmental Guidelines and Standards for the Petroleum Industry 

(EGASPIN) 2002 are generally enforced by the DPR. Note that NESREA can only provide 

supportive and advisory assistance to DPR.
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Environmental Management System (EMS) is developed and implemented as an integral 

aspect of firm’s overall management system (including its human, economic and 

infrastructural resources) for the purpose of managing the adverse environmental 

consequences resulting from its operation or activities (Perotto, Canziani, Marchesi, & 

Butelli, 2008). However, Environmental Management Standards could be described as set 

of tools that assists companies to establish their own internal EMS -  which is, unlike EIA 

provisions, voluntary [for example, International Environmental Standard (ISO) 14001] 

(Montiel & Husted, 2009; Perotto et al, 2008). The drive for firms to establish their own 

EMS is fueled by a number of factors, namely, pressure from environmental regulations 

including EIA regulations; adoption of voluntary environmental philosophy or 

‘deontology’ by the management and combined pressure from environmental stakeholders 

(Hui, Chan, & Pun, 2001; Baneijee et al, 2003). While some environmental management 

programs are designed to be adopted by firms anywhere in the world (Hui et al, 2001); for 

example ISO 14001, others are specific to a particular country or continent -  e.g. Clean 

Industry in Mexico and Environmental Management and Audit Scheme (EMAS) issued by 

European Union respectively (Montiel & Husted, 2009). In as much as, in Nigeria such 

national-based environmental management program does not exist, oil and gas companies 

and other firms, characterised by high level of environmental degradations are expected to 

adopt ISO 14001 standards. Based on this argument, firms operating in the Nigerian oil and 

gas industry should not use the excuse that voluntary EMS certification does not exist in 

the country to refrain from establishing one, because they can adopt ISO 14001. Many 

companies have implemented it all over the world. In fact, Nawrocka & Parker (2009)

3 . 3 .2  E n v i r o n m e n t a l  M a n a g e m e n t  S y s t e m  ( E M S )
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remind us that globally, the EMSs of over 130,000 organisations are certified in accordance 

with the guidelines of ISO 14001. Organisations that adopt and implement their EMS based 

on the provisions of ISO 14001, have the option to apply for third party environmental 

audit to certify that their systems comply with the guidelines.

In order to guard against confusion, ISO 14001 made provisions to ensure that there is no 

conflict between its guidelines and other relevant environmental regulations, including EIA 

regulations, which affect the firm in question. According to Argandona (2004), ISO 14001 

requires that firms should develop a clear and documented system of identifying 

environmental laws and regulations including EIA regulations. It then encourages 

compliance with those environmental laws and regulations relevant to a company. It also 

goes further to provide that where there is conflict between its provision and any 

environmental regulation affecting the company, the two must be reconciled (Argandona, 

2004). Hence, it is logical to infer that where the two cannot be harmonised, the 

requirement of the environmental regulation ought to supersede the ISO 14001 guidelines, 

since the former is mandatory and the later is discretionary. Consistent with this view, it is 

argued that adoption and implementation of voluntary EMS in establishing a sustained and 

ethical environmental behaviour in a firm, thereby resolving the occurrence of conflict 

between mandatory environmental regulations and occasional voluntary environmental 

responses, may likely improve firms’ environmental performance (Hui et al, 2001; 

Argandona, 2004; Johnstone & Labonne, 2009). Along this line of argument it is noted that 

in a situation where regulated EIA and other environmental laws are designed to operate 

simultaneously together with voluntary EMS, then the relevant regulatory authorities or
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agencies are expected to enact some minimum level of environmental regulations including 

EIA, and leave the regulation of EMS and environmental disclosure practices at the 

discretion of the companies themselves (Khanna & Anton, 2002; Argandona , 2004). This 

study is of the view that, the same situation is found in the Nigerian oil and gas industry, 

because EIA and other environmental issues are regulated by DPR, while EMS along with 

environmental reporting are left to be regulated voluntarily by the oil and gas companies 

themselves.

Recently, a body of academic research investigating the link between EMS and improved 

Corporate Environmental Performance (CEP) is receiving a significant level of attention 

(for example, Sulaiman & Ahmad, 2002; Gimenez, Casadesus, & Vails, 2003; Berry & 

Rondinelli, 1998; Ann, Zailani, & Wahid, 2006; Perotto et al, 2008; Nawrocka & Parker, 

2009; Johnstone & Labonne, 2009; Iraldo, Testa, & Frey, 2009). It is contended that this 

increasing academic interest to investigate the link between firms’ EMS and CEP is 

motivated by ‘Rio Earth Summit’ (Nawrocka & Parker, 2009); increasing environmental 

awareness by the public; increasing level of environmental laws and regulations and 

pressure from organised environmental pressure group and international organisations and 

NGOs (Hui et al, 2001). In this connection, it has been reported that voluntary EMS 

certification schemes, including the famous ISO 14001, aim at improving the CEP of firms 

(Berry & Rondinelli, 1998; Hui et al, 2001; Perotto et al, 2008; Johnstone & Labonne,

2009). Therefore, the purpose of these certification schemes is to assist organisation to 

manage their environmental impacts and improve their CEP.
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Although, findings in relation to the nature of the relationship between EMS and CEP are 

reported as inconclusive (Nawrocka & Parker, 2009), a significant number of studies have 

established that effective EMS has positive impact on CEP (see Ammenberg & Hjelm, 

2002; Barla, 2007; Arimura, Hibiki, & Katayama, 2008; Dasgupta, Hettige, & Wheeler, 

2000; Iraldo et al, 2009; Johnstone & Labonne, 2009; Hui et al, 2001; Raines, 2002). For 

instance, Dasgupta et al (2000) reports that effective EMS has a strong positive impact on 

compliance to environmental regulation, and this in turn brings about improved CEP of 

firms. Similarly, Ammenberg & Hjelm (2002) conclude that if EMS is implemented and 

used appropriately, it will lead to reduced negative environmental impacts, thereby 

bringing about significantly improved environmental performance. In a similar vein, 

Arimura et al (2008) conduct their study to determine whether certification of ISO 14001 

leads to decrease in three kind of environmental problems -  namely natural resource use, 

solid waste generation and waste water effluent. The results of their study reveal that firms 

with certified EMS experienced a significant decrease in all three environmental impacts 

which could be translated into improvement of CEP. Also, Iraldo et al (2009) conclude that 

although EMSs have not yet reached high level of ‘maturity’ in their implementation, 

despite their international application for about two decades, nevertheless a well framed 

EMS has significant positive impact on CEP.

From the foregoing discussion it is clear that corporate environmentalism, through the 

mechanisms of EIA and EMS lead to reduced negative environmental impacts. In other 

words voluntary EMS designed and implemented in harmony with regulated EIA and other 

related environmental laws and regulations leads to improved environmental performance.
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However, a point of caution in relation to this concluding remark is that the nature of the 

empirical relationship between EMS and CEP is yet to be conclusively established. 

Nawrocka & Parker (2009) attributes this inconclusiveness to CEP measurement problem 

and the fact there is no agreement as to how EMS leads to improved CEP.

3.4 T h e  C o n cep t o f A cco u n tab ility  and its Im plication  for Su stain ability

The concept of accountability is frequently being referred to with increasing gravity in both 

accounting practice and theory, especially as it relates to corporation/stakeholder 

relationship. Accountability has been described as an art of taking responsibility for one’s 

action or inaction, and communicating so to those affected by the action, inaction or event 

(Gray, Owen, & Mounders, 1988; Painter-Morland, 2006, Gray, Bebbigton & Collison, 

2006; Ezzamel, Robson, Stapleton, & Mc.Lean, 2007; Hall, Bowen, Ferris, Royle, & 

Fitzgibbons, 2007). Similarly, Erdogan et al (2004: 19) defines accountability as “the 

feeling of responsibility, obligation, and the need to justify one’s action to others”. Indeed, 

the justification referred to in this definition is normally communicated via reporting. 

However, viewing accountably from the perspective of the accountee, Cooper & Owen 

(2007) observe that to demand accountability from a person, firm or government for a 

given event or action is to entertain certain expectations regarding what the individual, firm 

or government ought to be obliged to explain, justify and take responsibility for. Similarly, 

Hall et al (2003) defines accountability as actual or believed possibility that the actions, 

decision or behaviours of person, group or organisation will be assessed by stakeholders 

and other relevant audience for the purpose of rewarding or sanctioning such individuals, 

groups or organisations. Thus, Hall et al (2003) imply that accountability is a function of
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performance evaluation and expectation for reward or sanction based on what has been 

reported by the accountor to the accountee. Accountability as a concept tends mean 

different things in different disciplines (Luo, 2005). In this connection Messner (2009) 

opines that sociological definition of accountability seems to be generally applicable to 

every field of inquiry or discipline. Sociologically, according to Messner (2009), 

accountability is viewed as communication and justification of reasons for conduct to those 

affected by the conduct.

A general definition of accountability which connects it to sustainability is given by Burgis 

& Zadec (2006) as holding individuals, corporations and governments responsible for their 

impacts on the lives of people and the planet. It is clear that this definition does not restrict 

accountability to humankind, but also extends it to being accountable to the planet earth as 

a whole. Burgis & Zadec (2006) further argue that when accountability works, it implies 

that those affected have the right to be listened to and their views taken as serious and 

important; it also means that those doing the act or making the impact are responsible 

enough to listen and respond and yet it means that there is adequate sanction to impose 

these rights and responsibilities/obligations. In a similar token, AccountAbility (2008) 

defines accountability as acknowledging, assuming responsibility for, and being 

transparent about the impacts of your policies, decision, actions, products and sustainability 

performance. AccountAbility (2008) based this definition of accountability as a means of 

achieving sustainability. Therefore, accountability in the context of sustainability means 

that organisations should take responsibility for their economic, environmental and social
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impacts that come about as a result of their actions, decisions or activities and 

communicate same to the relevant stakeholders.

Murthy (2007) identifies two forms of accountability, namely, ‘coercive accountability’ 

and ‘informative accountability’ . Informative accountability refers to a kind of 

accountability that involves intentional provision of answers to relevant stakeholders via 

reports or other means of providing accounts. Conversely, coercive form of accountability 

occurs when individuals, corporate bodies or other organisations are forcefully made to 

justify their actions, inactions or decisions by rendering account or report to their 

stakeholders. For coercive form of accountability to work effectively, certain conditions 

must exist. Murthy (2007) mentioned three such conditions. First, individual, firms or 

organisations who are held accountable are vulnerable to punishment by others for what is 

identified as their misconduct (for instance, by means regulation). Second, those who 

enforce the accountability should be willing and able to inflict punishment to those who are 

accountable (this is referred to as effective enforcement). Thirdly, the accountability 

framework should originate from those enforcing the accountability -  usually a regulatory 

authority.

Thus, while informative form of accountability could be interpreted as voluntary, coercive 

accountability is mandatory. However, a third form of accountability, which is partly 

coercive partly voluntary, could be inferred. This is when an actor chooses to account for 

some actions voluntarily, and will only account for other actions when forced to do so. In 

support of this middle-of-the-road form of accountability, Burritt & Welch (1997) note that
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providing voluntary information to the accountee alone is not enough for effective 

accountability relationship to exist, a mechanism for holding the accountor responsible for 

actions and decisions taken should also exist. Whether the form taken by an accountability 

system is voluntary, coercive or hybrid of voluntary and coercive, it has to be characterised 

by provision of information by the accountor to the accountee (Ijiri, 1983; Gray, 1992; 

Burritt& Welch 1997).

3.5 T h e  C o n cep t o f C o rpo rate E n viron m en tal A cco u n ta b ility

Having discussed the concepts of environmentalism and accountability separately, it is 

about time, the study considered the fusion of the two concepts given by the expression 

‘environmental accountability’. Most early researchers in the area of social responsibility 

accounting did not attempt to separate social and environmental issues (for example, 

Linowes, 1972; Bowman & Haire, 1975 Ramanathan, 1976; Abott & Monsen, 1979; 

Belkaoui, 1980). Ulmann (1976) was the first who attempted to develop a model 

exclusively for environmental accountability (Mathews, 1997). In this regard, Mathews 

(1997) notes that beyond 1980 researchers in the field of ethical accountability began to 

shift their focus from social accountability to environmental accountability, because social 

disclosures were being replaced by environmental disclosures, usually voluntary. 

Moreover, environmental regulations which were being considered as means of reducing 

environmental damages were on the increase. The focus of research away from social 

accountability in favour of environmental accountability led to the emergence of views 

ranging from light green to dark green, of environmental categories (Gray, 1992; Mathews, 

1997). Light green view of environmentalism implies that environmental degradations on
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the planet are not significantly disastrous while the dark green environmentalism view 

implies that negative environmental consequences are potentially disastrous for the planet 

(Gray, 1992; Mathews, 1997). Interestingly, the period 1991-2000 witnessed a significant 

development in environmental accountability on a broad spectrum reflected by concern 

from managers and accountants alike (Mathews, 1997). Parker (2005) observes that social 

and environmental accountability research has grown from minor and highly criticised field 

of research, and has matured into a recognised and compelling area of research, of both 

national and global significance. He further notes that researchers have been pushed into 

this field by pressure from increasing level of social and environmental concern shown by 

the relevant stakeholders. Parker (2005: 843) concludes that “a community of social and 

environmental accountability scholars has truly arrived, and is producing wide range of 

significant research................ ”

In contrast to the traditional neoclassical economic view of accountability, the call for 

economic entities to extend accountability beyond the usual economic/financial 

accountability has been variously stressed (Ramanathan, 1976; Benston, 1982; Schreuder 

& Ramanathan, 1984; Gray, 1992; Shearer, 2002). For instance, Gray (1992) describes 

social and environmental accounting as any form of accounting characterised by broader 

accountability than economic issues. Narrowing down this broader perspective of 

accountability to environmental issues Gray (1992) contends that both practicing 

accountants and researchers must determine the confinement placed upon them by 

neoclassical economic thought and break this boundary to incorporate environmental 

issues. In the same vein, it has been proffered that broader concept of accountability in the
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context of theory of moral responsibility should include ethical considerations (Swanson, 

1995; Murthy, 2007). This implies that economic entities should incorporate social and 

environmental impacts into their overall sustainability (Grayson et al, 2007). While making 

a case for social and environmental accountability in relation to sustainability, Gray (2006) 

argues that accumulating evidence of strong pressure demanding corporate bodies to 

demonstrate significant level of social and environmental accountability exists. Gray 

(2006: 809) further claims that despite the fact that individuals, corporate bodies and 

governments “are failing to address” this problem with “sufficient diligence, there are 

strong a priori cases in support of non-negotiable requirement for sustainable 

accountability anyway”.

The concept of sustainability has, from its emergence focused on environmental issues, but 

it has now broadened to incorporate social and economic issues. Therefore, environmental 

accountability could be described as a subset of the overall sustainable accountability. The 

widely recognised definition of sustainability is given as meeting the needs of the preset 

without compromising future generations to meet their own needs (see Grayson et al,

2007). Sustainable growth may be described as the ability of a firm to make decisions and 

implement activities that ensure simultaneous improvement of social, environmental and 

economic performance. Thus, sustainable growth by companies may not be achieved 

without making amends for environmental damages they cause. This assertion is supported 

by the argument that for a company to maintain sustainability, it ought to center its efforts 

towards simultaneous improvement of environmental, economic and social performance 

(Hart, 1996; Milstein & Hart, 2003; Kolk, 2008; Grayson et al, 2007; Bebbington, Higgins
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& Frame, 2009). These three components of sustainability (economic, environment and 

society) are interdependent and not mutually exclusive. Therefore, effort by companies to 

address environmental degradation, resulting from their activities and operations in the 

environment is an indispensable ingredient that ensures sustainable development.

At this point the study adopts the definitions of accountability given by Hall et al (2003) 

and AccountAbility (2008) to define corporate environmental accountability in such a 

way that it suites this research. As such, corporate environmental accountability may be 

defined as acknowledging, assuming responsibility for, and reporting on the environmental 

impacts resulting from firm’s policies, decisions, activities and actions on the perception 

that the environmental performance of the firm will be assessed by its environmental 

stakeholders and other relevant audience. Such environmental performance evaluation is 

expected to be used for the purpose of rewarding the firm; sanctioning the firm; 

confronting the firm or expressing adverse/ positive view on the firm. The kind of feedback 

(reward, sanction, confrontation or expression of view) an environmental stakeholder 

chooses in responding to the firm depends on the degree of his power and legitimacy or 

both. Thus, the environmental stakeholders with power backed by legal provisions -  e.g. 

regulatory authority -  can impose sanction on environmentally less responsible firms. 

Environmental stakeholders with significant legitimacy, for example host communities or 

shareholders in the oil and gas industry, can make trouble for poor-environmental- 

performing oil firms via confrontation or even sabotage. However less legitimate 

environmental stakeholders, for example media, academia and NGOs may express adverse 

or favourable views about firms’ environmental performance.
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The definition of environmental accountability given in the preceding paragraph and the 

brief comments made thereon show the importance of environmental stakeholder in the 

discussion of environmental accountability. Therefore, the next section is devoted to 

environmental stakeholders in the Nigerian oil and gas industry.

3.6 E n viron m en tal Stakeholders in the N igerian  O il and G a s In d u stry

Organisations do not operate in a vacuum. They must interact with the societal 

environment, and relate with people, groups, corporate bodies, government units or 

government agencies. The achievement of organisational objectives as well as its growth 

and survival depend, to a large extent, on its relationship with different people, groups or 

entities that are influenced, and/or in turn influence the organisation and the achievement of 

its objectives (Freeman, 1984; Clarkson 1995; Woodward et al, 1996; Shmueli & Gal, 

2005; Roloff, 2007; Fassi; 2009). Thus, any party that influences or gets influenced by the 

organisation in the process of achieving its objectives is referred to as a stakeholder 

(Freeman, 1984). The concept of stakeholder has been a subject of earnest academic 

discourse since 1980s (see the work of Freeman, 1984; Ullmann, 1985). Indeed, reports 

presented by corporate bodies for the purpose of external consumption, whether they are 

financial or nonfinancial, are provided as means of being accountable to stakeholders. 

Stressing on the important of stakeholders, GRI (2002) notes that reports in themselves are 

of very little or no significance, if they fail to inform and influence the decision of 

stakeholders. In a similar vein, it is also contended that successful evaluation of 

organisational performance hinges to some extent on analysing how that particular
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organisation manages relationships with its stakeholders (Wood, 1991; Clarkson, 1995; 

Harvey & Schaefer, 2001).

Environmental stakeholder management could be defined as the process of identifying and 

incorporating the concerns and expectations of environmental stakeholders into the 

strategic planning process of an organisation (Freeman, 1984; Fineman & Clarke, 1996; 

Harvey & Schaefer, 2001). Therefore, in general, Freeman (1984) indentifies four 

components of stakeholder management process -  note that, consistent with the focus of 

this study, each step is specifically related to environmental stakeholders. These are:

i. Identification of all relevant environmental stakeholder groups.

ii. Specifying the extent of stake, relevance or importance of each stakeholder group.

iii. Determining how effectively the organisation is addressing the expectations or 

demands of the environmental stakeholders.

iv. Reformulation of organisational policies and priorities to incorporate environmental 

stakeholders’ expectations that have not been dealt with.

Commenting on the management of environmental stakeholders, some scholars stress the 

need for consultation and information flow between the organisation and the indentified, 

environmental stakeholders as well as interacting with them for innovative development 

and advise (Polonsky, 1995; Harvey & Schaefer, 2001; Shmueli & Gal, 2005). Fineman & 

Clarke (1996) argue that companies’ response to environmental pressure may be 

effectively explained using a stakeholder framework. Thus, pressure for environmental
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accountability coupled with pressure from other stakeholders compels firms to face the 

following questions: Who are the firm’s relevant environmental stakeholders? What is the 

nature of the relationship between the firm and its green stakeholders? How important are 

firm’s green stakeholders? To address these questions Mitchel, Angle & Wood (1997) 

developed the Theory of Stakeholder Identification and Salience. They construct this 

theory on the premise of three attributes of firm/stakeholder relationship, namely (i) Power, 

(ii) Legitimacy and (iii) Urgency. To understand the substance and essence of this theory, 

there is the need to briefly discus the three stakeholder attributes.

Power has been defined in different ways by different scholars. For instance, Weber (1947, 

cited in Mitchel et al, 1997) describes power as the possibility that, in a relationship, one 

party is able to exert his own will whether the other party likes it or not. However, Salancik 

and Pfeffer (1974, cited in Mitchel et al, 1997) defines power as the act of being able to 

control the outcome of event as desired by those that have it (the power). But, for the 

purpose of the Theory of Stakeholder Identification and Salience Mitchell et al (1997) 

defines power in association with stakeholders as the ability to exert control in a 

relationship, through forceful, financial or normative means.

Unlike power, legitimacy is based on ethics and it is supported by a social system of norms, 

values, beliefs and morality. Therefore, in relation to the Theory of Stakeholder 

Identification and Salience, Mitchell et al (1997) rely on the definition of legitimacy given 

by Suchman (1995: 574) “as generalised perception or assumption that the actions of an 

entity are desirable, proper and appropriate within some socially constructed systems of

8 3



norms, values, beliefs and definitions”. Therefore, on the basis of this definition, 

stakeholders are legitimate if they are recognised by the firm as having ethical, moral or 

legal rights to the management attention within the realm of social system of norms, values 

or belief implicitly believed to subsist between the firms and the stakeholders in question.

Mitchell et al (1997) argue that with only stakeholder power and stakeholder legitimacy 

recognised by the management, the stakeholder management model becomes static. 

However, they further claim that inclusion of stakeholder urgency into the scenario makes 

the model become dynamic. Therefore, in order to advance the Theory of Stakeholder 

Identification and Salience urgency is defined as the extent to which stakeholders’ demand 

needs to be immediately addressed (Mitchell et all, 1997). In other words it could be 

described as how compelling are the stakeholders’ claims in terms of management 

immediate attention.

Based on the conceptions of stakeholder power, legitimacy and urgency provided in the 

preceding paragraphs and definition of salience -  the degree to which managers rate the 

importance of stakeholders’ pressing demands (Mitchell et al, 1997) -  as adopted by 

Mitchell et al (1997: 879), Theory of Stakeholder Identification and Salience proposes that 

“stakeholders possess some combination of three critical attributes: power, legitimacy and 

salience, postulating that the salience of a particular stakeholder to the firm’s management 

is low if only one attribute is present, moderate if two attributes are present and high if all 

three attributes are present”. Note that this theory is meant to be applicable to all kind of 

stakeholders.
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Harvey & Schaefer (2001) used the Theory of Stakeholder Identification and Salience to 

analyze the relationship between firms’ managements and their environmental 

stakeholders. They conducted their study on a sample of six companies drawn from water 

and electricity industries in the United Kingdom. They examined some selected companies’ 

general approach to the management of their green stakeholders with a view to determining 

whether they focused on the engagement or information aspect of green stakeholder 

management. On the whole, the findings of this study revealed that environmental 

stakeholders vested with institutional power, for example environmental regulators, were 

found to be recognised as the most important stakeholders. The authors conclude that 

although, managements of the sampled firms attach less importance to such legitimate 

stakeholders as customers, the general public and host communities, they are relevant and 

equally influential in the long run.

In another study similar to the one reported in the preceding paragraph, Fineman & Clarke 

(1996) used the same theory to investigate the responses of firm’s management to green 

stakeholder demands. The study was conducted using four different companies selected 

from UK four industries - supermarket, automobiles, power and chemicals. Conclusively, 

the study revealed that green stakeholders such as regulatory agencies and green pressure 

groups are frequently considered with high level of seriousness by the management. In 

addition, the study found that managers tended to be more willing to engage with those 

environmental stakeholders that appear more corporative and less confrontational.
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Generally, firms, via their top managements, are considered as being in an apparent or 

implied contract with their financial and nonfmancial stakeholders (Harvey & Schaefer,

2001). Usually, explicit or apparent contracts exist between the company and such 

stakeholders as shareholders, employees and suppliers while implicit or implied contract 

exists between the firm and stakeholders such as the host communities, environmentally 

concerned NGOs, pressure groups, and the general public of the particular country in 

which the company operates. The nature of this contract is described as agent-principal 

relationship, with such relationship between the firm and non-owner stakeholders 

emanating from social legitimacy (Gray, 1992; Gray et al, 1995; O’Donovan, 2002) which 

mandates the company to report its environmental performance (Woodward et al, 1996; 

Harvey & Schaefer, 2001).

Environmental stakeholders have become important stakeholder group that affect firms in 

the oil and gas industry both negatively and positively depending on how they are 

managed. Consistent with this argument, Harvey & Schaefer (2001) point out that some 

environmental stakeholder groups can exert significant adverse influence on an 

organisation, if their environmental concerns or expectations are ignored or not being 

properly addressed. For example, in the Nigerian oil and gas industry litigations against 

companies, pipe line vandalisation, kidnapping of oil companies’ staffs and disruption of 

oil and gas exploration and production in general are not unconnected to the fact that the 

local communities’ environmental demands are not being properly addressed or even not 

being addressed at all. Similarly, environmental regulatory authorities may affect firms 

negatively. For example, by prosecuting or penalising oil companies if they violate
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environmental regulations, in which case the company may incur legal cost or other related 

expenditure. Moreover, environmentally concerned general public, academics, media, 

NGOs etc may cause damage to the reputation of a company by producing, for example, 

incriminating publications against the company in question, if they feel that such company 

is not addressing or mitigating environmental degradations resulting from its operation. 

Some environmental stakeholders in the Nigerian oil and gas industry may influence oil 

and gas companies positively. For example, National Oil Spill Detection and Response 

Agency (NOSDRA) may assist companies on how to effectively clean oil spillage that 

have already occurred and may also advise them on how to prevent and minimise the 

occurrence of future oil spillages.

Different classes of environmental stakeholders in the Nigerian oil and gas industry may be 

affected by, or may affect oil companies. These environmental stakeholders include:

i. Host Communities

ii. Nigerian Regulatory Authorities/Agencies

a. Department of Petroleum Resources (DPR)

b. National Oil Spill Detection and Response Agency (NOSDRA)

c. National Environmental Standard and Regulation Enforcement Agency 

(NESREA)

iii. Nigerian Public including (Academics and other researchers, Nigerian Media, 

Pressure Groups and other Nigerian Publics).
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i. T h e H ost Com m unities

The host communities in the oil and gas industry are the people living and earning their 

lively-hood in the area where oil exploration and production activities take place. In 

Nigeria, host communities, mostly the natives living in the Niger Delta, suffer the most 

from the environmental degradation going on in the oil and gas industry for more than fifty 

years (1956 -  2011). Over 75% of the Nigerian oil and gas exploration and production 

activities are carried out in this region (Omofonmwan & Odia, 2009). Located in the 

southern part of Nigeria, where the tributaries of River Niger empty into the Atlantic 

Ocean, Niger Delta is made up of 8 states including Cross River, Rivers, Bayelsa, Delta, 

Ondo, Edo, Imo, and Akwa Ibom (Oloruntegbe et al, 2009; Omofonmwan & Odia, 2009). 

Niger Delta is rated among the ten most important, fertile wetlands and marine ecosystem 

worldwide (CCR & ERI, 2009). About 27 million Nigerians who depend on natural 

resources for their lively-hood live in the Niger Delta (United-Nations, 2006; Orubu et al, 

2004). They are mainly engaged in farming, fishing and other forms of agriculture 

(Omofonmwan & Odia, 2009). Devastation of water, air, soil and forest resources caused 

by intensive oil and gas exploration in the region has rendered the lives of the natives 

miserable (Oloruntegbe et al, 2009). In addition Niger Delta region was described as 

among the world’s worst cases of negatively petroleum-impacted ecosystems (CCR & 

ERA, 2009). Therefore, most of the instances of environmental degradations caused by oil 

and gas operations in Nigeria referred to in this study are in relation to Niger Delta Region.
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Environmental regulations in Nigeria have their foundation in the provision made by 

section 20 of the constitution of the Federal Republic of Nigeria 1999. This section 

provides that “the state shall protect and improve the environment and safeguard the water, 

air, land, forest and wild life of Nigeria” . In order to ensure the realisation of this 

constitutional objective, Nigerian government has enacted several related laws. 

Environmental laws relevant to the Nigerian oil and gas industry include: National 

Environmental Standard and Regulation Enforcement Agency (NESREA) Act 2007; 

Environmental Guidelines and Standards for the Petroleum Industry (EGASPIN) 2002; 

Environmental Impact Assessment Act (EIAA) 1992; National Oil Spill Detection and 

Response Agency Act 2006 and Associated Gas Reinjection Act of 1979 as amended 1981, 

1984 and 1988. It also created regulatory bodies and saddled them with the responsibilities 

of enforcing these laws and ensuring that they are complied with. The regulatory 

authorities and agencies relevant to the Nigerian oil and gas industry include: (a) The 

Department of Petroleum Resources (DPR), (b) National Oil Spill Detection and Response 

Agency (NOSDRA), (c) National Environmental Standard and Regulation Enforcement 

Agency (NESREA).

ii. Environmental Regulatory Authorities/Agencies in  N igeria
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Figure 3.1: Environmental Regulatory Authorities in the Nigerian O il and Gas Industry

a. The Department of Petroleum Resources (DPR)

DPR is a regulatory authority under the ministry of energy and petroleum resources, 

empowered by various laws with the duty of general regulation of the oil and gas industry 

in Nigeria. Therefore, various legal provisions in Nigeria confer on to the Department of 

Petroleum Resources the necessary authority to perform the following functions:
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■  Supervising all petroleum industry operations being carried out under licenses and 

leases in the country in order to ensure compliance with the applicable laws and 

regulations in line with good oil producing practices.

■  Enforcing safety and environmental regulations and ensuring that those operations 

conform to national and international industry practices and standards.

■  Keeping and updating records on petroleum industry operations, particularly on 

matters relating to petroleum reserves, production and exports of crude oil, gas and 

condensate, licenses and leases as well as rendering regular reports on them to 

Government.

■  Advising Government and relevant Agencies on technical matters and policies 

which may have impact on the administration and control of petroleum.

■ Processing all applications for licenses so as to ensure compliance with laid-down 

guidelines before making recommendations to the Honourable Minister of 

Petroleum Resources.

■  Ensuring timely and adequate payments of all rents and royalties as at when due.

■  Monitors Government Indigenization policy to ensure that local content philosophy 

is achievable.

This regulatory body could be identified as one of the most influential environmental 

stakeholders in the Nigerian oil and gas industry considering the definition of 

environmental stakeholder given in this section. Thus, DPR should have a significant 

influence on the environmental policies and environmental performance (including gas 

flaring-related environmental performance) of oil and gas companies operating in Nigeria,
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especially through the enforcement of the following three basic environmentally related 

regulations in the oil and gas industry. Environmental Guidelines and Standards for the 

Petroleum Industry (EGASPIN) 2002; Associated Gas Reinjection Act of 1979 and 

Environmental Impact Assessment Act (ELAA) 1992.

b . N a tio n a l O il S p ill D e tec tio n  a n d  R esp o n se  A g en cy  (N O S D R A )
NOSDRA is another environmental stakeholder that has a legal mandate to influence oil 

and gas companies on environmental impacts as they relate to oil spillage. The agency is a 

product of the Nigerian government effort to combat environmental degradations resulting 

from oil spillage especially in the Niger Delta. In 1999, the Federal Ministry of 

Environment formed a National Action Co-coordinating Committee as a forum for 

cleaning the Niger Delta. This committee had as its members Government Ministries, 

Agencies, oil companies, the academia and other nongovernmental organisations. The 

committee in turn formed four subcommittees, namely

■  State of the Environment Committee

■ Committee on Public Affairs

■  Oil and Gas Waste Management Committee

■ Oil Spill Response Committee

The Oil Spill Response subcommittee sprang into action immediately. In the year 2000, the 

subcommittee reconsidered the National Oil Spill Contingency Plan (NOSCP) drafted back 

in 1981. Although, the plan was also reviewed in 1997, it was the 2000 review that gave 

the impetus for the creation of NOSDRA. According to NOSDRA (2007) in as much as 

Nigeria is a signatory to the convention of Oil Pollution Preparedness and Response
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Corporation (OPRC), it must compulsorily prepare and implement NOSCP. Thus, on the 

basis of the recommendation of the subcommittee on Oil Spill Response, the Nigerian 

government created NOSDRA in 2003. However, the NOSDRA Act which was to legally 

bring the agency into being was not enacted until 2006. Specifically, the agency was 

formed to address the messy situation associated with oil spillage in both the upstream and 

downstream sector of the Nigerian oil and gas industry. Therefore, the two major 

objectives of NOSDRA are: One, to combat, reduce, control and prevent oil spillage in the 

Nigerian oil and gas industry. Two, coordinating the implementation of the National Oil 

Spill Contingency Plan (NOSCP) in Nigeria, in compliance with international convention 

on Oil Pollution Preparedness, Response and Co-operation (OPRC of 1990) to which 

Nigeria is a signatory.

c . N a t io n a l  E n v i r o n m e n ta l  S t a n d a r d  a n d  R e g u la t io n  E n f o r c e m e n t  
A g e n c y  (N E S R E A )

When the Nigerian government realised that there was almost absence of environmental 

laws in the country, following the dumping of toxic waste in Koko village at Delta State in 

1987, it enacted two environmental laws, and established Federal Environmental Protection 

Agency (FEPA) through the FEPA Act 1988. However, in 1999 the Federal Government 

combined FEPA with other relevant departments from other ministries to form the Federal 

Ministry of Environment, but this created a huge gap in relation to enforcement and 

compliance monitoring of the existing environmental laws. To fill this gap NESREA was 

created via the NESREA Act of 2007. NESREA could be identified as an important 

environmental stakeholder in Nigerian, because it oversees the enforcement of compliance 

to environmental laws, guidelines, policies, standards and regulations by all companies in
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all the industries in Nigerian, except oil and gas industry. As stated earlier, in general the 

power to regulate environmental issues in the Nigerian oil and gas industry is vested in the 

DPR. Therefore, as far as the Nigerian oil and gas industry is concerned NESREA can only 

give supportive or advisory assistance to DPR. Undoubtedly, this points to the fact that 

NESREA is an environmental stakeholder that has indirect legitimacy in the oil and gas 

industry through DPR. However, since DPR has many matters to regulate in the oil and gas 

industry, apart from environmental issues, it is expected that it (DPR) exploits this advisory 

support from NESREA to effectively regulate environmental matters in the oil and gas 

industry.

However, it is imperative to mention that though, it has been categorically stated in many 

instances in the NESREA Act (2007) that the Agency does not have the power to enforce 

environmental compliance in the oil and gas industry, there is one circumstance where the 

NEASREA Act under section 7 (c) gives the Agency the power to enforce environmental 

compliance with provision of international agreements, protocols, conventions and treaties 

on environment as they affect forestry, oil and gas sector and chemical production 

companies. Consequently, going by this provision it can be inferred that as far as 

international treaties, agreements, protocols and conventions are concerned, NESREA has 

the power to enforce environmental compliance in the oil and gas industry. In fact it is this 

very provision that informs the inclusion of NESREA among the regulatory environmental 

stakeholders in the oil and gas industry.
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iii. T h e  N ig e rian  G e n e ra l  P u b lic
This thesis identifies the general public as those Nigerian citizens and other groups, bodies 

or organisations that represent their (public’s) environmental interest; for example, the 

Nigerian media, Friend of the Earth Nigeria, Friends of the Environment, Environment 

Rights Mandate, Environmental Damages Grassroots Enlightenment (EDGE), 

Environmental Group of Onikan (EGO), Environmental Protection and Management Club 

(EPMAC) and Nigeria Environmental Study Action Team (NEST). The demand for 

environmental accountability from this class of environmental stakeholders emanates from 

both use values and non-use values. Basically, this is because in certain instances, 

environmental degradations resulting from firms in the country’s oil and gas industry affect 

the Nigerian public directly, for example, global warming caused by gas flaring. In this 

case the general public’s demand for oil and gas companies to be environmental 

accountable originates from injury to use value. However, a greater portion of these 

stakeholders’ demand for environmental accountability in the Nigerian oil and gas industry 

has injury to non-use value as its source; for example, the uncomfortable feeling that the 

Niger Delta environment is sustaining massive environmental damage.

3.7 S o u rces o f  S ta k e h o ld e rs ’ D e m a n d  fo r  E n v iro n m e n ta l  A c c o u n ta b ility
Generally, human beings attribute two types of values to the natural environment and its 

associated resources, for example clean air, water and water resources, mineral resources, 

soil and deposits in the earth crust. These values are known as Use Value and N on-U se  

Value (Robin, 1998; Turner et al, 2003; Hajkowicz, 2006). People attribute use value to the 

environmental resources when they directly utilise these resources for their livelihood, for
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example, the use of water for drinking, fishing and swimming; using the land for 

agriculture, building or mining and the use of air for healthy breathing. N on-U se Value is 

formed from the feeling of well being or contentment that people derive from the mere 

knowledge that the natural environment is not in serious danger (Hajkowicz, 2006; Burrit 

& Welch, 1997). It is a value attributed by people, living within or far away, to the 

knowledge that the aquatic life is not in danger, air and water are not being excessively 

polluted, no species are facing extinction, deforestation is minimised as much as possible 

and the ecosystem is not facing significant threat. It should be noted that host communities 

living in the areas where oil exploration and production take place attribute both use value 

and non-use value to the environment and resources located therein. In the spirit of 

sustainability, the whole world attributes non-use value to the environment. One example 

among the few cases in which the whole world attributes use value to the environment is 

global warming caused by GHG emission to which flaring of ANG is a contributor.

From the point of view of environmental ethics use value attributed to the environment and 

its constituent resources is classified as either ‘instrumental’ or ‘intrinsic’ . Therefore, in 

line with environmental ethics, concern for the environment which compels the 

environmentally conscious stakeholders to press their demand for environmental 

accountability to corporate bodies, either directly or indirectly through the relevant 

regulatory authority, emanates from ‘instrumental value’ or ‘intrinsic value’. Instrumental 

value is a kind of value assigned to things or objects that serve as means to other ends 

(Burrit & Welch, 1997). In other words instrumental value could be described as such 

importance attached to an object or thing because they could lead to or be means of getting
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to other targeted ends. For example, flora has instrumental value to human beings because 

it provides fresh air and oxygen; river has instrumental value to humankind as it provides 

fish and drinking water. However intrinsic value refers to that kind of value that objects, 

things or items have as ends in themselves. Example water has intrinsic value when it is 

used for drinking, bathing and washing; Land has intrinsic value when it is used for 

farming.

These two types of values are the major sources of concerns that compel environmental 

stakeholders to press individuals, companies or any polluter to be environmentally 

accountable. Consequently, the demand for firms to be environmentally accountable stems 

from damages inflicted to environmental resources to which the environmental 

stakeholders attach either use or non-use values. It is also logical to point out that those 

stakeholders who attribute non-use value to the environment are usually considered less 

important compared to stakeholders that attribute use value to the environment. It is for this 

reason that companies in the oil and gas industries refer to environmentally concerned 

individual, groups, or organisations who attribute non-use value to the environment as 

‘interested audience’ (IPIECA, 2006). However, for oil and gas companies to be 

environmentally strategic all relevant environmental stakeholders that attribute both use 

and non-use values to the environment should be considered important. This is because 

even the non-use value-related environmental stakeholders have significant long term 

influence on the companies (Harvey & Schaefer, 2001).
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Figure 3. 2: Values Attributed to Environment as Sources of Demand for Environmental 
Accountability

Natural 

Environment 

Valued as

Use value Non-use

Value

3.8 Summary and Conclusion

The review of literature in this chapter shows that corporate environmental accountability 

in the Nigerian oil and gas industry involves acceding to take responsibility for negative 

environmental impacts, by oil and gas companies, consequent of their activities in the 

industry and to be transparent by reporting the situation to the relevant environmental
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stakeholders (such as Niger Delta host communities, DPR, NOSDRA, NESREA, the 

Nigerian publics and other environmentally concerned spectators) including the efforts the 

companies are making to mitigate these environmental damages. Moreover, the greening 

of companies, and hence the intent to be environmentally accountable is driven by pressure 

from efficient environmental regulatory authority; adoption of voluntary environmental 

approach and pressure from other legitimate, powerful and urgent environmental 

stakeholders. In specifics, moreover, oil and gas companies will be in a much better 

position to demonstrate environmental accountability if they embrace the philosophy of 

corporate environmentalism (greening of their business/activities) through the mechanisms 

ofEIA andEMS.

At this juncture, the study begs the questions as to how can oil and gas industry in Nigeria 

demonstrate ANG flaring-related environmental accountability and how can this 

environmental accountability be assessed? Therefore, the next chapter (chapter four) will 

be devoted to review of literature involving discourse on demonstration and assessment of 

Corporate Environmental Accountability (CEA) via the combined forces of the two major 

components of environmental accountability [i.e. Corporate Environmental Responsibility 

(CERa) and Corporate Environmental Reporting(CERb)].
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4.1 In tro d u c tio n
The relevance of an empirical investigation conducted in order to explore insights into 

firms’ environmental responsibility behaviours as well as the reporting practices of such 

behaviours, cannot be over stressed. This is especially more so in the contemporary world 

of increasing global sustainability awareness. The nature of this type of investigation can 

be broken down into three fold. First, there is the aspect of the investigation that provides 

avenues for the evaluation of the extent to which firms, especially those operating in 

industries characterised by heavy pollution, have made efforts to clean up or alleviate their 

negative environmental impacts, including an evaluation of their proactive environmental 

behaviour (i.e. evaluation of firms’ environmental performance)10. The second aspect of the 

investigation involves the evaluation of adequacy and quality/substance of the 

environmental information reported (i.e. evaluation of environmental disclosures)11. The 

third aspect of this type of investigation involves blending the first two aspects in a single 

framework in order to facilitate more in-depth analysis of such issues as firms’ claim for 

positive environmental behaviour; whether firms disclosed environmental performance 

represents their actual environmental performance, and more importantly an attempt to 

answer the question: how environmentally accountable are the firms included in the 

investigation?

This study is of the view that the third aspect of the body of research described in the 

preceding paragraph is essentially about evaluation of firms’ environmental accountability.

10 This type o f  research is common to Environmental Economics, Environmental Accounting and 
Environmental Management fields o f  inquiry.
11 This type o f  research is predominantly conducted in the field o f  Social and Environmental Accounting  
Research.
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Therefore, this chapter is concerned with discussion of the components of environmental 

accountability (i.e. environmental responsibility and environmental reporting) and their 

related elements (i.e. environmental performance and environmental disclosure). It also 

involves review of studies dealing with the nature of the relationship between the two 

components via the two elements. In addition accessible literature on studies particularly 

concerned with social and environmental accountability in less developed countries is 

reviewed.

The chapter is structured as follows. Section two discusses components and elements of 

Corporate Environmental Accountability (CEA), and how they are related in general, and 

section three dwells on an in-depth discussion of Corporate Environmental Responsibility 

(CERa). Section four is devoted to detailed consideration of Corporate Environmental 

Performance (CEP), while section five reviews its measurements strategies. Section six 

presents discussions on Corporate Environmental Reporting (CERb) and its measurement 

strategies mainly using content analysis. Section seven discusses review of empirical 

studies particularly concerned with environmental reporting in less developed countries. 

Section eight presents review of research investigating the relationship between CEP and 

CED. Finally, section nine summarises and concludes the chapter.

4.2 C o m p o n en ts  o f  C o rp o ra te  E n v iro n m e n ta l  A cc o u n ta b ility  (C E A )
In general, most definitions of corporate accountability tend to focus on two major strands. 

The first strand involves taking responsibility for the consequences of company’s actions 

and decisions (both positive and negative) due to their activities and operations. The second
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is reporting to the relevant stakeholders both negative and positive consequences of the 

actions that the corporation has taken responsibility for. Based on these strands, two major 

components of environmental accountability can be identified. These are Corporate 

Environmental Responsibility (herein after CERa) and Corporate Environmental Reporting 

(herein after CERb). Al-Tuwaijri et al (2004: 447) clearly refer to these two components as 

elements of environmental accountability, while stating that “accountability includes 

heightened public scrutiny of both the firm’s environmental perform ance and its p ublic  

disclosure of that performance” .

In this study, CERa will be shown to be operationalised via Corporate Environmental 

Performance (CEP) while CERb is operationalised via Corporate Environmental Disclosure 

(CED). Again, it is also imperative to make it clear that in this study CERa and CERb are 

referred to as components of environmental accountability whereas their operationalised 

form (i.e. CEP and CED) are referred to as, following Al-Tuwaijri et al (2004), elements of 

environmental accountability. Logically, it therefore follows that analysing the association 

between the two variables, CEP and CED, can give insight into how environmentally 

accountable a company can be. Hence, the author holds the view that environmental 

accountability of companies can be evaluated via the analysis of the association between 

CEP and CED.
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Figure 4.1: Components and Elements of Environmental Accountability
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4.3 The Corporate Environmental Responsibility ( C E R a)

In this section CERa is discussed as an aspect and subset of the wider concept of Corporate 

Social Responsibility (CSR), in line with views of Shrivastava (1995), Gray et al (1996), 

DesJardins (1998), Chappie, Paul and Harris (2005), Lynes & Andrachuk (2008), Bisschop 

(2010). In the light of this assertion, CSR is defined as deliberate commitment by 

corporations to recognise and respond to social and environmental demands through 

sustainable goals (Lynes and Adrachuk, 2008). Indeed, Lynes and Adrachuk (2008) argue 

that it is not uncommon for scholars to make reference to CSR while discussing corporate 

greening (see for example, Gray, 1996; Adams 2004; Fig, 2005; Zivin and Small, 2005;
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Gray, 2010). In this same line of reasoning Chappie et al (2005) refer to it as environmental 

component of CSR. Therefore, CERa could be described as an aspect of the wider CSR 

which involves recognition of, commitment to and incorporation of environmental 

concerns into businesses’ overall strategic decision making process. Overall, the view of 

this definition is shared by such scholars as Mazurkiewicz (2004), Chappie et al (2005), 

Bisschop (2010).

Since CERa is generally viewed as an integral part of CSR, its evolution is inseparable 

from the evolution of the overall CSR. Consequently, the modem call for enterprises to be 

socially and environmentally responsible began with Carnegie’s book titled “The gospel of 

wealth” first published in 1886. In this book Carnegie demonstrated the classic plea for 

CSR constructed on two basic principles, namely the ‘charity p rin cip le ’ and the 

‘stewardship principle  The charity principle is a doctrine of CSR which requires the more 

fortunate individuals to assist the less fortunate members of the society. This assistance 

may either be directly or indirectly through such institutions as churches, settlement houses 

or community movements. Carnegie (1900) derived the stewardship principle from the 

Bible. The principle requires businesses and wealthy individuals to consider themselves as 

the custodians of the wealth and resources they hold and control as well as the environment 

within which they harness such wealth. Carnegie’s idea was that all properties or wealth, 

including natural resources, belong to the society as a whole. As such, producers are only 

holding these resources in ‘trust’ for the society in general. It can, therefore, be argued that 

it is the role of the businesses to expand the society’s resources through efficient
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investment and management (Carnegie, 1900). Thus, the principle of stewardship can be 

interpreted as the source from which the modem concept of CERa is derived.

The fact that corporations should accept responsibility for environmental degradation 

resulting from their operations and activities in the societal environmental has been 

variously stressed (Ullman, 1985; Gray et al, 1996; Des Jardins, 1998; Gray, Owen & 

Maunders, 1988). Over the past four decades firms have employed different strategies and 

approaches in relation to assumption of CERa. Others have employed these strategies in 

order to give the impression of being socially/environmentally responsible. Three 

approaches to CERa have evolved over the last four decades (Des Jardins, 1998; Glautier & 

Underdown, 2001; Gray, 2010). The three approaches (classical economics approach, 

neoclassical economics approach and sustainability approach) are discussed in the ensuing 

subsections.

4.3.1 Classical Econom ics Approach
Traditionally, the responsibility to protect the environment from degradations and damages 

was believed to rest on the shoulders of governments. As such, environmental protection 

was considered to be in the public interest (Mazurkiewicz, 2004). The classical economic 

view of CERa was built on the premise of the classical economic theory, which proposes 

that a firm has one and only one objective, which is to maximise profit. According to this 

theory a firm is said to be acting in the best interest of the society, if it operates within the 

confines of relevant legislations. Perhaps, the most prominent proponent of this approach is 

the famous economist, Milton Friedman. Indeed, the classical interpretation of the concept
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of social/environmental responsibility has been advocated by Friedman (1962: 144) in the 

following words:

“There is one and only one social responsibility of the business -  to use its 

resources and engage in activities designed to increase its profit, as long as it 

stays within the rules of the game, which is to say, engages in free and open

competition, without deception or fraud..........  Few trends could so

thoroughly undermine the very foundation of our free society as the 

acceptance by corporate officials of social responsibility other than making 

maximum profits for stockholders........”

The view implies that continuous economic growth alongside advancement in 

technological inventions would solve environmental degradation problems (Mazurkiewicz, 

2004; DesJardins, 1998) . The classical view of CERa does not accept the notion that firms 

have any direct environmental responsibility, but rather advocates that businesses 

collaborate with the society in pursuance of environmental goals freely in the market place 

(DesJardins, 1998). This indicates that businesses partake in the discharge of 

environmental responsibilities by operating competitively in the free market economic 

system, and do not assume any special environmental responsibility.

4.3.2 Neoclassical Econom ics View
The second approach emerged in the 1970s, and recognises the relevance of social and 

environmental objectives in relation to maximisation of profit. In other words, the 

neoclassical economic view maintains that profit ought to be pursued while at the same

12 The approach is consistent with exemptionalism paradigm and the consequentialism environmental moral 
philosophy discussed in chapter three and five respectively.
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time respecting the rule of ‘moral minimum’ (DesJardins, 1998). Roughly, moral minimum 

means avoiding excessive harm. Des Jardins (1998: 828) reports that Norman Bowie 

describes moral minimum as “protection of human health, safety and basic freedom”. 

Therefore, inclusion of the moral minimum into the scenario imposes some level of 

environmental responsibility on businesses by being recognised as one of the legitimate 

constraints on firms profit maximising objective. The central argument of neoclassical view 

is that maximisation of shareholders wealth still remains the main objective of corporations 

while recognising and accepting the fact that social and environmental responsibilities are 

among the many constraints to the shareholders’ wealth maximising objective.

Swanson (1995) points out that both classical and neoclassical view of corporate 

environmental responsibility have their origin from the consequentialism approach to 

environmental responsibility. Consequently, Swanson (1995) observes that although, 

neoclassical view recognises and incorporates social and environmental responsibilities 

into their strategic decisions, it never loses sight of the fact or reality that maximisation of 

profit is the main concern of business entities.

4.3.3 Sustainability View
Gray (2010) describes sustainability as an intricate mechanism employed by firms to 

address environmental issues, among others. Having critically reviewed the classical and 

neoclassical views to firms environmental responsibility, Des Jardins (1998; 831) argue 

that “business has a moral responsibility to ensure that its activities be ecologically 

sustainable” . Logically, sustainable approach to corporate environmental responsibility is
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concerned with incorporating environmental sustainability into the moral minimum 

principle which limits economics objectives. Des Jardins (1998) notes that businesses have 

the freedom to operate in the competitive market while pursuing profit motive with the rule 

of the game adjusted, such that the firms are obliged to leave the environment no worse off 

than it was before the start of their operations. This view is consistent with sustainability 

theory view -  which will be discussed in some details in chapter five. Nevertheless, in 

brief, sustainability theory proposes that, while pursuing whatever shareholders’ interest, 

business firms should at the same time make concerted efforts to improve their social and 

environmental performances so that the future generations are not deprived from achieving 

their own objectives.

Here the management strives to make decision that will reconcile the conflicting demands 

of its various stakeholders; e.g. employees demand for more wages and improved benefit 

plans, shareholders requirement for more dividend and greater capital appreciation, 

government requirement for payment of tax and operations within the confines of relevant 

legislations, and the community’s interest in social and environmental concerns, all within 

the framework that is acceptable to the society (Glautier and Underdown, 2001). The idea 

being portrayed here is that the management of the corporation should regard profit as a 

means to an end and not an end in itself (Glautier and Underdown, 2001). Thus, instead of 

seeking to maximise profit generally, the end result should be a satisfactory level of profit 

which is compatible with attainment of a range of sustainable development goals including 

environmental conservation.
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CERa is a construct described as being troublesome in terms of its measurement (Ingram & 

Frazier, 1980; Belkaoui & Karpic, 1989; Waddock and Graves, 1997; Patten, 2002; 

Orlitzky et al, 2003 Nawrocka & Parker, 2009), because it encompasses the degree to 

which companies have behaved in an environmentally conscious and responsible way or 

the extent to which these corporations have/have not taken responsibility for their negative 

environmental impacts. Since, it is a general consensus among scholars that measurement 

or quantification of this constmct is complex, it is proposed that the concept can be 

operationalised through the measurement of the efforts firms have made to ameliorate the 

negative environmental impact resulting from their activities and operations in the societal 

environment (Wood, 1991; Ilinitch et al, 1998; Tyteca, 1996; Waddock & Graves 1997). 

Simply put, the extent to which corporations have performed with respect to mitigation and 

reduction of environmental degradation is termed CEP (see Tyteca 1996). Technically, 

CERa is operationalised into CEP when corporations’ recognition of, and response to 

environmental concerns or impacts is translated into observable outcomes that show 

reduction or mitigation of negative environmental impacts.

When a particular aspect of environmental performance is expressed in a measurable 

quantity, it is referred to as an environmental indicator (Tyteca, 1996 & 1997). In general 

terms, Tyteca (1996: 281) defines environmental performance indicators as “analytical 

tools that allow one to compare various plants in a firm, or various firms in an industry or 

industries in an economy with each other and with respect to certain environmental

4.4 O pera tion alisin g  C o rp o ra te  E n v iro n m en ta l R esponsib ility  (C E R a): T he
C o rp o ra te  E n v iro nm en ta l P erfo rm ance  (C E P)
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characteristics.” An environmental indicator can be absolute, relative, static or prospective  

(Tyteca, 1996).

Absolute environmental performance indicators represent the simplest measurement of 

environmental degradation (for example, volume of gas flared in cubic meters) or 

environmental improvement (for instance, toxic emission reduction) without being related 

to any reference point. Absolute environmental performance indicator becomes relative if it 

is compared to a predefined reference point; for example an environmental regulation, 

standard, total sales or industry practice, (Tyteca, 1996).

A static environmental performance indicator is computed from the historical records of 

firm’s environmental activities. As such, it portrays the past environmental behaviour of 

companies (Tyteca, 1996). At the other end of the continuum, an environmental 

performance indicator can be prospective if firms wish to predict their future negative 

environmental behaviour or activities with a view to being more environmentally proactive.

Comprehensively, CEP is defined, in the light and wisdom of Wood’s (1991) definition of 

Corporate Social Performance -  considered as the most influential and generally acceptable 

(Waddock and Graves, 1997; Orlitzky et al, 2003; Martela, 2005) -  as corporation’s 

configuration of environmental responsibility principles, process of environmental 

responsiveness, policies, programs and observable outcomes as they relate to firm’s 

societal relationships.
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CEP measurement is one of the most centrally complex and problematic issues in the heart 

of CEA research. In support of this assertion, Ingram & Frazier (1980) reported that they 

had to rely on a proxy in order to measure the variable, because generally accepted method 

of measurement was lacking. Furthermore, existence of many different measurement 

methodologies and errors in the measurements themselves (Ingram & Frazier, 1980; 

Orlitzky, et al, 2003; Patten, 2002; Waddock and Graves, 1997), have caused problems 

associated with usage of firms’ environmental performance information by the relevant 

stakeholders. For instance, Ilnitch et al (1998) note that inconsistencies in the CEP 

measurement techniques limit the environmental stakeholders’ ability to use the variable in 

making objective and meaningful decisions. In addition, this is also partly responsible for 

lack of coherent theoretical stand-point or conclusiveness regarding CEP/CFP and 

CEP/CED relationships. Thus, many different environmental performance indexes were 

flooding environmental information arena so much so that Fried (1993) cited in Ilinitch et 

al (1998), reported that concerned environmental stakeholders began to clamour for 

‘standardised’ CEP measure capable of facilitating comparison over time and across 

companies.

Environmental performance measurement and evaluation is a common area of interest for 

Accounting (for example, Belkaoui & Karpik, 1989; Freedman & Jaggi, 1982; Jaggi & 

Freedman,1992; Ilinitch et al, 1998; Patten, 2002; Altuwariji et al, 2004; Cho et al, 2006; 

Clarkson, et al, 2008, Dawkins & Fraas, 2011b); Management (for example, Fombrun & 

Shanley, 1990; Hart & Ahuja, 1996, Russo & Fouts, 1997; Stanwick & Stanwick, 1998;

4.5 M easu rem en t o f C o rp o ra te  E n v iro n m en ta l P erfo rm an ce  (C E P)
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Dowell et al, 2000; Konar & Cohen, 2001; Lopez-Gamero et al, 2009; Hovathova, 2010) 

and Economics (for example, Fare, Grosskof, Lovel & Pasurka, 1989; Tyteca, 1996; Fare, 

Grosskopf & Tyteca, 1996; Tyteca, 1997; Fare, Grosskopf, & Hemandez-Sancho, 2004; 

Fare et al, 2005; Fare et al, 2006; Zhou, Ang, & Poh, 2006; Hajkowicz, 2006; Fare, 

Grosskopf, & Pasurka Jr., 2010; Cuesta, Lovell, & Zofio, 2009; Zhou, Ang, & Han, 2009).

In this section, the study reviews corporate environmental performance measurement 

strategies in the three disciplines, Accounting, Economics and Management, with a view to 

identifying the measurement technique that best suits this research in an attempt to side

step the measurement problems experienced by prior studies. For this reason, the study is 

looking for a measurement strategy that is standardised, supported by theory and has 

potential for general applicability.

Researchers in the three disciplines have approached the measurement of environmental 

performance using variously different methods and techniques ranging from simple 

qualitative techniques to complex quantitative tools. Discussion on how researchers in the 

three fields have attempted to measure the variable unfolds as follows:

4.5.1 M easurement o f CEP in the Environm ental Accounting L iterature
Ilinitch et al (1998) argue that in view of the fact that various companies’ stakeholders are 

becoming increasingly interested in environmental performance information, watch-dog 

groups, entrepreneurs, business-media, regulatory authorities, academics, consulting firms, 

the corporations themselves and many other rating agencies, have developed variety of
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indexes in an attempt to measure the CEP of firms. In support of this position Mathews

(1993: 6) argues that “ .....The position argued is that a more socially responsible

accounting may be justified and should be implemented, not to radically change society but 

to modify and improve our present system, by including measurement and reporting 

relationships which are currently excluded”. In the corporate environmental accountability 

parlance, scholars have used different techniques to measure CEP. In this connection 

Ilinitch et al (1998) observe that although, there has been growing interest and attention in 

the environmental activities of companies by different stakeholders, the accounting 

profession is lagging behind in assuming, in earnest, the role of defining, measuring and 

controlling the construct, CEP. They argue that accounting profession is an appropriate 

discipline for CEP metrics/indexes measurement, since among the subject matters of 

accounting are measuring, communicating and regulation of information about 

performance of business firms. Examples of instances, where CEP measurements were 

attempted in the environmental accounting literature are provided as follows:

Ingram and Frazier (1980) used the 1977 Council on Economic Priority (COEP) rating of 

US corporations to measure environmental performance. The authors argued that they had 

to use the Council’s rating, because generally acceptable means of measuring 

environmental performance of companies was lacking. They further justified the choice of 

COEP set of indexes as covering reasonable number of companies (50 firms at the time), 

and that the indexes represented third party independent evaluation of firms’ plant 

emissions into the environment.
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Belkaoi and Karpic (1989) utilised a survey conducted by Business and Society Review 

(BSR) among business people. In this study 45 leading US companies were rated with 

regard to their social/environmental performance. This is commonly referred to as industry 

rates itself, because managers of companies are asked to rate the performance of their 

corporation given the performance of their counterparts on several aspect of environmental 

management and response to environmental concerns expressed by green stakeholders.

Tyteca (1996) reports that BOS/origin, a Dutch consultancy firm, made an attempt in 1991 

to develop accounting-based environmental performance index. It was designed to be 

computed from comprehensive environmental accounting results in the context of annual 

accounts balance sheet. Tyteca (1996) gave a rough description of this measurement 

strategy as follows. Specifically, the index is developed from the spirit of value added 

statement. To compute this index total value lost to the environment, including yearly sum 

value of degradation caused to the environment by the firm’s operation and activities (VL) 

is deducted from the firm’s value added to the environment (FA) to arrive at the net value 

added (NVA).

NVA = VA — VL (4.1)

The NVA is then expressed as a ratio of VA in order to obtain environment performance 

index (£/).

£i = NVA/ VA <4-2)

This index can produce values ranging from negative number (indicating that damages 

caused are so significant that their monetary value exceeds the firm’s value added) to a
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positive number which may be greater than one, if the damages are significant and the firm 

committed large sum related to expenditure for environmental degradations abatement.

Hughes, Anderson & Golden (2001) also employed the Council on Economic Priority 

environmental performance rating. Specifically, the study utilised ratings of 100 US-based 

companies published in the Better World Investment Guide (BWIG) of 1991. The Council 

rates companies based on 3 categories which Hughes et al, for the purpose of their 

research, refer to as: Good, mixed, and poor performers.

Patten (2002) measured companies’ environmental performance by quantifying firm 

specific amount of toxic emitted into the environment. The study relied on the 1988 Toxic 

Release Inventory (TRI) of 500 top US companies. The variable incorporated size 

adjustment and this was done by dividing the TRI by the revenue/sales level attributed to a 

company. Moreover, the study used regression results to estimate expected toxic release. 

The expected release was then deducted from the actual release to arrive at unexpected 

release which the study used to represent CEP of the sampled firms.

Al-Tuwaijri et al (2004) measured CEP using a specifically designed quantification of toxic 

waste recycling and toxic waste generation. Thus, they developed an environmental 

performance index represented by a ratio of toxic waste recycling to total toxic waste 

generated. The authors claimed that the index they had developed possessed the first three 

attributes of good environmental performance measure advocated by the Coalition for 

Environmentally Responsible Economies (CERES). These three attributes are: (i)
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minimisation of pollutants; (ii) conservation of resources and (iii) reduction of waste. They 

further argued that this particular index could be generally applicable to all polluting 

industries.

Cho et al (2006) employed KLD indexing procedure to measure CEP for their sampled 

companies. The study exclusively relied on the environmental performance screened data 

related to environmental performance ratings of KLD. The KLD index rates companies on 

two opposing bases, namely environmental strength and environmental concern. 

Companies are rated as having high environmental strength if they: (i) engage in effective 

environmental planning; (ii) Create initiatives regarding environmental friendly use of 

natural resources and (iii) have established procedures to minimise the environmental 

impacts of their operations. On the other hand companies are rated as having high 

environmental concern if they: (i) reveal poor compliance records with environmental laws 

and regulation; (ii) emit hazardous or toxic substances in large quantities; (iii) fall behind 

their industry competitors in implementing preventive measures to reduce environmental 

impacts and (iv) generate a significant portion of their revenues from products or services 

that affect the environment negatively. It should be noted that KLD attributes a score of 0 

or 1 to each component of environmental strength or concern. In this study the authors 

assigned scores to the environmental concerns of the sampled companies ranging from 0 

(no environmental concern) to 5 (high environmental concern).

Clarkson et al (2008) relied on the US Environmental Protection Agency’s (EPA) Toxic 

Release Inventory (TRI) data base, and measure CEP as follows. They summed up the
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quantities of total toxic release (measured in pounds) and the aggregate toxic waste treated 

or processed separately. Reportedly, the authors used two measures of CEP. The first 

represented an expression of toxic waste treated or processed as a percentage of total waste 

generated. The second alternative measure was represented by a ratio of TRI to sales.

Similar to Cho et al (2006), Dawkins and Fraas (2011a) also used the ideology of KLD 

rating of environmental performance of companies in 2005. The authors specified the 

following advantages as their bases for choosing KLD index to operationalise the CEP of 

their sampled companies. They contend that the KLD metrics are advantageous because 

they (i) use an objective set of evaluative criteria; (ii) are consistently applied across 

companies by a specialised independent staff; (iii) employ a wide variety of company, 

government, NGO, and media sources and (iv) have been widely used in CSP/CEP 

research.
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Table 4.1: CEP Measurement Strategies in the Accounting Literature

Study Measurement Strategy Nature of Index
Ingram and Frazier 
(1980)

1977 Council on Economic Rating of 
US corporations

quantitative, relative & static

Belkaoi & Karpic 
(1989)

Business and Society Review (BSR). 
Industry rates itself.

quantitative, relative & static

BOS/origin (1991) Net Environmental Value Added 
approach

quantitative, relative & static

Hughes, Anderson & 
Golden (2001)

Council on Economic Priority 
environmental performance ratings

quantitative, relative & static

Patten (2002) 1988 Toxic Release Inventory (TRI) quantitative, relative & static

Al-Tuwaijri et al 
(2004)

toxic waste recycling and toxic waste 
generation

quantitative, relative & static

Cho et al (2006) KLD index quantitative, relative & static
Clarkson et al (2008) US Environmental Protection 

Agency’s (EPA) Toxic Release 
Inventory (TRI)

quantitative, relative & static

Dawkins & Fraas 
(2011a)

KLD Ratings 2005 quantitative, relative & static

Clarkson et al (2011) Australian Nation Pollution Inventory 
(NPI).

quantitative, relative & static

4.5.2 M easurem ent o f CEP in the Environm ental M anagem ent Literature
Like in the Accounting literature, measuring environmental performance of companies in 

the Management literature involves many different strategies as well. Most scholars in the 

management field are interested in the relationship between environmental management 

strategy or environmental performance and firm financial performance (Lopez-Gamero, 

Molina-& Azorin Clever-Cotes, 2009). James (1994) and Tyteca (1996) concur that 

environmental performance measurement goes to the very heart of business environmental 

management. Example of how researchers in this field approach measurement of the 

variable, CEP, is provided in the next couple of paragraphs.
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For instance, Hart and Ahuja (1994)’s measurement of environmental performance was 

represented by the emission reduction component of the Investor Responsibility Research 

Center (IRRC) ratings of companies. This metric implied that the higher the emission 

reduction the higher the environmental performance of the company, and conversely, the 

lower the emission reduction the lower the environmental performance of the company.

White (1995) adopted the ratings of Council on Economic Priority to measure the 

environmental performance of his sampled companies. The Council on Economic Priority 

index consists of three basic categories of environmental ratings based on which 

environmental responsiveness of companies is assessed. These are: (i) good environmental 

performers (ii) neutral environmental performers and (iii) poor environmental performers. 

Essentially White’s rating of his sampled companies’ environmental performance 

represented scores on the basis of these three categories.

Russo and Fouts (1997) evaluated the relationship between environmental performance and 

profitability of companies whose environmental performance had been rated by the 

Franklin Research Development Corporation (FRDC). The study relied on the scores 

provided by the FRDC which were based on the following criteria: environmental 

compliance records, environmental expenditure, waste reduction and support for 

environmental protection organisations. The authors justified the choice of FRDC rating, 

arguing that it was consistent with their theoretical framework which emphasised on 

compliance and protection efforts by firms.
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Stanwick and Stanwick (1998) measured environmental performance of US corporations 

compiled and listed by the fortune magazine’s Corporate Reputation Index (CRI) for the 

years (1987 to 1992). But before a company qualified as a member of their sample, it must 

have a complete TRI data set for the relevant years. Basically, the CEP index was 

calculated as the total toxic emission divided by the annual turnover of the company in 

question.

Gottsman and Kessler (1998) relied on the Investor Responsibility Research Center (IRRC) 

data base in order to measure environmental performance of the firms in their sample. 

Companies in the sample were classified into four revenue normalised environmental 

performance measures. These are: (i) emission efficiency; (ii) compliance to emission 

regulations; (iii) spill frequency and (iv) waste generation rates. Scores were allocated to 

the firms regarding their performance in each category. What a firm scored in each 

category was then compared to industry median score (i.e. 50th percentile13) to establish its 

environmental status in the sample. On this basis firms scoring above the industry median 

were recognised as good performance, while those that scored below the industry median 

were labeled poor performers.

Dowell et al (2000) assessed the environmental performance of US companies operating in 

less developed countries. Their sample is divided into three categories, depending on the 

level of compliance with US environmental regulations, host countries’ environmental 

standards or the company’s stringent environmental standards. Basically, the study

13 A  percentile represents a value on a scale of 100 used as a threshold for determining whether other 
observed values are either above or below it.
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measured the environmental performance of these companies using categorical 

environmental standards compliance index. The categories based on which the companies 

were scored were specified by the authors as follows: (i) firms which comply with local 

environmental regulations when operating in developing country (30% of the study 

sample); (ii) Firms that apply US environmental standards when operating in developing 

country (10% of the study sample) and (iii) companies that apply their own internal 

environmental standards which are beyond any national standards including US when 

operating in developing country (60% of the study sample). The authors created two 

dummy variables to represent the choice of compliance with environmental standards 

constituting corporate environmental performance measurement. It should be noted that the 

study relied on the Investor Responsibility Research Center (IRRC) corporate 

environmental profile data set.

Konar and Kohen (2001), for the purpose of their study, developed two environmental 

performance measures, namely, toxic release inventory emission level and pending 

environmental related litigation. While the former metric was specifically measured as 

toxic chemical release in 1988 divided by the total revenue (to neutralise size), the later 

environmental performance index was measured by the number of environmental law suits 

against the firms in 1989.

Elsayed and Paton (2005) utilised list of UK companies that had been rated by the 

Management Today survey of the Britain Most Admired Companies (BMAC) in order to 

measure the environmental performance of their sampled firms. Specifically, the authors
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used the Management Today’s community and the environmental responsibility scores as 

surrogate for firms’ environmental performance. The rating method of Management Today 

involves selecting and asking 10 public companies from each of the UK’s 25 sectors to 

assess the environmental performance of their counterparts or peers.

Eamhart and Lizal (2006) used air pollutants released into the environment by plants 

located in the Czech Republic for the years 1982 and 1998 in order to measure the 

environmental performance of Czech companies. Thus, reduction rates of the air pollutants, 

[carbon monoxide (CO), sulfur dioxide (SO2), particulate matter and nitrous oxide (NOx)] 

are considered, in the study, as proxies for corporate environmental performance. Note that 

these measures are examples of absolute environmental performance indicators.

Lopez-Gamero et al (2009) used ordinal scale measurement strategy to develop 

environmental performance of companies. Specifically, they employ 1 - 7  points likert 

scale in order to rate the self-perception of managers on the environmental performance of 

their companies. In essence, the authors designed questions that required managers to 

position their companies on the scale of 1 to 7 regarding such environmental issues as 

resources use efficiency, emission reduction, residues and acoustic pollution.
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Table 4 .2 : CEP Measurement Strategies in the Management Literature

Study Measurement Strategy Nature of Index
Hart and Ahuja 
(1994)

Emission reduction component of the 
Investor Responsibility Research Center 
(IRRC) ratings of companies.

quantitative, relative and 
static

White I (1995) the ratings of Council on Economic 
Priority

quantitative, relative and 
static

Russo and Fouts 
(1997)

Franklin Research Development 
Corporation (FRDC) Rating

quantitative, relative and 
static

Stanwick and 
Stanwick (1998)

US fortune magazine’s Corporate 
Reputation Index (CRI)

quantitative, relative and 
static

Gottsman and 
Kessler (1998)

Investor Responsibility Research Center 
(IRRC) data base

qualitative, Relative and 
Static

Dowell et al (2000) Investor Responsibility Research Center 
(IRRC) data base. CEP is nominally 
measured

qualitative, Relative and 
Static

Konar and Kohen 
(2001),

1. toxic release inventory emission level
2. pending environmental related litigation

1. quantitative, relative and 
static 2. quantitative, 
absolute and static

Elsayed and Paton 
(2005)

Management Today’s community and 
the environmental responsibility scores

quantitative, relative and 
static

Eamhart and Lizal 
(2006) reduction rates of the air pollutants (CO, 

S02 NOx)1

quantitative, absolute and 
static

Lopez-Gamero et al 
(2009)

ordinal scale measurement strategy (a 
likert scale of 1-7 points)

qualitative, relative and 
Static

4.5.3 M easurem en t o f C E P  in the E n viro n m en tal Econom ics L ite ra tu re

Although, there were many attempts to account for environmental pollutions in the 

measurement of firms’ productive efficiency (see for example, the work of Pittman, 1983, 

Fare, 1989, Fare et al, 1993, Hetemaki, 1993 in Tyteca, 1996), the work of Tyteca (1996) 

marks the turning point for measurement of ‘standardised’ and ‘pure’ environmental 

performance index in the environmental economics literature. Studies conducted prior to 

Tyteca (1996 & 1997), did not make specific attempt to define and quantify ‘pure’ 

environmental performance indexes, but rather they emphasised on the general productive
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efficiency measurement that accounted for environmental impacts. Tyteca (1996), first 

reviewed literature on the prior studies in respect of measurement strategies of 

environmental performance, concluding, in this regard, that such prior attempts to measure 

‘pure’ environmental performance are disparate, non-standardised and lack general 

applicability across firms, industries or nations. This is consistent with the view expressed 

by Ilinitch et al (1998). Specifically Tyteca (1996: 282) states the aim of his study in the 

following words:

“We look for one (or a few) instrument(s) that would allow us to account for the 

various possible environmental impacts of industrial activities, and to compare 

in this respect analogous units in a set, i.e. either plants in a firm or firms in an 

industry or even industrial sectors in an economy, or to monitor the behaviour 

of any of these units over time.”

It can be inferred from this aim that Tyteca (1996) sets the foundation for subsequent 

works (e.g. Tyteca, 1997, Zaim, 2004; Zhou, Ang & Han, 2009) on nonparametric activity 

analysis methodologies or Data Envelopment Analysis (DEA), which facilitates the 

construction of “pure” environmental performance indexes with general applicability. The 

methodology of DEA has evolved so significantly that it even facilitates measurement and 

evaluation of environmental performance for countries (see for example, Fare et al, 2004; 

Zaim, 2004). In addition, it also facilitates panel and time-series analysis of environmental 

performance via DEA window and analysis and Malmquist indexing method respectively.

In the literature of environmental economics, there exist two general approaches to the 

measurement of environmental performance, namely parametric and nonparametric
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approach. Parametric approach involves those techniques that require a priory weights, 

uniform unit of measurement and other relevant econometric requirements in order to 

measure environmental performance (see the work of Caves, Christensen & Diewart, 1982; 

Pitman, 1983; Fare, Grosskopf, Lovell & Yaisawemg, 1993; Hetemaki, 1993 in Tyteca 

1996; Fare et al, 2005; Fare et al, 2006; Cuesta et al 2009).

Nonparametric approach14, on the other hand, involves the use of Data Envelopment 

Analysis (DEA) based on the mathematical technique of linear programming to develop 

environmental performance index for homogeneous decision making units that are using 

similar multiple inputs to produce multiple desirable and undesirable outputs (Hua & Bian, 

2007). According to Fare, Grossckopf & Tyteca (1996: 162) five major advantages 

associated with parametric approach or Activity Analysis (AA) are:

“(1) a clear and obvious standardisation since all units are ranked using score 

from 0 (worst performance) to 1 (best performance); (2) an important flexibility 

since various versions of the model, stressing important aspects in different 

ways, can be formulated easily; (3) the robustness of (non-)linear programming 

method used to compute the indicators; (4) the fact that one does not need to 

defined factors to weigh the various (polluting) impacts of a firm since weights 

are self defined by the AA models in the computation of the efficiency

scores.... ; (5) the explicit reference to best practice, which is indeed the

essence of the AA models.”

One additional advantage pointed out by Sale & Sale (Undated) is that AA approach does 

not assume any functional association between the production inputs on one hand and the

14 It is also referred to as Activity Analysis (AA) in the literature.
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desirable and undesirable production outputs on the other hand. Hua and Bian (2007) note 

that DEA as a nonparametric tool, as used within the realm of environmental economics, 

relies on linear programming techniques to measure and compare the environmental 

performances of similar Decision Making Units (DMU) that produce the same multiple 

desirable outputs and pollutants using similar and multiple production inputs.

Generally, DEA or activity analysis methods of measuring environmental performance are 

formulated in reference to two alternative improvement technologies in relation to 

undesirable production outputs, namely strongly disposable technology and weakly 

disposable technology (Fare et al, 1989; Tyteca, 1996; Hua & Bian, 2007). Under strongly 

disposable technology, DMUs can discharge pollutants or bad output freely without 

incurring any cost. As such, a production process is said to possess strong disposability 

property if its resultant undesirable outputs are freely disposable. CO2 emission other than 

that resulting from ANG flaring by companies operating in the upstream sector of the 

Nigerian oil and gas industry constitutes an example of strongly disposable undesirable 

output.

However, a production process, in relation to bad output, is said to exhibit weakly 

disposable technology, if the disposal of such bad output cannot be carried out without 

incurring any form of cost. It is argued that weakly disposable technology is applicable in a 

situation where by reduction in bad output results to a decreased production of desirable 

output as an opportunity cost (Zaim, 2004). It may also be that the reduction in the bad 

output, in compliance with relevant environmental regulations, causes the DMU to incur
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certain cost (Zofio and Prieto, 2001). Within the frame of DEA formulation, this cost is 

incorporated as an opportunity cost which takes the form of unwanted decreases in the 

desirable production output (Zaim, 2004). However, when the relation between the 

pollutant and one or more desirable output, is asymmetric15, the resultant decrease in the 

desirable output is used as a convenient way of incorporating the weak disposability 

property into the modeling (Fare et al, 1989).

There are many studies that have relied on the formulation of DEA models for the 

development of environmental performances indexes (see for example, Fare et al, 1989; 

Fare et al, 1996; Tyteca, 1996; Tyteca, 1997; Seiford & Zhu, 2002; Fare et al, 2004; Zhou 

et al, 2006; Zhou et al, 2009). However, this study stream-lines and focuses particularly on 

the works of Fare et al, 1989, Tyteca (1996) and Tyteca (1997)16.

Fare et al (1989) adopted Pittman (1983) idea for modeling desirable and undesirable 

outputs separately. But their approach differs from that of Pittman (1983) because it 

involves modification of Farrell (1957) modeling of technical efficiency to measure 

performance and the specification of Shepherd (1970) directional distance function as its 

reciprocal (see Fare & Grosskopf & Whittaker, 2004). Basically, Fare et al, (1989) used 

hyperbolic efficiency measures to develop productivity efficiency indexes which accounted 

for environmental pollution in the framework of both strongly disposable technology and

15 For instance, increase in the volume of ANG flared will lead to a proportional decrease in the volume of 
associated gas utilized.
16 This is basically because the available/accessible data set collected for the measurement of gas flaring- 
related environmental performance and the asymmetric nature of the relation between ANG utilized and 
ANG flared deem the combined adoption of the two approaches appropriate. Consequently, the researcher is 
of the view that reviewing other approaches that are not directly relevant to this study is tantamount to 
unnecessary distraction.
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weakly disposable technology. Since, flaring of ANG by companies operating in the 

Nigerian upstream sector, forces oil and gas companies to incur certain costs; it is the 

assumption of weakly disposable technology that is appropriate in this study. For this 

reason, Fare et al (1989) formulation of the case for strongly disposable technology is not 

reviewed, because it is not relevant. The case for weakly disposable technology as modeled 

by Fare et al (1989) is presented as follows:

Given n independent DMUs, represented by DMUj(j = 1,2,3, ....,n). Each DMU uses m 

inputs, denoted by x*y(i = 1,2,3,....,m) to produce s desirable outputs denoted by 

yrj (r  = 1/2,3, ....,s) and emits u undesirable outputs denoted by bkj(k = 1,2,3, ....,u)17. 

The case for weakly disposable technology as in Fare et al (1989):

£j = max A

Subject to

n

n
(4.3)

71

j = 1

Zj >0, (j = 1,2,3,.

17Note: this assumption applies to all models reviewed herein after.
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Where:

X = Productivity performance index which accounts for pollutants 

z = Intensity variable18 (Note: at optimum efficiency X = 1) 

x = Production input

x0= Production input of the focused DMU

y — Production output

yQ= Production output of the focused DMU

But the presence of A-1 or -  in the bad output constraint has rendered the problemA.
nonlinear. Therefore, to convert this nonlinear bad output constraint, 

A-1b0 — Y j=1 Zjbkj = 0, to an approximated linear expression, Fare et al (1989) suggests 

that it is replaced with the approximation: 2b0 — XbQ — Ey=i Zjbkj = 0. Therefore, the 

model can be restated as follows:

E0 = Max X0 

Subject ton
Xy0 -  ^  zjyrj <0, (r = 1,2,3,...., s)

7 = 1n
x0 -  zjXij >0, (i = 1,2,3,...., m) (4.4)

7 = 1 n
2bo -X b 0 -  ^  zjbkj = 0, {k = 1,2,3,...., u)

7 = 1

z > 0, 0 = 1,2,3, ....,n)

18 These are weights whose values keep changing in the process of linear programming methods of solution, 
iteration, until the optimal weight or weights are determined.
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At this point, there is the need to explain three important characteristics exhibited by this 

formulation. First, the model represents an output orientation, because the productivity 

performance index (A) of the focused DMU is attached to, or is in respect of, the desirable

production output (y). Second, the fact that the coefficient of the bad output (A-1 or

represents the inverse of efficiency index (A) as shown in 4.3, is an indication that the bad 

output (b) and the desirable production output (y) are treated asymmetrically. Third, 

environmental performance index is computed indirectly.

The first attempt to model pure environmental performance index was made by Tyteca 

(1996). Tyteca (1996) formulates this index based on the earlier formulation by Fare et al 

(1989), with additional modification such that the value of the index lies between 0 and 1. 

Unlike the earlier index developed by Fare et al (1989), Tyteca (1996) derives three 

different environmental performance indexes directly from three varied formulations, 

namely, Undesirable Output-oriented (UO) model, Input Undesirable Output-oriented 

(IUO) model and Normalised Undesirable Output-oriented (NUO) model. Among these 

three different DEA formulations, it is the NUO model that is particularly relevant and 

appropriate for this study19. The formulation of this DEA model as presented in Tyteca 

(1996 & 1997) is given below:

19 The researcher’s decision to adopt this particular DEA model is justifiable on two basic grounds. First, data 
on the production inputs of the sampled oil and gas companies is inaccessible. Second, this formulation is the 
closest to the techniques employed by research (for instance Jaggi and freedman, 1992; Patten, 2002; Al- 
Tuwaijri et al, 2004closest to this study, to measure environmental performance.
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min 9 = e,e,z
Subject to

n
y0 -  zjVrj (r = 1*2,3, -  • > s). (4.5)

j =1
n

9b0 -  ^  Zybfcy = 0, (fc = 1,2,3,...., u).
;=1

Zy > 0, 7 = 1,2,3,....,n.

Two important properties exhibited by 4.5 above are that: (1) unlike Fare et al (1989) 

formulation, the model is input-oriented. (2) The model assumes that the effects of inputs 

are constant, and therefore excludes them from the model. Note that in chapter six, it will 

be demonstrated in detail how the Fare et al (1989) and Tyteca (1997) models are 

combined together in formulating a DEA model that suits this study’s measurement of gas 

flaring-related environmental performance index.

Table 4. 3 Relevant CEP Measurement Strategies in Economics Literature

Study Method Nature of the Index
Fare et al (1989) Data Envelopment Analysis Asymmetric undesirable output index
Tyteca (1996 & 
1997)

Data Envelopment Analysis Pure environmental performance index

Furthermore, the researcher holds the view that it is imperative to review Jaggi & 

Freedman (1992) non-DEA model at this point20. This is because, although the index is not 

supported by the theory of productive efficiency or any other theory, it has been modified 

by Tyteca (1997) and Fare et al (1996) in such a way that it can be used for comparison

20 Note that other studies in the environmental accountability literature that used similar approach to Jaggi &
Freedman (1992) for the measurement environmental performance include Patten (2002) and Al-Tuwaijri et
al (2004).
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with other DEA-based measures of environmental performance21 22 23. The modified J&F 

measure of environmental performance represents an example of aggregate and normalised 

environmental performance indicator. In its somewhat original and generalised format, of 

course as modified by the researcher, the index is modeled as follows:

Given a set of pollutants (bltb2,b3, .... bn) emitted by a DMU in producing a desirable 

production output (y), the pollutants can be normalised as follows:

Ibi =  ^ 1/ y >  Ib2 =  ^ 2/ y  > I b 3 = 3/ y , . . . . . . . . . . . . . , Ibn = ^n/ y  (4.6)

They (pollutants) are then aggregated to obtain the environmental performance index,

whose value lies between 0 to lOOn , as follows:

£0 = (100n)
/hi

+
lbr lb.

max(Jb) ma xQb) ma x(/b)
+ ••• +

Ibr
ma x(/b)

(4.7)

However, Tyteca (1997) modifies 4.7 such that the value of the environmental performance 

index (s0) lies within the range (0 to 1). Therefore:

£0 = -n
min (lb) min(/b) min(/h) min (lb)

/hi lb. lb. lb.r
(4.8)23

21 Both studies documented that the non-DEA-based method produced values less than the DEA-based 
method.
22 For example, if n = 3 the value of the index will lie between 1 and 300, and when n = 5, the value will be 
between 1 and 500.
23 It is important to note that J&F model works in situations where the undesirable production outputs are 
produced along with single desirable production output. The approach is also feasible if two or more 
desirable production outputs can be combined to obtain one output. For instance, where available , overall 
profit or turn over can be adopted as the single desirable production output representing all other desirable 
production outputs of a firm. However, in this study the two available desirable production outputs, crude oil 
and ANG utilized, are expressed in common unit of measurement (cubic meter) and the aggregation of the 
two is called Hydrocarbons produced in cubic meters, and this represents the single desirable production 
output to be used in developing J&F non-DEA gas flaring-related environmental performance index.
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Reporting environmental impacts, as an aspect of ethical reporting or CSR reporting, by 

companies as a result of their activities in the environment has come a long way since 

1970s (Mathews 1997, Gray et al, 1996; Parker, 2011). Initially, reporting of 

environmental information had been uncommon and mostly voluntary and there was no 

uniformity as to the reporting practices and the report format among companies (Mathews, 

1997; Adams, 2004). It has been observed that ethical reporting has been on a consistent 

increase since the mid 1980s, and there exists an impressive body of research on ethical 

reporting by multinational and local corporations (Harte & Owen, 1991; Roberts, 1991; 

Deegan & Rankin, 1996; Mathews, 2000; Adams, 2004). Ethical reporting is described as a 

system of disclosure of information about employees, charitable donations and 

environmental issues (Harte et al, 1991; Adams, 2004). Therefore, reporting on 

environmental issues by corporate bodies often forms part of ethical reporting, CSR 

reporting or sustainability reporting (Adam, 2004; Gray, 2006; Gray, 2010). With regard to 

sustainability reporting, however, Adams (2004) observes that an acceptable sustainability 

report ought to be transparent and should represent an honest effort to provide relevant 

information regarding both negative and positive aspect of social and environmental 

impacts.

Following incessant calls and pressure from environmental stakeholders and other 

environmentally concerned groups, NGOs, international organisations etc (Tyteca, 1996; 

Illinitch, 1998; Boesso & Kumar, 2007), companies, especially those whose activities 

degrade the environment were forced to start engaging in the management of their

4.6 T he C o rp o ra te  E n v iro nm en ta l R ep o rting  (C E R b)
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environmental impacts and reporting same to their environmentally concerned stakeholders 

(Azzone et al, 1997; Harvey & Schaefer, 2001; Shmueli & Gal, 2005). Larsen (2000) 

notes that not too long ago often reference to environmental performance of firms was only 

made as a short paragraph in the annual account and reports, vaguely alluding to the fact 

that the company was making all concerted efforts to protect the environment. During this 

period quantitative environmental indicators or “hard” environmental disclosure (see 

Clarkson et al, 2008) that would enable independent evaluation of companies’ 

environmental performance was being hidden (Larsen, 2000). Although, reporting on 

environmental impacts, has increased significantly, but it still remains voluntary in most 

cases. This is the reason why some companies, especially those operating in the developed 

part of the world, report extensively on their environmental impacts, others report 

moderately and yet other companies, especially those operating in less developed countries, 

report little of such information. In this regard, Azzone et al (1997) posit that companies 

that communicate environmental information to their stakeholders may be reporting at any 

of the levels presented in figure 4.2 depending on how transparent the company intends to 

be. As such, it is clear from the figure that, companies reporting at the top of the hierarchy 

are ideally more environmentally transparent than companies reporting at the bottom of the 

hierarchy.
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F igure 4.2: Levels for R eporting E nvironm ental Inform ation

Level 1: Green glossies, 
newsletters, Short statements 

in annual reports

Level 2: One-off environmental report 
often linked to first policy statement

Level 3: Annual reporting linked to 
environmental management system

Level 4: Provision o f full TRI-style performance data 
or similar report on annual basis

Jm

Level 5: Sustainable development reporting, linking 
environmental, economic and social aspects o f corporate 

performance
4

Source: Azzone et al (1997)

W hile encouraging companies to embrace sustainability reporting at level 5 o f  figure 4.2, 

Krut and Moretz (2000) argue in support o f global environmental reporting via global 

sustainability report in addition to national or local environmental reporting. Examples o f 

voluntary bodies that produce guidelines for environmental reporting in the context o f 

sustainability report include Global Reporting Initiative (GRI), AccountAbility and 

International Petroleum Industry Environmental Conservation Association (IPIECA).
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Deegan and Rankin (1997) stress that, users who regard environmental information as 

material to their decision making, would require such information to have good qualities. A 

number of qualities have been attributed to good environmental accounting report. For 

instance, Azzone et al (1997) argue that irrespective of its identified objective or targeted 

audience, an environmental report should remain adequately relevant, reliable, 

comprehensible and comparable. Azzone et al (1997: 700) refer to these four qualities of

environmental accounting report as “ ..........  the four essential pillars on which any

credible environmental report must be based.........”

The concept of reliability as a good trait of environmental report has been generally 

acknowledged (Azzone et al, 1997; GRI, 2006). It could be described as the level of 

confidence that the environmental report audience have on the contents of the report. It 

means that the readers of the report are convinced that what is reported and claimed by the 

company in the report is justifiable and data presented is reasonably free from misstatement 

and bias. Independent verification of environmental report is mostly recognised as an 

acceptable means of confirming the reliability of environmental report. Comparability is a 

quality of environmental report that relates to weighting firm’s report against other 

environmental reports of the same entity over time, or against the environmental report of 

other firms operating in the same environment. While successful comparison of 

environmental report of entity over time depends, to a large extent, on the internal 

consistency in reporting practice of that firm, cross-sectional comparison may be successful 

among firms, if they prepare their report in compliance with a common point of reference.

4.6.1 Q ualities o f E n v iro n m en ta l R ep o rt
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This common point of reference may be a legal standard, voluntary guidance (for instance, 

GRI or IPIECA) or commonly developed industry practice. Relevance, as a quality 

environmental report, is directly connected to the environmental information needs of 

company’s identified green stakeholders. It is for this reason that consultation with 

environmental report audience is essential when determining and deciding on what 

environmental information to report. Indeed, the importance of stakeholder inclusivity in 

relation to ‘relevance’ , as a quality that environmental report should possess, has been 

stressed (GRI, 2006; Fassi, 2009). Therefore, relevance in this connection is to do with 

including all material and useful environmental information required by the identified 

green stakeholders. Lastly, Comprehension is a trait that relates to the clarity of the 

reported environmental information. Thus, the information being reported should be 

presented in such manner that it is comprehensible to wide variety of the targeted 

environmental report audience.

4.6.2 M andatory Environmental Reporting
Environmental reporting is in most cases voluntary, but it is mandatory in some other 

instances (Bebbington & Thy, 1999; Frost & English, 2002; Lee & Hutchison, 2005; 

Cowan and Gadenne, 2005; Mobus, 2005). Criado-Jimenez, et al, (2008) observe that the 

credibility of voluntary environmental reports as means of communicating actual 

environmental behaviour has been variously doubted (e.g. Ingram & Frazier, 1980; 

Ullmann, 1985; Rockness, 1985, Hughes, 2001, Adams, 2004; Gray, 2006) or some 

companies may opt not to provide the information, if such disclosure is left at their 

discretion (Freedman & Patten, 2004). This led to the agitation for regulated environmental
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reporting in the environmental accountability literature (Gray et al, 1996; Freedman & 

Patten, 2004; DeTienee & Lewis, 2005). In this regard, it is observed that loud call for 

governments to regulate the environmental reporting practices of companies has resulted in 

the introduction of mandatory environmental disclosure guidelines in several countries, 

mainly the developed ones; for example, US, UK, Australia, Netherland, Denmark, China, 

Spain, Sweden, Finland Portugal and France. (Frost & English, 2002; Frost, 2007; Criado- 

Jimenez, et al, 2008). Mandatory environmental reporting involves the disclosure of 

environmental information by companies, mostly in annual report, in compliance to 

statutory regulations or laws. In some countries, for example Netherland, mandatory 

environmental reports are required by environmental regulatory authorities for the purpose 

of assessing companies’ compliance with relevant environmental regulations. In support of 

mandatory environmental reporting, it has been argued that without some level of 

regulations, discretionary environmental disclosures alone is not likely to see presentations 

of consistent, uniform and comparable environmental reports across companies (Lee & 

Hutchison, 2005). Since the function of voluntary environmental disclosure as a means of 

portraying environmental accountability by firms has been faulted (Adams, 2004; Gray, 

2006; Frost, 2007), and questioned (Criado-Jimenez et al, 2008), perhaps mandatory 

environmental disclosure should be tried out because, so the argument goes, it enhances 

consistency and the quality of environmental information (DeTieni & Lewis, 2005; Lee & 

Hutchison, 2005).

Despite the potential benefits of mandatory environmental disclosure briefly discussed 

above, some researchers have criticised this form of environmental reporting (see Blossom
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1994, Hutchison, 2000; Lee & Hutchison, 2005; Frost, 2007). For instance, Lee & 

Hutchison (2005) note that, though laws and regulations may require compulsory 

environmental disclosures, wordings and interpretations can adversely affect the value of 

the environmental information being communicated. Similarly, Frost (2007), reports that 

stakeholders describe the compliance requirements of Australian environmental disclosure 

provision24 as ambiguous.

In Nigeria, reporting of environmental information to the general public has remained a 

voluntary practice (Disu and Gray, 1998, Owolabi, 2009), not only in the country’s oil and 

industry, but also in other industries of the country. Therefore, in this study, reference to 

environmental disclosure in Nigeria means voluntary disclosure.

4.6.3 Voluntary Environmental Reporting
Voluntary environmental reporting has its root from Deontology, a philosophy of 

environmental ethics25. According to Swanson (1995), corporations that embrace 

deontology as their environmental philosophy deem it a duty upon themselves to 

voluntarily take responsibility for their negative environmental impacts, ameliorate the 

impacts and report the situation to their relevant environmental stakeholders. In general, 

environmental reporting has essentially remained a voluntary practice for quite a long time 

(Wilmshurst & Frost, 2000). Larsen (2000) contends that voluntary environmental 

reporting is driven by two major motives namely Improving Image and Duty to the

24 Section 299(1) Requirements and Adequacy of Current reporting Practices in Australia was described as 
vague and unclear.
25 In the context of corporate environmentalism, deontology could be described as duty-aligned 
environmental ethic which argues that corporations should take it a moral duty upon themselves to be 
environmentally responsible.
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Environment, noting further that what motivates companies to report environmental 

information is not only image building or duty to the environment, but also the 

combination of the two. However, agreeing with Swanson (1995) Azzone et al (1997) 

argues that the initial aim of green reporting was portrayal of corporations’ commitment to 

the environment. Incidentally, it has now become apparent that corporations report 

environmental information in order to communicate their environmental performance to 

their green stakeholders in an attempt to improve their image. Another objective of 

voluntary environmental reporting, according to Azzone et al (1997) is to obtain legitimacy 

for operating in the societal environment and to show compliance to environmental 

regulations and standards.

One major problem associated with voluntary environmental reporting is difficulty in 

comparison across companies (Frynas, 2009), if every company chooses to develop its own 

unique reporting practice. However, the emergence of voluntary-based reporting 

standards/guideline setters, such as Global Reporting Initiative (GRI), International 

Petroleum Industry Environmental Conservation Association (IPIECA), American 

Petroleum Institute (API) and AccountAbility, seems to provide solution to this problem26. 

The purpose of these bodies that set voluntary reporting guidance or standards is to 

encourage heavy-polluting companies, like oil and gas companies, to enhance their 

environmental performance and inform environmental stakeholders about environmental 

issues (Larsen, 2000).

26However, following an empirical comparative analysis, Frynas (2009) reported that comparing voluntary 
environmental disclosures of MNOCs based on the guidelines of IPIECA was by no means simple. The 
author attributed this to varied disclosure practices by members of IPIECA examined.
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4.6.3.1 Global Reporting Initiative (GRI)
Global Reporting Initiative is an international body established in 1997 for the purpose of 

promoting consistent and uniform social, environmental and economic reporting practices 

by companies globally. GRI was created with the motive of providing a globally acceptable 

framework for sustainability reporting capable of being used by any organisation in the 

world irrespective of its size, sector or location (GRI, 2006; Adams & Whelan, 2009). To 

deal with problem of lack of completeness as pointed out by Adams (2004), GRI has 

developed a sustainability reporting framework in collaboration and consultation with large 

network of stakeholder groups. In this respect, GRI (2006: 3) claims that “all GRI reporting 

framework documents are developed using a process of consensus through dialogue 

between stakeholders from business, the investor community, labor, civil society, 

accounting profession, academia and others”.

As stated in the preceding paragraph, the GRI reporting system is built on tripartite 

principles (people, profit and environment or society, economy and environment) what is 

known as triple bottom line reporting, corporate social responsibility reporting or the more 

popular sustainability reporting. Apparently, GRI gives companies the choice to voluntarily 

report these issues in a standalone report, a web-based disclosure or as part of annual 

report. Sustainability reporting on the basis of GRI is described as an art of identifying, 

measuring and disclosing economic and nonfinancial performance as well as being 

accountable to internal and external stakeholders in relation to these performances for the 

purpose of attaining sustainability. GRI sustainability report may serve the following basic 

purposes:
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i. Benchmarking Performance: this represents an evaluation of sustainability 

performances (environmental, social and economic performance) in relation to 

regulations, law provisions, norms, codes, performance standards, voluntary 

guidelines and so on.

ii. Performance Demonstration: this involves portraying performance by means of 

reporting how organisations affect stakeholders e.g. the host communities in the oil 

and gas industry, and in turn how the organisation is influenced by the stakeholders 

-  note that both negative and positive impacts should be neutrally reported. 

Moreover, it also involves disclosing the extent to which the organisation responds 

to the expectations of the stakeholders.

iii. Performance Comparison: this is about assessment of organisational performance of 

companies by comparing them with different organisation over time. It also 

involves internal organisational performance evaluation among departments or 

divisions in the same organisation.

4.6.3.2 International Petroleum  Industry Environm ental Conservation  
Association
The International Petroleum Industry Environmental Conservation Association (IPIECA) 

draws its members from around the world. These members consists of oil and gas 

companies and others petroleum related organisations or associations from different parts 

of the world. IPIECA is about the only organisation that coordinates oil and gas companies 

on environmental and social accountability issues ranging from global warming, gas 

flaring, oil spill preparedness and response, health safety, fuel quality, biodiversity as well
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as social and environmental responsibility. Moreover, its members come from both 

upstream and down sectors of the international petroleum oil and gas industry.

IPIECA, in conjunction with American Petroleum Institute (API) developed a nonfinancial 

performance reporting framework specific to oil and gas industry. This reporting 

framework, Oil and Gas Industry Guidance on Voluntary Sustainability Reporting 

(OGGVSR), has been designed with the intent to serve as voluntary reference for oil and 

gas industry reporting of environmental performance, social performance and economic 

performance. In addition, the reporting framework for sustainability is developed with 

another objective. This objective involves providing relevant information to interested 

audience and stakeholders to enable access and comprehension of this information so that 

they can effectively evaluate the nonfinancial performance of companies operating in the 

oil and gas industry anywhere in the world. It is imperative at this point to stress that the 

guidelines of this reporting framework, while being specific to oil and gas industry, are also 

designed in such a manner that they are consistent with the more general reporting 

framework developed by GRI.

IPIECA specifies that reporting on sustainability performance is premised on three general 

strands. These are reporting principle, reporting practices and general reporting content. 

The IPIECA & API (2005) make it crystal clear that using the guidance is voluntary. If oil 

and gas company chooses to comply with the provisions of this guidance, then it is 

expected to apply the following general reporting principles: relevance, transparency, 

consistency, completeness and accuracy as much as possible. These principles are similar
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to GRI’ principles and are described as the broad bases or premises on which sustainability 

report evolves and gets better over time.

Also, IPIECA identifies eight general reporting practices commonly used by oil and gas 

companies when reporting sustainability performance. These are: Scope, Indicators, 

information quality, timeliness, dissemination method, base line, performance trend and 

impacts.

But, the general reporting contents relates to the determination of appropriate structure of 

format that the reported sustainability information should take as well as its clarity. In this 

regard the guidance suggests that sustainability reports should commonly consists of 

executive summary, company profile, reporting boundaries, company policies, major 

program initiatives and performance indicators. Generally, the guidance provides 

suggestions on how to report environmental performance indicators, health and safety 

performance indicator, social responsibility performance indicators and economic 

performance Indicators. At this point, however, the study focuses its attention on 

environmental performance indicators, because it is only concerned with environmental 

aspect of sustainability reporting.

Environmental performance indicators in the context of environmental reporting take the 

form of either quantitative measurement or qualitative description of environmental 

impacts. However, most environmental performance indicators specified by the guidance 

are quantitative. Thus, out of the 15 environmental performance indicators listed by the
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guidance, only two (environmental management system and biodiversity) are 

unquantifiable. Moreover, the guidance groups the environmental performance indicators 

into core and additional. Core environmental performance indicators are those indicators 

commonly complied with and reported by firms in the oil and gas industry. Additional 

environmental indicators are those indicators that are not generally relevant to majority of 

companies in the oil and gas industry or may not be adequately defined to enable industry 

wide adoption, or both. Often, additional environmental indicators may also relate to some 

non-quantitative issues to which generally accepted definition or measurement practice 

cannot be attributed.

4.6.4 Operationalising Corporate Environm ental Reporting: the 
M easurem ent o f Corporate Environm ental Disclosure (CED)
CERb, as a system of communicating environmental information to the relevant

stakeholders, is usually operationalised via CED. In other words, operationalising CERb

involves expressing it in terms of CED so that it can be measured and assessed (see,

Freedman & Wasley, 1990; Gray, Kouhy & Lavert, 1995; van Staden & Hooks, 2007;

Beck, Campbell & Shrives, 2010). Freedman and Wasley (1990) point out that when

examining the association between environment performance and environmental disclosure

the two variables must be quantitatively operationalised. Almost all the studies in the CEA

literature dealing with examination of the link between firms’ environmental performance

and environmental disclosure have devised some means of quantitatively measuring CED

(see Ingram & Frazier, 1980; Wiseman, 1982; Freedman & Jaggi 1982; Hughes et al, 2001

Clarkson et al, 2008, Dawkins & Fraas, 2011b). Moreover, most of these studies relied on
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archival reporting medium in order to quantify the variable. The predominant methodology 

they employed for this purpose was invariable content analysis.

Content analysis is the most common method used to quantitatively measure CED. Many 

studies have employed different variations of content analysis for the purpose of measuring 

the environmental disclosure variable (e.g. Ingram & Frazier, 1980, Wiseman, 1982, 

Freedman & Wasley, 1990, Gray et al, 1995; Milne & Adler, 1999; Tilt, 2001; Al-Tuwaijri 

et al, 2004; de Villiers & van Staden, 2006; Cho, Roberts & Patten, 2010, Beck Cambell & 

Shrives, 2010; Dawkins & Frass, 2011a and many more). Content analysis could be 

described as categorisation and analysis of documentary evidence in order to produce 

replicable and valid measurement of documents. It also enables the evaluation of the 

nature, substance, quality or volume of the documents contents, or some combination of the 

aforementioned (Holsti, 1969 in Beck et al, 2010; Ingram & Frazier, 1980; Gray et al 1995; 

Krippendorff, 2004). Smith (2003) describes content analysis as a technique employed to 

derive meaningful inferences from texts or narratives in a document on the basis of 

predetermined set of criteria. Again Smith (2003) attributes these inferences to either the 

preparer of the narrative/texts, the message being communicated via the texts or the 

targeted users of the textual information.

Having regards to content analysis, Beck et al (2010) broadly categorises methods of 

developing environmental disclosure indexes into two, namely ‘mechanistic methods’ and 

‘interpretative methods’. Mechanistic methods relate to techniques that seek to evaluate the 

extent, volume or length of environmental disclosures. These methods rely on predefined
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meanings of specific environmental disclosure items in order to establish the extent to 

which the items have been disclosed (Campbell 2000; Beck et al, 2010). Content analysis 

using mechanistic methods can either be ‘form oriented’ or ‘meaning oriented’ (see Smith,

2003). Smith and Taffler (2000) and Smith (2003) distinguish the two orientations as 

follows. Form oriented content analyses relates to physical words count (Zeghal and 

Ahmed, 1990; Deegan & Gordon, 1996; Campbell, 2003), number of sentences (Ingram & 

Wiseman, 1980; Milne & Adler, 1999; Wilmshurst & Frost, 2000) or page count (Guthrie 

& Parker, 1989; Patten, 1992; Gray et al, 1995, Patten & Crampton, 2003). Meaning 

oriented content analysis, on the other hand, involves determining the extent of disclosure 

based on the importance of the message being communicated as the subject matter in the 

texts. In this regard, Beck et al (2010) point out that rating the extent of the information is 

the objective of ‘meaning oriented’ while form oriented is to do with volumetric nature of 

the information reported.

On the other hand Interpretative method is a technique for analysing text narratives which 

enables the analyst to evaluate the intended meaning of the message communicated by 

breaking down the whole composition of the message into its components parts (Beck et al,

2010). Each disaggregated constituent part is examined and analyzed with a view to 

obtaining more insight into the intended meaning of the message and its mode of 

communication (see for example, Wiseman, 1982; Cormier & Gordon, 2001; Al-Tuwaijri 

et al, 2004; Clarkson et al 2008).
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On a different platform Freedman and Jaggi (2005) specify two categories of disclosures 

indexes being developed by researchers based on content analysis. These are general 

environmental disclosure and disclosure in respect of a specific regulation or specific 

environmental issue. Accordingly, measurement of disclosure in this study is concerned 

with disclosure of gas flaring-related information specific to Nigeria in the relevant reports 

of the FMOCs and NNPC’s ASB, which is to be complemented by form oriented 

mechanistic disclosure in the form of words count .

Most studies examining the relationship between environmental performance and 

environmental disclosure rely on content analysis for the purpose of developing 

environmental disclosure index. For instance, Ingram & Frazier (1980) employ content 

analysis to measure CED. Four testable dimensions were developed by the study, which 

were broken down into twenty content categories. Two independent judges were asked to 

read the environmental disclosure section of the 40 US firms’ annual reports and make a 

tick against the content category to which the sentence in question belongs. For each firm, 

the total number of ticks was aggregated for all the 20 categories, and this represents CED 

scores.

In a similar passion, Wiseman (1982) relied on content analysis, through indexing 

procedure in order to measure the CED of 26 US firms. 18 environmentally related index 

items, grouped under four categories, were developed. These four categories include: (i) 

economic factors; (ii) environmental litigations; (iii) pollution abatement items and (iv) 27

27 Details on how gas-flaring-related environmental disclosure is measured in this study are provided in 
chapter six.
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other environmentally related items not covered by (i), (ii) and (iii). A rating sheet 

consisting of the 18 items was prepared, and each item was scored maximum of 3 or 

minimum of 0 based on the following criteria:

a. an item that has been disclosed and specified in quantitative or monetary form is 

assigned a score of 3;

b. if an item is disclosed and a specific non-quantitative information is provided in 

relation thereto, a score of 2 is assigned;

c. an item mentioned only in general terms gets 1 and

d. any undisclosed item attracts a score of 0.

In order to reduce the level of subjectivity and bias, two independent judges were engaged 

to rate the companies disclosures using the same indexing procedure. The author’s rating 

and the two other independent ratings were then compared. All points of discrepancy were 

discussed and resolved. The Wiseman indexing procedure was later adopted, either with or 

without some modification, by many other studies in the literature (these include Freedman 

& Wasley, 1990; Bewley & Li, 2000; Hughes et al, 2001, Patten, 2002 etc).

Al-Tuwaijri et al (2004) measured CED of firms by assigning scores to the disclosure of 

four identified categories of environmental indicators. These indicators are: (i) total amount 

of toxic waste generated and transferred or recycled; (ii) penalties for violation of federal 

environmental regulations & laws; (iii) clean up responsibility of hazardous sites and (iv) 

the occurrence of reported oil and chemical spills. Scores were assigned to the indicators 

based on whether the item disclosed was quantitative, specific or general. Thus,
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quantitative disclosure received three marks, non-quantitative but specific disclosures were 

assigned 2 marks. However, general environmental disclosure in relation to any of the four 

items attracts 1 mark. 0 mark is awarded to a non-disclosure in relation to any indicator.

Cho et al (2006) used content analysis in the spirit of Patten & Trompeter (2003) to 

develop an environmental disclosure index. Consistent with Wiseman (1982) the authors 

assigned scores to 8 identified items of environmental disclosures for the presence or 

absence of statements related to these items in 10-K reports of the sampled companies. 

Total score obtainable for disclosing the 8 items ranges from 0 to a maximum of 6 .

Clarkson et al (2008) used content analysis to measure the CED of 122 US companies, 

based on the GRI Sustainability Reporting Guidelines of 2002. The authors, with the help 

of an environmental reporting expert, developed 95 equally weighted items reflecting the 

environmental disclosure requirements of GRI. The 95 items were grouped into 7 broad 

categories of environmental disclosure ranging from A l to A7. These categories were then 

broadly classified into two, namely ‘hard disclosure items’ 28 and ‘soft disclosure items’29. 

Scores were allocated to the 7 broad categories, and the score for each category is allotted 

equally to the items under the category. Table 4.3 presents the excerpt of the seven 

categories and the scores allocated to each category:

28 Hard environmental disclosures are specific or quantitative disclosures which are easily verifiable. This 
type of environmental disclosure is difficult to copy by poor environmental performers.
29 Soft environmental disclosures are mostly in qualitative forms which are difficult to verify independently. 
Most environmental disclosures of poor environmental performers take this form.
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Table 4. 4: Clarkson et al (2008) Environmental Disclosure Rating
Environmental Category

Maximum %to
Score Grand
Allocated Total

Hard Environmental Disclosure
(Al) Governance Structure & Management System 06 06
(A2) Credibility 10 11
(A3) Environmental Performance Indicators 60 63
(A4) Environmental Spending 03 03
Total Score Obtainable for Hard Environmental Disclosure 79 83
Soft Environmental Disclosure
(A5) Vision and Strategy Claim 06 06
(A6) Environmental Profile 04 04
(A7) Environmental Initiative 06 06
Total Score Obtainable for Soft Environmental Disclosure 16 17
Maximum Grand Total Score Obtainable 94 100

Source: Clarkson et (2008).

Dawkins & Fraas (2011a & 2011b) made a slight modification to the CERES 

categorisation of firms’ responses in respect of environmental disclosure survey it 

(CERES) conducted in order to develop categorical measurement of CED of 126 firms. 

According to the authors CERES categorises the responses as follows: (a) ignored 

responses or refused the request; (b) provided alternative information; (c) provided 

information but required that it not be made public or (d) complied with the request. The 

authors’ modified versions of these responses are: (a) no disclosure -  refuse or ignore the 

request; (b) partial disclosure -  provide different or incomplete information and (c) Full 

disclosure -  complying with the request. This enables the authors to measure CED as a 3 

dimensional ordinal variable.
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It is worth mentioning here that Dawkins & Fraas (2011a) measurement of CED is the 

example, among the few ones, that does not rely on content analysis in order to measure the 

variable.

4.7 Previous Studies on Environmental Reporting in Less Developed  
Countries
It is undoubtedly clear that a great deal has been done relating to research, both theoretical 

(see for example, Ullmann, 1985; Gray, 1992; Keene, 1993; Gray et al, 1996; Schaltegger 

et al, 1996; Boone & Rubenstein, 1997; Mathews, 1993; Gray, Owen & Maunders, 1988; 

Parker, 2005; Gray, 2010 Parker, 2011 and many more) and empirical (for example, 

Wiseman, 1982; Patten, 1992; Gray et al, 1995; Fekrat, Inclan & Petroni, 1996; Freedman 

& Stagliano, 2002; Campbell, 2004; Cho & Patten, 2007; Clarkson et al, 2008; Cho, 

Roberts & Patten, 2010 to mention, but very few), on corporate environmental reporting in 

developed countries. Although, the amount of research on environmental reporting in less 

developed countries, is by no means anywhere near the numerous studies conducted in 

developed countries, nonetheless it is evident that related research in developing countries 

are stealthily growing (Elijido-Ten, 2011). The oldest study frequently cited in the 

literature is Singh & Ahuja (1983) which investigated the level of broad corporate social 

responsibility reporting by public sector companies in India with environmental reporting 

treated as an aspect of the overall social reporting. Thereafter, sizeable number of studies 

were conducted in less developed countries, especially in Asia (example Tsang, 1998; 

Choi, 1998; Sumiani, Haslinda & Lehman, 2007; Rahman Yusoff & Mohamed; 2009; 

Chung & Parker, 2010) and Africa (Disu & Gray, 1998; Kisenyi & Gray, 1998; de Villiers, 

1999; Ahmad, 2004; de Villiers & van Staden 2006; Owalabi, 2009; Rizk, Dixon &
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Woodhead, 2008). A general point of consensus among these previous studies is that 

environmental disclosure in lesser developed part of the world is low, rudimentary and 

mostly nonspecific.

Another finding of special interest to this study, as reported by a subset of longitudinal 

studies (such as Tsang, 1998; Jamil, Alwi & Mohamed, 2002; de Villiers & van Staden, 

2006) in less developed countries is the undulating trends of volume of corporate 

environmental information over time. Obviously, this finding, identified by Elijido-Ten 

(2011) as a gap in the literature, is of special relevance to this study, because it is indeed a 

cross-sectional time-series environmental accountability study belonging to the subset. 

Indeed, this phenomena, i.e. initial increase followed by a subsequent decrease of 

environmental disclosure, is rather peculiar to less developed countries, as there are many 

empirical studies that reported consistently increasing trend in environmental disclosures in 

developed countries (for example, Guthrie & Parker, 1990; Gray et al, 1995; Campbell, 

2004; KPMG, 2008). To the best of the researcher’s knowledge, the most recent study that 

attempted to explain this trend with a view to filling the gap was by de Villiers & van 

Staden (2006). Thus, the authors explain that increases and reductions in the level of 

environmental information over time constitute efforts by the reporting entities to 

legitimise their activities. Nevertheless, this study is of the view that the issue is still 

unresolved, because de Villiers & van Staden (2006) did not investigate specific variables 

or factors responsible for the undulating trends.
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Table 4. 5: Studies on Social & Environmental Reporting in Less Developed 
Countries

Author/Authors Nature of the Study Country
Disu & Gray (1998) Social & Environmental Reporting Nigeria
Tsang (1998) Social & Environmental Reporting Singapore
Choi (1998) Environmental Reporting Korea
Kisenyi & Gray (1998) Social & Environmental Reporting Uganda
Belal (1999) Social & Environmental Reporting Bangladesh
de Villiers (1999) Social & Environmental Reporting South Africa
Siddiqui (2001) Environmental Reporting Bangladesh
Rajapakse (2002) Social & Environmental Reporting Srilanka
Zauwiyah, Hassan & Mohammad (2002 Environmental Reporting Malaysia

Ahmad, Hassan & Mohammad (2003) Environmental Reporting Malaysia
de Villiers & van Staden (2006) Environmental Reporting South Africa
Kantudu & Hassan (2006) Social & Environmental Reporting Nigeria
Ahmad (2004) Environmental Reporting Libya
Sumiani Haslinda & Lehman (2007) Environmental Reporting Malaysia
Rizk, Dixon & Woodhead (2008) Social & Environmental Reporting Egypt
Owalabi (2008) Environmental Reporting Nigeria
Rahman Yusoff & Mohamed (2009) Environmental Reporting Malaysia, Thailand 

& Singapore

Chung & Parker (2010) Social & Environmental Reporting Singapore
Uwalomwa & Uadiale (2011) Social & Environmental Reporting Nigeria
Elijido-Ten (2011) Environmental Reporting Malaysia

As stated earlier, when put together studies on social and environmental reporting in less 

developed countries are reasonable in number and they are slowly growing. Nonetheless, 

social and environmental accountability research (see for example, Disu & Gray, 1998; 

Kantudu & Hassan, 2006; Owalabi, 2009; Uwalomwa & Uadiale 2011) in Nigeria are 

particularly few and far between. They are described as being ‘far between’, because no 

subsequent study listed above made reference to the previous studies. Reviews specific to 

these four Nigerian studies are provided in the ensuing paragraphs.
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Disu & Gray (1998) reported that voluntary disclosure of social and environmental 

information by foreign multinational oil and gas companies operating in Nigeria was, for 

the two years they considered, not much. Using content analysis the authors discovered that 

average disclosure in respect of Nigeria among the multinationals was 40% of a page. In 

conclusion the authors reported that relative to voluntary disclosures regarding employees, 

voluntary environmental disclosure was very minimal.

Kantudu and Hassan (2006) examined corporate social and environmental disclosure made 

in the annual reports of six companies in the Nigerian foods and beverages industry over 

the period of 10 years (1996-2005). Using content analysis and one sample hypotheses test 

for mean, results documented show that disclosure of social and environmental information 

by companies in the sector is low and there is no uniformity as to the reporting practices.

Owolabi (2009) investigated environmental disclosures in the annual reports of 20 

companies drawn from 10 sectors in Nigeria. Relying on content analysis, the author 

measured the volume of environmental disclosure by means of percentage of pages. 

Results reported revealed that the number of companies not disclosing is more than the 

number of companies disclosing. The study also found that even among the disclosing 

companies, the disclosure was brief, generally narrative and low.

Uwalomwa & Uadiale (2011) evaluated the extent of environmental disclosure by 

companies selected from two Nigerian industries -  building materials and breweries -  

using content analysis. The study also compared the level of environmental disclosure
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between the two industries. The findings of the study revealed that level of environmental 

disclosure by companies in the industries was at its nascent stage and very low.

4.8 R eview  o f Previous E m p irical Studies A ssessing C E P -C E D  R elation ship

With reference to the parlance of the broad corporate social and environmental 

accountability field of inquiry, Ullmann (1985) groups studies assessing firms’ 

social/environmental accountability into three schools of thought. This grouping is based 

on the relationship amongst the three major variables in the area (i.e. Corporate Social 

Performance, Corporate Social Disclosure and Corporate Financial/Economic 

Performance) (Belkaoui and Karpic, 1989). It should be made clear that Ullmann (1985) 

did not include the word ‘environmental’ in naming the first two variables, and hence in 

naming the three school of thoughts, because it was customary during this period to assume 

that corporate environmental responsibility was a subset of the wider corporate social 

responsibility concept (Ingram & Frazier, 1980, Mathews, 1997). Therefore, in order not to 

sway the attention of the reader from the fact that this study exclusively focuses on the 

environmental aspect of corporate social responsibility, the word ‘environmental’ is added 

to the original Ullmann’s naming of the schools. These schools of thoughts are:

i. Social/Environmental Performance-Financial Performance School;

ii. Social/Environmental Performance-Social/Environmental Disclosure School

and

iii. Social/Environmental Disclosure-Financial Performance School.
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Social/Environmental Performance-Financial Performance School is mainly made up of 

studies concerned with the hypothesis that proposes causal connection between firm’s 

social or environmental behaviour and the measures of its economic or financial 

performance. Numerous studies have been conducted in order to test this nexus (example: 

Griffin and Manhon, 1997; Cormier and Magnan, 1997 Waddock & Graves, 1997; Russo 

& Fouts, 1997; King & Lenox, 2001; Konar & Cohen, 2001; Murphy, 2002; Orlitzky et al, 

2003; Dentchev, 2004; Salama, 2005; Patten & Trompeter, 2008; Deckop, Merriman & 

Gupta, 2006; Lopez-Gamero et al, 2009; Horvathova, 2010). While some of the studies 

reported negative association (for example, Dentchev, 2004; Griffin and Manhon, 1997), 

others found no association (example, Ullmann, 1985, Belkauoi and Karpic, 1989). 

However, studies that establish positive relationship are by far greater in number (see for 

example, Cormier and Magnan, 1997 Waddock & Graves, 1997; Russo & Fouts, 1997; 

BCing & Lenox, 2001; Konar & Cohen, 2001; Murphy, 2002; Orlitzky et al, 2003; Lopez- 

Gamero et al, 2009).

Social/Environmental Disclosure-Financial Performance School consists of studies 

concerned with the hypothesis that postulates association between social/environmental 

disclosures and both market-based and accounting-based economic performance (for 

example, Belkaoui, 1976; Preston, 1978; Ingram & Frazier, 1983 Shane & Spicer, 1983;

The first and the third schools w ill be briefly discussed and then a detailed review  o f

relevant studies in connection to the environmental aspect o f  the second school w ill follow .

This is because this very study belongs to the second school.
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Freedman & Jaggi, 1982; Freedman & Jaggi, 1986; Belcaoui & Karpic, 1989; Al-Tuwaijri 

et al, 2004; Parsa & Kouhy, 2007). Findings of these studies are mixed ranging from 

positive association, no association to negative association.

Studies in the Social/Environmental Performance-Social/Environmental Disclosure School 

are concerned with analysis of the relationship that exist between social/environmental 

performance of firms and their associated disclosures. However, this study only focuses on 

those studies that are exclusively concerned with environmental aspect of such relationship. 

These studies include Bowman & Haire, (1975); Preston, (1978) Abbott & Monsen, 

(1979); Ingram & Frazier; (1980), Wiseman, (1982); Freedman & Jaggi, (1982); Freedman 

& Wasley (1990); Hughes et al, (2001), Patten (2002), Al-Tuwaijri et al, (2004), Clarkson 

et al (2008); Dawkins & Fraas, 2011a & 2011b; Clack et al, 2011). The empirical 

relationship between firms’ environmental performance and environmental disclosure still 

remains mixed and hence inconclusive. Nonetheless, it has to be admitted that this area of 

research has made significant progress. It evolved from the period of non-existence of 

theoretical underpinnings (Ingram and Frazier, 1980, Wiseman 1982; Freedman & Jaggi,

1982), passed through a period of weak theoretical foundation (Ullmann, 1985, Belkaoui & 

Karpic, 1989;) and has currently reached a stage when theoretical premises explaining the 

nature of the association between the two variable is stronger and more elaborate (e.g. 

Patten, 2002; Altwaijri et al, 2004; Cho & Patten, 2007; Clarkson et al, 2008; Dawkins & 

Fraas, 201 la 2011b, Clarkson et al, 2011). Researchers in the area have advanced a number 

of explanations as to why this relationship still remains insignificant in some studies (for 

instance, Ingram & Frazier, 1980; Wiseman, 1982; Freedman & Wasley, 1990), mixed and
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therefore inconclusive. For example, Patten (2002) attributes lack of significance in this 

relationship reported by previous studies to such problems as non-inclusion of control 

variables affecting environmental disclosure; small sample size and inappropriate 

measurement of environmental performance.

4.8.1 N o Association

Empirically, it is concluded that no association exists between two variable of interest, if it 

is established that the relationship between them is statistically insignificant irrespective of 

whether such relation is positive or negative. Following this argument this subsection is 

concerned with review of studies that reported both insignificant positive and negative 

relationships between environmental performance and environmental disclosure of firms. 

Studies reviewed include Ingram & Frazier (1980), Wiseman (1982), Freedman & Jaggi, 

(1982), Rockness (1985), Freedman and Wasley, (1990) and Fekrat, Inclan & Petroni 

(1996).

For example, Ingram & Frazier (1980) investigated the reason behind users’ reluctance, 

especially investors, to rely on environmental disclosures for their investment decision. 

They did this via assessing the relationship between environmental performance and 

environmental disclosure in 50 US firms’ annual reports. The authors justified examining 

this relationship on the ground that for environmental disclosure to be worth relying upon, 

it has to reflect actual environmental events. The authors noted that independent 

environmental performance metric: was not readily available for most firms at the time 

they conducted the research. In fact, it was because of the absence of any generally
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accepted measure of CEP that the authors opted to use a proxy represented by Council on 

Economic Priority index. The study used the technique of content analysis to measure 

environmental disclosure. Both Pearson’s moment correlation and multiple ordinary linear 

regressions were executed. Overall both results reinforcingly revealed that contents 

analyses scores of firms’ environmental disclosure have insignificant positive relation with 

environmental performance.

Similarly, Wiseman (1982) also determined that environmental performance and 

environmental disclosure of firms had weak positive relationship. The study evaluated the 

degree of environmental disclosure made in the annual reports of 26 US firms. The author 

used a research methodology similar to Ingram & Frazier (1980). Indeed, the author 

developed an interesting environmental disclosure index, widely adopted in the 

environmental accountability literature for the measurement of environmental reporting. 

Council on Economic Priority index was employed as a proxy for environmental 

performance. The study applied Pearson’s moment correlation on a cross-sectional data set 

of twenty six US firms, whose result revealed non-significant positive relationship between 

environmental performance and environmental disclosure.

In a similar fashion, Freedman & Jaggi (1982) investigated the empirical association 

between environmental disclosure and environmental performance, and between 

environmental disclosure and economic performance of 31 US firms in three industries, 

namely steel, oil refining and paper & pulp. While CEP was measured using Council on 

Economic Priority rating, CED indexes of the companies were developed using content
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analysis. Results from both Spearman’s rank correlation and Pearson’s moment correlation, 

revealed that the association between CEP and CED of companies in the sample was not 

significant. This implies lack of association between the variables.

Rockness (1985) evaluated the relationship between firms’ extensiveness and the quality of 

environmental disclosures and environmental performance. The author does this by 

comparing 128 respondents’30 rankings of environmental performance in the annual reports 

of 26 sampled firms with externally independent environmental performance ranking of the 

same firms provided by Council on Economic Priority index. Using Spearman’ rank 

correlation the authors found that no significant association exists between firms’ 

disclosure of environmental information and external measures of environmental 

performance.

Freedman & Wasley (1990) investigated the association between firms’ environmental 

performance and, voluntary and mandatory environmental disclosures based on the sample 

of 50 US companies from four pollution-laden industries (Steel, Oil, Paper & Pulp, and 

Electric Utilities). The researchers tested this association using Spearman’s rank 

correlation. The result of the test revealed no significant association between mandatory 

environmental disclosure and environmental performance. The study also documented no 

association between voluntary environmental disclosure and environmental performance.

30 The author drew the 128 participants from four different groups namely financial analysts, members of 
environmental protection organizations, environmental regulators and MBA students. Note that 32 
participants were randomly selected from each group.
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Finally, Fekrat, Inclan & Petroni (1996) tested the voluntary disclosure theory by 

investigating the relation between environmental performance and environmental 

disclosure for the subsample of 26 companies out of the main sample of 168 companies 

form 6 industries in 18 countries. Environmental performance was measured using Council 

on Economic Priority ranking. The authors substantially adopted the environmental 

disclosure measurement strategy devised by Wiseman (1982). Using Pearson’s correlation 

analysis, the study reported no association between environmental performance and 

disclosure implying absence of empirical support for voluntary disclosure theory.

A careful examination of the studies reviewed in this section reveals that, in addition to the 

use of small sample size as rightly pointed out by Patten (2002), most of the studies did not 

employ the use of robust statistical techniques in estimating this relationship and used 

Council on Economic Priority rating as a proxy for environmental performance.

4.8.2 Positive Association

Studies such as Belkaoui and Karpic (1989), Al-Tuwaijri et al (2004) and Clarkson et al 

(2008), Cho et al (2010); Dawkins and Fraas (20011b), documented significant positive 

association between environmental performance and environmental disclosure.

For example, Belkaoui and Karpic (1989) examined the determinants of corporate decision 

to disclose social/environmental information for 23 US firms. The authors used a testable 

empirical model that focused on the relationship between corporate social disclosure,
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corporate social performance31, economic performance and some other variable such as 

political visibility (proxied by size, capital intensity ratio and systematic risk); and 

monitoring and contracting cost measured by leverage and dividend to unrestricted retained 

earnings ratio respectively. The study’s results of multiple linear regressions reported 

significant positive relationship between corporate social/environmental disclosure and 

corporate social/environmental performance (SIC). Consistent with voluntary disclosure 

theory the authors concluded that this significant positive relationship implies tendency of 

firms to enhance social and environmental disclosure, if managers perceive improved 

social and environmental performance.

In a similar vein, Al-Tuwaijri et al (2004) investigated the association among 198 US 

firm’s environmental performance; environmental disclosure and economic performance in 

a single framework facilitated by both two-stage and three-stage least squares simultaneous 

equation approach. Each of these variables is treated as ‘endogenous’, and determined 

jointly by firm’s strategic decision. While measures of economic performance were 

market-based financial performance measures, the authors measured environmental 

performance as an index represented by a ratio of toxic waste recycled to total toxic waste 

generated, and environmental disclosure was measured using contents analyses. The study 

concluded that environmental performance and environmental disclosure were 

significantly, positively related.

31 Both environmental performance and disclosure were measured in the study as parts of or aspects of social 
performance and disclosure respectively.
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In a similar token, Clarkson et al (2008) investigated the empirical relationship between 

firms’ environmental performance and environmental disclosure within the realms of two 

competing theories (i.e. economic theory of voluntary environmental disclosure and the 

socio-political theories of environmental disclosures). The study measured environmental 

performance using two proxies, namely toxic waste treated or processed as a percentage of 

total waste generated and a ratio of TRI to sales. The authors relied on three robust multiple 

linear regression models (i.e. inter-industry, intra-industry and logit32 regression models). 

Interestingly, what adds to the robustness of the study’s econometric models is the 

inclusion of many control variables in the analysis. The results from the three regression 

models strongly confirm that there is a significant positive relationship between the 

measures of voluntary environmental disclosures and the two indexes representing the 

measurement of environmental performance.

Recently, Dawkins and Fraas (2011b) investigated how media visibility interacted with 

environmental performance to determine or explain the extent of environmental disclosure 

of 344 US companies that are members of S&P 500. The authors measured climate change- 

based environmental performance by integrating together the z-scores of KLD concerns 

ratings and the reversed Truecost quintile 5-poins rating. However climate change-related 

environmental disclosure was measured using ordinal measurement similar to Dawkins and 

Fraas (2011a). Using ordinal regression analysis, the study documented significant positive 

relation between climate change environmental disclosure and environmental performance. 

The authors also found that media visibility combines with environmental performance to 

compound this relationship.

32 Note that the result of the logit regression model was not reported by Clarkson et al (2008).
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It is important to mention that three points are worth noting in relation to the studies 

reviewed in this subsection. The first point is that all the four studies used large samples. 

Secondly, they all employed robust statistical econometric methods. Thirdly, none of the 

studies used COEP ratings to measure environmental performance.

4.8.3 N egative A ssociation

Here the study reviews research that report significant negative association between 

environmental performance and environmental disclosure. These studies include Hughes et 

al (2001), Patten (2002), Cho, Patten & Robert (2006); Cho & Patten (2007); Clarkson, 

Overell & Chappie (2011) ans de Villier and van Staden (2011).

For instance, Hughes et al (2001) found that environmental performance and environmental 

disclosure of firms were negatively related. The authors reached this conclusion by 

empirically establishing that poor environmental performers provided more extensive 

environmental disclosures than good performers. Measurement of environmental 

performance was based on the Council on Economic Priority evaluation of 100 US firms 

published in the better world Investment guide. Environmental disclosure was measured 

using content analysis following Wiseman (1982). The authors relied on analysis of 

variance (ANOVA), discriminant analysis and pared two samples t-test to analyze their 

data. The study also drew the conclusion that different groups of environmental performers 

disclosed differing levels of environmental information with poor environmental 

performers disclosing more environmental information.
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Similarly, Patten (2002) reported a significant negative relationship between environmental 

performance and environmental disclosure of firms on the premise of legitimacy theory. 

The study relied on 131 US companies -  a sample which is statically adequate. While 

environmental performance was measured using unexpected toxic release33, environmental 

disclosure was measured in the study using both scores for importance of disclosure items 

and line count. The authors constructed a multiple ordinary linear regression model which 

particularly accounted for such control variables as size and industry type. On the basis of 

the results generated by his model, the author concluded that environmental performance 

had significant negative impact on environmental disclosure. This result is consistent with 

legitimacy theory.

Concurring with the findings of the two studies reviewed in the last two paragraphs, Cho, 

Patten & Robert (2006) indirectly, via the variable, political strategy, established that 

environmental performance and environmental disclosure were negatively related. Thus, 

the study discovered that while environmental performance was negatively associated with 

political spending, a proxy used by the study to represent political strategy, the latter 

variable was found to be positively correlated with environmental disclosures. 

Conclusively, the authors related their findings to the fact that poor environmental 

performers tend to obscure this reality by providing extensive environmental disclosure and 

attempted to use political strategy to block the passage of environmentally friendly 

legislations.

33 Details on how Patten (2002) measured environmental performance are provided in section 4.5.1.
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Again using two sample t-test for mean difference, Cho and Patten (2007) found that 

consistent with legitimacy theory, environmental performance and environmental 

disclosure were negatively related. Thus, the authors relied on the KLD environmental 

performance concerns rating to group the 100 US companies in their sample into poor 

environmental performers and better environmental performers. For the measurement of 

environmental disclosure, the study used indexing procedure similar to Patten (2002) only 

that in this study the focus was exclusively on nonlitigation disclosure of monetary and 

non-monetary environmental information. Overall the study documented evidence that 

poor environmental performers disclose more environmental information with respect to 

both monetary and non-monetary non-litigation environmental information.

Clarkson et al (2011) investigated the association between the level and nature of 

environmental disclosure and environmental performance of 51 Australian firms. The 

authors relied on the data base of Australian National Pollution Inventory (NPI) to measure 

the environmental performance of companies in their sample. The authors have argued that 

the NPI is similar to TRI. Specifically, the study referred to this measure of environmental 

performance as emission pollution propensity and was computed by multiplying quantity 

of emission by risk score and the result was divided by sales made in Australia to normalise 

the index. In order to measure environmental disclosure, the study used, without any 

modification, Clarkson (2008) GRI-based environmental disclosure index. Relying on 

multiple linear regression analysis, the study documented a significant negative 

relationship between environmental performance and both the extent and nature of 

environmental disclosure. Despite the fact that the authors had used further sensitivity
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analysis to confirm the robustness of the results, this study still argued that the failure to 

document positive association between the two variable may be attributed to inadequate 

sample size.

In another recent study conducted on 120 US firms, de Villier & van Staden (2011) 

examine the relation between two measures of environmental performance and the level of 

environmental disclosures. Specifically, the authors investigate the association between 

what they call long term and short term measures of environmental performance on one 

hand, and the volumetric disclosure of environmental information made in firms’ annual 

report and web sites on the other hand. While net value of KLD index (the difference

between environmental strengths and concerns) represents measure of long term

environmental performance, firm emission level represents short terms environmental 

performance measures. For the purposes of data analyses the authors use two sample 

comparison t-test for means and cross-sectional linear regression analysis. Consistent with 

legitimacy theory, the study find that firms with environmental crisis disclose more

environmental information in their web sites. Moreover, the study documents that firms

with poor environmental reputation disclose more environmental information in their 

annual reports. Certainly, the two findings imply negative association between the two 

measures of environmental performance and volume of environmental disclosure.
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4.8.4 Curvilinear Relation
Dawkins and Fraas (2011a) attempted to reconcile the opposing views of the two 

competing theories (i.e. voluntary disclosure theory and legitimacy theory)34, used in 

explaining the nature of the relationship between environmental performance and 

environmental disclosure. The authors proposed a curvilinear or U—shaped relationship 

between environmental performance and environmental disclosures; further hypothesising 

that the relationship was moderated by visibility variable. The study attempted to provide a 

logical explanation for both negative and positive environmental performance- 

environmental disclosure relationships in a single framework. This proposition implies that 

both poor and good environmental performers tend to provide more environmental 

disclosures. While good environmental performers provide more environmental disclosures 

in order to call attention to their excellent environmental behaviour, poor environmental 

performers experiencing pressure from their environmental stakeholders attempt to provide 

explanations for the poor performance with a view to easing off the pressure, by providing 

extensive environmental disclosures. The study relied on the 2005 KLD index of 

environmental performance and CERES 2006 disclosure index developed by S&P 500 

firms Carbon Disclosure Project (CDP). The three ordinal regression models, with logit 

link function, developed by the study confirmed that the two variables were strongly, 

curvilinearly related and that visibility moderated the U-shaped relationship.

34 W hile legitimacy theory predicts negative relationship between environmental performance and 
environmental disclosure, voluntary disclosure theory proposes that such relation is positive. Detailed  
discussions on these theories are provided in chapter five.
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Table 4. 6: Previous Studies on CEP-CED Relationship
S tu d y S a m p le  

S iz e  (N )
A n a ly t ic a l T o o l R e la t io n

D o c u m e n te d
Ingram  & Frazier (1980) 50 Pearson's correlation & cross-sectional 

linear regression
N o association

W isem an (1982) 26 Pearson's correlation N o association
Freedm an & Jaggi (1982) 31 Spearman’s rank and Pearson’s 

correlation
No association

R ockness (1985) 26 Spearman’ rank correlation N o association
Freedm an and W asley, (1990) 50 Spearman’s rank correlation N o association
Fekrat, Inclan & Petroni 
(1996)

26 Pearson’s correlation N o association

Belkaoui and K arpic (1989) 23 Cross-sectional linear regression Positive association
A l-T uw aijri et al (2004) 198 Simultaneous Equation (Three Stage 

least Squares)
Positive association

Clarkson et al (2008) 191 Inter-industry, intra-industry and logit 
regression models (cross section)

Positive association

Dawkins & Fraas (20011b) 344 Ordinal regression analysis (cross- 
section)

Positive association

H ughes et al (2001) 51 Discriminant analysis and paired 
samples t-test

Negative
association

Patten (2002) 131 Cross-sectional linear regression Negative
association

Cho, Patten & Robert (2006) 119 Cross-sectional linear regression 
(Tobit)

Negative
association

Cho & Patten (2007) 100 two sample t-test for mean difference Negative
association

C larkson, O verell & Chappie 
(2011).

51 Cross-sectional linear regression Negative
association

De V illier & van Staden  
(2011)

120 Two sample comparison t-test & Cross- 
sectional linear regression

Negative
association

Dawkins & Fraas (2011a) 363 Ordinal regression analysis (cross- 
sectional)

Curvilinear relation

4.9 S u m m ary  and  C onclusion

This chapter reviews and discusses the components of CEA (i.e. CERa and CERb); how 

these components are operationalised in the literature to form elements of CEA (i.e. CEP 

and CED) in order to pave way for measurement of the elements and assessment of the 

components. It then discusses, in detail, how these elements of environmental 

accountability are evaluated separately and jointly all within the framework for CEA
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evaluation. Studies on environmental accountability conducted in less developed countries 

were reviewed, and these studies were found to have one point of general consensus. This 

point is: environmental disclosures by companies in less developed countries are low, 

rudimentary or even completely absent and often nonspecific. In addition previous studies 

that investigated the association between CEP and CED were reviewed. The review shows 

that results were mixed ranging from no association, negative association, positive 

association and curvilinear association. As far as the review carried out in this study and to 

the best of the researchers knowledge none of these studies was conducted in order 

investigate the relationship between CEP and CED of corporations operating in less 

developed countries. Again none of them measured environmental performance using data 

envelopment analysis.

It should be stated that reporting of environmental performance in Nigeria is voluntary not 

only in the oil and gas industry but also in all other industries of the country. Apparently, 

the Nigerian government is of the opinion that some minimum level of environmental 

regulations including EIA and other critical environmental issues should be provided, and 

other environmental issues such as regulation of EMS and environmental disclosure 

practices should be left at the discretion of the companies themselves as noted in general by 

Argandona (2004).
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CHAPTER FIVE -  PHILOSOPHICAL BASES, THEORETICAL 
FRAMEWORK AND GENERATION OF THE RESEARCH

HYPOTHESES



5.1 In trod u ction

For an empirical research to effectively make any meaningful contribution to knowledge, it 

has to exhibit coherent methodological fit. Edmondson & McManus (2007: 1155) describe 

methodological fit as “internal consistency among elements of research -  research 

questions, prior work or state of current theory, research design and theoretical 

contribution”. They further argue that in a well-executed empirical research the key 

elements are consistently linked and mutually reinforcing. Although, Edmondson & 

McManus (2007) specifically mentioned four components of research whose congruence a 

researcher must seek, they also acknowledged that experienced and expert researchers 

underpin their research with theoretical framework, usually drawn from the relevant 

literature.

A researcher begins to think about congruence among the major components of a research, 

if he/she justifiably establishes compelling research problem or gaps in the literature. On 

the basis of theorising, Edmondson & McManus (2007) group an area of empirical research 

into three. At one extreme end, they identify mature theory research and they locate nascent 

theory research35 at the other end. The third category is referred to as intermediate theory 

research which exhibits the characteristics of both mature and nascent theory research. This 

study belongs to neither nascent nor hybrid theory research. It belongs to mature theory 

family of CEP-CED relationship studies discussed in detail in chapter four. Mature theory 

research is an area of empirical inquiry that is characterised by well developed theories

35 This is an area o f  research which is characterized by little or complete absence o f  previous theory. In this 
respect Edmondson & McManus (2007) state that these are topics that have attracted little research or formal 
theorizing to date, or else they represent new phenomena in the world. The nature o f  the research in  this arena 
is m ostly qualitative.
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with clearly defined and well established variables easily placed in their proper positions as 

dependent, independent, control or moderator variables. The measurements of these 

variables are in most cases quantitative and researchers rely on robust statistical techniques 

for the purpose of analysis. In this case, it is the state of extant theories that guides the 

choice of relevant methods. While clarifying this point in relation to mature theory 

research, Edmondson & McManus (2007: 1159) state that:

“ S p ec ific  testab le h yp o th eses are d ev e lo p ed  through lo g ica l argum ents that 
b u ild  on  prior w ork  (or state o f  current theory). R esearchers draw  from  the  
literature to argue the n eed  for a n ew  stu dy and d ev elop  the lo g ic  u n d erly in g  the  
h yp o th eses th ey  w ill  test.”

This chapter, as the nucleus of this research, discusses how the environmental philosophies 

relevant to this study, relevant theories and the objectives of the study sensibly fit together. 

The chapter also explicates how the research hypotheses are logically derived from 

theoretical propositions and authoritative arguments from the literature. It also shows how 

the hypotheses can the mechanism of achieving the specific objectives of the study and 

provides answers or answer to the main research question.

The chapter, which is made up of eight sections, unfolds as follows. Section two discusses 

the ethical bases of environmental accountability. Section three is devoted to the discussion 

of the theoretical underpinnings of environmental accountability. Section four explains 

how the three relevant theories underpinning this research are linked. Section five presents 

how the hypotheses of the study are deduced from the relevant theories supporting the 

study. Section six presents and discusses the theoretical framework of the research. Section
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seven focuses on discussion of the general framework to be used in evaluating gas flaring- 

related CERa, CERb and the CEA behaviours of companies operating in the upstream 

sector of the Nigerian oil and gas industry. Finally, section eight summarises and concludes 

the chapter.

5.2 T he E th ica l B ases o f  E n viron m en ta l A ccou n tab ility

The Free Dictionary (2003) defines ethics as philosophy concerned with investigation of 

the broad and specific nature of moral choices made by a person or a social entity. 

Agreeing with this definition, Bourdeau (2004) posits that ethics is an area of inquiry 

concerned with study of humankinds’ moral behaviour. This implies that ethics relates to 

the context in which persons determine whether an action or decision is morally right or 

wrong. In other words, ethics is a branch of moral philosophy that is concerned with the 

study of moral conducts which guide the decisions and actions of individuals and entities 

that those individuals manage. Consequently, the moral conduct of individuals in a society 

can be extended to corporation or business entities, because they are invariably run by 

those individuals.

Environmental ethics is a subset of the general moral philosophy which offers explanations 

regarding persons’ or firms’ behaviour towards environmental impacts. In this respect, 

Stanford Encyclopedia of Philosophy (2006), herein after SEP, describes environmental 

ethics as an aspect of the general area of philosophy which is concerned with study of the 

moral relationship between humankinds and the environment together with its non-human 

components (Des Jardins, 2001; Hatcher, 2004). Similarly, Bourdeau (2004) defines
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environmental ethics as an aspect of applied ethics that investigates the basis and rationale 

for humankind’s responsibility towards the environment. An important aspect of 

environmental ethics as a discipline is its focus on the application of the traditional ethical 

philosophies such as consequentialism and deontology in order to justify and support the 

current agitation for environmental accountability.

This section is designed to give insight into the philosophical assumptions that provide the 

logical foundation supporting corporations’ level of commitments to environmental 

accountability. The drive for environmental accountability by companies may be linked to 

any of the two philosophies of moral reasoning, namely ‘cosequentialism’ and 

‘deontology’ (Murthy, 2007). These two philosophical approaches to moral reasoning 

provide answers as to why companies embark on voluntary or mandatory discharge of 

environmental responsibilities, and they are considered among the components of 

environmental ethics that can be relied upon to explain environmental behaviour at the 

level of individual, firms or governments. In this regard, Argandona (2004) rightly argues 

that there are two basic approaches to providing solution to environmental problems. While 

one approach places emphasis on laws and regulations, the other approach emphasises on 

voluntary self-regulation by companies (Argandona, 2004). Indeed, the mandatory or 

regulatory approach can be linked to consequentialism while the voluntary self-regulation 

view is traced to deontology (Swanson, 1995).
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5.2.1 C on seq u en tia lism

The philosophy of consequentialism, as the name reflects, proposes that normative 

properties depend entirely on their consequences (SEP, 2006). Although, this approach 

could be applied to different kind of prescriptions for example laws, standards, regulations 

and internal organisational polices, its most famous application is connected to moral 

rightness or wrongness of an act (SEP, 2006). According to Spash (1997) consequentialism 

argues that it is the net consequence (benefit or negative impact) of an action, decision or 

activity that determines whether that action, decision or activity is right or wrong. Within 

the context of corporate environmentalism, most often this philosophy leads to cost benefit 

analysis conducted with a view to determining whether environmental degradation is right 

or wrong (Spash, 1997; Booth, 1994; Christie et al, 2008). By this philosophy, corporations 

whose productive activities cause environmental damage consider that the environmental 

damage is not wrong provided the benefits of the productive activities out-weight the 

negative environmental consequences (Spash, 1997). This moral philosophy has been 

criticised on the ground that its application often leads to worse outcomes. In this respect, 

Vuletic (1994) refers to consequentialism as a defense for polluters’ absolution from 

environmental responsibility. Thus, a firm or an individual with consequentialism 

philosophy who does something damaging to the environmental as a result of productive 

activities will not take responsibility for the damaging consequences. This is because the 

overall good, they would argue, brought about by the activity is far greater than the 

negative impact. In addition, Vuletic (1994) observes that typical consequentialists will 

advance the following reasons in defense of not taking responsibility for the negative 

consequences of their actions and decisions. One, consequentialism excludes all personal
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decisions and provides a ground for the accountor to base his decision to, or not to, take 

responsibility for negative consequences on utility/benefit maximisation principle. Two, 

consequentialism allows actors to factor-out damage done to few, as insignificant, for 

benefits enjoyed by many.

Consequently, a company operating under the consequentialism philosophy of corporate 

environmentalism often has to be forced by environmental regulation/legislation or 

sustained pressure from environmentally concerned stakeholders before it takes 

responsibility for and report on its negative environmental consequences. Furthermore, for 

companies that are more inclined towards consequentialism philosophy, in many cases both 

proactive and reactive measures taken to combat environmental degradation must be 

regulated for the companies to actually engage in the discharge of environmental 

accountability. This is a clear indication that mandatory environmental responsibility is 

linked to consequentialism.

5.2.2  D eon tology

This moral philosophy, in contrast to consequentialism, proposes that actions are 

intrinsically right or wrong irrespective of their consequences (Spash, 1997; SEP, 2006; 

Murthy, 2007). In other words, the rightness or wrongness of an act is determined by the 

level of duty that the actor feels is owed to the society (Swanson, 1995). This means that 

corporations should voluntarily assume environmental accountability for their negative 

environmental impacts, because it is a moral duty upon them to do so. For example, an oil 

company that believes in deontological moral philosophy will deem it wrong to, for
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example, flare gas or spill oil. Such companies uphold this moral ethic, despite the fact that 

these environmental negativities occur in the process of producing crude oil used to 

produce many other beneficial products to humankind, which also serves as an important 

source of revenue for governments and oil firms. Therefore, the fact that oil spillage and 

gas flaring are sources of environmental degradation has no connection to the greater good 

aspect of oil exploration and production. In this regard it can be inferred that voluntary 

social and environmental accountability has its roots or is consistent with deontology 

(Murthy, 2007). It should be importantly stressed that if corporate environmentalism 

philosophy of a company is deontological, such company is expected to voluntarily take 

responsibility for its actions, decisions or impacts resulting to negative environmental 

consequences. More so, they should also voluntarily report on these negative consequences 

as well as the efforts that the companies have made to mitigate them. Essentially, this study 

intends to use both philosophical assumptions of consequentialism and deontology, 

because in the Nigerian oil and gas industry the relevant regulatory authorities provide 

some mandatory environmental regulations; for example, EIA and leave the regulation of, 

for example, EMS and environmental disclosure to be voluntarily regulated by the oil firms 

themselves.

5.2.3 C lassification  o f  E n viron m en ta l S trateg ies

Wartick & Cochrane (1985) identify four basic approaches employed by companies in 

response to environmental concerns. These are (i) reactive strategy (ii) defensive strategy

(iii) accommodative strategy and (iv) proactive strategy. This very study argues that these 

strategies can be placed within the continuum of the two opposing environmental
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philosophies of consequentialism and deontology. In this connection, Dawkins & Fraas 

(2011b) explain that companies that employ reactive strategy refuse to accept 

environmental responsibility, and in this study companies in this category are referred to as 

extreme consequentialists. However, defensive companies admit minimal environmental 

responsibility when necessary (Dawkins & Fraas, 2011b) and often provide environmental 

disclosure in order to legitimise their activities or when they record favourable 

environmental bahaviour and this type of companies are refer to, in this study, as moderate 

consequentialists. Companies that use accommodative strategy accept responsibility, tries 

to be voluntarily environmentally accountable (Dawkins and Fraas, 2011b) and this study 

views this category as moderate deontologists. According to Dawkins and Fraas (2011b) 

proactive companies anticipate and plan for the adverse environmental impacts of their 

activities, and provide remedies for them in advance. As such, companies that employ the 

proactive strategy are referred to as proper deontologists and usually they are the better 

environmental performers who lead others with regard to the demonstration of excellent 

environmental accountability and sustainability.

5.3 T heoretica l U n d erp in n in gs o f  C orp orate E n v iro n m en ta l A cco u n ta b ility

During the last four decades, social and environmental accountability, as a body of 

research, has developed a pull of theories from which researchers can choose for the 

purpose of their empirical research or debate (Parker, 2005). In the spirit of Gray et al 

(1995), Parker (2005) groups prominent theories in the literature of social and 

environmental accounting into two broad categories. These are ‘Augmentation Theories’ 

and ‘Heartland Theories’ .
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Augmentation theories are those theories that emanate from and support the fact that social 

and environmental disclosures should be considered as supplements or addendum to the 

conventional financial disclosures in annual reports (Gray et al, 1995; Parker, 2005). 

Theories in this category include Decision Usefulness Theory, Economic Agency Theory, 

Stakeholder Theory, Legitimacy Theory (LT), Voluntary Disclosure Theory (VDT) and 

Accountability Theory. It has been variously argued that augmentation theories are 

constructed on the premise of the relation that exists between corporations and the society, 

which the corporations form part of (Guthrie & Parker, 1990; Mathews, 1993; Sutton, 

1993; Clarkson, 1997; O’Donovan, 2002).

Heartland theories, on the other hand, are those theories that seek to offer insight into the 

function that information flow plays in moderating the ‘dialog’ between organisations and 

the society (Parker, 2005). Theories in this category include political economy accounting 

theory, the deep green ecology perspective, eco-feminism, theory of Justice and 

sustainability theory (Parker, 2005; Chung & Parker, 2010). This study is of the view that 

sustainability theory also falls under this category, because it is on the basis of this theory 

that stand alone sustainability reports have emerged. Thus, sustainability report represents a 

product of dialogue between the reporting entity and the relevant environmental 

stakeholders or the society (see GRI, 2006). According to Des Jardins (1998) sustainability 

theory postulates that businesses can pursue growth and development by operating in a 

competitive market while pursuing profit, provided they are obliged to, at least, leave the 

environment no worse off than it was before the start of their operations. It is from this 

argument that the renowned enunciation of sustainability is derived. That is the fact that the
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present generation must make efforts to achieve their objectives without hindering the 

ability of the future generations to achieve their own objectives.

It has been argued that political economy theory, stakeholder theory and legitimacy theory 

do overlap (Gray et al, 1995; Gray, et al, 1996). The existence of an intersection between 

the theories is not unconnected to the fact that legitimacy theory and stakeholder theory 

have drawn their substance from the political economy theory (Benson, 1975; Patten, 1992; 

Deegan, 2002, Gray et al, 1995; Gray et al, 1996; Parker, 2005). In this context, Clarkson 

et al (2008) argues that all the three theories predict negative association between firms’ 

social/environmental performance and the level of their voluntary social/environmental 

disclosures. O’Donovan (2002) contends that legitimacy theory is the most prominent and 

widely applied by scholars in the social and environmental accountability research, often 

used to explain social/environmental reporting behaviour of corporation.

Gray et al (1996) define political economy theory as the context of society, polity and 

economy within which humankinds carry out their worldly activities. Deegan (2002) points 

out that political economy theory clearly takes cognisance of the struggle that takes place 

within the societal environment amongst different groups. According to Parker (2005) the 

theory postulates that the corporation’s decision to disclose accounting information 

(including social and environmental information) is influenced by the social, economic and 

political context of the societal environment within which it operates. Furthermore, 

political economy theory does not only explore the inter-relation between government 

policies and economic system, it extends this relationship to the influence of law, property
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rights and social institutions (Jackson, 1982). In agreement to this point Gray et al (1995) 

contend that disclosure of economic information should be at the least supplemented by or 

interwoven with disclosure of social and environmental information.

In general, stakeholder theory is prominently advocated (Freeman, 1984; Preston 1978, 

Ullmann, 1985; Wood, 1991; Clarkson, 1995; Mitchell et al, 1997; Roloff, 2007; Fassi,

2009). However, stakeholder theory, in the context of social and environmental 

accountability research proposes a negative association between CEP and CED (Patten, 

2002; Clarkson et al, 2008, Clarkson et al, 2011). The theory implies that pressure from the 

relevant environmental stakeholders, forces corporations with poor environmental 

performance record to make more environmental disclosure in an attempt to manage the 

aggrieved environmental stakeholders (Gray et al, 1995; Patten, 2002). Thus, poor 

environmental-performing companies attempt to increase the disclosure of social and 

environmental information so as not to lose the approval of its salient stakeholders (Gray, 

et al 1995; Parker, 2006).

At this point, discussion is focused on the two competing theories being currently applied 

when investigating CEP-CED relationship (see for example Cho, Freedman & Patten, 

2009; Clarkson et al, 2008; Dawkins & Fraas, 2011a & 2011b; Clarkson et al, 2011). These 

theories are legitimacy theory and voluntary disclosure theory. Two other important 

theories that will be discussed are Environmental Kuznets Curve (EKC) theory and 

Pollution Haven Hypothesis (PHH) which will be linked together, and also combined with 

voluntary disclosure theory in order to generate the five hypotheses of this study. Although,
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Legitimacy theory will not form part of the studies theoretical framework. Meaning that it 

will not be part of the hypotheses development process, nevertheless, it is still discussed in 

reasonable details so that it provides alternative explanation in case the researcher fails to 

reject the null part of any of the five hypotheses. This is consistent with the argument put 

forward by Blaikie (2010) that where results for test of hypothesis contradicts the theory 

from which the hypothesis is developed an alternative theory consistent with the result 

ought to be used to explain and justify the finding.

5.3.1 L egitim acy  T h eory  (L T )

Parker (2005) reminds us that legitimacy theory originates from the early works of Shocker 

& Sethi (1973), Dowling & Pfeffer (1975) and Hogner (1982). However, the theory did not 

gain wide spread promulgation and recognition until the work of Lindblom (1994), which 

surprisingly remains unpublished to date (Parker, 2005). In general terms, Legitimacy 

theory proposes that an organisation enjoys legitimacy from the society if the value of its 

system is in harmony with or ‘matches’ the societal system value (Dowling & Pfeffer, 

1975; Lindlom, 1994; Parker, 2005). Certainly, where the organisational value is in 

disharmony with that of the society, then the organisational legitimacy is in peril 

(O’Donovan, 2002), or there exists a legitimacy gap for that corporation (Gray et al, 1995). 

Either way, this is problematic for the organisation in question, because the situation 

represents a threat to its success and, possibly, survival. In a simple terms this theory 

advocates that for an organisation to operate successfully in a society, it must conduct its 

affairs in accordance with what the society has recognised as generally acceptable ‘social 

behaviour’ (O’Donovan, 2002). Thus, organisations that insist on operating contrary to the
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society’s socially acceptable behaviour are likely to be unsuccessful and subsequently face 

survival crisis. In this light, Reich (1998) cited in O’Donovan (2002: 344) argues that 

“corporations are social creations, and their existence depends on the willingness of 

societies to continue to allow them to operate”. Where the social acceptability (legitimacy) 

of an organisation is threatened, its management attempts to manage this legitimacy in 

order to change the perception of the conferring public . In an attempt to give a clearer 

picture of this theory, O’Donovan (2002) notes that legitimacy theory attempts to explain 

the fact that the greater the magnitude of possible negative perception by the society, the 

more effort will be made by the management to change such adverse perception. Therefore, 

it logically follows that in order to effectively influence this negative perception bearing on 

the performance, activity or operation of the corporation, managers must communicate 

appropriate information to the conferring stakeholders in the society via the right disclosure 

medium. Organisations employ different types of techniques in order to positively 

influence their deteriorating legitimacy. In this vein, Lindblom, 1994 describes four 

techniques employed by corporation that wish to manage legitimacy gap. These include 

educating the conferring public, changing the view of the relevant stakeholders, 

manipulating the perception of the conferring public and changing external expectation of 

its performance (Gray et al, 1995). Agreeing to this view, O’Donovan (2002) observes that 

organisations engage in managing their legitimacy using any of the four strategies 

described above in response to threats from the conferring public to withdraw such 

legitimacy, aimed at gaining, maintaining or repairing the legitimacy. 36

36 It is contended that legitimacy is conferred to organization by the relevant stakeholders whose salience is 
rated high by that organization (see Mitchel et al, 1997). Therefore, in the spirit of the theory of stakeholder 
identification and salience (see Mitchel et al, 1997) ‘conferring public’ are those stakeholders capable of 
exerting significant influence on the organization, or identified and recognized by the organization as 
important.
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In the context of corporate environmental accountability, legitimacy theory proposes a 

negative relationship between firm’s environmental performance and its environmental 

disclosure (Patten, 1992; Deegan & Rankin, 1996; Hughes et all, 2001; Patten 2002; 

O’Donovan, 2002; Cho & Patten, 2007; Cho et al, 2009). This theory implies that a 

corporation faces the danger of legitimacy withdrawal by its conferring stakeholders, if it 

performs poorly with respect to abatement of environmental damages. In order to change 

the intent of the conferring stakeholders not to withdraw the legitimacy, the entity adopts 

one of the four strategies explained by Limdblom (1994) and Gray et al (1995), and 

communicates these strategies to the relevant stakeholders through increased 

environmental disclosure. Simply put an organisation that scores low environmental 

performance attempts to manage the poor performance via increased environmental 

disclosures aimed at swaying the conferring public attention away from the poor 

performance, educating them about the poor performance or changing their perception 

altogether (Gray et al, 1995).

Although, there were several attempts to test the empirical operation of legitimacy theory 

in the context of social and environmental accountability, Patten (1992) was the first study 

to empirically confirm the operation of the theory. The second study to empirically 

establish the working of the theory is Deegan & Rankin (1996). Thus, both Patten (1992) 

and Deegan & Rankin (1996) find significant evidence of increased environmental 

disclosures by poor environmental performers. This indicates negative relationship between 

environmental disclosures and environmental performance. Subsequent studies that provide 

empirical evidence in support of the theory include Hughes et al (2001) Patten (2002)
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O’Donovan, (2002); Patten & Milne, 2002; Deegan, Ranking & Tobin, 2002; Magness, 

2006; Cho, Patten & Robert, (2006); Cho & Patten, 2007; Cho et al, 2009; Lain (2009); 

Dawkins & Fraas (201 la).

5.3.2 V o lu n ta ry  D isclosure T h eo ry (V D T )

Voluntary disclosure theory is described by Clarkson, Li, Richardson & Vasvari (2008) as 

economic-based theory. In contrast to the legitimacy theory, this theory proposes a positive 

relationship between firms’ environmental performance and the extent of voluntary 

environmental disclosure (Verrachia, 1983; Dye, 1985; Li Richardson & Thornton, 1997; 

Clarkson et al, 2008; Clarkson et al, 2011; Dawkins and Fraas, 2011a & 2011b). The 

theory is derived from that benefiting reality which motivates managers’ decision to release 

non-proprietary information (Dye, 1985; Li et al, 1997). According to Dye (1985) non

proprietary information is information not subjected to any mandatory disclosure 

requirement, and its release is at the absolute discretion of the management. For instance, 

environmental information in the Nigerian oil and gas industry is non-proprietary, because 

oil and gas companies have the discretion to either release such information or not. Since, 

the management has total control over the disclosure or nondisclosure of this kind of 

information, it is reasonable to assume that the management will only increase the release 

of this information if the corporation will benefit from such disclosure. Such benefit has 

been described as mainly economic which may likely have the effect of improving the 

value of the corporation (Verrachia, 1983; Dye, 1985; Li et al, 1997; Bewley & Li, 2000) 

or its goodwill. Hence, this is the reason why Clarkson et al (2008) describe the theory as 

economic. However, where the disclosure of the information is likely to show the
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company in bad light, it is very likely that the management may only release little or none 

of the non-proprietary information.

In the context of environmental accountability, Li et al (1997) documents empirical 

evidence, consistent with VDT, that firms withhold adverse environmental news, but 

disclose favourable environmental information. Similarly, one of Barth, McNichols & 

Wilson (1997) findings suggests that firms with good environmental news tend to disclose 

more environmental information. Similarly, Clarkson et al (2008) and Clarkson et al (2011) 

argue that good environmental performers will always make effort to portray this fact by 

providing increased disclosure of those environmental indicators or specific environmental 

information that cannot be copied by poor environmental performers, because this may be 

beneficial to them. Conversely, poor environmental performers are likely to disclose less 

voluntary environmental information. In this connection Clarkson et al (2008) argue that 

the applicability of this theory is in relation to disclosure of hard environmental 

information (hard environmental disclosures are specific or quantitative disclosures which 

are easily verifiable and this type of environmental disclosure is difficult to copy by poor 

environmental performers).

The reason why poor environmental performers disclose little or no environmental 

information is fear of incurring cost that may be imposed by relevant green stakeholders. 

For example, host communities may impose litigation cost and/or cost associated with 

compensation, and environmental regulatory authority may impose penalty or sanctions on 

the poor performing companies. In a setting like that of less developed countries it is very
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easy for polluting firms to get away with nondisclosure of poor environmental performance 

information, as environmental quality is not a priority issue for the majority of people in 

these regions. Thus, people struggling with poverty, miserable health care condition and 

very low level of living standard would not bother about what is happening to the 

environment. This view is consistent with Environmental EKC theory, which is the subject 

of discussion in the ensuing section.

5.3.3 E n viron m en tal K u zn ets C u rv e  (E K C ) T h e o ry

Environmental Kuznets Curve theory is a neoclassical economic theory, applicable at 

macroeconomic level. It attempts to explain the relationship between economic growth or 

development and environmental quality. Originally, Kuznets & Simon (1955) were the first 

to use this framework to predict the causal connection between income per capita and 

income inequality, concluding that the relationship between economic growth, reflected by 

increase in income per capita, and income inequality is explained by inverted U-shaped 

curve. This theoretical conception was adopted by environmental economists in the early 

1990s and beyond to predict and explain the empirical relationship between economic 

growth and environmental degradation. Dinda (2004) reports that significant empirical 

evidence in the literature of environmental economics exists, which shows that the 

relationship between economic growth and environmental degradation is explained by an 

inverted U-shaped curve (see, for example, Panayotou, 1993; Arrow et al, 1995; Grossman 

& Krueger, 1995 & 1996; Stem, 1998; Hilton & Levinson, 1998; Agras & Chapman, 1999; 

Dasgupta et al, 2002). Thus, as economic activities go up initially, environmental 

degradations increase up to a certain point (called turning point) after-which the
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environmental degradations begin to decrease (Arrow, et al., 1995; Dinda, 2004; Dasgupta 

et al, 2002).

The concept of EKC theory implies that at the early stage of economic growth people are 

willing to accept environmental degradations as inevitable negative consequences for 

economic development. Consequently, as percapita income increases, environmental 

degradation also increases. However, when an economy reaches certain level of improved 

standard of living (Khanna & Plassmann, 2004), people begin to show more concern about 

the environment, and will exert more and more pressure on corporations to reduce negative 

environmental impacts. In essence, the theory proposes that economic growth fueled by 

industrialisation and technological inventions are encouraged without giving much regards 

to environmental consequences, when an economy is struggling to grow “presumably on 

the assumption that” stated Arrow et al (1995: 91) “these consequences would either take 

care of themselves spontaneously or could be dealt with separately”. Figure 5.1 presents 

the graphical representation of the theory.
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Figure 5 .1 : Environmental Kuznets Curve

5.3.4 Pollution H aven H ypothesis (PH H )

PHH proposes that the discrepancy between the environmental regulations in developed 

countries and those in less developed countries is one of the factors aiding the movement of 

pollution intensive companies away from the former to the latter, because these regulations 

are more stringent and tougher in developed countries (Mani & Wheeler, 1998; Eskeland & 

Harrison, 2003; Cole, 2004; Cole & Fredriksson, 2009; Kearsley & Riddel, 2010). It 

follows that PHH predicts that companies in developed countries are more likely to record 

better environmental performance than companies operating in less developed countries.
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This is not unconnected to the fact that environmental regulations in developed countries 

are much more stringent, and enforcement mechanisms are more effective, while in less 

developed countries such regulations along with their enforcement mechanism are weak. 

Consequently, Cole (2004) argues that PHH implies that while the developed countries will 

increasingly become more specialised in the less pollution-intensive production, 

developing countries will be specialising in more pollution-intensive production. In 

addition, it is further argued that avoidance of increasing costs of meeting the requirement 

of environmental regulations in developed countries is essentially what compels 

companies, whose productive activities involve heavy pollution, to move significant 

portion of their operations away from developed countries into less developed countries 

(Cole, 2004).

Empirical evidences concerning the existence of PHH are mixed and inconclusive. While 

some studies found no evidence of PHH (see Tobey, 1990; Janicke, Binder & Monch 1997; 

Eskeland & Harrison, 2003); others found weak evidence (e.g. Mani & Wheeler, 1998; 

Cole, 2004), and yet others found significant evidence of its existence (Lucas et al, 1992; 

Antweiler et al, 2001; Cole & Elliott, 2003; Silva & Zhu, 2009). This study does not delve 

into the ongoing empirical debate regarding evidence of PHH, because it is not within its 

scope. Suffice it to say that the proponents of the theory argue that significant evidence of 

PHH have been found and, therefore, it should not be discounted as one the theoretical 

explanations for worse environmental accountability in developing countries.
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5.4 L in k in g  L T , V D T  an d P H H  to E K C  T h e o ry

Figure 5.1 indicates that a less developed economy that is struggling to grow and attain 

some reasonable level of development is characterised by positive relationship between 

environmental degradation and percapita income. As such, less developed countries will 

fall within the region to the left of the ‘turning point’ (i.e. region I) in figure 5.1, while 

advanced/developed economies will fall in region II to the right of the ‘turning point’ . The 

implication of the positive relationship between economic growth and environmental 

degradation, as depicted in region I, is that less developed economies give more priority to 

industrial growth and pay little or no attention to what is happening to negative 

environmental impacts of such growth. By extension, since majority of stakeholders are 

more concerned about improving their standard of living, they may, most likely, not care 

much whether corporations have adequately provided disclosure about their environmental 

activities or not. Consequently, corporations operating in less developed economies will 

tend to use this opportunity to disclose more environmental information when their 

environmental performance is high and disclose little or abstain from disclosing their 

environmental activities altogether, if their environmental performance is poor. Following 

this scenario, this study holds the view that in less developed countries where disclosure of 

environmental information is discretionary (Disu & Gray, 1998), the relationship between 

environmental performances and the level of environmental disclosure of firms is most 

probably positive, and the likely theory to explain the relationship is Voluntary Disclosure 

Theory (VDT).
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On the other hand, region II of figure 5.1, which shows negative relationship between 

economic growth and the level of environmental degradation, consists of developed 

economies most of whose citizens have attained high level of improved standard of living. 

People in these economies show more concerned about negative environmental impacts, 

and may be willing to withdraw legitimacy for any corporation that performs poorly with 

respect to environmental damages. If, in this situation, a poor environmental performer 

seeks to disclose less environmental information, the pressure on its threatened legitimacy 

will increase. As such, the ideal thing to do in order to manage the threatened legitimacy is 

to provide increased level of soft environmental disclosure in order to change the negative 

perception on its environmental performance. This argument leads the researcher to deduce 

that the relationship between environmental performance and the level of ‘soft’ 

environmental disclosure of firms operating in an advanced economy may be negative, and 

can be explained by legitimacy theory. However, this does not mean that voluntary 

disclosure theory is not operational in developed economies. Thus, if emphasis were to be 

focused on ‘hard’ environmental disclosure by corporations in developed countries (See 

Clarkson et al, 2008; Clarkson et al, 2011) the relationship will be positive, and hence 

explained by voluntary disclosure theory.

It is clear that EKC theory is a theory that operates at macro level, because it predicts the 

relationship between two macroeconomic variables (income per capita and a country’s 

level of environmental degradation). However, legitimacy theory and voluntary disclosure 

theories are applicable at micro level, because they predict the nature of the relationship 

between two micro level variables (i.e. firms’ environmental performance and
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environmental disclosures). Since, the relation between micro and macro levels is likened 

to that of a tree (micro) within a forest (macro), it can, therefore, be argued that legitimacy 

theory and voluntary disclosure theory operate in the frame of EKC theory.

There were attempts in the literature to establish a link between PHH and EKC theory (see, 

for example, Cole, 2004; Kearsley & Riddel, 2010). Thus, it has been argued that PHH is 

one of the explanations that shape and facilitate EKC theory (Cole, 2004). This is because 

at the early stage of economic development, increasing level of environmental degradation 

portrays the weak nature of environmental regulations in less developed countries (Suri & 

Chapman, 1998; Cole, 2004; Kearsley & Riddel, 2010). Suri & Chapman (1998) hold the 

view that the shape of EKC is influenced and further compounded by PHH, explaining 

further that as economic growth increases with corresponding increase in environmental 

degradations, environmental regulations become more stringent until the environmental 

degradation is forced to start decreasing. From this argument it can be seen that PHH also 

operates in the frame of EKC theory via environmental regulations, shaping and 

compounding the association between income per capita and the quality of the environment 

as predicted by EKC theory.

5.5 D eveloping the S tu d y ’ s R esearch H ypotheses

This section discusses how the five hypotheses of the study are derived through logical 

presentation of arguments developed from three relevant theories. These theories are EKC 

theory, Pollution Haven Hypothesis and Voluntary Disclosure Theory.
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It has been established from EKC theory that corporations, both foreign and domestic, 

operating in a less developed countries may not be under significant pressure to minimise 

their negative environmental impacts. This is because majority of citizens living in less 

developed countries as well as their governments are willing to sacrifice environmental 

quality in favour of economic growth and increased standard of living. In addition PHH 

implies that multinational corporations whose productive activities are characterised by 

heavy pollution tend to expand or move their operations to countries where environmental 

regulations are weak and few, and in turn reduce their activities in developed countries 

where there are effective and stringent environmental regulations. The reasons for this are 

obvious, and they include avoidance of huge environmental cleanup cost; avoidance of 

huge cost associated with investment in environmentally clean production technology and 

other environmentally related legal costs. Supporting this argument, O’Connor (1995: 94) 

quoted in Dasgupta, Laplante & Maminge (2001: 311) observes that:

“.......when violators of standards are detected, if penalised at all they often face very

weak sanctions. (.... ) polluters are exempted from fines either on grounds of financial

hardship or because the violators wield undue political influence. Perhaps the most 

pervasive is that, even when fines are levied, they are frequently so low in real terms 

that they have little if any deterrent value..... ”

The substance of these two theoretical positions (i.e. EKC theory and PHH) can be 

translated into possible avoidance of corporate environmental responsibility by 

corporations, and evading efforts required to mitigate environmental degradations inflicted 

to the environment as a result of their productive activities in a less developed economies. 

This will inevitably lead to low level of CEP. Because Nigeria falls under the category of
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less developed countries and exploration and production activities in the upstream sector of 

its oil and gas industry are dominated by foreign multinational companies, as the operators 

of the dominant oil and gas companies in the country’s upstream sector, this study 

hypothesizes that:

HI: Gas flaring-related Environmental Performance of dominant companies in the

upstream sector of the Nigerian oil and gas industry is adversely low37.

Where gas flaring-related environmental performance score is judged as “adversely low” if 

it is significantly below the favourable performance threshold (0.4000) established in this 

study (see Table 7.2 in chapter seven).

The second and the third hypotheses are linked to the first hypothesis stated above, and are 

derived as follows: Because most oil and gas companies operating in the upstream sector of 

the Nigerian petroleum industry are likely to be poor environmental performers, 

consequent of the arguments put forward by EKCH and PHH, they may be unwilling to 

report extensively on their environmental information. Obviously, they are aware of the 

fact that most environmental stakeholders are likely to be more concerned about the 

significant contribution that oil and gas exploration and production will make to economic 

growth and living standard. Consequently, the stakeholders are very much likely to give up 

reported environmental information, because they would rather that the environmental 

degradation continuous in as much as oil and gas exploration and production benefits the 

economy at both micro and macro levels. Moreover, the upstream sector of the Nigerian 

oil and gas industry has a history of transparency problem in general. These companies

37 All five hypotheses derived are stated in the alternate form.
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hardly report their financial activities publically, because up to now they are registered in 

Nigeria as private limited companies and by extension these companies disclose little of 

their environmental activities, both in terms of volume and substance when it is very 

necessary and convenient for them to do so. This informs the logic behind the derivation of 

the second and the third hypotheses of the research which state that;

H2: Volumetric gas flaring-related environmental disclosure by dominant companies

in the upstream sector of the Nigerian oil and gas industry is inadequately low.

H3: The degree of substance in respect of gas flaring-related environmental

disclosure by dominant companies in the upstream sector of the Nigerian oil 

and gas industry is inferior

Where gas flaring-related disclosure volume and substance scores are judged as 

“inadequately low” and “inferior” respectively, if they are found to be significantly below 

the favourable disclosure volume and substance thresholds (0.4000 in both cases) as 

established in this study (see Table 7.14 in chapter seven).

Considering the arguments of EKC theory, the legitimacy theory and the voluntary 

disclosure theory, the researcher argues that firms with poor environmental performance 

have the options to either;

i. increase environmental disclosure to manage pressure from environmental 

stakeholders -  as stipulated by legitimacy theory -  or
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ii. reduce environmental disclosure in an attempt to hide its poor environmental 

behaviour -  as argued by the voluntary disclosure theory.

The option that a poor environmental performer is likely to take depends on the position of 

the country’s location on the EKC (refer to figure 5.1 above). That is whether the country is 

developed or less developed in the context of EKC. Thus, if the economy in which the 

reporting firm operates is developed, with high level general standard of living, having a 

well established legal system and in which majority of environmental stakeholders are well 

educated, then the poor-performing firm is very likely to go for option (i). However, if the 

operating economy is less developed (an economy characterised by low standard of living, 

high level of illiteracy, weak environmental regulation), then the poor-performing firm is 

likely to go for option (ii). Some of the motivation for choosing option (ii), perhaps, is to: 

One, hide their poor environmental behaviour from the international audiences and 

environmental NGO (ii) reduce cost associated with environmental disclosure, such as 

legal cost, penalty, compensation to affected community and so on. Since, Nigeria is a less 

developed country, and consistent with the prediction of VDT (there is positive association 

between firms’ environmental disclosure and environmental performance) it is 

hypothesised based on both volumetric and substance disclosure of gas flaring-related 

information that;

H4: The association between gas flaring-related environmental performance and the

volumetric environmental disclosure by dominant companies in the upstream 

sector of the Nigerian oil and gas industry is positive.
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H5: The association between gas flaring-related environmental performance and the

substance of environmental disclosure by dominant companies in the upstream 

sector of the Nigerian oil and gas industry is positive.

5.6 T h e  R esearch T h eoretical F ra m ew o rk

Figure 5.2 presents the theoretical framework of the research. It shows the relationship 

among the relevant environmental philosophies supporting the research, the theories 

underpinning the research; the hypotheses derived from the theories including the variables 

that make up the hypotheses and how these hypotheses are related to the objectives of the 

study. The flow of logic in figure 5.2 begins from the bottom where it is shown that both 

environmental philosophies of consequentialism and deontology support the three relevant 

theories (EKC theory, PHH and VDT) underpinning this research. Thus, consequentialism 

as an environmental philosophy paves way for enactment and enforcement of 

environmental regulations suspected as being lax in the Nigerian oil and gas industry. PHH 

itself is constructed on the weak nature versus the strong nature of environmental 

regulations in less developed and developed countries respectively. However, deontology, 

an environmental philosophy that results in the adoption voluntary environmental 

accountability, supports the VDT which evolves from the moral sense of duty to the society 

and the natural environment within which corporations operate. This study assumes that 

EKC theory is operational in Nigeria, and it is compounded by the fact that Nigeria’s 

political arena is laden with high level of corruption. It is further assumed that both PHH 

and VDT operate in the frame of EKC theory. This assumption is substantiated by the 

following reasons: One, some minimal level of environmental degradations is regulated 

while others are left at the discretion of the oil and gas companies. Two, Nigeria is a less
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developed county characterised by high level o f corruption and lax legal system. Third, 

majority o f its citizens are more concern about living standard than environmental quality.

Figure 5. 2: Theoretical Framework

Objective 6
Exploratory, for it is concerned with examining factors 
responsible for changes in the volume o f ANG flared over 
time.

Objective 5

Objective 4

Objective 3

Objective 2

Objective 1
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Environmental
Philosophies

H5

Consequentialism Deontology

Figure 5.2 shows that the three theories (EKC theory, PHH and VDT) are used to generate 

five testable hypotheses made up o f two basic variables (CEP & CED). The three theories 

are supported by the environmental moral philosophies o f consequentialism and
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deontology. Because EKC theory is a theory operating at the macro level of an economy, it 

is supported by both consequentialism and deontology. This implies that the aggregate 

environmental degradation of an economy is made up of contributions from both 

companies that are willing to be accountable for their share of the degradations 

(deontologists) and those that have to be forced by environmental regulations for them to 

do so (consequentialists). However, PHH is logically supported by consequentialism, for it 

is specifically concerned with environmental regulations in LDCs in comparison to those in 

developed countries while VDT is consistent with deontology.

Results from the test of hypothesis one will be used to evaluate the environmental 

responsibility behaviour of companies in the upstream sector of the Nigerian oil and gas 

industry. Statistical result from the test of hypothesis two and three will be relied upon to 

evaluate the environmental reporting behaviour of companies in the upstream sector of the 

Nigerian oil and gas industry. However, results to be obtained from the test of hypothesis 

four and five will be used to assess the relationship between the companies’ environmental 

responsibility and environmental reporting behaviour. In order to evaluate the 

environmental accountability behaviour of the sample companies’ results from the test of 

all the five hypotheses will be combined in a single frame with a view to addressing the 

main research question of this study {How environmentally accountable are companies in 
the upstream sector o f the Nigerian oil and gas industry with respect to environmental 
degradation caused by gas flaring consequent o f their operations?).
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In order to facilitate this evaluation, the researcher has come up with a frame and scenarios 

intended to facilitate effective analysis of the sampled companies’ gas-flaring based 

environmental accountability. The next section presents and discusses this framework and 

the scenarios in general.

5.7  T he F ram ew ork  for A ssessin g  C orp orate E n v iron m en ta l A cco u n ta b ility

Al-Tuwaijri et al (2004) argue that while firms compete in the global economy, it is 

becoming necessary and strategically relevant for them to respond to the ever-increasing 

demand for environmental accountability from various stakeholders interested in the issues 

of environmental sustainability. Perhaps, one of the most viable means of assessing the 

environmental accountability of firms is by assessing its two major elements, 

environmental performance and environmental disclosure, in a single framework. The 

rationale behind evaluating corporate environmental accountability via assessing the 

relationship between its two elements (i.e. environmental performance and environmental 

disclosure) has been implied in the literature (see for example, Ingram & Frazier, 1980; Al- 

Tuwaijri et al, 2004). For instance, Ingram & Frazier (1980) point out the usefulness of 

examining the relationship between environmental performance and environmental 

disclosure, which the authors believe translates into evaluation of environmental 

accountability, is to determine whether the actual environmental performance of the 

corporation corresponds to its reported environmental performance. In a similar vein, Al- 

Tuwaijri et al (2004) contends that environmental accountability of firms can be assessed 

by analysing the relationship between their environmental performance and environmental 

disclosures.
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This study argues that an assessment of any of the two elements in isolation will only be 

tantamount to partial assessment of environmental accountability. Thus, assessment of 

environmental disclosure alone will, perhaps, only lead to assessment of the extensiveness 

of environmental information reported and/or the quality of such information38 39. In support 

of this view, it has been argued in the literature that it is highly contentious to use

•5Q
environmental disclosure as a proxy for environmental performance (Ullmann, 1985; 

Belkaoui & Karpic, 1989; Rockness, 1985). Agreeing to this point, Hughes et al (2001) 

note that environmental disclosures provided in annual reports do not actually portray the 

true environmental performance of a reporting entity.

Similarly, isolated assessment of environmental performance could only provide an avenue 

to measure the extent to which firms have made efforts to mitigate their adverse 

environmental impacts. Thus, a high environmental performance score does not guarantee 

that the reporting entity has provided adequate environmental disclosures through the 

appropriate means of reporting to its relevant green stakeholders. This study argues that 

both partial and simultaneous assessment of CEP and CED in a single framework will 

enable effective evaluation of CEA. Figure 5.3 below represents such framework:

38 CED, as the operationalized form of CERb, can only be used in isolation to evaluate the latter as a 
component of environmental accountability. Study’s such as Guthrie & Parker, (1990), Zeghal & Ahmed, 
(1990), Gray et al (1995) & (1996), Deegan & Gordon (1996), Campbell (2002) and Beck et al (2010) fall 
within the category of research that carried out this type of assessment.
39 What this argument implies is that it is highly controversial and misleading to conclude, for example, that a 
firm is a good environmental performer if its environmental disclosure is assessed as extensive.
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Figure 5. 3: Gas Flaring-related Corporate Environmental Accountability Evaluation 
Framework

THE CEA
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This study uses the logic o f the framework described in figure 5.3 in conjunction with the 

theoretical framework presented in Figure 3.2 to gas develop flaring-related environmental 

accountability evaluation criteria (discussed in detail in chapter seven) which the researcher 

believes can be useful in evaluating firm’s environmental accountability in general. Equally 

important is the fact that the proposed criteria could only be applicable in the presence o f 

the following assumptions:
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i. The members or Decision Making Units (DMU) whose CEA is being assessed must 

be identical. For example, firms operating in the same industry or firms that use 

similar production inputs to produce similar desirable production outputs and emit 

similar pollutants.

ii. Reference to best practice in relation to both CEP and CED, to be used for the 

purpose of comparison, is to be established among the firms being assessed.

5.7.1 Partial Evaluation of Gas Flaring-related Environmental Accountability
It is clearly shown in figure 5.3 above that the study will evaluate gas flaring-related 

environmental accountability via both separate and simultaneous assessment of gas flaring- 

related environmental responsibility and environmental reporting behaviours of dominant 

companies operating in the Nigerian upstream sector. In addition, the evaluation of the 

components would be carried out by operationalising and assessing gas flaring-related 

environmental performance and disclosure. Essentially, gas flaring-related environmental 

responsibility behaviour will be assessed as good or poor depending on how well the 

company or sample has performed with regard to reduction of carbon dioxide emission due 

flaring of ANG. Thus, a company with favourable environmental performance score will 

be assessed as having demonstrated good environmental responsibility behaviour with 

regard to CO2 emission consequent of gas flaring. However a company with adverse gas 

flaring-related environmental performance score will be rated as demonstrating poor 

environmental responsibility behaviour.
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Gas flaring-related environmental reporting as the second component of gas flaring-related 

environmental accountability will be evaluated via the assessment of gas flaring-related 

environmental disclosure. In general, the criterion for such evaluation is such that low gas 

flaring-related environmental disclosure score will be interpreted as an exhibition of poor 

environmental responsibility behaviour. Conversely, high score will be seeing as implying 

good environmental responsibility behaviour.

5.7.2 Complete Evaluation of Gas Flaring-related Environmental A ccountability
As stated earlier, this study is of the view that evaluation of gas flaring-related 

environmental accountability can only be complete if its two elements are evaluated and 

analyzed simultaneously in the same framework. Consequently, the following general 

criteria will be used by the study in order to evaluate gas flaring-related environmental 

accountability for companies in the study sample. Where both gas flaring-related 

environmental performance and disclosure scores portray good environmental 

responsibility and reporting behaviours, gas flaring-related environmental accountability 

would be assessed as good. On the other hand, where both gas flaring-related 

environmental performance and environmental disclosure indicate adverse environmental 

responsibility and reporting behaviours, then gas flaring-related environmental 

accountability would be assessed as poor40.

40 Note that more specifics on the criteria for evaluating gas flaring-related environmental accountability in 
this study are provided and explained in section 7.6 of chapter seven.

208



This chapter consists of eight sections. It discussed the environmental philosophies and 

relevant theories that support the research. It explained the linkages between deontology 

and consequentialism environmental philosophies on one hand and the three theories 

(EKCH, PHH and VDT) underpinning the research, on the other hand. In addition the 

linkages between EKCH, on one hand, and VDT & PHH, on the other, hand have been 

discussed. It also discussed how the hypotheses of the study were generated from these 

theories. Finally, the chapter explained how some general scenarios would be developed 

from the study’s framework for evaluating gas flaring-related environmental 

accountability.

As the nucleus of this study, this chapter discussed and explained the congruent linkage 

among the major elements of the research. Although, in this respect, the chapter stopped at 

derivation of five research hypotheses proposed in order to facilitate the achievement of the 

five basic objectives of the study stated in chapter one, they (the hypotheses) provided clear 

indications as to the methods & techniques that can be used for the purpose of data 

analyses. The two variables used to construct the hypotheses need to be operationalised or 

measured. While gas flaring-based CEP will be measured using Data Envelopment 

Analysis (DEA), gas flaring-related CED will be measure using Content Analysis (CA). 

Hypotheses one two and three will be tested using one-sample hypothesis test for mean, 

and hypothesis four and five will be tested using Time-Series Cross-Section (TS-CS) 

regression analysis. Other philosophical assumptions, methodological assumptions,

5 . 8  S u m m a r y  a n d  C o n c l u s i o n
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methods and procedures consistent with the approach just mentioned, will be the subjects 

of discussions in the next chapter (Research Methodology & Methods).
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6 .1  I n t r o d u c t i o n

The approach to the conduct of any research is made up of research building blocks 

ranging from ontology, epistemology, axiology, rhetoric, methodology, methods as well as 

the source and the nature of the relevant data. These building blocks are referred to as the 

philosophical and methodological underpinnings of a research. When philosophical 

assumptions underpinning a research are clearly identified and discussed, choosing the 

appropriate methodology for the conduct of a research will not be too difficult a task 

(Blaikie, 2007). Stressing this point, Crossan (2003) points out that selection of the 

appropriate research approach by a researcher is determined by the nature of the research 

and the mode or type of the underlying research questions being asked. In addition, it is 

argued that the researcher’s experience, grasp of philosophy and innate beliefs can enhance 

his/her ability to choose a methodology well suited for the research (Ryan et al, 2002; Grix, 

2003, Blaikie, 2007 and 2010). Consequently, two or more individuals conducting 

independent research about exactly the same problem may obtain different results. This 

may not be unconnected to the fact that the individual researchers’ experiences may differ; 

their personal beliefs might be dissimilar and their perception of philosophy may also 

differ. This would most likely make them take different philosophical stances leading to 

adoption of different methodologies. Commenting on this, Burrell & Morgan (1979) 

observe that researchers’ selection of different research design is indeed shaped by their 

inherent preferences to varying philosophical stances.

The main concern of this chapter is to discuss the approach to the conduct of this research. 

This includes adequate discussion of the philosophical underpinnings of the research (i.e.
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ontology, epistemology and methodology). The methodological discussions would then be 

narrowed down to methods employed in conducting the research (these include m ethod o f 

data collection, sampling technique, variable measurement strategies and methods o f  data 

analyses). In this respect, Grix (2002) contends that the chronological order in which social 

science research philosophies are considered is important, because it has significant bearing 

on the determination o f the right approach for the research in question. In this context, Grix

(2002) further suggests the following order; ontology, epistemology, methodology, 

methods and finally nature o f the data and its source. Figure 6.1 presents the most 

important research building blocks and their relations in a chronological order.

Figure 6.1: Chronological Order of Research Building Blocks

Ontology
W hat is out there to be known or researched? 

Epistemology
How can it be known or researched?

_______ 1 2 _______
Methodology

How can we go about acquiring the knowledge that we believe exists?

W hich precise procedures and techniques can be used to acquire the knowledge?

_______________________ ____________________________
Source

W hich data can we collect for the purpose o f  acquiring the knowledge?

Source: Adapted from Grix (2002).
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6.2 P h ilosop h ica l U n d erp in n in gs in  A ccou n tin g  R esearch

This section reviews dominant research philosophies and their associated paradigms that 

affect and shape social science research with specific emphasis on accounting research. 

The idea behind the identification of relevant philosophical stances that support and guide 

accounting research is to help situate it in the parlance of such social sciences as Sociology, 

Psychology, Anthropology and Economics, which often provide inputs (usually in the form 

of theories) for conducting business and accounting research (Burrell & Morgan, 1979; 

Ryan, Scapens & Theobald, 2002; Bryman & Belli, 2007).

Specifically, this section discusses basic philosophical ideas with a view to determining the 

philosophical assumptions and their corresponding paradigms that will support and guide 

the conduct of this research. Consequently, the researcher is concerned with the following 

questions:

1. What are the philosophical assumptions about the nature of reality that inform gas 

flaring-related environmental accountability research in the upstream sector of the 

Nigeria oil and gas industry?

2. How can the researcher acquire the knowledge that he believes exists regarding gas- 

flaring-related environmental accountability of dominant companies in the upstream 

sector of the Nigerian oil and gas industry?

3. How can the researcher go about discovering what he believes is there to be known 

about gas flaring-related environmental accountability in the upstream sector of the 

Nigerian oil and gas industry?

214



4. What specific methods and techniques should be employed in order to discover 

knowledge relating gas-flaring-related environmental accountability behaviours of 

dominant firms operating in the upstream sector of the Nigerian oil and gas 

industry?

The first question is posed with a view to establishing the appropriate ontological 

assumptions that underpin this research, while the second question is concerned with 

epistemological consideration of the study. Question three and question four are raised in 

order to address the research methodology and methods relevant to this research, 

respectively. Consequently, this section is devoted to addressing question one and two, 

while question three and four will be the subject matters of section two.

6.2.1 O ntology

Logically, identification of ontological assumptions ought to be the initial point where 

philosophical underpinning of any coherent research methodology begins (Grix, 2002). 

Basically, it is concerned with the question: what is the nature of reality that is out there to 

be known? (Grix, 2002; Crossan, 2003; Blaikie, 2007 & 2010). Ryan et al (2002) describes 

it as an inquiry about existence for the purpose of discerning what is real. The general 

definition of ontology is given as a division of metaphysics that studies the nature of being 

and existence (Ryan et al, 2002). Regarding its applicability in the social science research, 

Blaikie (1993: 6) defines it comprehensively as “claims and assumptions that are made 

about the nature of social reality -  claims about what exists, what it looks like, what units 

make it up and how these units interact with each other?” In the spirit of Grix (2002), the
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researcher argues that this study’s ontological stance is represented by an answer to the 

question: what is the nature of ‘reality’ as it relates to gas flaring-related environmental 

accountability of dominant companies in the upstream sector of the Nigerian oil and gas 

industry?

Bryan and Bell (2007) note that the two main opposing concerns of ontology are: one, 

whether objects of research interest are social entities having reality that cannot be 

influenced by social actors; secondly, whether they are social objects whose reality is 

affected by the perception and actions of social actors. These two opposing propositions are 

referred to as ontological paradigms41 (Collis & Hussey, 2009). While the first ontological 

paradigm is called ‘objectivism’, the second is referred to as ‘constructionism’ 

respectively.

Objectivism, which is sometimes referred to as ‘realism’, is an ontological stance which 

proposes that social entities being subjected to scientific inquiry exist and function external 

to or independent of the researcher, as a social scientist and his research activities. As such 

empirical data are collected as observations from the social object representing the existing 

reality about such entity. Along the same line of reasoning, Ryan et al (2002) observes that 

objectivism is an ontological position which implies that reality, in the form of 

observations, subsists within social entities being subjected to scientific inquiry.

41 Collis & Hussey (2009) defines paradigm as “a framework that guides how research should be conducted, 
based on people’s philosophies and their assumptions about the world and the nature of knowledge”
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At the other end of the continuum lies constructionism, also referred to as ‘rationalism’. It 

is also an ontological position which holds the view that reality subsists in the mind of the 

social actor or social scientist rather than within the social objects being subjected to 

research (Ryan et al, 2002). In other words, constructionism is a paradigm of ontological 

philosophy which challenges the position of objectivism. According to Bryman & Bell 

(2007: 22) the proponents of this paradigm hold the view that “objective entities are 

considered as social constructions build up from the perception of social actors”. Therefore, 

this position implies that knowledge is relative to social scientist who acquires this 

knowledge inductively or normatively through reasoning and other peoples’ evaluation of 

the social reality & reconstruction of the objects.

6.2.2  E p istem ology

Epistemology is a philosophical position that ought to be logically considered by a 

researcher after ontology. It is concerned with the question: how does a researcher or social 

scientist obtain knowledge about social reality that he/she believes exist? According to 

Blaikie (1993: 7) epistemology deals with “how what is assumed to exist can be known”. 

In general, epistemology can be described as one of the main aspects of general research 

philosophy that involves gathering and acquisition of knowledge that is assumed to exist 

and is out there to be discovered. In this respect, Ryan et al (2002) explains that 

epistemology focuses on the problem that a researcher envisages when deciding how to 

acquire knowledge. The two main opposing epistemological paradigms are ‘positivism’ 

and ‘interpretivisin’. Collis & Hussey (2009) points out that positivism emanates from
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objectivism ontological stance, while interpretivism has its root in the idealism or 

constructionism.

Positivism is originally adopted in underpinning research and acquisition of knowledge in 

natural sciences. Consequently, in the context of socials science research, it is concerned 

with application of research methodology borrowed from natural sciences to acquire 

knowledge concerning the realities of social entities (Bryman and Bell, 2007; Blaikie,

2010). As an epistemological position derived from objectivism, positivism advocates that 

the reality regarding social objects, being subjected to scientific inquiry, is independent of 

social scientist and that its main purpose is discovery and advancement of theory via 

empirical research. Empirical research, in this context, involves formal testing of 

hypotheses derived from extant theories in order to advance new theories or to test the 

existing ones (Ryan et al, 2002; Grix, 2003; Collis & Hussey, 2009; Blaikie; 2010). This is 

called ‘deductive reasoning’. Because positivism involves the collection of hard, numerical 

observations from social objects or their activities, it is sometimes described as quantitative 

approach to research (Crossan, 2003, Collis & Hussey, 2009). Usually, the quantitative 

observations or data sets are subjected to statistical or other quantitative methods of data 

analysis in order to find the truth about scientific statements or factual evidence that 

predicts social phenomena. The social phenomena being so predicted can be a causal 

connection between two or more social variables, or differences/similarities between the 

characteristics of two or more social entities or variables.
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On the other hand, the proponents of interpretivism argue that knowledge on social reality 

pertaining to social objects is essentially acquired by the researcher from the analytical 

perception in his mind. Consistent with this assertion, Collis & Hussey (2009: 57) argue 

that the view of interpretivism, as opposed to positivism, implies that “social reality is not 

objective but highly subjective” . Thus, interpretivism holds the view that the researcher 

forms a normative or inductive statement representing knowledge that exists regarding 

social entities through interactions with them -  the social entities being subjected to 

research (Burrel & Morgan, 1979; Ryan et al, 2002; Blaikie, 2010). The basis of 

knowledge acquisition in this subjective way is that it is not possible to dissociate the social 

scientist mind from the social entities subjected to social research (Collis & Hussey, 2009). 

This approach is often referred to as qualitative research (Crossan, 2003) and it paves way 

for the generation of normative theories or sometimes inductive theories, especially in 

Accounting (Ijiri, 1975).

6.2.3 P h ilosop h ical U nd erp in n ings o f  th is R esearch

This section narrows down the discussion of philosophical underpinnings and relates it to, 

especially this study. The purpose is to, unequivocally, state the ontological and 

epistemological assumptions intended to guide the conduct of this research. It also 

describes two other relevant philosophical assumptions (axiological & rhetorical 

assumptions) of this research.

First of all, the ontological stance that underpins this research is objectivism, because the 

researcher believes that knowledge about the environmental accountability behaviour,
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relating to gas flaring, of companies operating in the upstream sector of the Nigerian oil 

and gas industry exists. The researcher further assumes that the reality about the elements 

of this environmental accountability behaviour (i.e. gas flaring-related environmental 

performance and environmental disclosure) exist, in the form of empirical observations, 

independent of, and external to the reasoning of the researcher and his research activities.

Secondly, consistent with the arguments of Grix (2002) and Collis & Hussey (2009), the 

epistemological stance of this study originates from its ontological position (objectivism) 

as stated in the preceding paragraph. Consequently, the epistemological paradigm that 

guides the conduct of this research is positivism. Essentially, the researcher applied natural 

science methodology for the conduct of this research. Specifically, hypotheses42 regarding 

the level of gas flaring-related environmental performance, environmental disclosure and 

the empirical relationship between them derived from three theories (voluntary disclosure 

theory, Environmental Kuznets Curve theory and Pollution Haven Hypothesis), were 

tested. The tests were carried out using empirical data collected on oil produced, ANG 

utilised, ANG flared, natural gas price penalty paid for ANG flaring etc, with a view to 

acquiring knowledge regarding the environmental accountability behaviours, as they relate 

to CO2 emission due to ANG flaring, by dominant companies operating in the upstream 

sector of the Nigerian oil and gas industry.

Thirdly, as stated earlier, two other important philosophical assumptions that needed to be 

specified are axiological and rhetorical assumptions. Axiology is a philosophical stance

42 See chapter five for details on how the five hypotheses of this research were formally developed from three 
relevant theories.
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that has its root in either positivism or interpretivism. In this regard, Ryan et al (2002) 

points out that axiological assumption is closely associated with epistemology. Thus, 

axiological assumption related to positivism states that research process is value-free, while 

the axiological position connected to interpretivism argues that research process is value

laden or is characterised by bias (Collis & Hussey, 2009). Since the epistemological 

paradigm of this research is positivism, attempts were made to remove or exclude 

significant level of the researcher’s values and bias as much as possible.

Finally, Rhetorical assumption is another philosophical position that focuses on the nature 

of the language used in writing the thesis. Collis & Hussey (2009) stress that rhetorical 

assumption is indeed relevant at the point of writing a proposal or the final thesis report. 

Because the positivists emphasise on objectivity, the relevant rhetorical assumption states 

that the researcher should write the thesis in a formal language, and express the view of the 

study or the results thereof in passive voice, indicating minimal interference of his/her 

personal values or opinions43. However, interpretivists tend to use active voice when 

expressing the view of the study or reporting the finding thereof, and may use informal 

language in writing the thesis report (Collis & Hussey, 2009). This shows the subjective 

nature of qualitative approach. Therefore, since this research is underpinned by positivism, 

the language employed in its writing is formal. Moreover, when addressing the research 

and when expressing the study’s view or results the language mostly used is passive voice.

43 Or such interference is reduced or managed to the barest minimal level, since it is widely perceived that 
interference of the social scientist values in social research is certainly inevitable (see Ryan et al, 2002, 
Blaikie, 2010)
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6.3 T he R esearch  M eth od o logy

Methodology relates to the process involved in the actual conduct of the research (Bums,

2000). Therefore, in this section the focus of the research is narrowed down to strategy of a 

study -  deductive, inductive, retroductive or abductive -  (see Blaikie, 2007 & 2010). The 

section also discusses the specific methods and procedures that would facilitate the actual 

conduct of the research or implementing the method of reasoning identified as relevant to 

this research. These specific methods and procedures include population definition and 

sample identification, variables descriptions and their measurement strategies, description 

of the sources of data and techniques for data analyses.

6.3.1 T he S trategy  o f  th is R esearch

Blaikie (1993, 2007 & 2010) identifies four basic strategies employed in conducting social 

research, namely inductive, deductive, retroductive and abductive research strategy.

Inductive approach is an approach used in answering research questions that involve 

development of a new theory. The process starts from basic facts and particular individual 

cases in order to arrive at general theoretical position. Collis & Hussey (2009) observe that 

inductive reasoning involves the use of specific observations or facts in order to generate 

broader theoretical proposition. Thus, Blaikie (2010: 154) stresses that “Research within 

the inductive strategy involves collecting data by operationalising concepts and then 

searching for pattern in the data.” Pattern established are then stated in a form of 

generalisation. The generalised pattern becomes a theory via confirmations by many other 

subsequent studies.

222



On the contrary, deductive research strategy involves utilisation of general theoretical 

propositions in order to predict, explain and understand particular empirical reality or 

specific cases (Collis & Hussey, 2009). In other words, in a strategy of a research that 

involves deductive reasoning, hypotheses are developed in relation to a particular research 

problem from a theory or set of theories connected to that problem. The hypotheses so 

generated are subjected to empirical or statistical testing to either confirm the theory or 

provide evidence contrary to the theory.

However, retroductive strategy involves proposing and establishing hypothetical model of 

mechanism or structure that explains observed regularity. Blaikie (2010) posits that the 

strategy involves gathering and processing data in order to establish a hypothetical model 

of structure that provides explanation about an observed regular pattern.

Blaikie (2010: 89) describes Abductive research strategy as a process of “constructing 

theories that are derived from social actors’ language, meaning and account in the context 

of everyday activities”. This description implies that the strategy focuses on the 

interpretation of the meaning and motives behind peoples’ language, actions and accounts 

in their day-to-day activities for the purpose of constructing social theories.

The approach that a research chooses depends on what has been identified as the 

philosophical underpinnings of the research in question. For instance, a researcher uses 

deductive reasoning if the research belongs to positivists’ paradigm. However, inductive 

approach will be more appropriate, if the research in question is underpinned by
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interpretivism. Because this research belongs to the positivists’ paradigm, it employs 

deductive research as its strategy. This fact is clearly indicated by the theoretical 

framework of this study and derivation of the research hypotheses discussed in chapter 

five. Specifically, in section 5.5 and 5.6 how the five hypotheses of this study were 

developed from the theoretical insights of Pollution Haven Hypothesis, Environmental 

Kuznets Curve Theory and Voluntary Disclosure Theory was fully explained. Hypothesis 

one centers on the extent of gas flaring-related environmental performance of companies 

operating in the upstream sector of the Nigerian oil and gas industry. Hypothesis two and 

three deal with volume and degree of substance in respect of gas flaring-related 

environmental disclosure by dominant companies. Finally, hypothesis four and five focus 

on estimating the nature of the relationship between gas flaring-related environmental 

performance and measures of gas flaring-related environmental disclosure. For the three 

variables (performance, volume of disclosure and disclosure substance) to be evaluated 

individually and for the association between gas flaring-related environmental performance 

and the two measures of gas flaring-related environmental disclosure to be empirically 

investigated, the three variables have to be measured or quantified. However, for these 

variables to be successfully quantified empirical data must be collected. The researcher 

plans to collect these empirical data from the NNPC’s ASB and the annual reports, 

sustainability reports or the web-based environmental reports of the sampled oil and gas 

companies’ operators. The quantified empirical data would then be subjected to statistical 

analyses that would enable test of hypothesis one, two and three; evaluation of the 

relationship between gas flaring-related environmental performance and measures of gas 

flaring-related environmental disclosure, and test of hypothesis four and five. Hopefully,
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consistent with deductive research strategy, interpretations of the results from the statistical 

analyses and the test of the five hypotheses would enable either confirmation of the 

theories or provision of evidence contrary to the theories. Finally, the tests of the 

hypotheses are expected to provide findings that would facilitate meeting the first five 

objectives of the study.

6.3.2 P op u la tion  o f  the S tud y, S am p ling  U n its and the S am p le S election

Upstream sector of the Nigerian oil and gas industry is made up of companies engaged in 

the exploration and production of crude oil and natural gas as well as transporting these 

products to the point of sales, refining or further pocessing. Oil and gas companies in 

Nigeria can either fall under Joint Venture Arrangements (JVA), Production Sharing 

Arrangement (PSA), Service Risk Arrangements (SRA) or Marginal Oil Fields operation44. 

Over 90% of the Nigeria’s oil and gas production is accounted for by companies in the first 

two categories. While almost all the operators of the joint venture companies and the 

production sharing contracts are FMOCs, most companies operating under the umbrella of 

service risk contracts and marginal oil fields are indigenous companies. NAPIMS (2011) 

reports that seven major Nigerian oil and gas companies, namely SPDC, CNL, MPNU, 

EPNL, NAOC, TOPCON and NPDC are the dominant operating oil and gas companies in 

the upstream sector, controlling, among themselves about 98% of the country’s oil 

reserves. The remaining insignificant 2%, approximately, is controlled by about 50 other 

oil and gas companies most of which are indigenous.

44 In the context of Nigeria, marginal fields are those oil fields considered by multinational oil firms as not 
holding much reserves, and thus are not worth developing. They also include fields whose locations make 
them unprofitable, due to high costs associated with such locations.
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To define the population of this study, two crucial factors were taken into consideration. 

These factors are (i) significant level of ANG flaring which is a function of the size of an 

oil and gas company, and the size of an oil company can be represented by the volume of 

its crude oil production; (ii) availability of gas flaring-related information. Based on these 

two factors, the population of the study was defined such that it captured oil and gas 

companies responsible for the significant share of ANG flaring in the upstream sector, and 

from which relevant data could be obtained. In order to identify these companies, the 

Nigerian National Petroleum Corporation’s (NNPC) Annual Statistical Bulletins (ASB) 

were examined, and any company that reported its gas flaring-related and other information 

on oil production over the period 1997 to 2009 qualified as a member of the study 

population. The fact that company’s information is reported in the ASB of a particular year 

suggests that its relevant data is available, at least for that year. At the end of the exercise 

eleven companies were identified as the members of the study population. The eleven 

companies identified, as presented in Table 6.1, have been responsible for 93.21% 

production of crude oil in the upstream sector of the Nigerian oil and gas industry (see 

Table 6.2), and these companies represent the study sample45. In this vein, it is believed 

that studying these companies’ environmental accountability behaviour regarding CO2 

emission consequent of gas flaring would provide adequate insight into Nigerian upstream 

sector’s environmental accountability behaviour.

45 Consistent with the principle or assumption of time-series cross-section data set, unlike the traditional panel 
data set, the fixed population is the same as the sample (see Becks, 2001). Therefore, once the population is 
identified it becomes the sample and it cannot be re-sampled. The impossibility of re-sampling in the case of 
this study’s sample is the imposition of the condition that for a company to form part of the population it must 
have reported its oil and gas related information in the NNPC’s ASB at least once over the 13 years covered 
by the study.
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Table 6 .1 : Study Population/Sample

Company Operating Arrangement Operator
1. Shell Petroleum Development 

Company Nigeria Ltd (SPDC) JVC Royal Dutch Shell

2. Chevron Nigeria Limited (CNL) JVC Chevron Texaco
3. Mobil Producing Nigeria Unlimited 

(MPNU) JVC ExxonMobill

4. Pan Ocean JVC Pan Ocean
5. Elf Petroleum Nigeria Ltd (EPNL) JVC Total
6. Texaco Overseas Nigeria Petroleum 

Company (TOPCON) JVC Chevron Texaco

7. Nigerian Agip Exploration (AENR) PSC Eni/Agip
8. Addax Petroleum Development 

Nigeria Ltd (APDN). PSC Addax

9. Nigerian Petroleum Development 
Company LTD. (NPDC) SRC NPDC

10. Esso Exploration & Production 
Nigeria Deepwater West (EEPN) PSC ExxonMobill

11 . Nigerian Agip Oil Company Ltd. 
(NAOC) JVC Eni/Agip

Table 6.1 above presents eleven oil and gas companies that make up the sample of this 

study. The Table also presents the kind of arrangements under which each of them is being 

operated in the country. In addition, the operators of the eleven arrangements are also 

shown in the Table. Note that detailed profile for each oil and gas company in the sample is 

provided in appendix VI. It is also imperative to clarify that the eleven oil and gas 

companies in the sample, all of which were registered and incorporated in Nigeria as 

private limited companies, are operated by FMOCs. Although, NNPC has major stake in 

each of these companies, but it remains non-operating working interest owner in all the
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ventures. This is mainly because the technical know-how relating to oil and gas 

prospecting, exploration and production remains with the FMOCs46.

Table 6. 2: Aggregate Crude Oil Production in Nigeria

Crude Oil Produced in Barrels % of Crude Oil
Year

Study Population/ Sample Nigeria
Produced by the 

Sample
1997 850,503,745.00 855,736,287.00 99.39
1998 793,898,485.00 806,443,999.00 98.44
1999 756,427,048.00 774,703,222.00 97.64
2000 794,104,915.00 828,198,163.00 95.88
2001 830,082,702.00 859,627,242.00 96.56
2002 695,254,970.00 725,859,986.00 95.78
2003 813,047,014.00 844,100,267.00 96.32
2004 866,835,027.00 911,044,764.00 95.15
2005 880,689,241.00 918,972,465.00 95.83
2006 719,700,190.00 869,196,506.00 82.80
2007 713,778,640.00 803,000,708.00 88.89
2008 669,397,107.00 768,745,932.00 87.08
2009 632,277,799.00 780,347,940.00 81.03
Total 10,015,996,883.00 10,745,977,481.00 93.21

Average 770,461,298.69 826,613,652.38 93.21

Table 6.2 above presents aggregate crude oil produced by the oil and gas companies in the 

sample put together along with the total produced by Nigeria as a whole for each of the 

thirteen years covered by the study. It also presents what percentage of total crude oil 

production in Nigerian is attributable to the sample. Thus, it can be seen from the Table 

that overall over the thirteen-year-period covered, the eleven oil and gas companies in the 

sample were responsible for producing 93.21% of crude oil in the country.

46 Refer to section 2.5 of chapter two for details on the nature of operating arrangements in the upstream 
sector of the Nigerian oil and gas industry.
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6.3.3 S ources o f  D ata

Absence of, or scanty reporting of both financial as well as social and environmental 

information by oil and gas companies registered and being operated as private companies 

in the upstream sector of the Nigerian oil and gas industry is an undisputed fact47 48. This 

nondisclosure attitude is traceable to the original incentive given to FMOCs by the 

Nigerian government to operate in the upstream sector not as Nigerian corporate bodies but 

rather as unincorporated partners in a joint venture or production sharing arrangements 

with NNPC. Consequently, FMOCs and the joint venture companies or production sharing 

companies, through which the FMOCs operate in the country, do not have any legal duty to 

publically report both financial and nonfinancial information in Nigeria, except to the 

relevant tax authority. The usual norm is to register the joint venture company as a private 

limited company , not mandated by law to make public disclosures except to its owners 

(the venturers) and the relevant tax authority, and leave the entire operation of the company 

to selected FMOCs.

However, due to the sensitivity and importance of the oil and gas industry in Nigeria, 

pressure from the relevant stakeholders (for instance, host communities, Nigerian public, 

the media, NGO’s and so on) and other interested international audiences, some level of 

disclosures, especially from NNPC, is being squeezed out at the local level, and from the 

FMOCs as the operators, at the global level. Indeed, another reason advanced by the NNPC 

for making disclosures in its ASB is to provide bird-eye information on both upstream and

47 The companies being referred to here are the Nigerian oil and companies formed for the purpose of 
operating joint ventures or production sharing arrangements between NNPC and other FMOCs. Therefore, it 
should be made crystal clear that the study is not referring to the FMOCs.
48 Note that all the eleven companies in the sample are incorporated as private limited companies in the 
country.
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downstream activities for potential investors. Information on gas flaring specific to Nigeria 

is among the items being reported by both NNPC and the operators. This shows that 

relevant stakeholders and other interested audiences can access gas flaring-related 

information, in relation to Nigerian oil and gas companies, on Nigeria from two major 

sources. The first source is the global sustainability/CSR reports or annual report of the 

FMOCs as operators in the country. The second source is the NNPC’s ASB. Another 

source from which general information on the oil industry can be obtained is Central Bank 

of Nigeria’ (CBN) Statistical Bulletin.

Consequently, this study relies on archival secondary data in respect of the relevant 

variables, which was collected from two major sources and one minor source. These are the 

NNPC’s Annual Statistical Bulletin (ASB); sampled companies’ operators’ sustainability 

reports, CSR reports, annual reports or other similar reports and CBN Statistical Bulletin as 

the minor source.

6.3.3 .1  N N P C ’s A n n u a l S tatistica l B u lletin  (A SB )
NNPC started reporting ‘specific and hard’ information concerning flaring of ANG by 

major oil and gas companies49 operating in the country, arguably in recognition of the 

importance of this information and the sensitivity of the environmental impact of the 

wasteful practice globally. The study refers to this information being reported by NNPC as 

‘specific and hard’ following Clarkson et al (2008), because the following items are 

reported specifically and quantitatively in the NNPC’s ASB for each major oil company:

49 In addition these companies on which NNPC reports in its ASB happen to be the companies in which the it 
(NNPC) has controlling stakes.
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ANG produced, ANG flared and ANG utilised. Moreover, the following components of 

ANG utilised by each company are also disclosed: gas reinjected, gas used as fuel, gas 

lifted for LNG and/or LPG production and ANG sold.

Annual Statistical Bulletin (ASB) is the NNPC’s official reporting medium or document 

published yearly, as the name implies, in order to voluntarily report on the activities of the 

Nigerian oil and gas industry. In the view of this study, it is the most comprehensive 

document that provides detailed information regarding both upstream and downstream 

activities of oil and gas companies in the industry50. It reports comprehensively on 

companies’ seismic activities, crude oil production, crude oil liftings, crude oil export, 

ANG production, ANG utilisation, gas transmission, gas export and so on. in the words of 

NNPC, the essence of publishing ASB is “to give a clear picture of the activities that spell 

out the major economic profile of Nigeria driving for transparency and accountability”. For 

the purpose of this study data concerning such variables as crude oil produced, ANG 

produced, ANG utilised and ANG flared were extracted from the ASBs for each company 

in the sample over the thirteen-year period covered.

Essentially, relevant data that facilitated the measurement of gas flaring-related 

environmental performance was collected from the ASBs. Moreover, since NNPC has the 

higher stake than any other FMOC in all the eleven Nigerian oil and gas companies in the 

sample, its disclosure regarding these companies is regarded as part disclosure in respect of 

the companies. Therefore, the ASB represents one source of gas flaring-related disclosure

50 NNPC ASBS can be accessed by following the link provided below: 
http://www.nnpcgroup.com/PublicRelations/OilandGasStatistics/AnnualStatisticsBulletin.aspx
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regarding the sampled oil and gas companies. The other source is, of course, the operators’ 

reports.

6 .3 .3 .2  O p erators’ R ep orts

These are the other sources of gas flaring-related disclosures that complement the ASB 

disclosure. Thus, the study relies on any relevant report via which any operator of any 

company in the sample had made disclosure regarding gas flaring in the upstream sector of 

the Nigerian oil and gas industry. However, the preference for the reports is in the 

following order: First, the operator’s sustainability report was searched for. If it was not 

available, then annual report was searched for. If the annual report was not available, then 

other reports such as press release, fact sheets or other forms of web-based reports were 

relied upon. Thus, information reported in respect of gas flaring was used to measure gas 

flaring-related environmental disclosure51.

6.3.3 .3  C R N ’s S tatistica l B ulletin

This is another comprehensive annual reporting medium published annually by the CBN. It 

provides general information on all the sectors in the Nigerian economy. In this study, the 

researcher relied on this document to collect data on the exchange rate between US dollar 

($) and Nigerian naira (N) from 1997 to 2009 (see appendix VII). This data was then used 

to compute penalty paid for flaring ANG by each oil and gas company in the sample for the 

relevant periods.

51 Details on how the disclosure is measured are provided in section 6.3.4.3.
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6.3.4 V ariab les D escr ip tio n s and th e ir  M ea su rem en t S trateg ies

An important aspect of deductive research as an approach belonging to the positivist 

paradigm involves definition and measurement of relevant variables so that they can be 

subjected to statistical analysis to enable test of the hypotheses developed. Consequently, 

this section deals with description of the relevant variables and explications of their 

measurements strategies. The two major variable of this study are CEP and CED related 

exclusively to gas flaring by dominant oil and gas companies operating in the upstream 

sector of the Nigerian oil and gas industry. Thus, the measurements of these variables as 

elements of gas flaring-related environmental accountability unfold as follows:

6.3.4 .1  M easu rem en t o f  G as F larin g-rela ted  E n v iron m en ta l P erform a n ce

As stated earlier, the variable CEP operationalises the environmental responsibility 

behaviour of companies. In the spirit of Tyteca (1996) general definition of environmental 

performance indicator, environmental performance within the context of this study can be 

described as an evaluation tool that enables the comparison of oil and gas companies 

operating in the upstream sector of the Nigerian oil and gas industry with one another, in 

relation to their CO2 due to flaring of ANG.

It has been variously noted that measurement of this variable is one of the major 

problematic issues associated with inconclusiveness of the nature the relationship between 

CEP and CED (Ingram & Fraziers, 1980; Ilnitch et al, 1998; Patten, 2002, Clarkson et al,

2011). Thus, review of measurement strategies of CEP carried out in section 4.4 of chapter 

four shows that researchers in the field of environmental management and environmental
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accounting use variety of measurement techniques to quantify the variable. Among the 

many measurement strategies employed by researchers in the area of environmental 

accountability include Council on Economic Priority (COEP) rating, Kinder Linderberg & 

Domini (KLD) rating, Toxic Release Inventory (TRI) based index, Business & Society 

Review rating, Investor Responsibility Research Center (IRRC) ratings, Franklin Research 

Development Corporation (FRDC) Rating, to mention but a few. This leads to the 

conclusion by ilinitch et al (1998) that measurement strategy of CEP in the accounting 

literature is inconsistent. Moreover, this study argues that majority of the measurement 

strategies lack general applicability, because most of them are country specific. For 

example, a researcher that has decided to use KLD index must rely on their data base 

which consists of purely US companies. Although, some few environmental performance 

measurement models (for example, Jaggi & Freedman, 1992; Patten, 2002; Al-Tuwaijri et 

al, 2004, Clarkson, 2008) may be generally applied provided the required data is available, 

but their major weakness is related to lack of theoretical backing and some of them involve 

subjective arbitrariness (Tyteca, 1996).

Measurement of environmental performance in the environmental economics literature 

using nonparametric technique is particularly attractive. Researchers in this area employ 

Data Envelopments Analysis (DEA) for the purpose of developing environmental 

performance indexes (e.g. Tyteca, 1996 & 1997; Zaim, 2004; Fare et al, 2004). DEA is a 

nonparametric technique used to evaluate the performance of peer Decision Making Units 

(DMU) that use similar inputs to produce similar outputs (Cooper, Seiford & Tone, 2007). 

The definition of DMUs is flexible, for they can be plants in a company, units in an
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organisation, firms in an industry, industries in an economy or even countries in a 

particular region (Cooper, Seiford & Zhu, 2004). DEA problems are usually solved using 

the mathematical technique of linear programming. Building on the earlier work Farell 

(1957), DEA was originally developed by Chames, Cooper and Rhodes (1978). This 

original model is called CCR and it takes the following general envelopment form:

m in d  = 9*
x,e

Subject to

n

y° -'Yjtjyrj  ̂o, 
7=1

(r =  1,2,3,....,s).

71
9x° — ^  XjXij > 0, 

j=i
(i =  1,2,3,....,m). (6 .1 )

Xj > 0, O' = 1,2,3,... .,n).

Where:

9 = Productivity performance index

X = Intensity variable (Note: at optimum efficiency X = 9 = 1) 

x 0 = Production input of the focused DMU 

x  = Production input

y0= Production output of the focused DMU 

y = Production output 52 53

52This famous pioneer DEA model was named by combining the three fist letter of the names: Chames, 
Cooper and Rhodes (CCR).
53 These are weights whose values keep changing in the process of linear programming method of solution or 
iteration, until the optimal weight is computed.
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This model is called the input-oriented CCR envelopment model (see Cooper et al, 2004; 

Cooper et al, 2007), because it focuses on minimising input-output ratio. This is 

particularly indicated by including the optimal performance index (6) of the focused DMU 

as the coefficient of that DMU’s production input (x Q). The output oriented CCR version, 

which maximises input/output ratio, is expressed as follows:

max 0 = 0* 
v.<P

Subject to

n

(py0 -  2_ ,^ jy rj ^ ° '

j =i 

n

(r =  1,2,3, ....,s).

;'=i

(i =  1,2,3,.. (6.2)

f ij  >  0, O' =  1,2,3,... • ,n ).

Where:

0 = Productivity performance index

11 = Intensity variable (Note: at optimum efficiency // = 0 = 1) 

x 0 = Production input of the focused DMU 

x  = Production input

y0= Production output of the focused DMU 

y  -  Production output

Cooper et el (2007: 58) note that the optimal solutions of the input oriented model and the 

output oriented model have the following relationships:

** = %.. <i = x/e (6-3)
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DEA as a method of developing pure environmental performance index or productivity 

efficiency index that accounts for pollutants is supported by the Theory of Productive 

Efficiency (TPE) (Fare et al, 1989, Fare et al, 1996; Tyteca, 1996; Olsthoom et al, 2000). 

About eighteen years ago the technique has been particularly described as promising (Fare 

et al, 1996). Since the prominent works of Fare et al (1989), Fare et al (1996), Tyteca 

(1996) and Tyteca (1997), numerous other researchers have used DEA to measure 

environmental performance for different kind of DMUs (see for example, Seiford & Zhu, 

2002; Fare et al 2004, Zaim 2004; Zhou et al, 2006; Hua & Bian, 2007; Zhou et al, 2009). 

Again, the idea behind DEA and the use of mathematical technique of linear programming 

in solving DEA-based problems are underpinned by the TPE.

Tyteca (1996) observes that within the realm of theory of productive efficiency, attention is 

focused on the types of factors, namely production inputs, desirable production outputs and 

undesirable production outputs (pollutants). This theory views DMUs, whose 

environmental performances are being evaluated, as rational economic units that seek to 

use minimum level of production inputs to produce maximum level of desirable production 

outputs and emit minimal level of undesirable outputs in the form of pollutants. The 

assumption of efficiency as it relates to production of maximised desirable production 

outputs and minimised undesirable production output is explained in terms of ‘weakly 

disposable property’ associated with production of the latter (Fare et al, 2004) and the 

asymmetric production relationship between the two (Fare et al 1989; Zofio & Prietor,

This indicates that the optimal solutions of the two models are reciprocals.
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2001). The weak disposability assumption implies that pollutants are disposed of at some 

costs in the form of penalty, sanction or clean up costs, and the asymmetric relationship 

between the desirable and undesirable production outputs suggests that increases in the 

emission of undesirable outputs will lead to corresponding decreases in the amount of good 

outputs produced and vice versa. For this reason, according to TPE, DMUs will be 

compelled or motivated to minimise quantity of undesirable outputs produced.

Consistent with Tyteca (1997: 187) this study adopts the “Normalised Undesirable Output 

(NUO) DEA model” which excludes production inputs in the analyses, and is modeled 

based on the following restricted production set in the form of Farell (1957) [as modified 

by Chames Cooper and Rhodes (1978) and further modified by Fare et al (1989)]:

n

s  =  {(y , b ): y° “  Z j 2>yri -  °' 
7=1
n

(r = 1,2,3, ...,s).

b 0 ^  Zj bt j  — 0, 
7=1

(i = 1,2,3,...

si? IV o 0 = 1,2,3,... ■ , n )}

Where:

S = The production technology 

z  = Intensity variable

y0= Desirable production outputs for the focused DMU

y  = Desirable production outputs

b = Undesirable or bad production outputs (pollutants)

b0= Undesirable or bad production outputs (pollutants) for the focused DMU
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For the first time Tyteca (1996) and (1997) modifies the model in a manner that it 

computes ‘pure’ environmental performance index directly, and he calls it Normalised 

Undesirable Output (NUO) DEA model. Moreover, Tyteca structured the model in a way 

that the value of the environmental performance index ranges between 0 and 1 (0 being the 

worst performance and 1 the best performance). Thus, this model is expressed as follows:

min 9 =  s ,
e,z

Subject to

n

y0 -/_j zjyrj -  °>
j=i 

n

(r = 1,2,3,.....,5).

9b 0 ^  Zjbkj 0, 
j=i

(k =  1,2,3,....,u). 6.5

zj > 0, O' =  1.2,3,....,n).
The decision to adopt this particular DEA model is justified by the following reasons. First, 

the model is linear from the outset. Second, the model focuses on minimising the ratio: 

pollutants per unit of desirable outputs. Third, inaccessibility of data on sampled 

companies’ production inputs in the NNPC’s ASB. Fourth, it derives environmental 

performance index directly. Fifth, it is the model that produces an index closest to the one 

used by studies (see Patten, 2002; Al-Tuwaijri et 2004; Clarkson et al, 2008) in the relevant 

literature.

Having established the backgrounds for the DEA model the study intends to use for the 

purpose of measuring gas flaring-related CEP, it is about time the index was formally
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derived. When formulating DEA environmental technology the following specification is 

generally specified (see for example, Tyteca 1997; Fare et al 1996; Zaim, 2004; Fare et al

2004):

Given n independent DMUs, represented by DM Uj(J = 1,2,3, Each DMU uses m

inputs, denoted by X ij(i = 1,2,3, to produce s  desirable outputs denoted by

y rj  (r = 1,2,3,...., 5) and emits u undesirable outputs denoted by bkj( k  = 1,2,3,...., u ).

However, in the case of this study the specification above is modified such that the DMUs 

are the dominant oil and gas companies operating in the upstream sector of the Nigerian oil 

gas industry. Therefore, n represents the number of oil and gas companies considered in 

this study. Two major desirable outputs, crude oil (O L) and ANG utilised (G U ) are 

produced by the sampled companies. This study is concerned with an important 

undesirable production outputs, namely carbon dioxide equivalent of gas flared (G F ). 

Therefore, the production technology (7) is stated as follows:

T  = {(x , OL, GU, G F) : x  can p ro d u ce  (OL, GU, G F)} 6.6

In the context of theory of productive efficiency, T  is assumed to be closed and bounded 

production set, and that desirable production outputs are freely disposable (Tyteca, 1996, 

Zhou et al, 2009). The former assumption implies that determinate amount of production 

input (x  in this case) can produce limited amount of desirable outputs (OL  and G U  in this 

case) and undesirable production outputs or pollutants (G F  in this research).
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Importantly, moreover, this production technology exhibits two properties, namely 

‘nulljointness’ and ‘weak disposability’ (Fare et al, 2004; Zaim, 2004; Zhou et al, 2009). 

Thus, the nulljointness and weak disposability assumptions specific to environmental DEA 

model formulation in this research are stated as follows:

i. I f  (x , OL, GU, GF) e T  & GF  = 0, th en  OL =  0, GU = 0. This is the 

nulljointness assumption and it shows the impossibility of producing OL & G U  

without producing GF.

ii. I f  (x, OL, GU, GF) € T  & 0 < 9 < 1, th en  (x , 60L, QGU, 6G F) e T. This is the 

weak disposability property which accounts for the costs that an oil and gas 

company incurs as a result emitting the undesirable outputs (GU).

The production technology specified in 6.6 can be restated in the format of Shepherd 

(1970) distance function for the sub-vector of bad outputs (G U  in this case) as follows; (see 

Fare et al 2004, Zaim, 2004)

Dg f{O L,G U ,G F ) = Max : [ 0 L ,0 G ,~ j  e  7"} 6.754

However, this distance function would lead to formulation of non-linear programming 

mathematical problem. Since, the above distance function is related to the output oriented 

model, its input oriented equivalent can be used to construct a distance function that would 

enable the formulation of linear programming problem. Recall that the relationship

54 D g f  = the distance function for the sub-vector of C02 emission consequent of ANG flaring.
241



between the input and the output oriented DEA models, when productive efficiency is 

optimal, is:

6.8

Therefore, based on 6.8 the following Shepherd (1970) input distance function is

and, this can be modeled as a linear programming problem, in a piece-wise fashion as in 

Zhou, Ang & Han (2009) as follows:

min 6 = a, 
e,x 1

Subject to

equivalent to 6.7 above (based on the fact that (—  = OGF );

Dg f(O L ,G U ,G F ) =  Min{0 : (OL, OG, 6 G F ,) e T} 6.9

n

n

6.10

n

X j>  0, d >  0, j =  1,2,3, ....,n

Where:

6 (Q = £i) = Environmental performance index 

X = Intensity variable (Note: at optimum efficiency X =  6 =  1)

242



OL0 = Volume o f  crude o il produced by the fo c u se d  o il and gas company in the sample

OLj = Volume o f  crude o il produced by other o il and gas companies in the sample

GU0 = Volume o fA N G  utilised by the fo cu sed  oil and gas company

GUj = Volume o f  A N G  utilised by each o f  a ll the other o il and gas companies

GF0 = Kilogram o f  C O 2 emitted due to gas flarin g  by the fo cu sed  oil and gas company

GF0 = Kilogram o f  C O 2 emitted due to gas flaring  by a ll other o il and gas companies.

Fare et al (1989) formulated a DEA model which permits asymmetric relationship between 

desirable and undesirable production outputs. The main DEA model of this study was 

formulated by making a slight modification to the 6.10. Thus, the modification took the 

form of treating carbon emission due to ANG flaring (G F), measured in kilogram of CO255, 

and ANG utilised (GU) measured in cubic meters asymmetrically. This implies that an 

increase in the volume of G U  leads to a proportionate decrease in CO2 emitted as a result 

of flaring ANG (GF)56. The reverse also holds true.

The asymmetric form of the Shepherd (1970) input distance function for the sub-vector of 

CO2 emitted as a result of gas flaring (GF) is given by:

e  ( o l ,Dg f(0 L ,G U ,G F )  = mini \ g u , 6 G F , ) e r] 6.11

55 A chemical equation written by a petroleum chemist is used to convert volume of gas flared to kilograms of 
carbon dioxide emission equivalent. Details of the formal derivation of this equation are provided in 
Appendix VIII.
56 In fact this model is consistent with all the gas flaring reduction policies, regulations, agreements being 
employed in Nigeria. They invariably aim at increasing the economic benefit of utilizing the ANG and 
reducing its waste as well as environmental degradations consequent of its burning.
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This distance function results in the formulation of the following non-linear programming 

problem:

min 9 = e,0,A

Subject to:

n
OL0 - ^ ? i j O L j <  0 

7=i 
n

^ G U 0 - ^ X j GUj <  0 6.12
7=1 
n

8 G F 0 -  Y  X jG F j =  0
7=1

Ay > 0, j  = 1,2,3,

Following Fare et al (1989: 93) the non-linear constrain C^GU0 — £y=1 AGf/y < 0) is

replaced with its linear equivalent (2GU0 — 6GU0 — Ey=i AGt/y < 0). Consequently, the

model takes the following linear programming form:

min 6 — C E P .e,A

Subject to:

n
OL0 — AyOLy < 0 

7=1
n

2 GU0 -  9GU0 -  ^  XjGUj < 0 6.13
7=1

n
9GF0 — ^  XjGFj = 0 

7=i
Ay > 0, j  = 1,2,3, ....,71
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6 (9  = CEPf)  = Gas Flaring-related environmental performance index 

X = Intensity variable (Note: at optimum efficiency X =  1)

0 L o = Volume o f  crude oil produced by the fo cu sed  oil and gas company in the sample.

OLj = Volume o f  crude o il produced by j  o il and gas companies in the sample

GU0 = Volume o f A N G  utilised by the fo cu sed  oil and gas company

GUj = Volume o f  A N G  utilised by each o f  a ll the other o il and gas companies

GF0 = Kilogram  o f  C O 2 emitted due to gas flaring by the fo cu sed  o il and gas company

GF0 = Kilogram  o f  C O 2 emitted due to gas flaring by a ll other o il and gas companies

The study refers to model 6.13 as Asymmetric Normalise Undesirable Output (ANUO) 

DEA model which is used to develop gas flaring-related environmental performance 

indexes (CEPi) of companies in the study’s sample.

In order to compare a non-DEA model with the ANUO DEA models of this research, 

modified version of Jaggi and Freedman (1992) was used to compute a non-DEA 

environmental performance index for the sampled oil and gas companies57.

Based on this model the gas flaring-related environmental performance of the sampled oil 

companies was computed using the following model:

CEP2
1 [min (NGF)'  

U NGF0 .
(6.14)

57 Consistent with Tyteca (1997) and Fare et al (1996), the J&F gas flaring-related environmental 
performance index is structured in a manner that its value ranges between 0 and 1, with the usual notion that 
0 represents worse performance and 1 represents best performance. Moreover, the original version of JF 
index is similar to the indexes developed by Patten (2002) and Al-Tuwaijri et al (2004).
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Where:

U = number pollutants (in this study U = 1, because there is only one pollutants). 

M in(NGF) = the least normalised C O 2 emitted due to gas flaring.

N G F 0 = the normalised C O 2 emitted due to gas flaring by the fo cu sed  o il and gas 
company.

N G F  = the Norm alised C O 2 emitted due to flarin g  ofA N G , which is computed as follow s:

Where:

HC = hydrocarbon produced in cubic meters (HC = OIL in cm  + ANG in  cm ). 

CO 2= Carbon dioxide emission due to gas flaring.

6.3.4.2 The D E A  W indow Analysis

Like many other empirical analysis-oriented tools (for example, OLS regression) the 

performance of DEA depends on degrees of freedom related to the number of desirable and 

undesirable output variables as well as the number of DMUs included in the modeling 

(Cooper et al, 2007). As a rule of thumb, it is widely acknowledged that for DEA to 

produce meaningful performance indexes, the number of DMUs must, at the least, be twice 

more than the number of inputs and/or desirable and undesirable outputs put together 

(Cooper et al 2007). One approach that is employed to boost degree of freedom and track 

performance of decision making units over time is called ‘DEA window analysis’. DEA 

window analysis relies on the broad conception of moving average to determine 

performance trends of DMUs over time (Chames et al, 1994; Asmild et al, 2004; Chang & 

Yang, 2009).
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The use of cross-sectional data to evaluate performance of related DMUs via DEA faces 

the problem of inadequacy of degrees of freedom, if the number of DMUs is not fairly 

large (Cooper et al, 2007). Even where the number of DMUs relative to all the variables in 

the model is large the performance of the evaluation via DEA still remains incomplete. In 

this vein, it is argued that cross-section-data-set-based DEA only gives a glimpse of the 

DMUs’ performance for a single period, for example one year or one month, (Khumbakar 

and Lovell, 2000; Cullinane et al, 2004). Unlike the traditional cross-sectional DEA-based 

performance evaluation which bench-marks the performance of DMUs for a single period 

of time, DEA window analysis utilises the yearly, quarterly or monthly relevant 

observations for each of the DMUs included in the analysis to compute their optimal 

performance indicators in the form of overall averages over time.

The technique of window analysis was first proposed by Chames et al (1985) to account 

for the deficiencies of DEA based on cross-sectional observations in situations where data 

sets is made up of observations on cross-sectional units repeated over time (usually called 

panel data). It is observed that, while DEA-based on cross-sectional observations is static, 

DEA window analysis is dynamic because it tracks the performance of the relative DMUs 

over time (Sufian, 2011). Thus, window analysis in the context of DEA allows for the 

depiction and evaluation of DMU’s performance over time and the technique treats each 

DMU as a distinct entity in each time period, thereby boosting empirical degrees of 

freedom (Asmild et al, 2004; Sufian, 2007).
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Oddly enough, there is no theoretical guidance as to how should researchers go about 

determining and selecting the window size (Sufian, 2007). The size of the window here 

refers to the number of time period (e.g. years) in each window. While commenting on the 

selection of the window width, Asmild et al (2004) points out that the size of a window in 

DEA analysis should be as narrow as possible so as to reduce the risk of bench-marking 

bias over time. In spite of this, they, nevertheless, further argue that the window should be 

sufficiently wide to allow for reasonable degrees of freedom. Based on this argument 

coupled with the fact that it takes relatively long period of time for gas utilisation project to 

kick off, the study used a five-year window. Another justification for using the five-year 

window is the very first principle on which the technique rest, that is efficiencies attained 

are feasible forever (Tulken & Eekaut, 1995). The structure of the window used in this 

study is given by figure 6.2 below.

Figure 6. 2: The Structure of the DEA Window

Overall
Window 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 Mean

CEP
W1 1997 1998 1999 2000 2001
W2 1998 1999 2000 2001 2002
W3 1999 2000 2001 2002 2003
W4 2000 2001 2002 2003 2004
W5 2001 2002 2003 2004 2005
W6 2002 2003 2004 2005 2006
W7 2003 2004 2005 2006 2007
W8 2004 2005 2006 2007 2008
W9 2005 2006 2007 2008 2009
CEP C E P - 9 7 C E P - 9 8 C E P - 9 9 C E P - 0 0 C E P - 0 1 C E P - 0 2 C E P - 0 3 C E P - 0 4 C E P - 0 5 C E P - 0 6 C E P - 0 7 C E P - 0 8 C E P - 0 9
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6.3.4.3 M easurem ent o f G as F laring-related  C E D : The Contents A nalysis

This study relied on content analysis in order to measure gas flaring-related environmental

CO
disclosure . Gas flaring-related disclosures in respect of the sampled oil and gas 

companies are typically made in two mediums. Specifically, the study relied on two 

archival sources of gas flaring-related information, namely, the ASBs of NNPC and the 

reports of the foreign multinational oil companies as the operators of the sampled 

companies which are basically Nigerian companies. The operators, usually foreign 

multinational oil companies, report gas flaring information specific to Nigeria in their 

stand-alone sustainability reports, annual reports, press releases or fact sheets. Other 

venturers’ reports have not been considered because they are mostly minority non

operating venturers in the sampled companies or arrangements. Thus, they are merely 

holding an investment in the Nigerian oil and gas companies being operated by a select 

FMOC. As such, gas flaring-related disclosures from these two sources were first measured 

separately and then integrated to produce a single disclosure index which measured the 

volume and substance of what was disclosed (see for example, Freedman and Jaggi, 2005). 

Essentially, this study used two content analysis-based measures of gas flaring-related 

environmental disclosure. The first index, Substance Disclosure Index (SDI), measures the 

substance of what is disclose (see for example, Wiseman, 1982; Freedman & Wasley, 

1990; Patten, 2002; Al-Tuwaijri et al, 2004; Freedman and Jaggi, 2005), while the second 

index, Volumetric Disclosure Index (VDI), measures the volume of what is disclose based 

on the number words used to disclose gas flaring-related information (see for instance, 

Zeghal & Ahmed, 1990; Deegan & Gordon, 1996; Campbell, 2003). 58

58 Recall that detailed review on content analysis in respect of environmental disclosure was provided in 
chapter four.
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i. Substance D isclosure Index (SDI)
NNPC discloses gas flaring-related information in its ASB along with much other oil and 

gas-related information. Consistent with Clarkson et al (2008) gas flaring-related 

information disclosed in the ASB is recognised and described as objective, specific and 

hard disclosure, because the following items are reported specifically and quantitatively in 

the ASB for each major oil company. ANG produced, ANG flared and ANG utilised. 

Moreover, the following components of ANG utilised by each company are also disclosed 

quantitatively: gas reinjected, gas used as fuel, gas lifted for LNG and/or LPG production 

and ANG sold.

Therefore, firstly, for a company’s gas flaring information to be included in the bulletin it 

must provide details of the items listed above; otherwise it is excluded from the report. 

Consequently, a company gets a score of 3, if NNPC reported its gas flaring-related 

information in an ASB of a particular reporting year otherwise 0.

Secondly, with regard to the other part of the measurement from the operators report, 

consistent with Patten (2000) and Freedman and Jaggi (2005), the study uses the following 

disclosure items as they specifically relate to reporting of gas flaring-related information 

for each relevant year:

• Reference to gas flaring;

• Reference to CO2 emission equivalent of gas flared;

• Reference to existing associated gas utilisation projects and

• Reference to planned associated gas utilisation Projects.
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Then, following Wiseman, (1982), Patten (2002); Al-Tuwaijri et al (2004) the substance of 

disclosure related to each item was rated on the basis of whether such disclosure is specific 

and quantitative, specific non-quantitative or nonspecific. Thus, quantitative and specific 

disclosure attracts a score of 3; specific non-quantitative disclosure receives 2 points; 

general non-quantitative disclosure would be graded as 1 and nondisclosure will receive 0. 

Thus, Table 6.3 below provides details of the substance disclosure rating59.

T able 6. 3: M easurem ent o f Gas F laring-related  D isclosure Substance

Item of Disclosure Specific
Quantitative

Specific
Textual

General
Textual

Non
disclosure

Max
Score

Reporting Gas flaring in the ASB - - 0 3
Reporting gas flaring 3 2 1 0 3
Reporting C02 equivalent of gas flaring 3 2 1 0 3
Reporting Existing Gas Utilisation Projects 3 2 1 0 3
Reporting of planned gas utilisation Project 3 2 1 0 3
Total maximum disclosure score - - - - 15

ii. V olum etric D isclosure Index (VDI)
Consistent with Zeghal & Ahmed (1990), Deegan & Gordon (1996) and Campbell (2003), 

volume of gas flaring-related environmental disclosure was measured using words count. 

Essentially, this version of the disclosure is made up of total number words disclosed with 

regard to gas flaring in both the ASBs and the FMOCs’ reports.

Then, following Tyteca (1997), the number of words disclosed in the ASB of a particular 

year plus the number of words disclosed in the relevant operator’s report of the same year

59 Final substance disclosure scores were scaled such that their values fell between 0 and 1.
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was scaled such that the value of the index for each year ranged between 0 and 1 (with 0 

denoting the worst score and 1 the best score) using the following formula:

VDl Wn,
Wx

6.15

Where:

VDl: Represents the volumetric gas flaring-related disclosure (with possible values
ranging from 0 to 1).

Wn: Number of words disclosed, related to a particular year’s ASB and operator’s
report.

Wx: Highest number of words disclosed in the ASB and operator’s report of a specific
year60.

6.3.5 M e th o d s  o f  D a ta  A nalysis
This section discusses the relevant econometric and statistical methods/techniques used in 

analysing data. It is obvious from the philosophical underpinning (positivism), the 

approach to the research strategy (deductive approach), the measurements (interval ratio) of 

the three major variables of the study and the nature of the objectives and/or hypotheses of 

the study that the appropriate analytical tools would be econometric methods and other 

relevant parametric statistical tools. Specifically, the study used one sample hypothesis t- 

test for mean, two sample comparison t-test for means, times-series cross-section 

regression (panel corrected standard errors) and simple time series first difference Ordinary 

Least Squares (OLS) regression.

60 In fact, this Wx will only have one value which relates to the highest number of words reported in a 
specific ASB of an identified year. Therefore, each time we compute the DCS of a particular year, the Wx 
remains constantly the denominator. Since, the maximum number of words disclosed as reported in 
table 1 is 2752, the formula becomes

252



6.3.5.1 O n e  S am p le  H y p o th es is  T -te s t fo r  M e a n
This is a parametric statistical tool used for testing hypothesis related to a single variable 

regarding one sample. The test helps analysts in establishing how statistically different is a 

sample mean from a hypothesised mean. The tool is used to test the null hypothesis that 

the mean of the sample being studied is equal to, less than or equal to or greater than or 

equal to a hypothesised mean (Bowerman & O’Connel, 2003; Healey, 2005). In other 

words the test allows analysts to find out whether the mean of a particular sample is really 

different from a theoretical mean value or is such difference simply due to random chance? 

(Healey, 2005). The cognate conditions of using the test include:

i. The variable should exhibit an evidence of normal distribution.61

ii. It must be measured quantitatively.

iii. Unknown population standard deviation.

In this study the test has been employed to determine whether the overall mean gas flaring-

related CEPi, DVI and SDI of the oil and gas companies in the sample are statistically

different from values hypothesised as the minimum score that a company must obtain for it

to be recognised as having recorded a threshold good gas flaring-related environmental

performance, volumetric disclosure and substance of the disclosure respectively.

Essentially, the test is two-sided in the case of each hypothesis so as to keep interpretation

open to both sides; despite the fact that it has been established theoretically that

environmental performances and environmental disclosure of companies operating in less

61 However, it is quite in order to violate this assumption if the number of observations does not fall below 
30. Thus in a research situation where the number of observations is equal to, or exceeds 30 the Central Limit 
Theorem provides that normal distribution can be assumed (Healey, 2005; Weaver, 2011). There is general 
agreement among statisticians that a sample size of less than 30 is small. Moreover, in the case of small 
samples, and where the assumption of normal distribution is violated an alternative parametric statistic, 
median sign test, should be considered.
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developed countries are generally suboptimal. Specifically, this tool was used to test 

hypothesis one , two and three, which were formally derived in their alternative forms in 

chapter five and stated explicitly in both their respective null and alternative forms in 

chapter one .

The tests statistic called t-test, or most often student t-test, is computed using the following 

statistical formula:

s/VaT^T

Where:

t = the t-statistic (test statistic) 

li = the hypothesised mean 

s = the sample standard deviation 

N = the number of observations

6.16

6.3.5.2 T w o S am p le  C o m p a riso n  T -te s t fo r  M ea n s
This test is used to determine whether means of two samples are statistically different or 

such difference is just consequent of random chance (Bowerman & O’Connel, 2003). 

Broadly speaking, this test can be categorised into two. These are: independent two sample 

t-test for means and correlated two sample t-test for means. 62

62 Note that the usual rule for testing hypothesis applies, i.e. comparing probability associated with the test 
statistic against 1%, 5% or 10% alpha level applies. In general, null hypothesis is rejected if the probability 
associated with the test statistic is less than the alpha level.
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Independent two sample t-test is sometimes referred to as between groups test for mean 

difference. This is because the test involves testing for statistical difference between the 

means of two samples made up of entirely different and independent members. This test 

may be conducted under the condition of equal or unequal variances of the two 

independent samples.

Correlated two sample test for means -  also referred to as dependent two sample test or 

paired two sample test -  involves within group test for mean difference. The test is used to 

establish the statistical difference between the means related to a variable for the same 

sample computed under two different conditions or assumptions. In other words, paired 

two sample t-test for means is used to statistically establish whether two correlated or 

dependent samples are statistically different or not.

The purpose of using two sample comparison test for means in this study is to establish 

whether DEA-based environmental performance (CEPi) would be significantly different 

from non-DEA-based environmental performance (CEP2). Thus, the rationale behind 

comparing the two indexes is to find out whether a theory-based gas flaring-related 

environmental performance index (CEPi) differs from an environmental performance index 

that is not supported by any theory (CEP2). Since, each of the two indexes were developed 

for the same set of oil and gas companies using two different models, the situation 

constitutes measurement of the same variable, gas flaring-based environmental 

performance index, using two different models for the same sample (the eleven oil and gas
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companies under study). Therefore, the appropriate comparison tool to employ is correlated 

or paired two sample t-test for means.

The formula for computing paired two sample t-test is stated as follows:

d
6.17

Where

t = t-statistic

d = difference between paired observations

d = mean of the differences

Sfi = standard error of the differences63.

6.3.5.3 P an e l C o rre c te d  S ta n d a rd  E r r o r s  R eg re ss io n  A nalysis
The nature of the data set collected in this study for the purpose of evaluating the 

association between gas flaring-based environmental performance and the two forms of 

environmental disclosure as well as investigating factors affecting gas flaring-based 

environmental performance of oil and gas companies is referred as time-series cross- 

section (TS-CS) data set (Beck & Katz, 1995 & 1996, Beck, 2001; Wilson & Butler, 2007; 

Franzese & Hays, 2007; Beck, 2007; Beck & Katz, 2011) or pooled data (Plumper, Troeger 

& Manow, 2005; Plumper & Troeger, 2007). Beck & Katz (2007) describe TS-CS data set 

as being made up of temporal observations collected at regular intervals, usually annual, on 

fixed units (for example, OPEC members or OECD members). Beck (2001) points out that
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TC-CS data is different from panel data in that in the case of TS-CS data set, large sample 

properties (asymptotics) are associated with the repeated observations and not the cross- 

sections or units which are assumed to be fixed. Remember that the members of the study 

sample, which also happen to be the members of the study population, cannot be re

sampled (Beck & Katz, 2004). In the case of panel data analysis, the units are sampled 

from a very large population, while with TS-CS they are fixed. This argument points to the 

obvious fact that generalisation in the case of traditional panel data relates to the population 

from which the sample is drawn. However, for TS-CS generalisation is confined to the 

fixed units (for example, OPEC countries or OECD countries) -  which in many cases 

happen to be the population. The nature of the data set collected in this study is described 

as follows:

■  The units are the dominant oil and gas companies whose data on gas flaring, gas 

utilisation and oil production are available in the NNPC annual statistical bulletins.

■  Over the period covered by the study, NNPC reported the required data for only 11 

companies.

■  The 11 companies represent the population which is also the sample of the study. 

Consequently, resampling is not possible. The number of companies is fixed at 11.

■  The time period is annual and relevant data was collected over 13 years (1997-

2009).

■  Therefore, it follows that the dimension of the data set is N=11, Y=13.
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■ Consistent with definition of finite (small) time-series cross-section data set as in 

Beck (2001), Beck and Katz (2007) and Podesta (2006) the data set qualifies as 

such.

Panel Corrected Standard Errors (PCSEs) modeling involves using OLS or Prais-Winsten64 

regression to estimate linear TS-CS models with panel-based corrected standard errors 

(Beck & Karz, 1995 & 1996; Plumper et al, 2005). It is established based on empirical 

evidence that PCSEs models work well with TS-CS data set characterised by small sample 

size (Beck & Karz, 1995 & 1996; Beck, 2001). Thus, in this study PCSEs was used to 

estimates three models.

The first model would be estimated with a view to exploring factors affecting gas flaring- 

based environmental performance of companies in the upstream sector of the Nigerian oil 

and gas industry. The model would attempt to explain how the dependent variable (CEPi) 

responds to the influence of four identified explanatory variables (company size, gas 

utilisation investment, penalty for flaring ANG and gas-to-oil ratio). The model is specified 

below:

CEP  l it — Po + P i GUIit + p 2 SIZEit + @3 GORit +  (34LOG_PENit + U it 6.18

The second and the third model focus on estimating association between gas flaring-based 

environmental performance (CEPi) on one hand and volumetric environmental disclosure

64 It should be noted that when the TS-CS data set does not exhibit serial correlation problem, the PCSEs 
model is estimated using OLS standard error. However, if the errors exhibit autocorrelation Prais-Winsten 
regression should be used to estimate the PCSEs model or according to Beck and Katz (1996) lagged 
dependent variable should be included with the regressors to correct for the panel serial correlation.
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(VDI) and substance of the disclosure (SDI) on the other hand. More specifically, the 

second model estimates and measures the effect of CEPi on VDI while controlling for such 

variables as size, corporate gas price and company type. Essentially, the aim of this model 

is to facilitate testing of hypothesis four. The third model focuses on estimating the 

relationship between CEPi and SDI, while controlling for the influence of company size, 

environmental philosophy, natural gas price and investment in gas utilisation projects. Note 

that the descriptions as well as the measurement strategy of CEPi, VDI and SDI were 

discussed in details in section 6.3.4.1 and 6.3.4.3 respectively.

Controlling for influence of certain variables, when examining the association between two 

other variables of concern, is important. The essence of including control variables in a 

regression model is to hold the influence or interference of other variable constant in order 

to isolate the relationship between the two variables of interest. Usually, the control 

variables have been identified as having significant impact on the dependent variable by 

either theory (see Healey, 2005) or a number of prior empirical studies have included them 

in their models. In the context of CEP-CED association research, it is customary to control 

for company size, financial performance, industry or company type, because many 

previous studies have established that they are significantly related to CED (see for 

instance, Patten, 2002; Al-Tuwaijri et al, 2004;).

Specification for the second and the third models are provided below:

VDIit = Pq + fiiCEPlit + p2SIZEit + (33GPRit + f3ACTPit + u it 6.19
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6.20

SDlit = Po + PiCEPltt + /?2 SIZEit + p3GORit + (24GPRit 4- (35GUIit

+ /t%

6.3.5.4 S im p le  T im es S eries R eg re ss io n  A nalysis
This section is concerned with identification of possible factors responsible for changes in 

the volume of gas flared and specification of the times series regression model either in 

level or in first difference, whichever is more efficient. Unlike the investigation of some 

factors that affect the gas flaring-based environmental performance of companies in the 

upstream sector of the Nigerian oil and gas (TS-CS analysis), this section discusses time 

series regression analysis employed to investigate factors that determine fluctuations in the 

volume of associated gas flared in the Nigerian oil and gas industry over time. Therefore, 

in this case the data is for a single unit (Nigeria) observed and collected over 45 years 

(1965 to 2009) from the NNPC ASB of 2009. It is, therefore, obvious that the model would 

be made up of gas flared (GFD) as the dependent variable and other observable and 

measurable independent variables likely to affect it as the dependent variable.

a. The Dependent Variable (GFD)

The variable gas flared (GFD), measured in volumes of cubic meters, is that portion of 

ANG produced along with crude oil, which is burnt in flares rather than being utilised. The 

variable would be included in the time series regression model either directly in cubic
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meters of gas flared (in level) each year over the 45 years considered (1965 to 2009) or as a 

rate of change in the volume of gas flared in cubic meters (i.e. its first difference form)65.

b. Independent Variables

Various factors are likely to affect quantity of ANG being flared by oil and gas companies 

in Nigeria. Obviously, volume of gas flared or its rate of change can be influenced by 

volume of crude oil produced, the gas to oil ratio, government regulations and policies 

regarding gas flaring, export price of natural gas and perhaps domestic price of natural 

gas66. These independent variables, together with their measurements, are described as 

follows:

/. Crude Oil Produced (OIL)
Crude oil is invariable found and extracted along with ANG. Naturally, the higher the 

volume of crude oil extracted, the higher will be the amount of ANG produced. Moreover, 

factors such as political unrest in the Niger Delta region, crude oil price fluctuation and 

volatility, government policies regarding crude oil may indirectly affect volume of gas 

flared via volume of crude oil fluctuations. Therefore, it is assumed that including volume 

of oil produced will proxy for these and other variable that are likely to affect gas flaring in

65 The choice of an efficient model between the two potential models (level model & first difference model) 
will depend on the stationarity of all the variables in the model (both the dependent variable and the 
regressors) as well as violation or other wise of the classical OLS assumptions (See Wooldridge, 2002). Thus, 
the holding or violation of the assumptions was tested via various diagnostic tests.

660rubu (2005) investigates the influence of flare reduction regulation/policy on the elasticity of volume of 
gas flared in the Nigerian oil and gas industry, and document a significant negative impact (indicating that the 
regulations are efficient). However, one deficiency of this study is non-inclusion of other potential variables 
like to have significant impact on the gas flared. The time series model in this study is designed to correct for 
this deficiency by including eight independent variables likely to affect volume of gas being flared in the 
Nigerian oil and gas industry. Moreover, the model in this study is designed to increase the period of study to 
45 years (1965 to 2009) as against 34 years (1970 to 2003) used by Orubu (2005).
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Nigeria via changes in crude oil production. The relevance of this factor can be seen in the 

following excerpt from Shell’s sustainability report of 1999: “Flaring was 11% below the 

1998 level and ahead of our projection, mainly as a result of reduced oil production in 

Nigeria.” This indicates that crude oil production may be positively related to volume of 

ANG flared. Therefore, in this light, it is argued that in a setting like that of Nigerian oil 

and gas industry, where gas flaring takes place as a part of oil production process, a 

positive relationship between the volume of crude oil produced and changes in the volume 

of ANG flared can be expected a priory.

ii. Gas Utilisation Investment (GUI)
As discussed in detail in chapter two there have been many attempts by the federal 

government of Nigeria to motivate oil and gas companies to utilise the ANG they produce 

instead of burning it away in flares. These gas flaring reduction policies range from 

mandatory/statutory-based policies to incentive-based policies. Essentially, the aim is to 

make oil and gas companies invest in associated gas utilisation facilities or equipments 

thereby reducing the practice of excessive flaring. These facilities can take various forms 

depending on the aim of the utilisation project and they may include natural gas collection 

and transportation facilities including pipelines, gas reinjection facilities, Liquefied Natural 

Gas production plants, gas-to-liquid processing plant and so on. From, especially 1999 a 

number of associated gas utilisation projects have been put in place, which have 

dramatically increased the associated gas utilisation and expectedly reduced volume of gas 

flared or its rate of growth. Consequently, the study expects GUI, proxied by gas utilised as 

a percentage of gas produced, to affect volume of gas flared negatively.
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iii. Gas-Oil Ratio (GOR)
Another factor likely to influence the level of gas flaring in Nigeria is gas-oil ratio 

(pronounced as gas to oil ratio), which describes the proportion of associated natural gas 

produced from an oil well relative to oil production. This ratio, usually expressed in cubic 

meters, shows the amount of natural gas present in a reservoir compared to the amount of 

crude oil found in that reservoir. Therefore, it is logical to infer that the bigger the gas-oil 

ratio, the higher will be the ANG produced and the higher will be the volume of gas likely 

to be flared. Thus, it is expected that a direct relationship between the gas-oil ratio and the 

volume of gas flared should exist.

iv. Natural Gas Price (GPR)
In Nigeria, virtually ANG is produced as a byproduct in the process of crude oil 

production. Significant portion of this gas is burnt. The ANG produced can be used as fuel 

by the oil companies, reinjected back into the reservoir (very costly), captured and sold to 

third parties (also requires huge investment and depends on market availability as well as 

attractive price), vented (more environmentally damaging than flaring) or flared. Thus, In 

Nigeria where markets for natural gas is still limited (especially the domestic market), the 

easiest and less costly way to get rid of the unwanted natural gas produced is to bum it. 

Increases in the utilisation of ANG through its sales to third parties, reinjection or 

utilisation as fuel bring about a decrease in the volume of gas flared. Attractive natural gas 

export price may likely induce increases in the volume of gas captured and sold to third 

parties and this may lead to a decrease in the volume of gas flared. Consequently, it is 

expected that gas flared is a negative function of natural gas export price.
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Due to the constraint of data non-availability on the export & domestic price of natural gas 

in Nigeria, the study relies on the lowest US import price of natural gas, the wellhead price. 

The well head price of natural gas is the price charged by producers as the gas comes out of 

the reservoir (AGA, 1997). In other words it is the price charged for natural gas at the point 

of separation from the crude oil without adding any further processing and transportation 

costs. The following reasons are provided to justify the use of US wellhead price of natural 

gas as proxy for the export price of ANG in this study:

• Unlike crude oil (with well-defined world market and international prices, for 

example, OPEC basket price), the world market for natural gas is fragmented in 

various regional markets. Therefore, the concept of world price for natural gas is 

impracticable.

• US market for natural gas is highly liberalised, with prices responding well to the 

market forces.

• Nigerian natural gas is generally classified as sweet, because of its low contents of 

hydrogen sulfide (H2S) and carbon dioxide (CO2), hence easier to process.

• US is one of the major importers of Nigerian natural gas.

• The wellhead price is used in order to conform to the conservatism convention of 

accounting (which roughly states that when making estimates one should rely on 

the lowest revenue or alternatively the highest cost).
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V. Flare Reduction Regulations and Policies

As discussed extensively in chapter two, Nigerian government has made several attempts 

since 1979 to establish both statutory and incentive-based policies/regulations aimed at 

affecting the level of gas flaring in its upstream sector. In general, the main purpose of 

these policies is to bring about significant decrease in the amount of associated gas being 

flared by oil and gas companies in the country, while boosting the level of its utilisation.

The first regulation formulated in this respect came into effect in 1979 (Associated Gas 

Reinjection Act of 1979). This Act together with its subsequent amendments, are 

represented by the dummy variable (D79) which takes the value 0 prior to 1979 and 1 as 

from 1979. Other incentive-based policies introduced by the government such as fiscal 

incentives of 1992, and 1998 are to be represented by the dummy variables D92 and D98 

respectively. They are also assigned 0 before their introductions and 1 in the year of 

introduction and any other year after that.

In another attempt to reduce gas flaring in Nigeria, the country ratified the KYOTO 

Protocol on the 10th of December 2004, though it has been a member of GGRF since 2002. 

Thus, Nigeria’s ratification of the KYOTO protocol constitutes an international policy, 

adopted to reduce gas flaring via CDM projects. To assess the effect of this policy, the 

study includes it as a categorical variable in the model which is measured as 0 from 1965 to 

2004 and 1 thereafter.
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Therefore, since all the regulations/policies indentified above were implemented with a 

view to reducing ANG flaring in Nigeria, we expects all the four variables (D 79, D 92, D98  

and DOS) to be negatively associated with the emission.

It has been recognised long ago that regression using variables in level can produce 

misleading result (Harvey, 1980). Similarly, Granger & Newbold (1974) emphasise that the 

likely hood of spurious regression is minimal with variables in first difference. In this 

connection Wooldridge (2002) cautions that, unless it has been undoubtedly established 

that all the classical OLS assumptions hold, when time series variables have unit roots, 

modelers ought to be very careful about using them in levels in regression models. This 

implies that when time series variable in a data set have unit roots, results from the first 

difference regression model is likely to be more efficient than the alternative regression 

model in level. In agreement to this point of view, Harvey (1980) finds that there is high 

possibility that the true time series regression model is in first difference, if all variables 

included in the model are stationary in first difference. Consequently, researchers seem to 

favour time series regression model in the first difference instead of an alternative model in 

level (see Harvey, 1980; Wooldridge, 2002; Gujarati, 2003).

Overall, the general functional relationship between the dependent variable and the eight 

identified regressors can be expressed in the following functional form:

GFDt = f( G U I t, OILt, GORt, GPRt, D 79, D92, D98, DOS) 6.21
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First version of the model was estimated in level and was subjected to the relevant 

diagnostic tests expected to enable the determination of whether any of the classical OLS 

assumptions67 68 would be violated or not. All the variables of the model (both the dependent 

and the independents) were tested for stationarity, except the categorical variable, using 

Augmented Dickey-Fuller (ADF) and Phillips Perron (PP) tests for stationarity or unit root. 

It is the outcomes of the diagnostic and the stationarity tests that would determine whether 

the study could rely on the times series regression model in level or in first difference. 

Equation 6.22 specifies the time series regression model in level while 6.23 represents the 

first difference specification of the model.

GFDt = 0O + P\GUIt + p2O H t + /?3 GORt + faGPRt +  /?5D79 + 05D 79 + 0 6D 9 2 t +  p yD 98t
+ figDOSt + 6.22

A GFDt = P 0 +  f t  A GUlt +  P2M I L t +  0 3A GORt +  04A GPRt +  0 5D79 +  P 6D 9 2 t 

+  p 7D 98t + p 8D 0St +  e t 6.2368

6.4 S u m m ary  and C onclusion

Overall, this chapter discusses, in detail, the general methodological approach to the 

conduct of this research. Discussions in the chapter show that the study is empirical, 

belonging to the general environmental accountability research, and is specifically situated 

within the body of research that investigate the nature of the relationship between 

environmental performance and environmental disclosure. This led to the identification of

67 These diagnostic tests include test for heteroskedasticity, serial correlation, normality of the residuals, and 
model specification.
68 Where A = represents first difference operator.
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objectivism as the study’s ontological stance. Consequently, positivism has been identified 

as the epistemological paradigm to which the study belongs. Consistent with positivists’ 

assumptions and principles, it was made clear in the chapter that the study would adopt 

deductive research strategy. Therefore, in conformity to deductive research strategy, the 

two main variables of the study, namely gas flaring-related environmental performance 

(CEPi) and environmental disclosures (VDI and SDI) would be measured quantitatively. 

Specifically, CEPi would be measured using DEA windows analysis while SDI 

(representing substance disclosure index) and VDI (representing volumetric disclosure 

index) would be measured using content analysis. Finally, it was also explained in the 

chapter that empirical data would be analyzed using four statistical techniques of data 

analysis. These are: one sample hypothesis t-test for means; correlated two sample 

hypothesis t-test for mean difference; Panel Corrected Standard Errors (PCSEs) using 

either OLS or Prais-Winsten regression and time series ordinary least squares either in 

level or in the first difference.
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C H A P T E R  S E V E N  -  D A T A  P R E S E N T A T I O N  A N D  A N A L Y S IS

i
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7.1 In trod u ction

A crucial stage in an empirical research is that aspect of it concerned with organisation, 

summary, analysis and interpretation of data. This stage is crucial, because it involves the 

actual conduct of the research. The contribution to knowledge that the researcher is 

expected to make should emanate from this phase. Consequently, this chapter is essentially 

concerned with organisation, summary and analysis of empirical data in respect of 

environmental accountability relating to flaring of ANG as well as interpretation of the 

results obtained from the analysis. The chapter also discusses the interpreted results in the 

light of prior findings; extant theories; relevant environmental philosophies and the 

relevant practical situations obtainable in the upstream sector of the Nigerian oil and gas 

industry. All these exercises would be geared towards testing the five hypotheses of the 

study, achieving the six specific objectives of the study and finally providing answer to the 

main research question of the study.

The chapter is organised into seven sections and section two to section six are split into two 

parts. The first part is made up of sections 7.2, 7.3 and 7.4 and the part is mainly devoted to 

the individual evaluation of gas flaring-related environmental performance and the two 

measures of gas flaring-related environmental disclosure (volume and substance). The 

second part consists of section 7.5 and 7.6, and is particularly concerned with evaluation of 

gas flaring-related environmental performance and the two forms of disclosure in the same 

framework as well as evaluation of gas flaring-related environmental accountability in 

general. On the whole, the chapter proceeds as follows: The next section deals with 

measurement and evaluation of gas flaring-related environmental performance. Section
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three is devoted to examination of factors responsible for changes in the volume of ANG 

flared by companies in the study’s sample over time. Section four focuses on the 

measurement and evaluation of gas flaring-related environmental disclosure by companies 

in the sector. Section five investigates the nature of the relationship between gas-flaring- 

related environmental disclosure and environmental performance. Section six focuses on 

the evaluation of gas flaring-related environmental accountability in the upstream sector. 

Finally, section seven summarises the major findings of the research.

7.2 A n alysis o f  G as flarin g-related  E n v iro n m en ta l R esp on sib ility  B eh aviou r

This part of the chapter is devoted to measurement of the sampled oil and gas companies’ 

gas flaring-related corporate environmental performance (CEP) indexes. It also dwells on 

the application of these indexes in order to evaluate the companies’ gas flaring-related 

environmental responsibility behaviour individually, rank them among themselves, and 

evaluate the overall environmental performance in respect of dominant companies in the 

upstream sector of the Nigerian oil and gas industry. The index development process is 

implemented in such a way that the environmental performance score of each company in 

the sample for each relevant year (1997 to 2009) is computed using DEA window analysis. 

Consistent with the norm of DEA window analysis each company in the sample is treated 

as if it was a different entity in each of the years considered (Chames et al, 1985; Asmild et 

al, 2004; Sufian, 2007). The study combines the ideas behind Asymmetric Undesirable 

Output (AUO) DEA model developed by Fare et al (1989) and Normalised Undesirable 

Output (NUO) DEA model developed by Tyteca (1996 & 1997) to derive what is termed, 

in this study, as Asymmetric Normalised Undesirable Output (ANUO) DEA model. The
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model is intended to facilitate development of gas flaring-based environmental 

performance index for the sampled oil and gas companies in the Nigerian oil and gas 

industry. Moreover, a non-DEA model in the form of modified version of Jaggi & 

Freedman (1992) has been developed and used for the purpose of comparison with the 

ANUO DEA index.

The section begins with presentation of the descriptive statistics in connection to the 

overall data set. The data set is compiled for the purpose of measuring the gas flaring-based 

environmental performance index for the sample companies. Secondly, the study relies on 

the ANUO DEA model in the frame of window analysis in order to measure and evaluate 

gas flaring-based environmental performance of the sampled companies. Finally, gas 

flaring-related environmental performance evaluation for the overall upstream sector is 

carried out, culminating in the test of the environmental performance hypothesis (i.e. 

hypothesis one).

7.2.1 S u m m ary  and D escription  o f  th e D ata  S et

Table 7.1 presents the summary of statistics (mean, minimum and maximum) for each 

window describing the five variables in the empirical data sets. Empirical data regarding oil 

and gas production output variables are extracted from the Annual Statistical Bulletins 

(ASB) of the Nigerian National Petroleum Corporation (NNPC). The data is in respect of 

eleven oil and gas companies that are responsible for the production of 93.21% of crude 

petroleum in Nigeria over the period covered by this research (1997 to 2009). Considering 

all the nine windows in Table 7.1, the lowest value related to each of the seven variables is

272



associated with Pan-Ocean’s oil and gas production in 2009. Over the thirteen years 

considered, SPDC was responsible for flaring the highest volume of ANG in 2001 and 

hence the highest mass of CO2 emission in relation thereto. The same company produced 

the highest volume of both crude oil and ANG in 2004 and 2007 respectively. In addition 

SPDC was able to utilise the highest volume of ANG produced in 2007.
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T ab le  7 .1 :  Sum m ary o f  D escrip tive S tatistics on R elevant V ariab les for E ach  o f  the N ine D E A  W indow s

W indows W indow  1 W indow  2 W indow  3
V ariables M ean M in M ax M ean M in M ax M ean M in M ax
Crude O il (1000 bbrs) 92,223.92 1,269.48 328,118.62 97,810.35 1,849.03 304,457.63 100,759.11 1,999.50 333,760.22
Crude O il (1000 m 3) 14,662.43 201.83 52,166.69 15,550.60 293.97 48,404.89 16,019.42 317.90 53,063.63
A ssociated  Gas 
U tilised (1000 m3) 
H ydrocarbon (1000

2,319,235.07 1,490.32 8,628,812.79 2,605,950.08 1,490.32 8,933,007.48 3,034,804.50 3,715.23 12,471,773.34

m3) 2,328,868.92 2,076.99 8,664,515.53 2,621,500.68 2,076.99 8,974,726.18 3,050,823.92 5,267.18 12,524,836.98
A ssociated  Gas F lared  
(1000kg o f  C 0 2 ) 4,236,130.79 98,716.89 17,072,456.77 5,666,016.80 98,716.89 17,072,456.77 5,833,033.65 98,716.89 17,072,456.77
W indow s W indow  4 W indow  5 W indow  6
V ariables M ean M in M ax M ean M in M ax M ean M in M ax
Crude O il (1000 bbrs) 98,633.91 2,221.27 368,136.51 96,194.19 2,221.27 368,136.51 91,622.87 1,164.48 368,136.51
Crude O il (1000 m3) 15,681.54 353.15 58,529.03 15,293.65 353.15 58,529.03 14,566.87 185.14 58,529.03
A ssociated  Gas 
U tilised (1000 m3) 
H ydrocarbon (1000

3,350,367.81 3,285.38 13,168,859.29 3,552,774.34 3,267.42 13,168,859.29 3,786,521.50 3,199.83 16,194,676.69

m3) 3,366,049.35 4,352.70 13,227,388.32 3,568,067.99 4,137.08 13,227,388.32 3,801,088.38 3,946.08 16,221,012.59
A ssociated  Gas F lared  
(1000kg o f  C 0 2 ) 5,665,795.54 98,716.89 17,072,456.77 5,315,228.60 98,716.89 17,072,456.77 5,042,475.10 199,243.14 14,599,738.75
W indow s - W indow  7 W indow  8 W indow  9
V ariables M ean M in M ax M ean M in M ax M ean M in M ax
Crude O il (1000 bbrs) 90,225.37 1,164.48 368,136.51 81,579.52 1,164.48 368,136.51 73,542.43 2.56 337,435.66
Crude O il (1000 m3) 14,344.69 185.14 58,529.03 12,970.11 185.14 58,529.03 11,692.31 0.41 53,647.98
A ssociated  Gas 
U tilised (1000 m3) 
H ydrocarbon (1000

4,157,975.87 1,624.74 20,871,924.15 4,295,472.88 1,140.60 20,871,924.15 4,196,264.16 157.54 20,871,924.15

m3) 4,172,320.56 1,979.49 20,893,467.63 4,308,442.99 1,674.97 20,893,467.63 4,207,956.48 157.95 20,893,467.63
A ssociated  Gas F lared  
(1000kg o f  C 0 2 ) 4,982,649.13 109,798.96 14,599,738.75 4,422,958.54 109,798.96 14,599,738.75 3,834,635.11 10,709.67 12,706,416.67
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Consistent with Tyteca (1996), gas flaring-related CEP of an oil and gas company in a 

particular year ranges between zero and one (0 < CEP <  1), with 0 denoting the worst 

environmental performance score and 1 representing the best environmental performance 

score. For each window, the DEA model (i.e ANUO) takes as its reference point the 

undesirable-output-to-desirable-outputs ratio69 of a company or companies that score 1 , as 

the best minimised quantity of the undesirable output in question (CO2 emitted due to gas 

flaring in this case). Every other company in that window is expected to emulate or 

compete against the identified best practice or practices. Thus, the model compares other 

companies’ performance to the best practice or practices in the window in order to compute 

their environmental performance scores and the minimised or efficient quantity of the CO2 

they should have emitted, had they emulated or competed with best practice effectively.

On the whole, among the 114 cases considered (i.e. when yearly averages for the nine 

windows are taken) in relation to each year, three references to best practice were identified 

by ANUO DEA-models (see Appendix X). One reference to best practice is related to 

MPNU in 1999 and the other two cases are associated with EEPN’s scoring 1.0000 in 2007 

and 2008.

Table 7.2 shows that the environmental performance score ranging from zero to one is split

t hinto two parts by identifying the 40 percentile of the maximum score (1.0000) as the

7.2.2 R atin g  C rite r ia  fo r G as F la rin g -re la ted  E n v iro nm en ta l P erfo rm an ce

69 The undesirable production output in the case o f  this research is the kilogram o f  C 0 2 emitted as a result o f
gas flaring and the derivation o f the chemical equation that facilitates this conversion is provide in Appendix
V II I . The desirable production outputs are crude oil produced and ANG utilized.
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threshold favourable gas flaring-related environmental performance, following Gottsman & 

Kessler (1998) and Fare, Grosskopf & Hemandez-Sancho (2004)70. The first part consists 

of scores ranging from 0.0000 to 0.3999. Any score that falls in this range is broadly 

categorised as adverse environmental performance score. The second part is made up of 

scores ranging from 0.4000 to 1.0000, with scores falling in this range broadly classified as 

favourable environmental performance scores. Moreover, Table 7.2 indicates that while the 

adverse environmental performance score is sub-categorised into three sub-ranges, the 

favourable environmental performance score category is subdivided into four. This is to 

allow for specific rating and evaluation of gas flaring-based environmental performance 

scores. Thus, a company whose gas flaring-based environmental performance score is 

broadly categorised as adverse can have the score rated as poor, very poor or extremely 

poor depending on how high or low the company has scored within the adverse category. 

Similarly, an oil company whose gas flaring-based environmental performance score is 

broadly classified as favourable may have that score rated as fairly good, good, very good 

or excellent, depending on where the score falls among the sub-ranges within the 

favourable environmental performance score category.

70 However, this study’ s approach is slightly different from that o f  Gottsman &  K essler (1998) and Fare et al
(2004), in that 40th percentile o f  the index is used as the threshold favourable score rather than the 50th
percentile or the median.
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Table 7. 2: Guide for Gas Flaring-related Environm ental Performance Rating
Range of Scores Specific CEP Rating Category (Broad Rating)
0.0000- 0.0999 extremely poor

Adverse environmental performance Score0.1000- 0.2999 very poor
0.3000 -  0.3999 Poor
0.4000 -  0.4999 Fairly good
0.5000 -  0.6999 Good

Favourable environmental performance Score0.7000 -  0.8999 very good
0.9000- 1.0000 Excellent

In the following subsections the study uses the rating criteria described in Table 7.2 above 

to facilitate evaluation of gas flaring-related environmental performance of the individual 

oil and gas companies.

7.2.3 E va lu ation  o f  In d iv id u a l C om p an ies G as F larin g-rela ted  E n v iro n m en ta l 
P erform an ce B ased  on  D E A

This section is concerned with the use of the ANUO DEA model developed in chapter six, 

via window analysis to generate the gas flaring-based environmental performance indexes 

of the sampled oil and gas companies. The model is restated in its linear programming form 

as follows:

min# = CEP-x
Q ,X

Subject to:

n

OLq - ' Y j W L j <  0
i = i

n
2GU0 -  6GU0 -  XGUj < 0 7.1

7=1
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n

9GF0 — ^  XGFj = 0
7 = 1

Xj >0, j  =  1,2,3, . . . . , n (n = 114)

Where:

CEP1 = Gas flaring-related environmental performance index.

X = Intensity variable (Note: at optimum efficiency, X = 9 =  1).

OL0 = Volume o f  crude oil produced by the fo cu sed  oil and gas company in the sample.

OLj = Volume o f  crude oil produced by other o il and gas companies in the sample.

GU0 — Volume o fA N G  utilised by the fo cu sed  oil and gas company.

GUj = Volume o f  A N G  utilised by each o f  a ll the other o il and gas companies.

GF0 = Kilogram o f  C O 2 emitted due to gas flaring by the fo cu sed  o il and gas company.

GF0 = Kilogram o f  C O 2 emitted due to gas flaring by a ll other o il and gas companies.

The model is transcribed onto an excel worksheet in the form of linear programming 

problem. And, then excel solver is used to provide solution for all cases in each of the nine 

windows. Each time the model is mn, the solution to the linear programming problem 

computes and displays intensity variables (A) for each company, the environmental 

performance index (90= C E Pi) for the focused oil and gas company, the DEA-efficient or 

minimised kilogram of CO2 for the focused oil and gas company and the efficient or 

maximised volume of associated gas utilised in cubic meters for the focused oil and gas 

company (see Appendix IX). Basically, for the purpose of using DEA window analysis to 

compute the CEPi, minimised CO2 emitted and efficient associated gas utilised, the sample
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size increased to 355 . However, when averages were taken for each company’s relevant 

windows, two categories of mean gas flaring-related environmental performance emerged. 

These are yearly average environmental performance indexes (CEPi) for each oil and gas 

companies and overall average environmental performance index (GCEPi) for all the 

thirteen years considered. Each company in the sample will have CEPi computed for the 

number of years its data is available in the NNPC ASBs with maximum being thirteen 

years. For instance, if data for a particular company is available for ten years, then that 

company will have ten-year CEPis computed, one for each of the years for which the data 

is available. Consistent with Halkos & Tzeremes (2009) and Zhang et al (2011), it is this 

version of the index that is used for the purpose of statistical analysis in this study (such as 

one sample t-test, two sample comparison test, and panel corrected standard error 

regression model) . However, each company would have only one GCEPi representing its 

overall gas flaring-related environmental performance for the thirteen-year period covered. 

It is this index that will be used to evaluate the individual environmental responsibility 

behaviour in relation to gas flaring and ranking of the companies in the sample.

Table 7.3 presents the GCEPi for each of the eleven companies in the sample. Apart from 

the overall mean GCEPi, the Tables also shows the oil and gas companies’ ranking, broad 

rating of the GCEP, specific rating as well as gas flared as a percentage of total associated 

gas produced for each company. Furthermore, it can be seen that the sampled oil and gas 

companies are classified into group-1 and group-2. While group-1 represents oil and gas 71 72

71 One important advantage o f  DEA window analysis, apart from tracking the environmental performance o f  
DM Us over time, is that it enhances the sample size and increases degrees o f  freedom (Cooper et al, 2007).
72 N ote that Appendix X  presents a summary o f  the 114 CEP] indexes computed using AN U O -D EA  window  
analysis.

71

2 79



companies whose relevant data is available for all the thirteen years considered, group-2 

consists of oil and gas companies whose data as reported in the NNPC ASB is incomplete. 

This grouping became necessary because averaging for the purpose of computing GCEPi is 

based on number of years. It would, therefore, be unfair to, for example, to rank a company 

that reported its data for nine years in comparison to another company that has complete 

data for thirteen years. In fact members of group-2, companies whose data are not available 

for up to thirteen years, are presented without cognisance to any ranking order, as the 

numbers of years, even among them, are uneven and dissimilar.

The ANUO DEA model used to compute GCEPi via window analysis emphasises on the 

derivation of environmental performance index that minimises emission of CO2 due to gas 

flaring and maximises the utilisation of associated gas. Consistent with the theory of 

productive efficiency, it is assumed that the sampled oil and gas companies, as the DMUs, 

would focus on the minimisation of CO2 emission as a result of flaring ANG while 

attempting to maximise the utilisation of the ANG produced73. In Table 7.3 the oil and gas 

companies in the study are presented in such a ranking order that the highest performing 

companies come first in terms of GCPEi score before the poor-performing companies. 

Overall EPNL, whose GCEPi score is 0.6011, performed better than any other company in 

group-1. In this group PAN OCEAN got the least GCPEi score (0.0756).

73 Crude oil produced as a desirable production output is assumed to remain constant, since a direct
asymmetric relationship cannot be convincingly assum ed between flaring o f  natural gas and crude oil
production.
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Table 7. 3: Oil & Gas Companies' Overall Gas Flaring-related Environm ental
Performance Ratings and Ranking

Group 1: Oil and Gas Companies with Complete 13 years data ranked according to GCEPi

Company GCEPj Ranking Broad Rating Specific Rating % of Gas Flared
ENPL 0.6011 1st Favourable Good 24.46
MPNU 0.5401 2nd Favourable Good 37.10
SPDC 0.4845 3rd Favourable Fairly Good 36.35
NAOC 0.3635 4th Adverse Poor 42.76
CNL 0.3010 5lh Adverse Poor 75.18
TOPCOP 0.1594 6th Adverse Very Poor 95.46

PAN OCEAN 0.0756 *yth Adverse Ext. Poor 95.56
Group 2: Oil and Gas Companies with less than 13 years data
EEPN 0.8783 - Favourable Very good 08.16
NPDC 0.1674 - Adverse Very Poor 95.09
AENR 0.1177 - Adverse Very Poor 99.31
APDN 0.0806 - Adverse Ext. Poor 85.09

Overall, and considering both group-1 and group-2 together, four companies’ (EPNL, 

MPNU, SPDC and EEPN) GCEPi scores fall under the favourable environmental 

performance score broad category. This is because reference to Table 7.2 indicates that 

GCEPi score for each of these four companies lies within the range 1.0000 to 0.4000. 

However, based on the four sub-ranges in the favourable environmental performance score 

broad category (see Table 7.2), the GCEPi scores of EPNL, MPNU, SPDC and EEPN are 

rated as good, good, fairly good and very good respectively. On the other hand, the GCEPi 

score for each of the following companies: NAOC, CNL, TOPCON, PAN OCEAN, 

AENR, NPDC and APDN, is adverse based on the broad categorisation of environmental 

performance scores, because they all lie in the range 0.3999 to 0.0000. However, with 

regard to specific environmental performance score rating both NAOC and CNL scores are
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poor; TOPCON, AENR and NPDC scores are very poor and, both PAN OCEAN and 

APDN record extremely poor GCEPi scores.

With reference to the percentage of gas flared column in Table 7.3, it can be seen that on 

the average, companies with higher GCEPi scores (for instance, EPNL and EEPN) record 

smaller percentage than companies with lower GCEPi scores (for example, PAN OCEAN 

and AENR). This also implies that companies with highest percentage of ANG utilised74 

are likely to record better GCEPi score and vice versa. This is an indication of the 

coherence of the ANUO DEA model used in developing the environmental performance 

indexes. However, a careful observation of the GCEPi and percentage of gas flared column 

will show the reader that the two do not strictly follow similar ranking order. For instance, 

if companies in group- 1 were to be ranked based on the smallest percentage of gas flared, it 

would be concluded that SPDC should have been in the second place while MPNU should 

have taken the third position. But because the efficiency with which MPNU minimised 

CO2 emitted per unit of crude oil produced and ANG utilised was slightly better than that 

of SPDC, its (MPNU’s) GCEPi score appeared to be better than that of SPDC. Thus, in 

general, ANUO DEA model rewards DMU’s ability to minimise undesirable production 

output emitted per unit of all desirable production outputs (crude oil and gas utilised in this 

study) produced, while maximising the production of those desirable outputs to which the 

undesirable output bears asymmetric relationship.

74 Percentage o f  gas utilized is equal to one hundred minus the percentage o f  gas flared (100%  - % G FD ). This
statement is supported by the fact A NG flared and A N G  utilized have direct asymmetric relation.
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Finally, it is clear from Table 7.3 that companies whose GCEPi scores fall under the 

favourable environmental performance score broad category are less in number (four to be 

specific) than companies whose GCEPi scores are broadly classified as adverse (seven to 

be specific). This is an indication that the overall environmental performance of dominant 

companies in the upstream sector of the Nigerian oil and gas industry may be undesirably 

low or adverse. However, it is important to stress that only a formal or statistical test of 

hypothesis one, to be conducted later in the chapter, would provide scientific evidence or 

otherwise in connection to this a priori expectation.

7.2 .4  A n a lysis o f  C 0 2 E m ission  E ffic ien cy

This section is concerned with analysis of the extent to which individual oil and gas 

companies in the sample, and by extension the overall upstream sector, have efficiently 

minimised the emission of C02 consequent of flaring ANG. As was previously stated, 

solution to the ANUO DEA model coupled with window analysis produces three important 

values. These are: environmental performance indexes, DEA-efficient C02 emission and 

DEA-efficient gas utilisation. The just concluded section (7.2.3) analyzes gas flaring- 

related environmental performances of individual companies. This section is devoted to the 

analysis and evaluation of C02 emission. The section following this one would focus on 

the analysis and evaluation of efficiency related to the utilisation of ANG.

Basically, the efficiency with which oil and gas companies in this study utilise ANG 

produced is evaluated via side-by-side comparison of average actual kilogram of C02 

emitted and average DEA-efficient C02 emission over the period covered by the study.
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Therefore, Table 7.4 presents the four variables that would facilitate analysis in this section 

as mentioned in the preceding paragraph. The first column shows the oil and gas 

companies names and the second column in the Table displays the overall mean actual CO2 

emitted by each oil and gas company. This value is made up of two components which are 

efficient CO2 emission (displayed in the third column) and inefficient CO2 emissions 

(displayed in the fourth column). Thus, the inefficient emission is calculated by subtracting 

mean efficient C02 emission from mean actual C02 emission.

Furthermore, to complement this side-by-side analysis, differences between the two forms

of CO2 emissions (actual and DEA-efficient) as well as this difference as the percentage of

the actual CO2 emission are critically examined.

Table 7. 4: Average Actual C 0 2  Emitted Versus DEA-efficient C 0 2  Em ission

Group-1
Company Mean Actual

c o 2
Emission

Mean
Efficient

C02
Emission

Inefficient
c o 2

Emission

% of C02 
emission, 

(avoidable)

GCEPi

EPNL 2,168,328.31 1,323,753.59 844,574.72 38.95 0.6011
MPNU 7,874,781.37 3,938,538.68 3,936,242.69 49.99 0.5401
SPDC 11,387,649.72 5,869,381.45 5,518,268.27 48.46 0.4845
NAOC 7,916,077.72 3,146,816.59 4,769,261.13 60.25 0.3635
CNL 8,393,191.80 2,387,097.36 6,006,094.43 71.56 0.3010
TOPCON 1,044,357.17 204,377.74 839,979.43 80.43 0.1594
PAN OCEAN 855,460.73 77,058.47 778,402.27 90.99 0.0756

Group-2
AENR 423,405.27 46,386.06 377,019.22 89.04 0.1177
NPDC 551,782.72 73,116.94 478,665.78 86.75 0.1674
APDN 2,352,601.42 153,107.28 2,199,494.15 93.49 0.0806
EEPN 308,928.21 234,438.93 74,489.28 24.11 0.8783
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Thus, the efficient emission is an output of the ANUO DEA model of the study, and its 

computation hinges on how well (or bad) a company does in maximising its associated gas 

utilisation, and by implication the closer to one is its GCEPi score or otherwise. Therefore, 

given the asymmetric relationship between CO2 emission, consequent of gas flaring, and 

gas utilisation, it can be inferred that the higher the level of gas utilisation, the closer the 

GCEPi will be to one and the higher will be the efficient emission as a proportion of the 

actual emission. Stretching this analysis to the two extreme values of GCEPi (i.e 0 and 1), 

it can be stated that a score of 1.0000 corresponds to a situation where actual CO2 emission 

is exactly equal to efficient CO2 emission, and hence a zero inefficient emission. 

Conversely, if GCEPi is exactly equal to zero, inefficient CO2 emission will exactly be 

equal to actual CO2 emission, and hence efficient CO2 emission will be zero. To further 

support and provide more explanation on this analysis, percentage of CO2 emission, which 

represents inefficient CO2 emission expressed as a percentage of actual CO2 emission75, is 

computed and presented in the fifth column of Table 7.4. In other words this percentage 

shows the proportion of actual CO2 attributed to inefficient emission. Thus, the closer this 

percentage (for a particular company) is to zero, the closer to 1 will be its GCEPi and the 

more favourable would be its environmental performance. On the contrary, the closer this 

percentage is to 100, the closer would be a company’s GCEPi to zero and the more adverse 

will be its environmental performance.

To simplify, what all this analysis is coming down to is that for a company to have a 

favourable or good environmental performance score, its DEA inefficient CO2 emission

75 It is equally important to point out that percentage o f  efficient C 0 2  emission is equal to one hundred minus
the percentage o f  inefficient C 0 2  emission.
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must not exceed 50% (or, a little bit more) of its actual CO2 emission. Thus, it can be seen 

from Table 7.4 that the four oil and gas companies, EPNL, MPNU, SPDC and EEPN, 

whose GCEPi scores have been broadly interpreted as favourable have their inefficient 

CO2 emissions being less than 50% of their actual CO2 emissions. However, the remaining 

seven companies (NAOC, CNL, TOPCON, PAN OCEAN, AENR, NPDC and APDN) 

whose GCEPI scores have been broadly interpreted as adverse, have their inefficient CO2 

emissions accounting for more than 50% of their actual CO2 emissions.

7.2.5 A n alysis o f  A ssocia ted  G as U tilisa tion  E ffic ien cy

This section is concerned with analysis of the oil and gas companies’ efficiencies with 

regard to utilisation of ANG. As such, here attention is focused on the evaluation of actual 

ANG utilised by the oil and gas companies in comparison to the DEA efficient gas 

utilisation as computed from the ANUO model of this study. Consistent with theory of 

productive efficiency, a theory that underpins DEA models in general (see Fare et al, 

1996); it is assumed that oil and gas companies tend to maximise the utilisation of ANG.

Table 7.5 presents companies’ actual gas utilisation against efficient gas utilisation and 

actual gas utilisation as a percentage of efficient gas utilisation. Thus, various outputs 

related to efficient utilisation of ANG from the ANUO DEA model were averaged for each 

company via window analysis and the second column in Table 7.5 represents the summary 

of such exercise (see Appendix XII). Actual gas utilisation as shown in the third column 

shows each company’s mean actual gas utilised over the thirteen years for group- 1 and 

over the relevant years available for companies in group-2 .
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Table 7. 5: Actual Associated Gas Utilised VS DEA Efficient Gas Utilisation
Group 1

Company DEA EFFICIENT GAS 
UTILISATION

ACTUAL GAS 
UTILISATION

%  of Actual 
Utilisation

GCEPt

SPDC 18,311,810.54 10,646,280.95 58.14 0.4845
MPNU 11,304,636.40 7,127,248.13 63.05 0.5401
CNL 5,546,684.91 1,479,056.49 26.67 0.3010
EPNL 5,057,215.94 3,575,095.90 70.69 0.6011
NAOC 9,840,684.84 5,656,581.43 57.48 0.3635
TOPCON 385,004.22 26,512.06 06.89 0.1594
PAN OCEAN 173,009.04 21,231.53 12.27 0.0756
Group 2
AENR 87,825.26 1,561.60 01.78 0.1177
NPDC 273,461.68 15,200.58 05.56 0.1674
APDN 570,924.07 220,124.30 38.56 0.0806
EEPN 2,198,686.82 1,857,082.77 84.46 0.8783

To interpret the efficiency of an oil and gas company with respect to utilisation of ANG, 

the following relationships among the four values presented in Table 7.5 are applied. A 

careful examination of Table 7.5 shows that the closer the actual gas utilisation of a 

company is to its efficient gas utilisation, the bigger will be the percentage of actual gas 

utilisation and the more favourable will be the GCEPi of that company. On the contrary, 

however, the farther away the actual gas utilisation is from the efficient utilisation the less 

favourable is the GCEPi of a company, and the smaller will be the percentage of actual gas 

utilisation. To consider this interpretation based on the two opposing extreme values (i.e. 0 

and 1) that GCEPi can assume, it can be stated that a score of exactly 1.0000 corresponds 

to equality of actual gas utilisation and DEA efficient gas utilisation with percentage of 

actual gas utilisation being 100%. Conversely, a company with GCEPi of 0.0000 will have 

its gas utilisation being equal to zero and percentage of actual gas utilisation also equal to 

zero.
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Specifically, it can be interpreted that the four oil and gas companies (EPNL, MPNUL, 

SPDC and EEPN) with favourable GCEPi scores, have higher percentages of gas 

utilisation, whereas the other seven oil and gas companies (NAOC, CNL, TOPCON, PAN 

OCEAN, AENR, NPDC and APDN), whose GCEPis are adverse have smaller percentages 

of actual gas utilisation.

7.2 .6  C om p arin g  A N U O  and Jaggi & F reed m an  ind exes
J&F pollution index was first developed and used by Jaggi and Freedman (1992) to 

measure the environmental performance of firms in the American pulp and paper 

industry76. Fare et al (1996: 167) have criticised the original JF environmental performance 

index and the likes of it as follows: “(i) The index is not underpinned by the TPE; (ii) it 

relies on arbitrary a priori weighing to aggregate environmental impacts and (iii) absence 

of any global reference to best practice”77. This index was modified and used by Fare et al 

(1996) and then latter by Tyteca (1997) for the purpose of comparison with DEA-based 

environmental performance indexes. This study adopts the Tyteca (1997) modification of 

J&F-model and uses it in the framework of windows analysis to develop a non-DEA gas 

flaring-based environmental performance index (CEP2).

Since this study has only one pollutant (i.e. CO2 emission due to burning of ANG), the 

Tyteca (1997) modified version of J&F-model is restated as follows:

76 Basically, the authors developed this variable in order to examine its relationship with measures o f  
economic or financial performance.
77 Here Fare et al (1996) were referring to the use o f  6 to 8.5 as normal PH range for pollutants and 5 
milligram per liter as normal or appropriate concentration o f  BOD by Jaggi and Freedman (1992).
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(7.2)CEP2
1 [-min (NGF)]  

U NGF0 .

Where:

CEP2 = the J & F  Gas Flaring-related environmental perform ance index. 

U — Number o f  undesirable production outputs 

m in(N G F') = The least volume o f  A N G  fla red  

NGF0 = Volume o f  A N G  fla red  fo r  the fo cu sed  D M U

Yearly average J&F gas flaring-based environmental performance (CEP2) developed from 

this model are presented in appendix XIII. As these J&F indexes are only being used in this 

study for the purpose of comparison with ANUO DEA-based indexes, they are not used 

alone in rating companies and evaluation of their gas-flaring-based environmental 

responsibility behaviours. It is also believed that the comparison is justified because, to the 

best of the researcher’s knowledge, DEA has never been used by any CEP-CED 

relationship study to measure CEP. However, many indexes similar to J&F index have 

been used (see for example, Patten, 2002; Al-Tuwajri et al, 2004; Clarkson et al, 2008; 

Clarkson et al, 2011).
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Table 7. 6: Comparison of ANUO and J& F Gas Flaring-related CEP Indexes
Company GCEPi GCEPi

Ranking
GCEP2 GCEP2

Ranking
% of Gas Flared

Group 1
SPDC 0.4845 3rd 0.2798 3rd 36.35
MPNU 0.5401 2nd 0.3873 2nd 37.10
CNL 0.3010 5th 0.0834 5th 75.18
EPNL 0.6011 1st 0.3945 1st 24.46
NAOC 0.3635 4th 0.2298 4th 42.76
TOPCON 0.1594 6th 0.0056 yth 95.46
POC 0.0756 'yth 0.0104 6th 95.56
Group 2
AENR 0.1177 — 0.0020 — 99.31
NPDC 0.1674 — 0.0160 — 95.09
APDN 0.0806 — 0.0314 — 85.09
EEPN 0.8783 — 0.8084 — 08.16

CEPt cep2 Difference
SAMPLE 0.3292 — 0.1720 0.1572 ___

Table 7.6 presents GCEPi and GCEP2 along with ranking of the sampled oil and gas 

companies related to each of the two indexes. With regard to ranking, the first thing that is 

noticeable is that in group- 1 where ranking is applicable for the companies, both indexes 

result in the same ranking order, except for the rankings of TOPCON and PAN OCEAN. 

Thus, based on GCEPi TOPCON’s rank is 6th and PAN OCEAN’S is 7th, while the ranks of 

the companies based on GCEP2 are: TOPCON 7th and PAN OCEAN 6th.

Furthermore, it can be seen from the Table that GCEPi is greater than GCEP2 and this is 

consistent with the assertion and finding of both Fare et al (1996) and Tyteca (1997). This 

result is applicable to all companies in the sample and hence true for the sample as a whole. 

The question that a curious reader may pose at this point is this: is the difference between
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mean CEP] and mean CEP2 for the whole sample statistically significant? In fact, it is this

question that the study intends to provide answer to in this section.

Table 7. 7: Comparison of CEP1 and CEP2 o f Companies in the Sample

Variables (Paired Samples) (N=114) CEP, c e p 2 CEP, & CEP2
1. Shapiro-Wilk W-test for normality of data
Shapiro-Wilk W-Stat 6.152 20.865
z-stat 4.059** 6.788*** —
Prob>z-stat 0.00002 0.00000 —
2. Paired Two-sample t-test
Mean 0.3292 0.1720
Mean Difference — — 0.1572
St.Dev. 0.2589 0.2226 —
Pearson Correlation (P-corr) — — 0.8665***
Prob>P-corr — — 0.0000
t-stat — — 12.9909***
Prob > t-stat — — 0.00000

3. Two-sample Mann-Whitney — —
Median 0.2804 0.0750 —
Median Difference — — 0.2050
z-stat — — 5.7790***

Prob > |z-stat| — — 0.0000

Asterisks are used to indicate significance as follows: * =  Significant at 5%; ** =  Significant at 1% and 
*** =  Significant at 0.1%.

Table 7.7 presents relevant results for a paired two sample comparison of CEPi against 

CEP2 for the oil and gas companies studied. The first test presented aims at examining the 

normality of the two variables being compared. Given the normality null hypothesis of 

Shapiro-Wilk test for normality of data, the test shows that both variables are not normally 

distributed. Note that two sample t-test for mean may not be appropriate with small (less 

than 30) non-normal data. Since, the sample size is large (114), the application of central

Significant at 0.0001

291



limit theorem is justified (See Healey, 2005), and the study can rely on correlated two 

sample t-test to establish whether CEPi and CEP2 are significantly different or not.

It is also important to remember that the question of equality or non-equality of variances 

in connection to the paired two sample t-test is irrelevant, since the samples are dependent 

or correlated -  in the second part of Table 7.7 Pearson correlation test shows that CEPi and 

CEP2 are highly positively correlated. Therefore, what is relevant here is to use student t- 

test if the sample is normally distributed (in the case of small sample). However, where the 

sample is large, the robustness of t-test increases even if the data is not normal (Ruxton, 

2006). Also, the non-normality of CEPi and CEP2 as reported in the first part of Table 7.7, 

suggest that Mann-Whitney can also be used, but Skovlund and Fenstand (2001) caution 

that the power of Mann-Whitney declines with increase in the sample size. Based on these 

arguments results from both paired t-test and Mann-Whitney test are presented in Table 

7.778.

The second part of the Table presents the paired t-test result with means of CEPi and CEP2 

being 0.3292 and 0.1720 respectively. Thus, mean CEPi exceeds mean CEP2 by 0.1572. 

This shows that CEPi is nearly twice more than CEP2. The t-statistic (12.9909) tests the 

significance of the difference (0.1572) between the mean CEPi and mean CEP2 and the test 

confirms that this difference is statistically significant at 0.1% (0.001) level of significance. 

The study, therefore, has extremely strong evidence that CEPi and CEP2 are significantly 

different.

78 Indeed the study can rely solely on paired two sample t-test, because the sample is large. H ow ever the 
researcher decided to report Mann-Whitney result as w ell in order to check the robustness o f  the paired t-test.
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Similarly, the third part of the Table presents the Mann-Whitney test which compares the 

sample medians of the two indexes. From Table 7.7 the medians of CEPi and CEP2 are 

0.2804 and 0.0750 respectively, and the difference between them is 0.2050. In this case the 

median of CEPi is about three and a half times bigger than the median of CEP2. The Mann- 

Whitney test statistic (5.7790) indicates that this difference is statistically significant at 

0.1% (0.001) level of confidence. Therefore, we are extremely confident that CEPi is 

different from CEP2. This result confirms the robustness of the paired two sample t-test 

results presented in the preceding paragraph.

7.2 .7  E va lu atin g  the S am p le’s G as F larin g-rela ted  E n v iron m en ta l 
P erform an ce and T est o f  H ypoth esis O n e
The main purpose of this section is to evaluate the whole upstream sector’s gas-flaring- 

related environmental performance in relation to the companies considered in this study. 

The aim is to establish whether the overall mean CEPi for all the eleven oil and gas 

companies considered in the sector is significantly lower than the established threshold 

favourable environmental performance score (0.4000).
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Table 7. 8: Evaluation o f the Sample’s Gas Flaring-related Environmental 
Performance and Test o f Hypothesis One

1. One-sample t-test for mean

Variable Obs Mean Hyp. Mean Mean
Difference Std. Err. [95% Conf. Interval]

CEP, 114 0.3292 0.4000 -0.0708 0.0242 0.2812 0.3773
Ho: mean CEPi > 0.4 
Ha: mean CEPi < 0.4 
t -stat = -2.9187
P < t-stat = 0.0042

2. Median sign test

Variable Obs Median Hyp. Median
Median
Difference Below 0.4 equal to 0.4 Above 0.4

CEP, 114 0.2803 0.4000 -0.1197 72 0 42
Ho: Median CEP, > 0.4 
Ha: Median CEP, < 0.4 
Probability = 0.0064

A sterisks are used to indicate significance as follows: * =  Significant at 5% ; ** =  Significant at 1%  and  
***  =  Significant at 0.1% .

The study opts to use both parametric and nonparametric approaches in order to test 

hypothesis one. This is because the distribution of the variable CEP, is non-normal and 

large. Thus the non-normality of CEP, justifies the use median sign test (a nonparametric 

one sample hypothesis test for median). However, the fact that the sample is sufficiently 

large (114 observations) justifies the use of one sample t-test for mean. This argument is 

strongly supported by the central limit theorem (see for example, Bowerman & O’Connel, 

2003; Heyley, 2007).

The first part of Table 7.8 shows that the sectors’ mean CEPi is short of the favourable 

environmental performance score threshold by 0.0708. As the sector CEPi falls in the 

adverse environmental performance score broad category and it is specifically rated as poor
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(refer to Table 7.2), there is the need to establish whether this difference is statistically 

significant or not. To do this, the study test the hypothesis, stated in its null form as: gas 
flaring-related environmental performance o f companies in the upstream sector o f the 
Nigerian oil and gas industry is not adversely low. Since, Table 7.8 shows that the 

probability (0.0042) associated with the t-statistic (-2.9187) is less than the level of 

significance (0.01 or 1%), the null hypothesis is rejected, and the study has strong evidence 

that environmental performance related to ANG flaring by dominant companies in the 

upstream sector of the Nigerian oil and gas industry is adverse. In other words the null 

hypothesis is rejected, and we conclude on the basis of the alternative hypothesis that gas 

flaring-related environmental performance in the upstream of the Nigerian oil and gas 

industry is significantly adversely low. This result supports the propositions of both EKC 

theory and PHH and consistent with the arguments proffered by Dasgupta et al (2001), 

O’Connor (1995) and Cole (2004).

The second part of the Table presents the median sign test result. This part of the Table 

shows that there are 72 values of CEPi below the favourable environmental performance 

threshold (0.4) and 42 values above the threshold. This implies that 72 CEPis scored by the 

eleven sampled oil and gas companies over the thirteen year period are adverse while 42 

are favourable. This indicates that the sector median CEPi must exist or be located among 

the 72 adverse values below the threshold. The median CEPi is 0.2803, which is broadly 

classified as unfavourable and specifically rated as very poor. The difference between the 

adverse median CEPi and the favourable threshold as shown in Table 7.8 is 0.1197. To 

establish whether this difference is statistically significant, the study tests the null
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hypothesis stated in the preceding paragraph. Since, the probability (0.0032) associated 

with the upstream sector’s median CEPi being within the adverse values below the 

favourable threshold is less than the (0.01 Or 1%) level of significance, it is concluded at 

99% level of confidence that gas flaring-based environmental performance of companies in 

the upstream sector of the Nigerian oil and gas industry is significantly adverse.

7.2 .8  D eterm in an ts o f  G as F laring-rela ted  E n v iron m en ta l P erform a n ce
Having established that, overall, gas flaring-based environmental performance in the 

upstream sector is adverse; this section attempts to extend the analysis by empirically 

addressing the question, why is it adverse? In other words this section is concerned with 

evaluating factors that affect CEPi of companies as well as the nature of such impact. In 

chapter six, four possible factors, namely volume of crude oil produced, investment in gas 

utilisation projects, gas-to-oil ratio and penalty paid for gas flaring, have been identified. 

These factors may affect fluctuations in the volume of gas flared. Since gas flaring-based 

environmental performance of a company essentially measures the extent to which that 

company reduces the volume of gas flaring relative to crude oil production and associated 

gas utilisation, these same factors, or some of them, may affect the CEPi of the companies. 

As such, the researcher pooled TS-CS data on these variables for the eleven sampled oil 

and gas companies over the thirteen years (1997-2009) covered in this study. Descriptive 

statistics related to this TC-CS data set is presented in Table 7.9 below.
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Table 7. 9: Summary Statistics of the Pooled Time-Series Cross-Section Data Set

Variables CEP, GOR GUI OIL P E N  in US $
Mean 0.3292 656.0536 2.7768 87,148,885.04 8,711,027.35
Standard Error 0.0242 127.7126 1.3863 8,711,102.33 1,146,668.86
Median 0.2803 367.5342 0.3575 50,587,250.00 4,042,441.73
Standard Deviation 0.2589 1,363.5973 14.8021 93,009,121.20 12,243,073.13
Minimum 0.0030 66.4063 0.0032 2,561.00 12,779.06
Maximum 1.0000 14,428.9208 94.8645 368,136,514.00 90,122,238.87
Observations 114

The study intends to use Panel Corrected Standard Errors (PCSEs) in order to analyze the 

pooled time-series cross-section data set. The use of this TC-CS regression modeling is 

justified on the ground that the pooled data set is relatively small (eleven oil and gas 

companies studied over thirteen years)79. Unlike Generalised Least Squares (GLS)80, 

PCSEs performs efficiently even with small sample size (Beck & Karz, 1995 & 1996; 

Beck, 2001).

Beck (2001) concedes that fixed effect model may be optimal and consistent in estimating 

TS-CS models provided that the basic classical Gauss-Markov assumptions are not 

violated. However, there is high degree of possibility that some assumptions may not hold. 

Consequently, the approach here is, instead of going directly to the PCSEs model, the fixed 

effect model of the determinants (GUI, OIL, GOR and PEN) of gas flaring-based corporate 

environmental performance (CEPi) is estimated and presented. This enables subjecting the

79 Thus, in this study N  =  11 and T =  13.
80 GLS method is usually inefficient with small-sample size. However, it is empirically established that GLS 
model becomes more consistent and efficient as the sample size grows larger (Wooldridge, 2002).
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TC-CS data set to various diagnostic tests. Thus, after presenting the traditional fixed effect 

model, results in respect of the following diagnostic test are also presented in Table 7.10:

• Oil and gas companies’ unit specific fixed effect;

• Time (years) fixed effect;

• Panel heteroskedasticity;

• Cotemporaneous correlation of errors across panels (cross-sectional dependence) 

and

• Panel autocorrelation.

Fixed effect model relies on OLS estimation. As such its standard errors are virtually OLS 

errors (Beck, 2001). These errors will be incorrectly estimated if the TS-CS data set 

exhibits panel heteroskedasticity, contemporaneous correlation or panel serial correlation. 

PCSEs via OLS estimation automatically corrects for panel heteroskedasticity and cross- 

sectional dependence but assumes that there is no autocorrelation (Beck & Karz, 1995 & 

1996; Beck, 2001, Wilson & Butler, 2007; Hoechle, 2007). Beck & Karz (1995 & 1996) 

suggest that serial correlation should be taken care of by including lagged dependent 

variable (LDV) among the regressors. Another method of correcting for the serial 

correlation is by modeling the errors as first-order autoregression (Wilson & Butler, 2007; 

Engelhardt & Prskawetz, 2009). Engelhardt & Prskawetz (2009) remind us that while the 

first approach is referred to as dynamic modeling, the second approach is called static 

modeling in the literature.

Some writers (for instance, Green Kim & Yoon, 2001, Kristensen & Wawro, 2003; Wilson 

& Butler, 2007) argue that PCSEs based on OLS may lead to inconsistent results, because

298



it may ignore significant specific units fixed effect. In this regard, Green et al (2001) warn 

us that unit fixed effect that is correlated with explanatory variables results in inconsistent 

and biased estimation of OLS coefficients. They stress that such unit specific effects should 

be modeled or removed. Consistent with the view of Green et al (2001), Wilson & Butler 

(2007:104) argue that modeling units fixed effect along with the regressors produces 

consistent and unbiased estimates even with known small-sampled TC-CS data set “as 

long as the regressors in Xt are exogenous and do not contain lagged LDV”. Similarly, an e- 

mail received from Professor Wooldridge Jeffrey advised that time and unit fixed effects be 

tested and included in a model with the dimension N=13 and Y=11 (Wooldridge, J 2011. 

Pers. Comm. 5 July)

In view of these arguments, the study begins with the fixed effect model as an exploratory 

model (called Model-I which is presented in Table 7.10). Indeed, the traditional fixed effect 

model allows for post-estimation commands that produce test results for units fixed effect, 

time fixed effect, panel heteroskedasticity and contemporaneous correlation (see Baum, 

2001). The fixed effect model is given by:

CEPlit — /?0 + PiGUIit 4- j32LOG_OLit + j33GORit + ($4.LOG_PENit + 4% 7.3
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Table 7.10: Model I-Determinants of CEP1: Fixed Effect Model and Diagnostics 
Tests

C E P lit = /? + fitfU l,, + p 2LOGOLlt + /?3 GORft + /?4 LOG_PEN ̂ + «„(N=114)
Variables (Dep Var: CEPj) Coefficient T-stat & Prob
Independent Var.

GUI 0.0748484 1.96*
(0.053)

LOG_OL (SIZE) 0.0064609 0.18
(0.855)

GOR -4.85E-06 -0.23
(0.8200)

LOG PEN -0.0024782 -0.12
(0.9090)

INTERCEPT 0.0498764 -
Model Fit & Diagnostics
R-Squared 4.27%

Overall Model F-test F(4,99) 1.10
Prob. (0.3596)

F(10, 99) 6.56
Joint F-test for units fixed effect Prob. (0.0000)

F( 12, 97) 7.8800
Joint F-test for time fixed effect Prob. (0.0000)
Breusch-Pagan LM test of cross- chi2(55) 106.734
sectional dependence Prob. (0.0000)
Wald test for groupwise/panel chi2 (11) 3867.26
heteroskedasticity Prob. (0.0000)
Wooldridge test for autocorrelation in F( 1,9) 9.449
panel data Prob. (0.0133)
Estimated autocorrelation coefficient p 0.9935
from AR(1) Model
A sterisks are used to indicate significance as follows: * =  Significant at 10% ; ** =  Significant at 5%  
and *** =  Significant at 1% . A ll probabilities and degrees o f  freedom  are reported w ithin parentheses.

Table 7.10 above presents the fixed effect model together with the relevant diagnostic tests. 

The Table shows that among the regressors only gas utilisation investment (GUI) has a 

mild positive impact on CEPi, as its impact is only significant at 10% level of confidence. 

Equally, the model R2 and F-test indicate lack of fit to the data. This means that overall the 

model is not significant. Indeed, this is expected because traditional FE model is not
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appropriate in this situation (see Beck & Katz, 2004); hence it is just employed as 

exploratory model. The units fixed effect joint F-test shows that unobserved individual oil 

and gas companies’ heterogeneity is significant in the model. Similarly, the joint F-test for 

the time period (years) indicates that the time fixed effect is also significant. Other 

diagnostic tests such as Breusch-Pagan LM test for cross-sectional dependence, Wald test 

for panel heteroskedasticity and Wooldridge test for autocorrelation in panel data, as 

presented in Table 7.10, confirm that the data set exhibits panel heteroskedasticity, 

contemporaneous correlation and panel autocorrelation respectively.

In order to estimate a more efficient model (called Model-II presented in Table 7.11) the 

study follows in general the approach of Plumper et al (2005) and Engelhardt & Prskawetz 

(2009), and the TS-CS data set is modeled using Prais-Winsten regression with panel 

corrected standard errors and AR(1) error component. Furthermore, consistent with Green 

et al (2001) and the argument put forward by Wilson and Butler (2007: 104), as stated 

above, the individual oil and gas companies specific fixed effects81 are also included in the 

model as dummy variables for each oil and gas company in the sample.

Because the time fixed effect is significant, it has to be included in the model as well, and 

in line with the reasoning offered by Engelhardt & Prskawetz (2009), it is believed that 

time fixed effect may be used to explain either improvement or deterioration of the 

dependent variable over time, depending on whether the time fixed effect is positive or 

negative respectively. In order to model the time fixed effect the thirteen years considered

81 The oil and gas companies’ unobserved heterogeneity may include the specific company EMS, 
management style, mission and so on.
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are grouped into three (1997-1999, 2000-2004 and 2005-2009), and explanations are 

provided in the next three paragraphs as to why the years are grouped in this specific way.

The first period, 1997-1999, represents a period before the coming of democratically 

elected government in Nigeria. With regard to attempt by the Nigerian government to 

reduce gas flaring, this period is characterised by two major efforts. The first effort was the 

introduction of fiscal incentives to encourage oil and gas companies to participate in the 

utilisation of associated gas through the provisions in section 28(9) of Finance 

(Miscellaneous Taxation Provision) Act (1998) which provides as follows: (i) Profit 

generated from ANG projects are to be taxed at 30% as against 85% in the case of profit 

generated from oil project, (ii) Capital expenditure related to ANG production was 

regarded as allowable deduction under Petroleum Profit Tax (PPT). (iii) Tax holiday was 

increased to 5-7 years, (iv) Equipments imported for the purpose of gas development were 

to be exempted from custom duties and Value Added Tax (VAT), (v) Investment 

allowance of 15% was fixed for capital expenditure on gas related assets, (vi) Dividends 

during tax holiday are also tax free. The second effort involves the commencement of the 

production of LNG, mainly exported to Europe, America and other developed countries, by 

the NLNG Company. The natural gas input being utilised by the company come from both 

associated and non-associated natural gas produced. Therefore, this dichotomous variable 

is represented by D97-99 and takes the value 1 for the years 1997, 1998 or 1999 and 0 

otherwise.
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The second period, 2000-2004 is a period characterised by democratic regime. In relation 

to reduction of gas flaring in Nigeria, this period involves the announcement by the federal 

government that all oil and gas companies should end flaring of ANG by 31st December, 

2008. Consequently, all oil and gas companies operating in the country were asked to 

prepare and submit to the minister of petroleum, their proposed plan to end the wasteful 

practice on or before the announced ultimatum. Therefore, this dummy variable D00-04 is 

represented by the value 1 for the years 2000, 2001, 2002,2003 and 2004, otherwise 0.

The third period 2005-2009 is included in the model, because it was within this timeframe 

that Kyoto Protocol (KP) became operational. Nigeria is a member of GGRF public-private 

partnership, and it ratified the KP, a protocol of the UNFCCC. KP kicked off in 2005 via 

its three mechanisms among which Clean Development Mechanism (CDM) is the one 

relevant to Nigeria. The rationale behind including this time period as dummy variable in 

the model is to isolate the possible interference that the period may have in the model. The 

variable D05-09 will assume the value 1 for the years 2005, 2006, 2007, 2008 and 2009 

and 0 otherwise.

Before analysing and interpreting the significance of the coefficients of the regressors, 

there is the need to clarify the issue of variables stationarity in relation to TS-CS 

regression. In this regard, Woirall & Pratt (2004), Podesta (2006) and Beck & Katz (2011) 

remind us that an important assumption underlying TS-CS data is variables’ stationarity82. 

In this context, it is argued that to decide on the basis of unit root test whether variables are

82 According to Worrall and Pratt (2004: 38) “ ...... data are stationary if their means, variances and standard
errors (at various lags) remain constant across all points”.
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stationary or not is controversial especially when the time period is not very long (Beck, 

2006; Podesta, 2006) and research in this area is still ongoing and inconclusive (Im, 

Pesaran & Sheen, 2003, Pesaran, 2007). In general, it is suggested that after estimating TS- 

CS model with PCSEs, the autoregressive coefficient83 (p) of the AR(1) model should be 

estimated and examined in order to determine whether non-stationarity is likely to impair 

the efficiency of the model (Wooldridge, 2002; Gujarati, 2003)84. Thus, a p with value near 

one (say, for instance, 0.98, 0.95 or 0.89) indicates non-stationarity, while p with value far 

away from one (say, 0.42 or 0.25) indicates that the model is consistent and non- 

stationarity does not pose any threat (See, Gujarati, 2003: 451). Therefore, consistent with 

Podesta (2006) and the argument of Gujarati (2003), the study estimated and reported along 

with all the three TS-CS models in this study, the p from the relevant AR(1) models in 

order to address the issue of non-stationarity. In addition, to get a rough idea of the 

stationary assumption, Levin-lin test for panel unit root was carried out on all the variables 

involved in the modeling of the three TS-CS models estimated in this study. The results of 

the test indicate that all variables (CEPj, VDI, SDI, GUI, LOGOL, LOGPEN, GPR and 

GOR) included in the modeling are stationary in level (see Appendix XVI)85.

83 The autoregressive coefficient (p), pronounced as rho, is simply estimated by regressing the model’s 
residuals or errors on theirs lagged values using the following autoregression equation: u it = p/ui t^1 + elt. 
(see, Gujarati, 2003; Wooldridge, 2002).
84 This same technique was also suggested in general by Gujarati (2003: 451).
85 It is imperative to mention that two variables [Natural Gas Produced (NGP) and Crude Oil Price (COP)] 
found to be non-stationary were removed from the study to avoid complications and misleading results. 
Another reason for removing the two variables was to avoid multicollinearity problem, because while NGP is 
highly correlated with LOG OL, COP is highly correlated with GPR.
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Table 7.11: Model II-Determinants of CEP1; Prais-Winsten Regression with Panel 
Corrected Standard Errors, Unit Fixed Effect & Time Fixed Effect86

CEPljt — Po + PiGUIit + PiLOG_OLit + PzGORjt + PA.LOG_PENit + Vt + Yt + u jt
Variables (Dep Var: CEPX)

Coefficient

Panel-
corrected

Std.
z-stat & 

Prob.
Independent Variables Errors.

GUI 0.088859 0.0222429
4 4*** 
(0.000)

LOG_OL (SIZE) 0.0449476 0.0150873 1.98*
(0.048)

GOR 0.0000155 7.95E-06 1.37
(0.171)

LOG_PEN -0.0321741 0.0082157 -1.85
(0.064)

2000-2004 -0.0454827 0.0142404 -1.33
(0.184)

2005-2006 -0.2076423 0.0165495 -4.83***
(0.000)

Intercept (1997-1999) -0.0879424 0.3183657 -0.28
(0.782)

R2 78.62%
Wald x2 2920.01***
Prob(Waldx2)
Estimated Autoregressive Coefficient (P)

(0.000)
0.2148

A sterisks are used to indicate significance as follows: * =  Significant at 5% ; ** =  S ignificant at 1% and  
*** =  Significant at 0.1% . x2 =  Chi Square. Vt =  Com pany dum m ies. Yt =  T im e dum m ies.

Table 7.11 presents model-II, a model estimated based on Prais-Winsten regression with 

PCSEs, individual companies unit specific effect and time fixed effect. It can be observed 

from both Table 7.11 and Table 7.10 that Model-II R2 (78.62%) has improved significantly 

compared to the Model-I R (4.27%), and the Wald %2 is significant at 0.1%. This indicates 

that model-II highly fits the data. In other words the regressors included in model II have 

the ability to jointly explain up to 78.62% variability in the dependent variable, CEPj. The 86

86 All continuous variables in the model were subjected to panel unit root test, and they were found to be 
stationary in level (see appendix XVI). All dummy variables for unit fixed effects have been suppressed.
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remaining 21.32% variability in CEP] is explained by other unknown factors not captured 

in the model.

Now, having isolated the individual oil and gas companies’ specific unit fixed effect as 

well as the time fixed effect, Model-II presented by Table 7.11 shows that two variables, 

namely investment in gas utilisation projects (GUI) and crude oil produced (LOGOL) 

which represents size of the oil and gas companies and by extension their political 

visibility, both have significant positive impact on gas flaring-related environmental 

performance (CEP]) of companies in the upstream sector. Although, the coefficients of the 

other two variables (GOR and LOGJPEN) bear the expected signs, they do not have any 

significant influence on the dependent variable (CEPi).

GUI has significant positive impact on CEP], because growth in the investment in gas 

utilisation projects means increases in the proportion of associated gas utilised from the 

total gas produced. This associated gas is used as the major raw material input by the gas 

utilisation plants in the sector. Since, better CEP] means reduced CO2 emission as a result 

of gas flaring due to enhanced utilisation of associated gas, it means that effort being made 

by the Nigerian government and the oil and gas companies to invest in LNG plants, GTL 

plants and other CDM projects are yielding the desired result.

Size of the oil and gas companies measured by the natural logarithms of total crude oil 

produced also has significant positive impact on the CEP] of the companies in the sector. 

Thus, the more crude oil a company produces the greater the operations and activities of
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that company in the sector and the more visible it becomes in the political lamplight. This 

result implies that the more crude oil a company produces the more ANG it flares (the 

more CO2 it emits) and the more political pressure it sustains from the host communities 

and other concerned green stakeholders, to end the wasteful and environmentally 

pernicious practice. And, it is in an attempt to reduce gas flaring that the CEPi of the entity 

improves; hence the significant positive association between LOG_OL variable and CEPj.

GOR is not significantly related to CEPj, impliedly because the magnitude of ANG yield 

from a well or reservoir is not an important factor being considered by the oil and gas 

companies in deciding the volume of gas to be flared. Thus, gas to oil ratio measures the 

amount of ANG yield relative to crude oil yield in a reservoir or well. The mean value of 

GOR for the oil companies in the sample over the relevant period considered as presented 

in Table 7.9 indicates that on the average, for every one cubic meter of crude oil produced

656.05 cubic meters of ANG were also produced. The important question that may be 

posed here is this: Does the magnitude of this ratio affect the oil and gas companies’ 

decision to flare the gas? What can be expected here is significant positive association 

between GOR and CEPj in an industry where majority of the oil and gas companies have 

some level of concern for the environment. However, the positive association will not be 

significant in an industry, where majority of companies do not have much concern for the 

environment. More specifically, the significance of the impact of GOR on CEPj in the 

Nigerian oil and gas industry depends on the dominant moral environmental philosophy of 

oil and gas companies operating in the sector. Thus, a company with deontological 

environmental philosophy will tend to reduce the volume of ANG it flares, in an attempt to
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reduce CO2 emission, when the GOR is high. Since, reduction in volume of gas flared 

means higher CEPj, then GOR will be significantly positively associated with CEPi. 

However GOR may not be significantly positively associated with CEPi, if the dominant 

environmental philosophy of oil and gas companies in the sector is consequential ism. 

Therefore, the insignificant positive impact of GOR on CEPi in model-II can be interpreted 

to mean that the dominant environmental philosophy of oil gas companies operating in the 

upstream sector of the Nigerian oil and gas industry can be consequentialism rather than 

deontology. Meaning that oil and gas companies do not have much concern for the 

environment, because they may believe that benefit derived by Nigerians, including the 

host communities, as a result of oil and gas production outweigh the negative 

environmental impact, particularly CO2 emission, being caused by ANG flaring.

LOGJPEN is a variable measured as the natural logarithms of the annual total paid in US 

dollars as penalty for flaring ANG by oil and gas companies considered in this research. 

The imposition of this penalty, by the Nigerian government via the AGR Act (1979) as 

amended, aims at compelling the companies to reduce flaring of ANG. This penalty is 

meant to force oil and gas companies to reduce the volume of ANG they flare and by 

implication this should bring about improved CEPi. This variable does not have significant 

impact on CEPi, as reported in Table 7.11. This lack of association is interpreted as an 

exposition of the laxity of the AGR Act as well as inefficiency of its enforcement 

mechanism in the country as predicted by PHH.
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This section is concerned with analysis of factors responsible for changes in the aggregate 

volume of ANG flared in the Nigerian oil and gas industry over time. Thus, instead of 

focusing on the sampled oil and gas companies in the study, attention is directed on the 

total ANG flared by all companies in the upstream sector. Since, the focal point of analysis 

here is Nigeria as a single unit with the data set on the dependent variable (GFD) and other 

relevant regressors tracked and collected over the period of time, 1965 to 2009, the study is 

confronted with annual time-series data set. Table 7.12 presents the summary of descriptive 

statistics in respect of the dependent variable (GFD) and four possible independent 

variables, gas utilisation investment (GUI), crude oil produced (OIL), gas-to oil ratio 

(GOR), natural gas export price (GPR) as well as four other ANG flaring reduction policy 

variables (D79, D92, D98 and D05 which are dummy variables)87 likely to be responsible 

for changes in volume of gas flared in the country’s upstream sector. It is important to 

point out that one of the flaring reduction dummy variables (DOS) is an internationally 

oriented policy, while the rest are home-made.

Table 7 .12: Summary Statistics in Respect o f Time-series Data Set for the 
Determinants of Volume o f Gas Flared

7 .3  E x a m i n i n g  E m p i r i c a l  D e t e r m i n a n t s  o f  V o l u m e  o f  G a s  F l a r e d

Variable Mean St. Dev. Min. Max.
GFD (in mill m3) 18,716.67 7,763.38 1,311.00 28,584.39
OIL (in 000’ bbrs) 631,284.85 224,086.36 51,907.30 918,972.47
GPR (US$ per 1,000 cj) $3.28 $1.89 $0.91 $7.96
GOR 278.106 132.929 119.996 663.503
GUI 0.2557 0.2170 0.0138 0.7294

N(number of years) 45(1965 to 2009)

87 It should be noted that detailed explanations on how these independent variable may likely have influence 
on the volume of associated gas flared or gas-flaring-related environmental performance were provided in 
section 6 of chapter six.
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First of all, a time-series Ordinary Least Squares (OLS) regression model was estimated in 

level. The purpose of estimating this model was to subject the time-series data set to a 

number of diagnostic tests, and hence exploratory. The diagnostic tests conducted include 

test for first order autocorrelation, test for heteroskedasticity, test for multicollinearity, 

residual normality test and specification test. The time-series OLS in level along with the 

relevant diagnostic test are presented in Appendix XVII. The results show that the model 

exhibits first order autocorrelation, specification problem and possibly multicollinearity.

Secondly, all the variables were subjected to Augmented Dickey-Fuller (ADF) and 

Phillips-Perron (PP) tests for stationarity. The results of the test reveal that they are non- 

stationary in level. Consequently, the autocorrelation problem, the multicollinearity 

problem and the specification problem (as shown by Appendices XVII and XIV) are very 

likely due to the non-stationarity of the variables in level (See Appendix XVI). Next, the 

first difference of all the variables was taken and they were once again subjected to ADF 

and PP tests for stationarity. This time around the results from the two tests show that all 

the variables are stationary in the first difference (see Appendix XX).

Thirdly, the second version of the model, time series OLS model in the first difference, was 

estimated. The results are presented in Table 7.13. The model R-squared (92.03%), as 

shown by the table indicates high degree of variability. The probability associated with the 

model F-statistics (0.0000) implies high significance even at 0.1% alpha level. This shows 

that the model is well fit. Moreover, it can be seen from the table that the coefficients of all 

the independent variables (GUI, OIL, GOR, GPR and DOS) that have significant impact on
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the dependent variable (GFD) bear the predicted signs. Furthermore, it can be seen from 

the table that none of the diagnostic tests is statistically significant, and this indicates 

consistent and robust results.

GUI, a variable that represents investment in gas utilisation projects has significant 

negative impact of GFD. This result implies that various gas utilisation projects currently 

in operation in the country (for example, Nigerian Liquefied Natural Gas Company, 

Escravos Gas-To-Liquid Plant, West Africa Gas Pipeline, Oso Natural Gas Liquid Project, 

Ekpe Gas Compression & Reinjection Plant and Belema Gas Reinjection Plant) are causing 

significant increases in the amount of ANG being utilised, while at the same time leading 

to asymmetric reduction in the volume of the ANG flared.

Price of natural, represented in the model by the variable GPR also has significant negative 

influence on the volume of gas flared. This suggests that, increases in the export price of 

the gas serves as a signal to companies in the Nigerian upstream sector to increase their 

utilisation of the gas because it is profitable to do so.
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T a b le  7 . 1 3 :  T im e  S e r ie s  F ir s t  D i f f e r e n c e  O L S  f o r  t h e  D e t e r m in a n t s  o f  C h a n g e s  in
V o lu m e  o f  G a s  F la r e d  in

AGFDt = Pn+ P\AGUIt + P2A0lLt + P*AGORt + PAAGPRt + /?SD79, + /?fiD92, + P7D98t + PftDOSt + Et
Dependent Variable: A GFD 

Independent. Variables:
Expected
Sign.

Coefficient t-stat & 
Probability

A GUI -26458.42 -6.125***
(0.0000)

\OIL + 0.027698 14.492***
(0.0000)

A GOR + 46.29979 12.243***
(0.0000)

A GPR - -506.12 -2.899**
(0.0064)

D79 “ 273.7914 0.651478
(0.5190)

D92 - .474.4874 -0.9102
(0.3690)

D98 - 197.6432 0.3354
(0.7393)

D05

Constant

-1307.222

94.06571

-2.068*
(0.0461)

Model Fit & Diagnostic Tests:
R-squared 92.03%

Model F-test F-stat
Prob.

50.540***
(0.0000)

Durbin-Watson stat 1.950542
Breusch-Godfrey Serial chi2 0.123763
Correlation LM Test: Prob. (0.72499)
Breusch-Pagan / Cook- 
Weisberg test for 
heteroskedasticity

chi2(l)

Prob.

0.08

(0.7731)

Ramsey's Regression 
Specification Error Test

F-statistic
Prob.

0.165625
(0.68658)

N  =  45 years. Asterisks are used to indicate significance as follows: * =  Significant at 5% ; ** 
Significant at 1% and *** =  Significant at 0.1% . Probabilities are reported w ithin parentheses.

The strong positive impact of volume of crude oil produced (OIL) and gas-to-oil ratio 

(GOR) on the volume of ANG flared (GFD) can only be documented, if the ANG being 

produced along with the oil is not being effectively utilised. Indeed, if none of the ANG
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produced was being utilised, the association between OIL and GFD would be almost 

perfect. If, however, all of it was being utilised there would not be any association between 

the two. Consequently, it is argued, in this research, that the significant positive association 

between crude oil produced and ANG flared in Nigeria is an indication of inefficient 

utilisation of ANG.

The effect of GOR on GFD is interpreted as the means through which the nature or level of 

gas flaring-related dominant environmental philosophy is exhibited by most oil and gas 

companies operating in the upstream sector. So, gas flaring-related environmental 

philosophy can be accessed via this relationship. As gas-to-oil ratio shows the magnitude of 

ANG produced from a reservoir relative to the volume of crude oil produced from the same 

reservoir, it gives the producing company an idea of the extent of ANG to be flared (For 

instance, in Table 7.12 the mean GOR implies that for every 1 cubic meter of crude oil 

produced 278.11 cubic meters of ANG was being produced). Consequently, it is argued 

that a company that is environmentally conscious will attempt to minimise flaring of ANG 

as this ratio gets bigger. However, companies that do not have much concern for the 

possible environmental impact of gas flaring are likely to flare more ANG as the ratio gets 

bigger in order to produce more cmde oil and realise more profit. Indeed, this significant 

positive impact of GOR on GFD, reported in Table 7.13 implies that the bigger the GOR, 

the more ANG is flared. Based on this argument, the result suggests that dominant oil and 

gas companies in the upstream sector of the Nigerian oil and gas industry do not have much 

concern for the negative environmental impact of ANG flaring. As such, this supports the 

fact that the dominant environmental philosophy in the Nigerian upstream sector is
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consequentialism. This is consistent with the result documented in Table 7.11 of section 

7.2.8.

In this study gas flaring reduction policies in Nigeria are categorised into two. These are 

internationally oriented policy and home-oriented policies. The internationally oriented 

policy in Nigeria involves the country’s participation, along with other FMOCs, in the 

GGFR partnership and ratification of Kyoto Protocol, and this is represented in the study 

by the variable, D05. Introduction of this policy in Nigeria led to the emergence of various 

CDM-oriented gas utilisation projects (example, Ovade Ogharefe Gas Capture and 

Processing Project Aba Clean Energy Carbon Project and so on). The home-oriented 

policies in the study include D79, D92 and D98 and all the three are not significantly 

associated with the GFD. This exposes the homemade policies’ weakness and inefficiency. 

However, the internationally oriented scheme (DOS) has significant negative impact on the 

GFD. This indicates that the scheme is effectively working as a strategy for reducing the 

volume of ANG being flared. Moreover, while the finding with regard to inefficiency and 

weakness of the Nigerian homemade flare reduction regulation and policies is consistent 

with the finding of Aghalino (2009), it contradicts the concluding remark made by Orubu 

(2005) that homemade gas flaring reduction policies have started becoming effective by 

impacting negatively on the volume of ANG being flared.

7.4 A nalysis o f G as F laring-related Environm ental R eporting B ehaviour

This section is devoted to presentation of results dealing with measurement and evaluation 

of gas flaring-related environmental disclosures by the companies in the sample of this
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study. The study relies on content analysis in order to measure and evaluate two forms of 

gas flaring-related CED, namely, volumetric gas flaring-related environmental disclosure 

(VDI) and substance gas-flaring-related environmental disclosure (SDI).

Obviously, in the absence of a predetermined environmental disclosure threshold or 

yardstick it is difficult and tricky to establish which particular level or amount of 

environmental information disclosed is adequate or not. This is especially more so with 

voluntary environmental disclosure. For studies dealing with mandatory environmental 

disclosure, it is relatively easier to determine whether disclosure made by an entity is 

adequate or not (i.e. high or low), or is such disclosure having superior/inferior degree of 

substance or not. This is because the adequacy or degree of substance of disclosure is 

derived from the legal provisions that regulate the disclosure. For instance, companies that 

report environmental information beyond regulatory requirements are deemed to have 

disclosed high level of, or more than adequate environmental information, while companies 

that report environmental information below what is legally required are said to have made 

inadequate environmental disclosure (see for example, Dowell et al, 2000). However, with 

regard to voluntary environmental disclosure, it is difficult to determine exactly what is 

adequate volumetric disclosure or superior substance (qualitative) disclosure threshold. 

But, in the literature of empirical evaluation of social and environmental disclosures, 

studies have employed various strategies for comparing companies’ measures of 

environmental disclosure with best/worst practice or maximum/least disclosure for the 

purpose of evaluating environmental disclosures of companies in a sample or among a 

defined peers (see for example, Guthrie & Parker, 1990; Gamble, Hsu, Jackson &
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Tollerson, 1995; Gamble, Hsu, Kite & Radtke, 1996; Deegan & Gordon, 1996; Foo & 

Holland, 2003; Campbell, 2004; Smith & Ashcroft, 2008; Hooks & van Staden, 2011).

For instance, using comparative analysis, Guthrie and Parker (1990) found that social and 

environmental disclosures of companies in Australia were relatively lower than that of 

companies in the UK and US. Similarly, Gamble et al (1995) reported that firms from 

industries with high potentials for adverse environmental impacts disclose more qualitative 

environmental information than their counterparts operating in industries with low 

potentials for adverse environmental impacts. In the same token, Deegan & Gordon (1996) 

found, again via comparative analysis, that companies from industry characterised by 

greater environmental degradation provided more environmental disclosures. Likewise, 

Campbell (2004) relied on two sample comparison t-test for means and documented that 

companies operating in more environmentally sensitive industries provided high level of 

volumetric environmental disclosure while companies from less environmentally sensitive 

industries disclosed less volumetric environmental disclosures. Recently, also Hooks & van 

Staden (2011) relied on comparative analysis in order to establish whether volume of 

environmental information reported via different reporting medium (namely, annual 

reports, standalone reports, press releases and web-based reports) was high or low.

To the best of the researcher’s knowledge, there is no any available theory which informs 

the threshold for determining either adequate volumetric environmental disclosure or 

moderate degree of environmental disclosure substance. Consequently, in order to establish 

this threshold, the study relies on logic supported and informed by prior research. In
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general, consistent with the approach of comparison employed by the prior studies 

discussed above, this research also relies on comparison with best practice or maximum 

environmental disclosure score among the eleven sampled companies over the thirteen 

years considered to establish whether both mean VDI and SDI scores of the individual 

companies and the overall upstream sector are adequate or inadequate, and/or superior or 

inferior. However, this study deviates slightly from the previous studies in that a different 

technique is employed. Technically, consistent with Gottsman and Kessler (1998), in order 

to establish whether mean VDI and SDI scores are adequate or inadequate and superior or 

inferior respectively, 40 percentile of the maximum score for each of the two indexes is 

establish as the threshold88. Because both indexes are scaled in such way that their values 

range between 0 and 1, it is established a priory that 1.0000 is the best practice or 

maximum score and the 40 percentile of both indexes is 0.4000.

88 It should also be noted that this study’s approach is slightly different from the original approach by 
Gottsman and Kessler (1998), but the general principle remains the same, because instead of using the 50th 
percentile or median as the threshold, this study uses 40th percentile for the simple reason of being a little bit 
more generous than Gottsman & Kessler (1998). The justification of being more generous is because while 
this research is conducted in a less developed country, Gottsman & Kessler (1998) conducted their research 
in a developed country where environmental standards, practices and awareness are higher.
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T a b le  7 . 1 4 :  G u id e  to  G a s  F la r in g - r e la t e d  E n v ir o n m e n t a l  D i s c lo s u r e  E v a lu a t io n

Ranges of scores Adequacy of Volumetric 
Disclosure score (VDI)

Degree of Substance 
Disclosure score (SDI)

0.0000 Least volumetric disclosure score Least inferior substance disclosure
(non-disclosure) score (non-disclosure)

0.0000-0.3999 Inadequate volumetric disclosure 
score

Inferior degree of substance disclosure 
Score

0.4000
Threshold adequate volumetric 
disclosure score

Threshold superior substance 
disclosure score

0.4000-1.0000 Adequate volumetric disclosure 
Score

Superior substance disclosure score

1.0000 Maximum volumetric disclosure 
Score

Maximum superior substance 
disclosure score

Table 7.14 above presents guide on how the study intends to evaluate both VDI scores and 

SDI scores for both individual members of the study sample as well as the overall sample. 

As shown in the table both the two gas flaring-related environmental disclosure indexes 

have their values ranging between 0.0000 and 1.0000. The worst score obtainable is 

0.0000, in respect of both indexes, which is associated with nondisclosure. The best score 

that can be obtained among the peers is 1.0000 which reflects highest adequacy of 

volumetric disclosure or highest superiority of disclosure substance among the members of 

the study sample. As stated earlier the thresholds adequate VDI and the superiority of the

it .

disclosure substance were the 40 percentile (0.4000) of the maximum score recorded 

among the peers (1.0000). As such, any score falling below 0.4 would be rated less than 

adequate, or of inferior substance, while any score greater than or equal to 0.4 would be 

rated as adequate or having superior substance.
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In this study, gas flaring-related volumetric environmental disclosure relates to the 

mechanistic extent to which gas flaring-related information is disclosed in respect of oil 

and gas companies in the sample. As explained in detail in section 6.3.4.3 of chapter six, 

number of words relating to the paragraphs or sentences providing information on gas 

flaring specific to Nigeria as reported by the operator of each company in the sample would 

be counted. This would be added to the number of words disclosed by NNPC regarding 

each of the sampled companies in its ASBs. Then the available number of words disclosed 

relating to each company for all the relevant years are considered together and scaled such 

that they become indexes with values ranging from 0 to 1.

7.4.1 G as F la ring -R ela ted  V olum etric  D isclosure Index  (VDI)

Table 7.15: Rating the Gas Flaring-related Volumetric Disclosure of Individual Oil 
and Gas Companies

Company Mean VDI Rating
Group-1
NOAC 0.4949 Adequate disclosure
SPDC 0.4625 Adequate disclosure
MPNU 0.4333 Adequate disclosure
EPNL 0.3979 Inadequate disclosure
CNL 0.2055 Inadequate disclosure
TEXC 0.0793 Inadequate disclosure
PAN 0.0651 Inadequate disclosure
Group-2
EEPN 0.3970 Inadequate disclosure
APDN 0.1093 Inadequate disclosure
NPDC 0.0598 Inadequate disclosure
AENR 0.0431 Inadequate disclosure
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OQ
relevant period, for each company . The last column shows the rating of each company’s 

mean VDI score based on the evaluation guide presented in Table 7.14. Thus, based on the 

magnitude of the mean VDI scored by each company, NAOC recorded the highest score, 

while AENR recorded the least score -  which is also the worst. It should also be pointed 

out that while, on the average, only three companies in the sample made adequate 

volumetric disclosure over the period covered, eight companies have their means 

volumetric environmental disclosure rated as less than adequate. This can be a pointer to 

the fact that the overall mean gas-flaring-related VDI of dominants companies in the 

upstream sector of the Nigerian oil and gas industry may be inadequately low. Table 7.16 

below reports the formal statistical testing regarding this assertion. 89

Table 7.15 presents results in respect o f  evaluation or rating o f  individual oil and gas

com panies’ V D I scores. The first column o f  the table presents names o f  the eleven o il and

gas companies in the sample. The second colum n presents mean V D I scores, over the

89 The raw yearly VDI scores for all companies in the sample are presented in Appendix XIV.
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T a b le  7 . 1 6 :  E v a lu a t io n  o f  t h e  S a m p le ’s  G a s  F la r in g - r e la t e d  V o lu m e t r i c  D i s c lo s u r e s
a n d  T e s t  o f  H y p o t h e s i s  T w o

1. One-sample t-test for mean
Variable Obs. Mean Hyp.

Mean
Mean

Difference
Std. Err. Rating

VDI 116 0.2645 0.4000 -0.1355 0.0223 Inadequate
Ho: mean VDI > 0.4000 
Ha: mean VDI < 0.4000 
t -stat = -6.0785***
P < t-stat = 0.0000
2. Median sign test
Variable Obs Median Hyp. Median Below Equal to Above

Median Difference 0.4 0.4 0.4
VDI 116 0.2053 0.4000 -0.1947 86 0 30
Ho: Median CEP! > 0.4000 
Ha: Median CEPi < 0.4000
Probability = 0.0000 ***

Asterisks are used to indicate significance as follows: * = Significant at 5%; ** = Significant at 1% and *** = Significant at 0.1%.

The first part of Table 7.16 above presents results dealing with evaluation of the overall 

mean VDI for the dominant companies in the upstream sector of the Nigerian oil and gas 

industry. It also presents results pertaining to the test of hypothesis two. As such, reference 

to the table shows that the overall mean VDI for the dominant oil and gas companies in the 

sector is 0.2645 which is well below the volumetric disclosure adequacy threshold 

(0.4000). It is, therefore, rated as depicting inadequate volumetric disclosure of gas flaring- 

related environmental information. Notice also that the difference between the actual mean 

and the hypothesised mean (i.e. the threshold) is -0.1355, and in order to establish whether 

this difference is real and not resulting from random chance, hypothesis two, stated in the 

null form as: volume of gas flaring-related environmental disclosure by dominant 
companies in the upstream sector o f the Nigerian oil and gas industry is not 
inadequately low, is subjected to statistical testing. It can be seen from Table 7.16 that
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since the probability (0.0000) associated with the t-statistic (-6.0785) is less than 0.1% 

level of significance, the null hypothesis is rejected, and it is concluded based on the 

alternative hypothesis that volume of gas flaring-related environmental disclosure by 

dominant companies operating in the upstream sector of the Nigerian oil and gas industry is 

significantly inadequate. This result is consistent with many other findings documented by 

environmental disclosure studies in less developed countries (for, example, Disu & Gray, 

1998; Owolabi, 2009; Chung & Parker, 2010; Uwalomwa & Uadiale 2011).

In the second part of Table 7.16, result is presented regarding Nigerian upstream sector’s 

gas flaring-based VDI evaluation based on median sign test -  a nonparametric alternative 

to one sample hypothesis t-test for means. This alternative test is presented for two reasons. 

The first reason being that because the variable VDI is not normally distributed the median 

sign test may also be appropriate in the situation. The second reason is to test the 

robustness of the one sample hypothesis test90. Indeed, the result from the median sign test 

confirms the robustness of the one sample t-test test. This is because similar to the one 

sample t-test for means, the median sign test also rejects the null hypothesis at 0.1% level 

of significance thereby leading to the same conclusion.

7.4.2 G as Flaring-related  Substance D isclosure Index (SD I)

Gas flaring-based substance disclosure index is referred to, in this study, as the degree to 

which specific quantitative, specific textual or non-specific textual gas flaring-related 

environmental information (see for example, Al-Tuwaijri et al, 2004; Clarkson et al, 2008;

90 However, in this case, the large size of the sample (116 observations) makes one sample t-test for means 
statistically more appropriate than median sign test.
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Clarkson et al, 2011) has been disclosed in both the report of the sample companies’ 

operators and the ASBs of the NNPC. Some studies in the literature refer to this disclosure 

index and the likes of it as qualitative (e.g. Wiseman, 1982; Patten 2002). However, this 

study prefers to call it substance disclosure index following Freedman & Jaggi (2005), as 

measures of disclosure quality are difficult to develop.

Table 7 .17 : Rating the Gas Flaring-related Substance Disclosure of Individual Oil 
and Gas Companies

Company SDI Rating the degree 
of substance

Group 1
SPDC 0.6586 Superior
EPNL 0.5359 Superior
CNL 0.5129 Superior
NOAC 0.4931 Superior
MPNU 0.4087 Superior
TEXC 0.1146 Inferior
PAN 0.0981 Inferior
Group2
EEPN 0.7733 Superior
APDN 0.1581 Inferior
NPDC 0.1024 Inferior
AENR 0.0999 Inferior

Table 7.17 presents yearly mean SDI for each of the eleven oil and gas companies in the 

sample. It is clear from the table that EEPN recorded the most superior score, while PAN 

OCEAN recorded the worst inferior score. Overall, the table shows that six companies 

(SPDC, EPNL CNL, NOAC, MPNU and EEPN) recorded superior SDI score while five 

companies (TOPCON, PAN OCEAN, APDN, NPDC and AENR) recorded inferior SDI.

323



The almost balanced number of superior and inferior SDI scores implies that the upstream 

overall mean SDI score for the dominant companies may either be superior or inferior. In 

order to determine and verify this, the study evaluates the overall gas flaring-related SDI 

for all the companies in the sample put together. Table 7.18 presents results regarding the 

evaluation of the sample’s overall mean SDI over thirteen-year period (1997-2009). 

Moreover, the Table presents results in respect of test of hypothesis three.

Table 7.18: Evaluation of the Sample’s Gas Flaring-related Substance Disclosures 
and Test of Hypothesis Three____________________________________________________

1. One-sample t-test for mean ______________________________________
Variable Obs Mean Hyp. Mean Std. Err. Rating

Mean Difference (Degree of Substance)

SDI 115 0.3622 0.4000 -0.0378 .02612 Inferior

Ho: mean SDI > 0.4000 
Ha: mean SDI < 0.4000 
t -stat = - 1.4483
P<t-stat= 0.1503
2. Median sign test
Variable Obs Median Hyp.

Median
Median

Difference
Below

0.4
Equal to 

0.4
Above

0.4
VDI 115 0.1920 0.4000 -0.2080 67 0 48
Ho: Median CEPi > 0.4000 
Ha: Median CEPt< 0.4000 
Probability = 0.0928

Asterisks are used to indicate significance as follows: * = Significant at 5%; ** = Significant at 1% and *** = Significant at 0.1%.

The first part of Table 7.18 presents the overall mean VDI (0.3622) which is rated as 

having inferior substance and falls short of the superior threshold (0.4000) by -0.0378. To 

establish whether this difference is statistically significant or not, hypothesis three, stated in 

its null form as: the degree of substance in respect o f gas flaring-related environmental
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disclosure by dominant companies in the upstream sector o f the Nigerian oil and gas 
industry is not inferior, is subjected to one sample hypothesis t-test using the superior SDI 

threshold (0.4.000) as the hypothesised mean. Since, the probability (0.1503) associated 

with the t-statistic (- 1.4483) is greater than even 5% level of significance, the null 

hypothesis cannot be rejected. As such, it is concluded on the basis of the null hypothesis 

that the substance of gas flaring-related environmental information disclosed by the 

operators of the sampled oil and gas companies in the upstream sector in their reports and 

by the NNPC via ASB is not inferior.

The second part of the table presents a non-parametric version of the one sample t-test. 

From the table the median sign test shows that the null hypothesis cannot be rejected at 5% 

level of significance; hence, leading to the same conclusion as the parametric counterpart.

7.5 Exam ining the Association between G as F laring-related  Environm ental 
Perform ance and Environm ental D isclosure

While marking the commencement of the second part of the analysis, this section focuses 

on the estimations, presentation and analyses of two TS-CS regression models in order to 

investigation the relationship between CEPi on one hand, and VDI and SDI on the other 

hand. Summary statistics regarding the TS-CS data sets for the two models and the 

evaluation of the two empirical TS-CS regression models are carried out in the next two 

subsections.
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7.5.1 T h e  Im p a ct o f C E P t on V D I and T est o f H ypothesis F o u r

In order to evaluate the relationship between CEPj and VDI TS-CS data is assembled in 

respect of the two variables. Apart from these two major variables of interest (CEPj and 

VDI), data in respect of two more variables (LOG_OL and GPP) used in the model as 

control variables have also been pooled for the eleven oil and gas companies over the 

period of thirteen years.

Table 7 .19 : Summary of Variables’ Descriptive Statistics in the Model of VDI-CEP1 
Relationship

Variables Mean St.Dev Median Max. Min.
VDI 0.2645 0.2401 0.2053 1.0000 0.0370
CEPj 0.3292 0.2589 0.2803 1.0000 0.0030
LOG_OL 17.3712 1.7881 17.7391 19.7240 7.8482
GPR (in $) 5.0906 2.2412 4.4300 9.0000 1.9700
N 114

Table 7.19 above presents the descriptive statistics in respect of the four variables in the 

model TS-CS regression model: VDIlit = f?0 + p^EP^  + p 2LOG_OLit + p3GPRlt + u it. 

In essence, Table 7.19 is presented in order to give the reader a feel of the data set. In order 

to estimate efficient TC-CS regression model two steps are followed. First, based on 

traditional panel analysis, the data set is used to estimate fixed effect model based on which 

diagnostic tests are conducted (see Table 7.20 below). And, then based on the outcomes of 

the diagnostic tests a more consistent TS-CS regression model is estimated (see Table 7.21) 

below.
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T a b le  7 . 2 0 :  R e la t io n s h ip  b e t w e e n  C E P 1  a n d  V D I :  E x p lo r a t o r y  F ix e d  E f f e c t  M o d e l
a n d  D ia g n o s t i c s  T e s t s

VDI1 a — P o + P±CEPit + p2LOG_OLit + P3GPRit + Mit

Dependent Variable: VDI 
Independent. Variable: Coefficient. Std. Err. t-stat & Prob.

CEPj 0.049114 0.115774 0.42
(0.672)

-0 44LOGjOL (SIZE) -0.00821 0.018811
(0.663)
3 01**GPR 0.02357 0.007831
(0.003)

INTERCEPT 0.274642 0.324379 0.85
(0.399)

Model Fit & Diagnostic Tests
R-Squared 9.08%

Overall Model F-Test F(3,100) 3.33*
Prob. (0.0226)

Joint F-test for units fixed effect F(10, 100) 5.28***
Prob > F (0.0000)

Joint F-test for time fixed effect F( 12, 98) 2.01*
Prob > F (0.0307)

Breusch-Pagan LM test of cross-sectional chi2(55) 103.519**
dependence Prob. (0.0001)
Wald test for groupwise/panel chi2 (11) 1321.12***
heteroskedasticity Prob>chi2 (0.0000)

Wooldridge test for autocorrelation in panel F( 1, 9) 5.30*
data Prob > F (0.0468)
Estimated Autoregressive Coefficient from AR(1) Model p or rho 0.574751
Asterisks are used to indicate significance as follows: * = Significant at 5%; ** = Significant at 1% and *** = Significant at 0.1%. Probabilities and degrees of freedom are reported within parentheses.

Table 7.20 presents the fixed effect model which estimates the relationship between CEPj 

and VDI. This model is estimated and presented in order to subject the TS-CS data set to 

five diagnostic tests (company specific fixed effect, time fixed effect, panel 

heteroskedasticity, contemporaneous correlation and panel autocorrelation) usual with such 

data set. It can be seen from Table 7.20 that all diagnostic tests are significant and this
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indicates that the traditional diagnostic tests null hypotheses for the absence o f  the

problems being diagnosed are rejected.

Table 7. 21: Relationship between CEP1 VDI -  Prais-Winsten Regression with Panel 
Corrected standard Errors, Unit Fixed Effect & Time Fixed effect

V D l i t  =  p 0  +  P t C E P u  + p 2 L O G _ O L l t  + P 3 G P R i t + V t  +  Vt + V ‘

Dependent Var.: VDI Panel-
Expected corrected Std. z-stat.

Independent. Var: Sign Coefficient Err. and Prob

CEP! + 0.3009717 0.112369 2.68**
(0.007)

LOG_OL (SIZE) +/- 0.0272066 0.010429 2.61**
(0.009)

GPR +/- 0.0052461 0.01302 0.4
(0.687)

D00-04 +/- -0.0280376 0.06732 -0.42
(0.677)

D05-09 +/- -0.3854495 0.209058 -1.84
(0.065)

Intercept (D97-99) +/- -0.1365402 0.088162 -1.55
(0.121)

R-Squared 23.37
Wald x2 37 77***
Prob. Wald x2 (0.0000)
Estimated autocorrelation Coefficient from AR(1) Model (p) 0.357269
Asterisks are used to indicate significance as follows: * = Significant at 5%; ** = Significant at 1% and 
*** = Significant at 0.1%. x2 = Chi Square. Vt = Company dummies. Yt = Time dummies.

Now, having statistically established, from the results in Table 7.20, that the model is 

having all the five problems identified, the aim is to estimate a second TS-CS regression 

model that accounts or corrects for all the five problems. The appropriate TS-CS regression 

model capable of doing this is Prais-Winsten regression with PCSEs, time fixed effect and 91

91 Note that the individual companies’ specific fixed effects are suppressed. All continuous variables in the 
model were tested for panel unit root test and were all found be stationary in levels (see Appendix XVI).
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units specific fixed effect. Thus, Table 7.21 above presents the results of this model. This 

model, via the inclusion of AR(1) component invokes Prais-Winsten regression which 

automatically corrects for first order panel autocorrelation. The problems associated with 

panel heteroskedasticity and contemporaneous correlation, are removed via estimating the 

PCSEs. Finally, inclusion of the time fixed effect and the companies’ specific fixed effect 

as dummy variable remove the two fixed effects.

The main purpose of estimating the model in Table 7.21 is to investigate the nature of the 

relationship between VDI and CEP], while controlling for size (measured by LOGjOL) 

and GPR. Thus, while GPR (a proxy for financial performance) is not significantly 

positively associated with VDI, LOG_OL has significant positive impact on VDI. This 

significant positive effect means that the bigger the size of the company in terms of oil and 

gas production in Nigeria, the more they are pressurised to disclose more gas flaring- 

related environmental information.

Now, in order to test hypothesis four, attention is focused on that aspect of the results 

presented in Table 7.21 above which estimates the effect of CEP] on VDI. Hypothesis four 

is restated in its null form as: The association between gas flaring-related environmental 
performance and the volumetric environmental disclosure o f dominant companies in the 
upstream sector by the Nigerian oil and gas industry is not positive. In this regard, 

reference to Table 7.21 shows that the probability (0.007), associated with the z-statistic 

(2.68), of the coefficient of CEP] being different from zero is less than 1% level of 

significance. This implies that the null hypothesis can be rejected and it can be concluded
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with very strong evidence, based on the alternative hypothesis, that gas flaring-related 

environmental performance and gas flaring-related volumetric environmental disclosure are 

significantly positively related. This result is consistent with the conclusion arrived at by 

Al-Tuwaijri et al (2004), Clarkson et al (2008) and Dawkins and Frass (2011b), and 

support the theoretical proposition of voluntary disclosure theory (see Verrachia, 1983; 

Dye, 1985; Bewley & Li, 2000).

7.5.2 T h e  im p a c t o f C E P ! o n  SD I a n d  T est o f  H y p o th es is  F iv e
The same as in the last section (7.5.1), in order to investigate the nature of the relationship 

between C E P j and S D I, TS-CS data set have been collated and organised regarding the 

two variables. In addition, data in respect of four other control variables (L O G _ O L, G O R ,  

G P R and G U I) are assembled and included in the model. To acquaint the reader with the 

data set, descriptive statistics regarding the six variables in the model (S D Iit = Po + 

P 1 C E P lit + p 2LOG-OLit +  p 3GORit + p 4GPRit + p 5GURit + u lt) are provided in Table

7.22 below:

Table 7. 22: Descriptive Statistics for Variables in the Model of SDI-CEP1 
Relationship

Variable Mean St.Dev. Median Max Min
SD I 0.3622 0.2801 0.1920 1.0000 0.0880
CEPj 0.3292 0.2589 0.2803 1.0000 0.0030
LOG_OL 17.3712 1.788144 17.73914 19.72396 7.848153
GOR 656.0536 1363.597 367.5342 14428.92 66.40627
GPR 5.09 2.24 4.43 9.00 1.97
GUI 2.7768 14.8021 0.3575 94.8645 0.0032
N 114
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Again, the same way as in section 7.5.1, two-step-approach is employed in order to 

estimate the appropriate TS-CS regression model. Firstly, the TS-CS data set is subjected 

to relevant diagnostic tests after estimating the fixed effect model (see Table 7.23). 

Secondly, based on the results of the diagnostic tests a consistent TS-CS regression model 

is estimated and presented in Table 7.24.
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Table 7.23: Relationship between CEP1 and SDI -  Exploratory Fixed Effect Model
and Diagnostics Tests

S D Ilt = p 0 + P iC E P l it + p 2L O G O L it + P 3GORit +  p 4GPRit + P 5GURit + u it (N=114)

Dependent Variable: SDI 
Independent Variables

Expected
Sign.

Coefficient t-stat & 
Probability

CEPj + -0.408395 -3.56***
(0.001)

LOG_OL (SIZE) +/- 0.0221932 0.71
(0.482)

GOR +/- 0.000021
1.01

(0.313)

GPR +/- 0.0179372 2.25*
(0.027)

GUI +/- 0.14793 3.56***
(0.001)

Constant -0.4024506 --:
Model Fit & Diagnostic Tests:
R-squared 35.42%

Model F-test F(5,98) 10.75***
Prob. (0.0000)

Joint F-test for units fixed effect F(10, 98) 6.6000***
Prob. (0.0000)

Joint F-test for time fixed effect F( 12, 96) 0.9100
Prob. (0.5408)
Chi2 85.548**

Breusch-Pagan LM test of panel independence Prob. (0.0052)
chi2(l) 405.28

Wald test for groupwise/panel heteroskedasticity Prob. (0.0000)
F-statistic 36.855***

Wooldridge test for autocorrelation in panel data Prob. (0.0002)
Estimated autocorrelation Coefficient from AR(1) Model 0.9985
Asterisks are used to indicate significance as follows: * = Significant at 5%; ** = Significant at 1% and 
*** = Significant at 0.1%. Probabilities and degrees of freedom are reported within parentheses.

Again, the fixed effect model presented in Table 7.23 above is estimated and reported in 

order to subject the C E P j-S D I  relation TC-CS regression model to five diagnostic tests 

mentioned previously in section 7.5.1. Upon all the five diagnostic tests only joint F-test
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for time fixed effect is not significant. Hence, the null hypothesis for no time fixed effect 

cannot be rejected. However, it can be seen from the Table that the other four diagnostic 

test as reported in Table 7.23 are significant. This means that the model suffers from all the 

four problems diagnosed.

Table 7. 24: Relationship between CEP1 and SDI -  Prais-Winsten Regression with 
Panel Corrected Standard Errors and Unit Fixed Effect

S D I n  — P o  +  P i C E P l i t  +  ($ iL O G _ O L it +  /? 3 G O R n  4- p ^ G P R u  4- P ^ G U R n  +  V* 4- i i i t 92

Dependent Variable: SDI Expected Coefficient Panel Crr
Independent Variables:__________ Sign.______________ Std. Err.

CEPj + -0.404844 0.1199477

LOG_OL (SIZE) +/- 0.0136993 0.01692

GOR +/- 0.0000143 0.0000108

GPR +/- 0.0145946 0.006157

GUI +/- 0.0993388 0.0390059

IN TERCEPT +/- -0.1328159 0.2858847

R-squared 
Wald x2 
Prob. Wald(x2)
Estimated autocorrelation Coefficient from AR(1) Model

t-stat & 
Probability

-3.38***
(0.001)

0.81
(0.418)

1.32
(0.187)
2.37*

(0.018)
2.55*

(0.011)
-0.46

(0.642)
59.21%

2023.68***
(0.0000)

0.3902273
Asterisks are used to indicate significance as follows: * = Significant at 5%; ** = Significant at 1% and 
*** = Significant at 0.1%. x2 = Chi Square. Vt = Company dummies. All Probabilities are reported 
within parentheses.

It has been established from the results presented in Table 7.22 that the C E P 1 -S D I  

relationship model exhibits four problems common to TS-CS data set. In order to estimate

92 The variable V-, represents a vector o f  individual oil and gas companies dummy variable included in the 
model to account for the significant units fixed as diagnosed in Table 7.21, and these variables were 
suppressed. Also, all continuous variables were tested for panel unit root and were all found to be stationary 
(refer to Appendix XVI)
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a TS-CS regression model that corrects for all of these four problems identified, Prais- 

Winsten regression with PCSEs and company specific fixed effect is estimated and 

presented in Table 7.24 above. It is clear from the Table that the model has quite a degree 

of variability with R-squared of 59.21%. Furthermore, the significant Wald %2 indicates that 

the model is fit. With regard to the significance of the individual regressors (C E P i, 

L O G _ O L , GOR, G PR  and GUI), it can be inferred from Table 7.24 that size (measured by 

L O G  O L ) and G O R  do not have significant impact on S D L  G P R  and G U I  on the other 

hand have significant positive impact on S D I. The interpretation of the significant positive 

effect on G PR  on S D I  is that the higher the price of natural gas and its related products, the 

more motivated oil and gas companies become to disclose more hard and specific gas 

flaring-related information. Closely related to the positive influence of G P R  on S D I, is the 

significant positive effect of G U I  on S D I. Thus, the significant positive impact of G U I  on 

S D I  implies that increases in ANG utilisation investments by the oil and gas companies, 

results in decreases in carbon emission due to gas flaring. Because this is a manifestation of 

positive environmental behaviour, the companies are keen to report more of this 

information.

Now, the reported result on the effect of CEPi on SDI indicates that the two variables are 

significantly negatively associated. This result is used to test hypothesis five which sates, in 

null form, that the association between gas flaring-related environmental performance 
and the degree o f substance of gas flaring-related environmental disclosure o f  
companies in the upstream sector o f the Nigerian oil and gas industry is not positive. 
Reference to Table 7.24 above shows that the co-efficient of C E P i is negative (-0.404844),

334



and this implies that C E P j has negative influence on S D I. Not only that this relationship is 

negative but it is also significant. Therefore, on the basis of this result we cannot reject the 

null hypothesis and it can, therefore, be concluded that gas flaring-related environmental 

performance and the degree of substance of gas flaring-related environmental disclosure 

are significantly negatively associated. Surprisingly, this result provides evidence in 

support of legitimacy theory in the context of a less developed country, and hence, in 

general, consistent with the findings reported by Patten (1992), Hughes et al (2001), Patten

(2002), Cho et al (2007), Cho & Patten (2006), and de Villier & van Staden (2011).

Moreover, this result implies that dominant companies in the upstream sector of the 

Nigerian oil and gas industry use hard gas flaring-related disclosures that portray them in 

good light to legitimise their ANG production and flaring activities. In fact, positive gas 

flaring-related disclosures were by far much more than negative disclosures in the reports 

of the samples companies’ operators. Sample excerpts of positive environmental 

disclosures that show the reporting oil and gas company in good light, from among many 

such disclosures, regarding flaring of associated natural from the operators’ reports, are 

given below:

“In Nigeria, we reached a key milestone with a final commitment to begin construction 

on the West African Gas Pipeline, which will reduce flaring by as much as 80 million 

metric tons of CO2 equivalent over 20 years while delivering gas to customers in 

Benin, Ghana and Togo” . From Chevron Sustainability Report 2004.
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“By the end of 2004 the joint venture had invested $2 billion and was gathering 33% 

of its associated gas. It expects to spend another $1.85 billion to capture the rest from 

increasing remote or smaller wells.” From Shell Sustainability Report 2004.

“The power station is fired by associated gas from Kwale and ensures a steady 

supply of electricity, which will be distributed in the national power network 

from the Onitsha power station (Anambra State). Once up and running, the power 

station will permit an annual global reduction of CO2 emissions of 1.5 Mt (the 

quantity corresponding to the Eni Quota is 0.3 Mt of C 0 2).” From Eni 

Sustainability Report 2003.

“The Amenam/Kpono project, also in Nigeria, takes a similar approach. When 

production begins in mid-2003, the 15 million cubic meters a day of associated gas 

from the Amenam field will be reinjected into the reservoir. In mid-2005, when trains 

4 and 5 of the Bonny complex come on stream, half this gas will be shipped there to be 

liquefied and exported, while the other half will continue to be reinjected, which will 

cut emissions by seven million metric tons of CO2 equivalent a year.” From Total/Elf 

sustainability report 2002.

The only two excerpts that can be found regarding gas flaring-related environmental

disclosure showing the reporting oil and gas company in bad light are provided as follows:

“In 1998, Shell Companies paid 31 compliance penalties* with a total value of US$ 

8,524,055. US$ 8,114,329 of this was paid as penalties for flaring in Nigeria**.” From 

Shell Sustainability Report 1998.

“Our operations in Nigeria continue to be the largest source of flaring among our 

operations globally.” From ExxonMobil Sustainability Report 2007.
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In this section the two elements of gas flaring-related environmental accountability are 

combined together in a single framework in order to enable evaluation of gas flaring- 

related environmental accountability of dominant oil and gas companies included in this 

research.

7.6 Evaluating the Gas Flaring-related Environm ental Accountability o f
Companies in the Sample

Broadly speaking, the rating of gas flaring-related environmental accountability elements 

relates to either good news or bad news in relation to oil and gas companies’ environmental 

reasonability behaviour and/or environmental reporting behaviour. Indeed, gas flaring- 

related environmental performance rated as favourable indicates good environmental 

responsibility behaviour, while adverse rating implies poor environmental responsibility 

behaviour. Similarly, V D I and S D I  rated as inadequate and inferior respectively imply poor 

environmental reporting behaviour, while adequate and superior ratings give the notion of 

good environmental reporting behaviour.

Table 7. 25: Gas Flaring-related Environmental Accountability Evaluation Criteria

Criterion GCEPi CED
CEA Assessed as

VDI SDI
1 Favourable Adequate Superior Unquestionable

2a Favourable not adequate Superior Weak
2b Favourable Adequate Inferior Weak
3a Adverse Adequate Superior Questionable
3b Adverse not adequate Superior Questionable
3c Adverse Adequate Inferior Questionable
4 Adverse not adequate Inferior Poor
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In order to evaluate the gas flaring-related environmental accountability of dominant oil 

and gas companies operating in the Nigerian upstream sector, the overall mean gas flaring- 

related environmental performance (G C E P i) and the two forms of gas flaring-related 

environmental disclosure ( V D I and SD I) are combined together in a single framework as 

presented in Table 7.25 above. Now, based on the broad rating of the elements of gas 

flaring-related environmental accountability as specified in this study, the environmental 

accountability of companies and the overall sample would be evaluated using the following 

four criteria (as provided in Table 7.25):

Criterion One: Gas flaring-related environmental accountability of a company is assessed 

as unquestionable if, and only if, the ratings of GCEPi and both mean VDI and SDI 

convey good news in respect of environmental responsibility and environmental reporting 

behaviour of the company in question.

Criterion Two (a & b): Where GCEPi conveys good news regarding environmental 

responsibility behaviour and either VDI or SDI, and not both, indicates poor environmental 

reporting behaviour, the environmental accountability of the company in question is 

assessed as weak.

Criterion Three (a, b & c): Where GCEPi suggests poor environmental responsibility 

behaviour and either one or both VDI and SDI convey good environmental reporting 

behaviour, the environmental accountability of the company in question is assessed as 

questionable.
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Criterion Four: Where GCEPi suggests poor environmental responsibility behaviour and 

both VDI and SDI also suggest poor environmental reporting behaviour, then the 

environmental accountability of the company in question is rated as poor.

It is quite obvious from the four criteria specified above that gas flaring-related 

environmental accountability of either an individual company or the overall sample can be 

evaluated as unquestionable, weak, questionable or poor. And, these assessments depend 

on the outcomes resulting from ratings of the elements of gas flaring-related environmental 

accountability (G C E P j, mean V D I and mean SD I).
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Table 7. 26: Evaluation of Gas Flaring-related Environmental Accountability of
Dominant O il and Gas Companies in the Nigerian Upstream Sector

Company Mean GCEP, CED Gas Flaring-related EA
Score VDI SDI Assessment

SPDC Score
Rating

0.4845
Favourable

0.4625
Adequate

0.6586
Superior

Unquestionable EA

MPNU Score
Rating

0.5401
Favourable

0.4333
Adequate

0.4087
Superior

Unquestionable EA

CNL Score
Rating

0.3010
Adverse

0.2055 
not Adequate

0.5129
Superior

Questionable EA

EPNL Score
Rating

0.6011
Favourable

0.3979 
not Adequate

0.5359
Superior

WeakEA

NAOC Score
Rating

0.3635
Adverse

0.4949
Adequate

0.4931
Superior

Questionable EA

TOPCON Score
Rating

0.1594
Adverse

0.0793 
not Adequate

0.1146
Inferior

Poor EA

PAN OCEAN Score
Rating

0.0756
Adverse

0.0651
not Adequate

0.0981
Inferior

Poor EA

APDN Score
Rating

0.0806
Adverse

0.1093 
not Adequate

0.1581
Inferior

Poor EA

NPDC Score
Rating

0.1674
Adverse

0.0598 
not Adequate

0.1024
Inferior

Poor EA

AENR Score
Rating

0.1177
Adverse

0.0431
not Adequate

0.0999
Inferior

Poor EA

EEPN Score
Rating

0.8783
Favourable

0.397
not Adequate

0.7733
Superior

WeakEA

OVERALL
SAMPLE

Score
Rating

0.3292
Adverse

0.2645 
not Adequate

0.3622
Inferior

Poor EA

Table 7.26 below reports the results for the evaluation of gas flaring-related environmental 

accountability for each of the eleven oil and gas companies in the sample as well as that of 

the overall sample itself. The evaluation has been carried out based on the criteria specified 

in Table 7.25.
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It can be seen from Table 7.26 above that mean G C E P h D V I  and S D I  of SPDC and 

MPNU are rated favourable, adequate and superior respectively. The ratings of these 

elements suggest good environmental responsibility and reporting behaviours. As such, the 

gas flaring-related environmental accountabilities of SPDC and MPNU are assessed as 

unquestionable/good.

However, the Table shows that the environmental accountability of EPNL and EEPN are 

assessed as weak. Thus, for both EPNL and EEPN, G C E P is are rated as favourable which 

gives indication of good environmental responsibility behaviour. Their VDIs are rated as 

inadequate implying poor environmental reporting behaviour and their SDIs are rated as 

superior suggesting good environmental reporting behaviour. Based on criterion two, the 

gas flaring-related environmental accountabilities of the two companies are both assessed 

as weak.

Both CNL and NAOC have their gas flaring-related environmental accountabilities 

assessed as questionable based on criteria three. For CNL, its GCEPi is rated as adverse 

implying bad news regarding environmental responsibility behaviour; its VDI is rated as 

not adequate implying poor environmental reporting behaviour and its SDI is rated as 

superior suggesting good environmental reporting behaviour. As for NAOC, its GCEPi is 

rated as adverse indicating poor environmental responsibility; its VDI and SDI are rated as 

adequate and superior respectively both suggesting good environmental reporting 

behaviour.
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Based on criterion four, gas flaring-related environmental accountability for each of the 

following oil and gas companies: TOPCON, PAN OCEAN, APDN, NPDC and AENR, is 

assessed as poor. This is because the GCEPi s, VDIs and SDIs of these oil and gas 

companies are rated as adverse, not adequate and inferior respectively. The implication 

here is that both the environmental responsibility and environmental reporting behaviour of 

these five companies are poor.

Lastly, the overall gas flaring-related environmental accountability of the sample is 

assessed via the simultaneous evaluation of mean C E P ], V D I and S D I  of the sample. Table

7.26 shows that all the three indexes convey bad news concerning both environmental 

responsibility and environmental reporting behaviours of dominants companies in the 

sector. Thusly, the sample’s mean C E P ] rating as adverse suggests that the environmental 

responsibility behaviour of dominant oil and gas companies is poor. Similarly, ratings of 

V D I and S D I  as inadequate and inferior respectively imply that the environmental 

responsibility behaviour of dominant oil and gas companies in the sector is also poor. As 

such based on criterion four, gas flaring-related environmental accountability of dominant 

companies operating in the upstream sector of the Nigerian oil and gas industry is assessed 

as poor.

7.7 Summary of Key Findings

Indeed, findings of any piece of research are invariably derived from analyses and 

interpretations of results. In section 7.2 through section 7.6 detailed analyses of empirical 

data and interpretations of results derived from the analyses were presented. This section is
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designed to present summary of the major findings that have emerged as a result of 

subjecting the data sets for this study to various analytical techniques. The purpose is to 

specifically identify the major findings so as to facilitate logical discussion in the chapter 

following this one. Consequently, the following specific major findings are particularly 

fished out of the analyses presented in the five previous sections of this chapter:

i. Theory-based and non-theory-based gas flaring-related environmental performance 

indexes significantly differ. This is likely due to overstatement or understatement 

by either the DEA-based index (C E P j) or the non-DEA-based index (C E P 2) 

respectively.

ii. Majority of dominant companies operating in the upstream sector of the Nigerian 

oil and gas industry performed adversely with respect to mitigation of CO2 emission 

due to gas flaring. Hence, it is established that overall the sector’s gas flaring- 

related environmental performance is adversely poor.

iii. Factors responsible for gas flaring-related environmental performance of dominant 

companies in the upstream sector of the Nigerian oil and gas industry being 

adversely poor are:

a. The environmental philosophy of companies operating in the sector is 

predominantly consequentialism, and not deontology. This indicates general 

absence of gas flaring-related environmental concern, especially on the part 

of the dominant companies.

b. Home-made gas flaring reduction policies are weak and their enforcement 

mechanisms are not adequately efficient.
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iv. An internationally adopted gas flaring reduction policy, the Clean Development 

Mechanism of the Kyoto Protocol, appears to be efficiently working in bringing 

about significant reduction in the volume of ANG being flared in the Nigerian 

upstream sector.

v. Size of an oil and gas company is an important direct determinant of the volume of 

ANG flared; gas flaring-related environmental performance and volumetric 

disclosure of gas flaring-related environmental information in the sector.

vi. Increases in Investments in ANG utilisation projects have caused significant 

decreases in the amount of CO2 emission due to gas flaring. This has in turn 

resulted in improved gas flaring-related environmental performance for companies 

that have invested in this type of projects. In addition, increases in these 

investments over time have caused increases in the reporting of positive 

information relating to hard and specific gas flaring-related disclosures especially in 

the stand-alone sustainability reports of the sample oil and gas companies’ 

operators.

vii. While volumetric disclosure of gas flaring-related environmental information by 

companies in the sector is generally found to be inadequately low, the substance of 

that disclosure is found to be not inferior. However, no sufficient evidence is found 

to warrant the conclusion that the substance of such disclosure is superior.

viii. Consistent with voluntary disclosure theory, the study documents significant direct 

relationship between gas flaring-related environmental performance and volumetric 

disclosure of gas flaring-related information in the sector.
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ix. Unexpectedly, however, the study documents, in support of legitimacy theory, 

significant negative association between gas flaring-related environmental 

performance and degree of gas flaring-related environmental disclosure substance 

in the sector.

x. Out of the eleven oil and gas companies in the sample two had unquestionable gas 

flaring-related environmental accountability; two companies had weak 

environmental accountability, two had questionable EA and five companies had 

poor gas flaring-related environmental accountability.

xi. Overall, the gas flaring-related environmental accountability of dominant 

companies in the Nigerian upstream sector is found to be poor.
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C H A P T E R  E I G H T  -  C O N C L U S I O N
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8.1 Introduction

The core subject matter of this study is the investigation of corporate environmental 

accountability attitude in relation to carbon emission due to gas flaring by dominant 

companies operating in the upstream sector of the Nigerian oil and gas industry. This was 

carried out via assessing gas flaring-related environmental performance and disclosure 

separately, and then followed by evaluation of the two together in a single framework. 

Following rigorous analyses of relevant empirical data, interesting results regarding gas 

flaring-related environmental responsibility, reporting and accountability were obtained 

and interpreted in chapter seven. This led to the derivation of summarised versions of the 

study’s major findings listed at the end of chapter seven.

Following the documentation of empirical results and derivation of major findings 

therefrom in the preceding chapter, the current chapter is designed to conclude the thesis. 

The chapter proceeds as follows. Section two discusses the major findings/results in detail. 

Section three explicates the research original contribution to knowledge. Section four is 

focused on pointing out the limitations of the study. Finally, section five discusses possible 

areas open to future research.

8.2 G en eral Discussion o f K e y  Findings

The main purpose of this section is to discuss and explain the results documented and 

reported at the end of the preceding chapter. These results were obtained from rather 

sophisticated analyses and interpretations largely from DEA models, classical statistical 

hypotheses testing and econometric models. Consequently, the aim here is to discuss and
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simplify these results in the light of previous findings in the literature, relevant 

environmental philosophies, extant theoretical propositions and obtainable practical 

situations and events in the Nigerian oil and gas industry. In this regard, attempts are made 

as much as possible to present what the results mean in non-technical and easily 

comprehensible language. Indeed, the mode of discussion of the major findings would be 

implemented such that each of the six objectives is linked to a finding or findings to 

facilitate achieving that objective. At the end of the discussion all the major findings would 

be put together in order to provide answer or answers to the main research question. 

Consequently, the seven subsections of this section are structured in such a manner that the 

first six subsections reflect the six specific objectives of the study and the seventh 

subsection reflects the main research question of the study.

8.2.1 G a s F larin g-related  E n viron m en tal R espon sibility B eh avio u r

Results documented in chapter seven in order to meet objective one which is reflected by 

the heading of this section, relates to evaluation of individual oil and gas companies’ gas 

flaring-related environmental performance. Such results were extended to enable the 

evaluation of gas flaring-related environmental performance for the overall sample via the 

test of hypothesis one. Hypothesis one, derived from EKC and PH theories, was designed 

as a mechanism for meeting objective one.

Relevant results documented in chapter seven showed that out of the eleven oil and gas 

companies in the study sample, four documented favourable gas flaring-related 

environmental performance. Conversely, seven out of the eleven companies in the sample
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recorded adverse scores. In addition, consistent with EKC theory and pollution haven 

theory, test of hypothesis one confirms that the sample’ gas flaring-related environmental 

performance is significantly adverse. This is consistent with the findings reported by Lucas 

et al (1992) Antweiler et al (2001) and Cole & Elliot (2003). Indeed, this implies 

prevalence of poor environmental responsibility behaviours amongst the dominant oil and 

gas companies in the sector. Moreover, this finding is consistent with consequentialism 

environmental philosophy which implies absence or little concern for the environment. Yet 

again, the finding is further supported by lack of significant influence of homemade gas 

flaring reduction policies and regulation on the volume of associated gas flared due to their 

weakness. In a more simplified terms the finding means that volume of carbondioxide 

emission consequent of gas flaring by dominant companies in the upstream sector of the 

Nigerian oil and gas industry remains significantly high. Testimony to this is the fact that 

Nigeria remains, to the time of writing this thesis, second only to Russia regarding volume 

of ANG being flared the world over. Indeed, had the dominant companies seriously taken 

the environmental responsibility upon themselves to end excessive gas flaring, the overall 

gas flaring-related environmental performance would have been favourable, and volume of 

ANG flared and its consequent CO2 emission would have been insignificant. With this 

discussion it is claimed that objective one is fulfilled.

8.2.2 G a s F larin g-related V olu m etric E n viron m en tal R ep o rtin g B e h a vio u r

In order to meet the second objective of the study as reflected in the heading of this section, 

volumetric gas flaring-related environmental disclosure was measured by counting the 

number of words used to make such disclosure in the sampled companies’ operators’
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reports and NNPC’s ASBs. The number of words disclosed is then scaled such that the 

value of the volumetric disclosure indexes across companies over time range between zero 

and one. This variable was then used to evaluate the level of gas flaring-related 

environmental disclosure by both individual oil and gas companies and the whole sample. 

Results reported in chapter seven from content analysis and simple averaging of individual 

companies’ volumetric environmental disclosure indexes over time revealed that while 

only three companies in the sample had disclosed adequate gas flaring-related 

environmental information, eight companies had disclosed less than adequate information 

over the 13-year period covered by the study.

However, for the purpose of evaluating gas flaring-related disclosure by all companies in 

the sample put together, hypothesis two which is directly related to objective two was 

developed from environmental Kuznets curve and pollution haven theories. Consistent with 

these theories, results from the test of the hypothesis revealed that the level of gas flaring- 

related environmental information being reported by dominant oil and gas companies 

operating in the upstream sector of the Nigerian oil and gas industry is inadequately low. 

This finding is consistent with findings reported by such previous studies as Disu & Gray

(1998), Belal (1999), Ahmad et al (2003), de Villier & van Staden (2006), Rahman et al 

(2009), Owolabi (2009), and Elijido-Ten (2011), on social and environmental disclosures 

in less developed countries, in addition, the finding confirms the earlier argument of this 

study that oil and gas companies are taking advantage of the fact that relevant stakeholders 

in less developed countries are ready to sacrifice environmental quality and accountability 

for a well sought after improved living condition and general economic growth. This is in
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agreement with the argument put forward by O’Connor (1995) and Dasgupta et al (2001). 

Moreover, this finding is also a reflection of the practical reality that disclosure in general 

(whether financial or nonfinancial) in the upstream sector of the Nigerian oil and gas 

industry is very scanty and unpopular. This is not unconnected to the fact Nigerian oil and 

gas companies, being operated by FMOCs, are registered in the country as private limited 

companies which are not under any legal obligations to make public disclosure of even 

their financial information, let alone voluntary nonfinancial information including 

environmental disclosure. Based on this discussion it is claimed that objective two is met.

8.2.3 T h e Substance o f G a s F larin g-related E n viron m en tal R ep o rtin g  

B ehaviour

In order to meet objective three, restated in the form of heading to this section, gas flaring- 

related substance disclosure index was developed following the earlier works of Wiseman 

(1982), Patten (2002), Al-Tuwaijri et al (2004) and Freedman & Jaggi (2005). Analysis of 

data in connection to this objective was carried out with a view to evaluating the gas 

flaring-related environmental reporting behaviour of the individual oil and gas companies 

in the sample and that of the overall sample itself. Results obtained from content analysis 

by means of coding, scaling and simple averaging for each company over time, revealed 

that the substance of the disclosures for six companies out of the eleven in the sample are 

superior, and this indicated good environmental reporting behaviour. However, for the rest 

of the five companies, the substance of their disclosures was found to be inferior, depicting 

poor environmental reporting behaviours.
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Hypothesis three, which is directly related to objective three, was derived from the PH and 

EKC theories. Result from the test of this hypothesis reveals that the substance of gas 

flaring-related environmental disclosure by dominant companies in the Nigerian upstream 

sector is not inferior. Although, the overall mean gas flaring-related substance disclosure 

score for the sample was rated as inferior, no statistical evidence was documented to prove 

that it was superior. Nevertheless, an important observation made in respect of the 

substance of gas flaring-related environmental disclosure is that this information as 

reported in the ASBs of NNPC is entirely specific and quantitative, and it is reported in 

respective of whether it conveys good or bad environmental news. This had helped 

improve the substance of the aggregate gas flaring-related substance disclosure index score. 

It has also been observed that significant portion of the gas flaring-related information, in 

respect of Nigeria, being disclosed in the operators’ reports contained mixture of specific 

quantitative, specific textual and non-specific textual disclosure, with the significant 

portion of the information being nonspecific textual. In almost all cases where specific 

quantitative and textual gas flaring-related environmental information regarding Nigeria 

was made, they tended to show the reporting entity in good light. In other words the 

reporting entities seldom disclose any negative gas flaring-related information that convey 

unfavourable news which showed them in bad light.

8.2.4 T h e  Relationship betw een C E P ! and V D I

Restatement of objective four takes the form of the heading of this section. In order to 

provide empirical evidence that would facilitate meeting this objective, hypothesis four was 

developed from the propositions of voluntary disclosure theory supported by PHH and
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ECK theory. Consistent with voluntary disclosure theory statistical test of this hypothesis 

reveals that gas flaring-related environmental performance and gas flaring-related 

volumetric environmental disclosure are significantly positively associated. In line with 

this theory and the unanimous findings reported by Al-Tuwaijri et al (2004), Clarkson et al 

(2008) and Dawkins & Fraas (2011b), this finding means that companies in the sector with 

poor gas flaring-related environmental performance tend to disclose less gas flaring-related 

environmental information in order not to make their poor environmental responsibility 

behaviours obvious. Moreover, this finding supports the argument of this study, as 

generated from the PH hypothesis and EKC theory, that companies operating in less 

developed countries are likely to report less environmental information as their 

environmental performances get poorer. Conversely, however, this finding contradicts the 

results documented by Hughes et al (2001), Patten (2002), Cho et al (2006); Cho & Patten 

(2007), Clarkson (2011) de Villiers & van Staden (2011). In addition, this finding also 

suggests that gas flaring-related environmental performance is one of the key factors 

responsible for the undulating trend in volume of firms’ environmental disclosure across 

units and over time, as documented by such African empirical studies as Tsang (1998), 

Jamil et al (2002) and de Villiers & van Staden (2006). Following this discussion the study 

claims that objective four has been met.

8.2.5 T h e Relationship betw een C E P i and SD I

Hypothesis five, also derived from voluntary disclosure theory, was developed as a 

mechanism for meeting objective five (Notice that the heading of this section represents 

restatement of objective five). The results presented in chapter seven in respect of this
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hypothesis reveals that there is a significant negative association between gas flaring- 

related environmental performance and gas flaring-related environmental disclosures 

substance. Thus, consistent with legitimacy theory dominant oil and gas companies 

operating in the upstream sector of the Nigerian oil and gas industry use disclosure of hard 

gas flaring-related environmental information that is specific, quantitative and/or textual, 

reported in the Nigerian companies’ operator’s sustainability reports, to legitimise their 

ANG production and flaring activities. This finding is particularly consistent with the 

conclusions reported by Patten (2002), Cho et al (2006); Cho & Patten (2007) in terms of 

the nature of the relationship. Essentially, the finding means that in the context of Nigeria, 

a less developed country, dominant oil and gas companies being managed by foreign 

operators tend to legitimise their associated gas production and flaring activities using 

‘hard’ gas flaring-related environmental disclosures that depict them in good light. Based 

on this discussion it can be claimed that objective five has been met.

8.2.6 D eterm inants o f Changes in the V o lu m e o f A N G  F lared

Essentially, gas flaring-related environmental performance measures the degree to which 

oil and gas companies have made efforts to reduce volume of ANG being flared. For this 

reason, factors responsible for changes in the volume of gas flared over time were 

examined with a view to gaining more insight into the overall sector’s gas flaring-related 

environmental responsibility behaviour. Technically, the purpose of this exercise was to 

provide evidence that would enable meeting objective six which focuses on changes in the 

volume of gas flaring over time in the upstream sector of Nigeria as a single unit, rather 

than focusing on dominant companies in the sector only. Specifically, simple first-
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differenced time-series OLS was relied upon to investigate the effects of crude oil 

produced, gas utilisation investment, gas-to-oil ratio (proxying for environmental 

philosophy), gas price and four other dichotomous variables, one of which represents an 

internationally oriented gas flaring reduction policy while the remaining three are 

homemade. Results documented in chapter seven in this respect, reveal that investment in 

gas utilisation project, gas price and internationally oriented gas flaring reduction policy 

have relatively caused significant reduction in the volume of associated gas flared over the 

period covered (1965 to 2009). Nevertheless, net volume of ANG flared remains high, 

because crude oil production and gas-to-oil ratio exert much stronger positive influence on 

the volume of ANG flared. Thus, the insignificant impact of homemade gas flaring 

reduction policy and the very strong positive impact of volume of crude oil produced and 

gas-to-oil ratio are, to a large extent, responsible for volume of gas flaring still remaining 

significantly high in the sector. And, this scenario has been directly responsible for 

equivalent emission of CO2 due to ANG flaring, hence, the evident poor environmental 

responsibility behaviour of dominant companies in the sector. This discussion gives 

evidence that objective six is fulfilled.

8.2.7 T h e  E xten t o f G a s F larin g-related E n viron m en tal A cco u n ta b ility

At this point it is important to remind the reader that this study holds the view that 

simultaneous evaluation of gas flaring-related environmental performance and disclosure 

together in the same framework would provide a complete picture of the sampled 

companies’ gas flaring-related environmental accountability. Results reported in chapter 

seven indicate that gas flaring-related environmental performance of dominant companies
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in the upstream sector of the Nigerian oil and gas companies is adverse. Also, volumetric 

disclosure of gas flaring-related environmental information is equally inadequately low and 

no statistical has been documented by the study show that the substance of the disclosure is 

superior. Empirical examination of the relation between the gas flaring-related volumetric 

environmental disclosure and the performance confirmed that they are significantly 

positively associated. This summary of the separate and combined behaviour of these two 

major elements of gas flaring-related environmental accountability indicates that dominant 

oil and gas companies’ environmental responsibility behaviour is poor. Because they do 

not want to expose the poor nature of this responsibility, the dominant companies tend to 

report less gas flaring-related environmental information. Therefore, to answer the main 

research question, implied by the heading of this section, it is argued that since, the two 

components of gas flaring-related environmental accountability have not reflected good 

behaviours, it is concluded that corporate environmental accountability relating CO2 

emission due to ANG flaring in the upstream sector of the Nigerian oil and gas industry is 

poor. In addition, it is imperative to point out that the manifestations of this poor nature of 

gas flaring-related environmental accountability is apparent in the following instances:

■  Persistent conflict between the oil and gas companies and environmental 

stakeholders, especially the host communities and other environmental NGOs.

■  Rating of the country as the second highest flarer of ANG the world over.

8.3 T h e S tu d y ’ s O rigin al C on tribu tion  to K n ow ledge

It has already been established in the literature that the relation between environmental 

performance and disclosure is underpinned either by legitimacy theory (see for instance,
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Hughes et al, 2001; Patten, 2002; Cho et al, 2006; Cho & Patten, 2007; Clarkson et al, 

2011; de Villier and van Staden, 2011); voluntary disclosure theory (see, for instance, Al- 

Tuwaijri et al, 2004; Clarkson et al, 2008; Dawkins & Fraas, 201 lb) or by both theories in 

a single framework (see Dawkins & Fraas, 2011a). However, none of these studies was 

conducted in the context of a less developed country (refer to section 4.8 in chapter four). 

To the best of the researcher’s knowledge, all the studies conducted on environmental 

accountability in the context of less developed countries mainly focused on legitimacy 

theory and stakeholder theory (Tsang, 1998; de Villiers & van Staden, 2006; Elijido-Ten,

2011). In addition, most of these studies focus on one component of environmental 

accountability, i.e. environmental reporting, while ignoring the other component 

(environmental performance), and to the best of the researcher’s knowledge none of these 

studies has tested pollution haven hypothesis, environmental Kuznets curve theory and 

voluntary disclosure theory. Consequently, the major theoretical contribution to knowledge 

of this research lies in testing of these theories in the context of a less developed country. 

This informed the evaluation of gas flaring-related environmental performance and the two 

measures of environmental disclosure (volume and substance), of the dominant oil and gas 

companies in the upstream sector of the Nigerian oil and gas industry, separately and 

together in the same framework. In essence, this led to the documentation of the following 

original contributions to knowledge:

First, gas flaring-related environmental performance of the companies in the sample is 

found to be adversely low as predicted from the propositions of PHH and EKC theory. 

Similarly, the level of gas flaring-related environmental disclosure is found to be
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inadequately low, and there is no sufficient evidence to establish that the substance of this 

disclosure is superior. Consistent with voluntary disclosure theory, it has also been 

established that dominant oil and gas companies in the Nigerian upstream sector tend to 

increase the level of their gas flaring-related disclosures as their corresponding gas flaring- 

related environmental performance improve across companies, over time. However, 

interestingly, it is found that these companies tend to legitimise their gas flaring activities 

by improving the substance of the disclosure of gas flaring-related information as their gas 

flaring-related environmental performance gets poorer, and vice versa, as implied by the 

legitimacy theory.

Second, it has been established, in the context of a less developed country, that gas flaring- 

related environmental responsibility behaviour of dominant companies in the upstream 

sector of the Nigerian oil and gas industry is poor; the voluntary reporting behaviour is also 

poor. Overall the gas flaring-related environmental accountability of companies in the 

sector is found to be poor.

Third, other important contributions to knowledge made by this study include: (i) adoption 

of DEA as a theory-based, generally applicable and standardised method of measuring 

environmental performance in the environmental performance-environmental disclosure 

relation literature, (ii) The discovery that dominant environmental philosophy by dominant 

companies in the upstream sector is consequentialism rather than deontology, (iii) The 

documentation of the empirical evidence that domestic gas flaring reduction policies are
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8.4 Lim itation s o f the Study

It is almost impossible for any research to be absolutely flawless due to the fallible nature 

of human beings who conduct the research activity. In this respect, this study also has its 

limitations as identified and discussed as follows.

There is consensus among experts in social science methodology that presence of some 

elements of bias and subjectivity are inescapable in those social science research that adopt 

positivist methodology (Blaikie, 1993 & 2010). One of the basic principles of positivism, 

the research philosophy underpinning this study, is that the researcher’s bias and 

subjectivity be removed from the research process. While this may be possible in natural 

sciences, in social sciences, the field to which this study belongs, some researcher’s bias 

and values cannot be completely dissociated from the research process. One aspect of this 

study in which the presence of some level of subjectivity is inevitable is the measurement 

of gas flaring-related environmental disclosure substance. This measurement was premised 

on the earlier works by Wiseman (1982), Patten (2002), Al-Tuwaijri et al (2004) and 

Freedman & Jaggi (2005). Although, some studies of content analysis have attempted to 

reduce the level of subjectivity in their measurement strategies (for instance, Ingram & 

Frazier, 1980; Wiseman, 1982), nevertheless, it is contended that the likes of these studies 

may not be able to eliminate all elements of subjectivity (Milne & Adler, 1999). Like the 

previous studies, this research has also attempted to mitigate this bias, by involving three

weak w hile their international counterpart adopted and implemented in the country is

efficient.
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Another aspect of this study that might have given room for a little bias to creep is the 

establishment of 40th percentile as the threshold for favourable CEPi, VDI and SDI scores. 

Indeed, in principle, the decision is based on the earlier work by Gottsman & Kessler

(1998) and Fare et al (2004) both of whose thresholds were set at 50th percentile. The study 

justifies this slight deviation based on the argument that both Gottsman & Kessler (1998) 

and Fare et al (2004) established their 50th percentile thresholds in studies conducted in the 

context of developed countries. And, it is obvious that environment standards, level of 

environmental awareness and efficiency of environmental regulation are higher in the 

developed world. However, this study is conducted in a less developed country (Nigeria) 

where levels of environmental awareness and efficiency of environmental regulation are 

much lower. Consequently, the researcher hold the view that it may be unrealistic and too 

stringent to use the same thresholds as did the previous studies in developed countries.

Although, the assumption of ‘constant return to scale’ is by far well established and the 

most commonly applied when measuring environmental performance using DEA, some of 

the results of this study might have differed had ‘variable return to scale’ been assumed. 

However, since this study uses a DEA approach that excludes inputs, it is safer to assume 

‘constant return to scale’. Indeed, the exclusion of the inputs in itself is tantamount to 

assuming constant return to scale (see Tyteca, 1997).

other independent judges who carried out their separate measurement o f  the substance

disclosure index using the same criteria as did the researcher. Areas o f  disagreem ent were

collectively  discussed and resolved among the four coders including the researcher.
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Some control variables such as leverage, financial performance and market risk usually 

included by studies investigating the relation between environmental performance and 

disclosure, could not be included in this study, because of the constraint associated with 

data inaccessibility. Non-availability or inaccessibility of data in the upstream sector of the 

Nigerian oil and gas industry is a common problem faced by researchers (see for example, 

Hanafi & Gray, 2005; Lawal, 2008). However, the researcher is of the view that inclusion 

of these control variables would not have made much difference, due to the peculiar nature 

of this study. The study is peculiar because it involves only companies operating in the 

upstream sector of the Nigerian oil and gas industry, and therefore the environmental 

performance and disclosure in themselves are connected to oil and gas production. As such 

inclusion of oil and gas-related control variables such as volume of crude oil produced, gas 

to oil ratio, investment in gas utilisation projects, company type (joint venture or 

production sharing contracts) seem more plausible in this case.

By defining the population of the study as consisting those companies whose gas flaring 

and other related oil and gas information must be available in the NNPC’s ASB, the 

researcher has constructed a reality to which the findings and arguments of this research 

apply (see Hines, 1988). This implies that the research arguments and findings may not be 

applicable to the case of some less developed countries that have succeeded in reducing 

their level of associated gas flaring to the barest minimum level. That is to say, though, 

similar result may be obtained when this study is replicated in another oil producing less 

developed country, for example Libya, Congo, Iran or Venezuela, generalisation cannot be
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made to all other less developed oil producing countries. Similarly, the results may also not 

be applicable to gas flaring-related environmental accountability in the Nigerian 

downstream sector.

8.5 R ecom m en d ation s for  F u tu re R esearch

Obviously it may not be possible for this study to address all the gaps or problems 

identified in the relevant literature. Indeed, constraints associated with time and other 

resources make it impracticable to do so. However, it is important to indentify and 

document these unexplored areas that require further investigation, so that others or the 

researcher himself can work on them in the future. These areas are highlighted as follows.

Although, this study has compared a DEA-based and non-DEA-based environmental 

performance indexes, leading to the conclusion that they behave in a similar way over time; 

nevertheless, the value of DEA-based index is by far greater than that of non-DEA-based 

index. What this study has not done is to attempt to investigate possible reasons for the 

significant difference in values between the indexes produced by the two techniques. As 

such, there is the need for further research to investigate reasons for the significant 

difference in value between CEPi and CEP2 with a view to finding out which of the two 

overstates or understates the measurement.

This study focuses on one pollutant only -  i.e CO2 emission due to gas flaring -  and 

employed DEA window analysis together with content analysis in order to evaluate gas 

fairing-related environmental performance and disclosure of dominant companies. An
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observant and shrewd reader would be quick to realise that further research needs to be 

conducted that integrate more than one aspect of environmental degradation (total carbon 

emission, NOx emission, SOx emission, oil spillage, hazardous waste and volatile organic 

compounds discharge) in order to investigate general environmental performance and 

disclosure of companies operating in the Nigerian oil and gas industry.

Again further investigation is needed to compare the environmental performance and 

disclosure of companies operating in developed and less developed countries. The research 

ought to be conducted with a view to establishing how poor are environmental performance 

and environmental disclosure of companies operating in less developed countries, when 

empirically compared with their counterparts in developed countries.

Since, to the best of the researcher’s knowledge as yet none of the studies conducted in 

developed countries on the relation between environmental performance and disclosure has 

used DEA to measure environmental performance, there is need for further research that 

will employ such measurement strategy. Unlike the diverse measurement strategies 

produced by various rating agencies, widely employed by researchers in Management and 

Accounting fields to measure environmental performance, the technique of measuring 

environmental performance using DEA is well developed in the literature of environmental 

economics. Moreover, the approach is underpinned by the theory of productive efficiency; 

it is standardised and it is generally applicable.
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A P P E N D I C E S

Appendix I: Estimated ANG Flared by Oil Producing Countries in Billions Cubic Meters

Year

S/N Country
2006 2007 2008 2009 2010

Change 
(2009 to 

2010)
1 Russia 50.00 52.30 42.00 46.60 35.20 -11.40
2 Nigeria 18.60 16.30 15.50 14.90 15.20 0.30
3 Iran 12.20 10.70 10.80 10.90 11.30 0.40
4 Iraq 7.20 6.70 7.10 8.10 9.10 1.10
5 Algeria 6.40 5.60 6.20 4.90 5.40 0.50
6 Angola 4.00 3.50 3.50 3.40 4.10 0.70
7 Kazakhstan 6.20 5.50 5.40 5.00 3.80 -1.20
8 Libya 4.40 3.80 4.00 3.50 3.80 0.30
9 Saudi Arabia 4.20 4.20 4.30 3.90 3.70 -0.20
10 Venezuela 2.10 2.20 2.70 2.80 2.80 0.00
11 Mexico 2.10 2.70 3.60 3.00 2.50 -0.50
12 Indonesia 3.20 2.60 2.50 2.90 2.30 -0.60
13 China 2.90 2.60 2.50 2.40 2.10 -0.30
14 Canada 1.70 2.00 1.90 1.80 2.10 0.30
15 USA* 2.00 2.10 2.30 2.00 2.10 0.10
16 Uzbekistan 2.90 2.10 2.70 1.70 1.90 0.20
17 Qatar 2.30 2.40 2.30 2.20 1.90 -0.30
18 Oman 2.30 2.00 2.00 1.90 1.80 -0.10
19 Malaysia 1.90 1.80 1.90 1.90 1.50 -0.40
20 Egypt 1.70 1.50 1.60 1.80 1.50 -0.30

Total top 20 138.00 133.00 125.00 126.00 114.00 -11.80
Rest of the world 23.00 21.00 22.00 21.00 20.00 -1.10
Global flaring level 162.00 154.00 146.00 147.00 134.00 -12.90

Source: GGRF World Bank 2011 [from Satellite Data 2006-2010 (Top 20 Producers of ANG Flares)].
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A p p e n d ix  I I :  I P I E C A  G u id a n c e  o n  V o lu n t a r y  S u s t a in a b i l i t y  R e p o r t in g

ENV— 4: Flared and Vented Gas 
Definition:
Total mass or volume of hydrocarbon gas both vented and flared to the atmosphere from operations, and reported separately 

Scope: ,
Reporters should estimate the total loss of hydrocarbon gas from a facility, i.e., gas which is not processed into product for export or 
used as fuel by the facility for beneficial use (typically heat or power generation).This hydrocarbon loss should be categorized for 
reporting purposes as either flared or vented gas, depending respectively on whether the gas was combusted before being emitted or 
was emitted to the atmosphere as uncombusted hydrocarbon. Consideration should be given to the magnitudes of these emissions, 
such that insignificantly small quantities of hydrocarbon gases are not generally reported.

Flared Gas: Companies may report the quantity of hydrocarbon gas that is combusted prior to atmospheric release either from 
routine flaring operations (annual data based on daily average volumes) or any non-routine flaring events. The following list 
provides examples of sources of flared gas included under this definition:

• Operations at well sites, production sites, compressor stations, terminals, and natural gas, refined product and 
petrochemical plants

• All gas flared at operated wells or facilities associated with:
o well testing programmes
o solution gas from crude oil batteries
o overhead vapors from liquids storage systems and glycol dehydrators

• Blow down and pigging operations on gas gathering systems
• Emergency depressuring for safe plant management
• Operations during start-ups and shut-downs
• Refinery flaring

Vented Gas: Companies may report the quantity of hydrocarbon gas vented to the atmosphere during routine and non-routine 
operations. The following list provides examples of sources of vented gas included under this definition:
Routine operational venting at well sites, compressor stations, gas plants, refineries and other facilities

• Separators
• Tank flashing
• Pressurized lines or vessels
• Well-testing programmes
• Solution gas from crude oil batteries
• Overhead vapors from liquids storage systems and glycol dehydrators
• Fugitive emissions
• Blow down and pigging operations on gas gathering systems and other pipeline systems
• Start-ups and shut-downs
• Tank or vessel degassing

Reporting Unit:
Metric Tons (or Cubic Meters): Reporting in metric tons is encouraged because this provides a more precise indicator of 
environmental impact and product loss. Standard cubic meters is also acceptable as this volume is commonly used by industry 
operations.

Purpose:
Flared and vented gas is a core indicator because it represents loss of hydrocarbon resource and because the loss results in 
emissions of GHGs and other gases that may impact the environment. While it is recognized that some flaring and 
venting of hydrocarbon gas is associated with required emergency relief and safety management systems, reducing 
other flaring and venting is recognized as a measure of improved operational efficiency and environmental 
performance.
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A p p e n d i x  I I I :  I n t r o d u c t o r y  L e t t e r  f r o m  t h e  P r i n c i p a l  S u p e r v is o r

Dundee Business School

1 November 2010

Re: Mr Hassan Aminu
To Whom It May Concern

Mr Aminu has been registered as a full time postgraduate student in the Dundee Business 
School (DBS), University of Abertay Dundee. He is studying under my supervision.for his 
research project entitled “Corporate Environmental Accountability in the Nigerian Oil and 
Gas Industry - The Case of Gas Flaring and Oil Spillage".
Mr Aminu, as part of his PhD research, needs to visit Nigeria for a period of three months in 
order to collect the necessary data as part of his empirical work for the project. As his 
supervisor I have considered his plan for the empirical part of his studies and at this stage I 
believe that three months should be enough for this purpose and he has my approval for this 
trip.
The PhD research project has a very applied orientation that should appeal to managers in 
the Nigerian Oil & Gas industry and Nigerian Government since it is intended primarily to 
address the problem of Gas Flaring and Oil Spillage that will influence the performance of 
the industry with regard to financial and environmental issues.
I would appreciate it if you provide him with any necessary help and assistance in order to 
complete this empirical work.
Yours faithfully,

ProfessorReza Kouhy 
Supervisor

U N 'i C C 1
J i U U S .

Professor Reza Kouhy (BSc, IIAA) PhD
Professor of Energy & Environmental Accounting
Director of Research
Dundee Business School
University of Abertay Dundee
Dundee, Scotland, DD11HG
Phone:
Fax: 
Email: 

Old College Bell Street Dundee DD1 1HG
Tel: 01382 308401 Fax: 01382 308400 E-mail: dbs@abertay.ac.uk
T h e  U n i v e r s i t y  o f  A b e r t a y  D u n d e e  is  a  c h a r i t y  r e g i s t e r e d  i n  S c o t l a n d ,  N o :  S C 016040
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A p p e n d ix  I V :  I n t r o d u c t io n  L e t t e r  i n  R e s p e c t  o f  t h e  A u t h o r  f r o m  P T D F  t o  N N P C

PETROLEUM TECHNOLOGY DEVELOPMENT FUND
Plot 672, Port-Harcourt Crescent Off Gkrbiya Street, OfTAhmadu Bello Way, Cartel (Area 11)Abuja. 

P.O. Box 9899 Gorki (Area 10) Abuja. Tel: +234 9 8700532-3, (Fax) +234 80 75000561 
Post Code 900247, www.ptdf.gov.ng

December 8,2010

The Manager
Data Management Department v 
Corporate Planning & Strategic Division 
NNPC.
Abuja . .

Dear Sir/Madam,

LETTER OF INTRODUCTION

May I introduce to you Mr Aminu Hassan a PTDF scholar undertaking a 
PhD programme at the University of Abertay, United Kingdom.

2. He is currently conducting a research work on Corporate 
Environment Accountability in the Nigerian .Oil and Gas industry: The 
case of gas flaring and oil spillage. He requires your organization to 
provide relevant data he is exporting for his research to the UK.

3. Kindly grant him all necessary assistance in respect of the above.

4. Please accept the assurances of the Fund's highest consideration. 

Yours Faithfully

Rabi’ah Waziri Adamu 
Head (Education Department) 
Fon Executive Secretary
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A p p e n d ix  V :  I n t r o d u c t o r y  L e t t e r  i n  R e s p e c t  o f  t h e  A u t h o r  f r o m  P T D F  to  D P R

PETROLEUM TECHNOLOGY DEVELOPMENT FUND
Plot 672. Port-Harcourt Crescent Off Gimbfya Street, OfT Ahmadu Bello Way, Garid (Area 11) Abuja. P.O. Box 9899 GarW (Area 10) Abuja. Tel: +234 9 8700532-3. (Fax) +234 80 75000561 Post Code 900247, www.ptdf.gov.ng

t

December 8, 2010

Department of Petroleum Resources (DPR) 
7, Kofo Abayomi Street 
Victoria Island 
Lagos

Dear Sir/Madam.

LETTER OF INTRODUCTION

May I introduce to you Mr Aminu Hassan a PTDF scholar undertaking a 
PhD programme at the University of Abertay, United Kingdom.

2. He is currently conducting a research work on Corporate 
Environment Accountability in the Nigerian Oil and Gas industry: The 
case of gas flaring and oil spillage. He requires your organization to 
provide relevant:data he is exporting for his research to the UK.

3. Kindly grant him all necessary assistance in respect of the above.

4. Please accept the assurances of the Fund’s highest consideration. 

Yours Faithfully

Head (Education Department) 
For: Executive Secretary

9
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A p p e n d ix  V I :  P r o f i le s  o f  O i l  &  G a s  C o m p a n ie s  in  t h e  S a m p le

Company Profile
CHEVRON NIGERIA LTD. 
(CNL)

A company based in Lagos. It is a Joint Venture between Chevron and 
The Nigerian National Petroleum Corporation (NNPC) and is involved in 
oil and gas exploration and production activities in Nigeria. CNL is 
operating under Oil Mining Leases (OML) in Nigeria.

TEXACO OVERSEAS 
NIGERIA PETROLEUM 
COMPANY ULTD. 
(TOPCON)

A company based in Lagos. It is a Joint Venture between Chevron and 
The Nigerian National Petroleum Corporation (NNPC) and is involved in 
oil and gas exploration and production activities in Nigeria. TOPCON is 
operating Oil Mining Leases (OML) in Nigeria.

NIGERIAN AGIP OIL 
COMPANY LTD. (NAOC)

A company based in Lagos, is a Joint Venture between Agip, Phillips and 
The Nigerian National Petroleum Corporation (NNPC) and is involved in 
oil and gas exploration and production activities in Nigeria. NAOC is 
operating Oil Mining Leases (OML).

NIGERIAN AGIP 
EXPLORATION (AENR)

A company based in Lagos, is a Production Sharing Contract (PSC) 
between Agip and the Nigerian National Petroleum Corporation (NNPC). 
It is involved in oil and gas exploration and production activities in 
Nigeria.

MOBIL PRODUCING 
NIGERIA ULTD. - (MPNU)

A company based in Lagos, is a Joint Venture between ExxonMobil and 
The Nigerian National Petroleum Corporation (NNPC) and involves in oil 
and gas exploration and production activities in Nigeria. The company is 
operating Oil Mining Leases (OML) and Oil Prospecting Licenses (OPL).

ESSO EXPLORATION and 
PRODUCTION NIGERIA 
DEEPWATER WEST 
(EEPN)

This company is based in Lagos and is a Production Sharing Contract 
(PSC) between Esso and the Nigerian National Petroleum Corporation 
(NNPC). It is involved in oil and gas exploration and production activities 
in Nigeria. The company is operating Oil Prospecting Licenses (OPL).

SHELL PETROLEUM 
DEVELOPMENT 
COMPANY OF NIGERIA 
LTD (SPDC)

A company based in Lagos, is a Joint Venture between Shell, Agip, Elf 
and The Nigerian National Petroleum Corporation (NNPC). The venture 
involves oil and gas exploration and production activities in Nigeria. 
SPDC is operating Oil Prospecting Licenses (OPL) and Oil Mining 
Leases (OML) in Nigeria.

ELF PETROLEUM 
NIGERIA LTD (EPNL)

A company based in Lagos, is a Joint Venture between Total/Elf and The 
Nigerian National Petroleum Corporation (NNPC) and involves in oil and 
gas exploration and production activities in Nigeria.

Pan Ocean As a Joint Venture (JV) partner, the NNPC has 60 percent working 
interest in OML-98 while Pan Ocean has 40 percent.

The Nigerian Petroleum 
Development Company 
LTD. (NPDC)

Is a fully-owned subsidiary of the Nigerian National Petroleum 
Corporation (NNPC). NPDC is engaged in oil & gas exploration and 
production activities in the hydrocarbon-rich regions of coastal Nigeria, 
both onshore and offshore; and more recently, around Equatorial Guinea.

ADDAX PETROLEUM 
DEVELOPMENT NIGERIA 
(APDN) LTD.

A company based in Lagos, is Nigerian subsidiary of ADDAX 
PETROLEUM and involved in oil and gas exploration and production 
activities in Nigeria. ADDAX PETROLEUM DEVELOPMENT 
NIGERIA LTD is operating Oil Prospecting Licenses (OPL) and Oil 
Mining Leases (OML) in Nigeria. It is a JV between ADDAX & NNPC

Source: Department of Petroleum Resources DPR 2010.
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A p p e n d ix  V I I :  N a ir a  to  D o l la r  E x c h a n g e  R a t e

Year Exchange Rate Penalty in N Penalty in $ Per 1,000 cf

1997 21.8861 0.5 0.0228
1998 21.8860 10 0.4569
1999 92.3428 10 0.1083
2000 100.8016 10 0.0992
2001 111.7010 10 0.0895
2002 126.2577 10 0.0792
2003 134.0378 10 0.0746
2004 132.3704 10 0.0755
2005 130.6016 10 0.0766
2006 128.2796 10 0.0780
2007 125.8810 10 0.0794
2008 118.8606 10 0.0841
2009 158.0000 10 0.0633

Source: www.cenbank.org (Central Bank of Nigeria)
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A p p e n d ix  V I I I :  E q u a t io n  f o r  C o n v e r t in g  G a s  F la r e d  in  V o lu m e  to  M a s s  o f  C O 2

Nigerian natural gas is scientifically classified as sweet, indicating that the major chemical composition (95% to 
98%) is methane gas (CH4) (Maina, 2005). This implies that flaring of Nigerian associated natural gas is 
essentially combustion/buming of methane gas (Galadima & Garba, 2008). Therefore, flaring of Nigerian 
natural gas could be represented by equation 1 as follows.

yieldsCHa + 20 2 ----» C 02 + 2H20  (1)

This equation means that burning of Nigerian natural in the presence of air will produce carbondioxide (C 02) 
and water vapour (2H20 ) .
Thus, the following can be deduced from the equation.

i. 1 mole of methane (CH4) produces 1 mole of C 0 2 on complete combustion.
ii. 16.0g of CH4 yields 44.0g of C 0 2 on complete combustion (for 1 mole of Ctf4 = 16.0g  of C//4 

and 1 mole of C 02 = 44.0̂  of C 02)

Assumptions;

Let, mass of methane flared = Mm;
Volume of methane flared = Vm and 
Mass of carbondioxide produced = Mc.
From (ii) above, it can be clearly stated that:

Mc / _ 44.0q /
/Mm-  A  6.0g

m</m = 2.75

Hence,

Mc =  2.75 Mm (2)

By definition, the density of methane (Dm) = mass of methane/volume of methane.

n — Mm /Um ~ /y rm

Therefore, the volume of natural gas flared could be converted to mass as follows.

Mm =  DmVm (3)

Substitute equation (3) into equation (2) above to create relationship between Mc and Vm .

Mc = 2.75 DmVm (4)

The density of methane is constant and has a standard value of Dm = 0.717 Kg/m3, therefore equations (4) can 
be reduced to the following form.

Mc = 2.75 X  0.717 X Vm (5)

Hence, Nigerian natural gas flared in volumes of cubic meter could be converted to carbondioxide equivalent 
using the following equation (assuming 95% is made of up methane):

Mc = 1.97175 X 0.95Fm (6)
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A p p e n d ix  I X :  E x c e r p t s  f r o m  t h e  E x c e l  S p r e a d s h e e t  S o lu t io n  to  A N U O  D E A  M o d e l

DMUo SPDC MPNU CNL EPNL NAOC TOPCON PAN-O AENR NPDC APDN EEPN
GU OBJ Cons. 10705873 8646619 1518979 7813955 5698230 2439 158 1630 10052 398255 2806498 Efficient GU 785539
GF OBJ 2 ADPN-09 4127729 6501216 5990122 1422859 3771475 371278 10710 524643 576037 3109025 611977 Efficient CO2 85646
DV 0 =CEP, >105 >i 06 >107 >108 >109 m o >111 >112 >113 >114 >115 LHS RHS

0.027547643 0 0 0 0 0 0 0 0 0 0 0
OL 36288.676 -105275 -161631 -170428 -31028 -37923 -4433 -3 -3237 -21869 -36289 -60162 -4.20E-08 0

GU 398255.04 398255.0398 -10705873 -8646619 -1518979 -7813955 -5698230 -2439 -158 -1630 -10052 -398255 2806498 1.25E-06 0
GF 3109024.843 -4127729 -6501216 -5990122 -1422859 -3771475 -371278 -10710 524643 -576037 -3109025 -611977 -1.46E-11 0

DMUo SPDC MPNU CNL EPNL NAOC TOPCON PAN-O AENR NPDC APDN EEPN
GU OBJ Cons. 10705873 8646619 1518979 7813955 5698230 2439 158 1630 10052 398255 2806498 Efficient GU 3831310
GF OBJ 2 EEPN-09 4127729 6501216 5990122 1422859 3771475 371278 10710 524643 576037 3109025 611977 Efficient CO2 388510

DV 0 =CEP, >105 >106 >107 >108 >109 >.110 >111 >112 >113 >114 >115 LHS RHS
0.634843056 0 0 0 0 0 0 0 0 0 0 0

OL 60162.116 -105275 -161631 -170428 -31028 -37923 -4433 -3 -3237 -21869 -36289 -60162 -76174.858 0
GU 2806497.79 2806497.79 -10705873 -8646619 -1518979 -7813955 -5698230 -2439 -158 -1630 -10052 -398255 2806498 3.35E-05 0
GF 611977.4798 -4127729 -6501216 -5990122 -1422859 -3771475 -371278 -10710 524643 -576037 -3109025 -611977 5.82E-11 0

Appendix IX above is a Microsoft Excel representation of ANUO DEA model (i.e. equation 6.6 derived in section 6.3 of chapter six). Essentially, excel solver was used to 
provide solutions to the model. Thus, the appendix just shows 2 solutions out of the 355 solutions computed in the study. This linear programming solution is extracted from 
window 9 in relation to ADPN and EEPN for the year 2009 in the window. It is note worthy that the years included in window 9 are 2005, 2006,2007,2008 and 2009 -  Refer to 
the structure of the window in Chapter Six). Each time the model is run it computes three important values, namely CEP], efficient GU and Efficient C02-_____________
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A p p e n d ix  X : A s y m m e tr ic  N o rm a lis e d  U ndes irab le  O u tp u t Gas F la r in g -re la te d  E n v iro n m e n ta l P e rfo rm a n ce  In d e x

Company Year CEP1 Company Year CEP1
APDN 1997 0.0799 NAOC 1999 0.4058
APDN 1998 0.0669 NAOC 2000 0.4985
APDN 2003 0.1603 NAOC 2001 0.4104
APDN 2004 0.1565 NAOC 2002 0.3275
APDN 2005 0.1178 NAOC 2003 0.4444
APDN 2006 0.0826 NAOC 2004 0.3427
APDN 2007 0.0162 NAOC 2005 0.2851
APDN 2008 0.0172 NAOC 2006 0.3875
APDN 2009 0.0275 NAOC 2007 0.2136
AENR 1997 0.2107 NAOC 2008 0.1996
AENR 1998 0.2381 NAOC 2009 0.2657
AENR 2008 0.0130 NPDC 2001 0.5492
AENR 2009 0.0091 NPDC 2002 0.1756
CNL 1997 0.3856 NPDC 2004 0.0487
CNL 1998 0.3497 NPDC 2005 0.1967
CNL 1999 0.3449 NPDC 2006 0.1918
CNL 2000 0.3626 NPDC 2007 0.0420
CNL 2001 0.4982 NPDC 2008 0.0790
CNL 2002 0.5105 NPDC 2009 0.0560
CNL 2003 0.3706 PAN OCEAN 1997 0.0342
CNL 2004 0.3012 PAN OCEAN 1998 0.0827
CNL 2005 0.1932 PAN OCEAN 1999 0.0810
CNL 2006 0.0886 PAN OCEAN 2000 0.1127
CNL 2007 0.0252 PAN OCEAN 2001 0.1065
CNL 2008 0.0584 PAN OCEAN 2002 0.0946
CNL 2009 0.0578 PAN OCEAN 2003 0.0846
EPNL 1997 0.5714 PAN OCEAN 2004 0.0807
EPNL 1998 0.5900 PAN OCEAN 2005 0.0558
EPNL 1999 0.5818 PAN OCEAN 2006 0.0355
EPNL 2000 0.7173 PAN OCEAN 2008 0.0128
EPNL 2001 0.6762 PAN OCEAN 2009 0.0030
EPNL 2002 0.6179 SPDC 1997 0.6595
EPNL 2003 0.5215 SPDC 1998 0.4734
EPNL 2004 0.6355 SPDC 1999 0.4380
EPNL 2005 0.7233 SPDC 2000 0.4580
EPNL 2006 0.3391 SPDC 2001 0.4428
EPNL 2007 0.5119 SPDC 2002 0.5943
EPNL 2008 0.6023 SPDC 2003 0.5319
EPNL 2009 0.7154 SPDC 2004 0.4399
EEPN 2007 1.0000 SPDC 2005 0.3716
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Company Year CEP1 Company Year CEP1
EEPN 2008 1.0000 SPDC 2006 0.4523
EEPN 2009 0.6348 SPDC 2007 0.6005
MPNU 1997 0.8847 SPDC 2008 0.5598
MPNU 1998 0.9976 SPDC 2009 0.4165
MPNU 1999 1.0000 TOPCON 1997 0.2836
MPNU 2000 0.9127 TOPCON 1998 0.2309
MPNU 2001 0.8003 TOPCON 1999 0.2252
MPNU 2002 0.7029 TOPCON 2000 0.2415
MPNU 2003 0.4160 TOPCON 2001 0.1918
MPNU 2004 0.3616 TOPCON 2002 0.2167
MPNU 2005 0.2770 TOPCON 2003 0.1828
MPNU 2006 0.2269 TOPCON 2004 0.1374
MPNU 2007 0.1345 TOPCON 2005 0.1257
MPNU 2008 0.2189 TOPCON 2006 0.0923
MPNU 2009 0.2377 TOPCON 2007 0.0256
NAOC 1997 0.4448 TOPCON 2008 0.0249
NAOC 1998 0.3967 TOPCON 2009 0.0176
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Appendix XI: Actual C02 Emission VS DEA Efficient C02 Emission

Company Year Actual C02 
Emission Efficient C02 Emission Difference

SPDC 1997 11,776,018.90 7,766,716.89 4,009,302.01
SPDC 1998 14,354,241.66 6,795,717.84 7,558,523.81
SPDC 1999 13,930,507.77 6,101,617.10 7,828,890.67
SPDC 2000 15,988,678.22 7,322,596.52 8,666,081.69
SPDC 2001 17,072,456.77 7,559,411.03 9,513,045.74
SPDC 2002 11,269,125.36 6,697,270.80 4,571,854.56
SPDC 2003 13,932,097.18 7,410,422.94 6,521,674.24
SPDC 2004 14,599,738.75 6,422,432.35 8,177,306.40
SPDC 2005 11,503,587.58 4,274,273.11 7,229,314.47
SPDC 2006 8,667,382.96 3,920,450.33 4,746,932.62
SPDC 2007 5,626,142.87 3,378,671.46 2,247,471.42
SPDC 2008 5,191,738.86 2,906,404.05 2,285,334.81
SPDC 2009 4,127,729.47 1,719,100.41 2,408,629.06
MPNU 1997 6,177,534.36 5,465,248.74 712,285.62
MPNU 1998 5,347,053.47 5,334,211.62 12,841.86
MPNU 1999 5,315,518.54 5,315,518.54 0.00
MPNU 2000 6,575,302.14 6,001,575.77 573,726.38
MPNU 2001 7,172,873.41 5,740,323.53 1,432,549.88
MPNU 2002 6,576,234.89 4,622,343.07 1,953,891.81
MPNU 2003 9,612,721.48 3,998,919.03 5,613,802.46
MPNU 2004 9,274,929.20 3,353,703.50 5,921,225.70
MPNU 2005 9,522,886.28 2,637,367.00 6,885,519.28
MPNU 2006 10,662,881.09 2,419,452.13 8,243,428.96
MPNU 2007 12,706,416.67 1,709,466.92 10,996,949.75
MPNU 2008 6,926,590.31 1,516,508.07 5,410,082.24
MPNU 2009 6,501,216.00 1,545,203.99 4,956,012.01
CNL 1997 9,386,634.23 3,619,360.35 5,767,273.88
CNL 1998 10,462,096.22 3,658,608.09 6,803,488.13
CNL 1999 10,508,294.20 3,623,973.22 6,884,320.98
CNL 2000 10,833,299.80 3,928,671.03 6,904,628.76
CNL 2001 7,862,917.71 3,917,132.18 3,945,785.53
CNL 2002 5,461,258.74 3,013,073.02 2,448,185.73
CNL 2003 6,804,492.25 2,521,974.71 4,282,517.54
CNL 2004 6,634,888.79 1,998,663.99 4,636,224.80
CNL 2005 7,241,461.08 1,399,087.90 5,842,373.18
CNL 2006 10,216,021.77 904,700.77 9,311,321.00
CNL 2007 9,425,088.40 237,738.25 9,187,350.15
CNL 2008 8,284,918.55 484,168.43 7,800,750.11
CNL 2009 5,990,121.61 346,187.27 5,643,934.34
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Company Year Actual C02 
Emission Efficient C02 Emission Difference

EPNL 1997 1,797,792.57 1,027,324.57 770,468.00
EPNL 1998 1,811,288.59 1,068,651.53 742,637.06
EPNL 1999 1,846,662.01 1,074,344.27 772,317.74
EPNL 2000 1,989,738.08 1,427,163.48 562,574.60
EPNL 2001 2,234,880.53 1,511,282.10 723,598.43
EPNL 2002 2,333,958.10 1,442,132.05 891,826.05
EPNL 2003 2,633,262.22 1,373,186.58 1,260,075.64
EPNL 2004 2,532,885.38 1,609,566.64 923,318.74
EPNL 2005 1,582,787.28 1,144,900.03 437,887.25
EPNL 2006 3,406,594.27 1,155,061.71 2,251,532.56
EPNL 2007 2,698,838.94 1,381,502.78 1,317,336.16
EPNL 2008 1,896,720.55 1,142,308.84 754,411.71
EPNL 2009 1,422,859.46 1,017,887.20 404,972.25
NAOC 1997 7,992,933.33 3,555,420.78 4,437,512.55
NAOC 1998 7,538,714.48 2,990,756.63 4,547,957.85
NAOC 1999 8,019,634.23 3,254,599.78 4,765,034.45
NAOC 2000 8,422,085.41 4,198,108.78 4,223,976.63
NAOC 2001 11,465,143.71 4,705,861.57 6,759,282.14
NAOC 2002 11,255,697.34 3,686,545.29 7,569,152.05
NAOC 2003 8,285,735.88 3,682,478.98 4,603,256.90
NAOC 2004 9,477,037.25 3,247,384.32 6,229,652.94
NAOC 2005 8,584,192.33 2,447,232.66 6,136,959.66
NAOC 2006 5,830,723.79 2,259,650.55 3,571,073.24
NAOC 2007 7,154,847.81 1,528,401.83 5,626,445.98
NAOC 2008 5,110,789.46 1,020,071.75 4,090,717.71
NAOC 2009 3,771,475.29 1,002,112.80 2,769,362.50
TOPCON 1997 2,374,682.47 673,370.49 1,701,311.98
TOPCON 1998 1,763,492.13 538,409.51 1,225,082.62
TOPCON 1999 1,817,310.08 409,281.83 1,408,028.25
TOPCON 2000 1,789,482.68 432,243.36 1,357,239.32
TOPCON 2001 1,761,539.70 337,788.05 1,423,751.65
TOPCON 2002 1,065,310.53 230,879.43 834,431.10
TOPCON 2003 837,904.60 153,174.43 684,730.17
TOPCON 2004 721,639.34 99,184.42 622,454.91
TOPCON 2005 384,612.13 48,352.69 336,259.44
TOPCON 2006 309,143.79 28,530.28 280,613.51
TOPCON 2007 128,463.93 3,293.73 125,170.20
TOPCON 2008 251,783.95 6,274.51 245,509.45
TOPCON 2009 371,277.89 6,543.30 364,734.59
PAN OCEAN 1997 879,211.00 30,049.17 849,161.83
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Company Year Actual C02 
Emission Efficient C02 Emission Difference

PAN OCEAN 1998 528,930.39 43,767.45 485,162.94
PAN OCEAN 1999 584,533.42 47,329.12 537,204.30
PAN OCEAN 2000 881,434.10 99,348.50 782,085.59
PAN OCEAN 2001 1,178,200.68 125,438.16 1,052,762.53
PAN OCEAN 2002 1,113,769.17 105,405.37 1,008,363.80
PAN OCEAN 2003 1,019,618.99 86,225.91 933,393.08
PAN OCEAN 2004 1,377,379.86 111,092.82 1,266,287.04
PAN OCEAN 2005 1,367,394.37 76,301.44 1,291,092.93
PAN OCEAN 2006 199,243.14 7,078.10 192,165.05
PAN OCEAN 2008 1,125,103.99 14,413.66 1,110,690.34
PAN OCEAN 2009 10,709.67 31.90 10,677.77
AENR 1997 419,772.97 88,458.97 331,313.99
AENR 1998 366,828.83 87,345.35 279,483.48
AENR 2008 382,375.88 4,961.31 377,414.56
AENR 2009 524,643.42 4,778.58 519,864.84
NPDC 2001 98,716.89 54,219.27 44,497.61
NPDC 2002 393,665.35 69,138.10 324,527.25
NPDC 2004 884,483.64 43,058.03 841,425.61
NPDC 2005 985,400.18 193,823.03 791,577.15
NPDC 2006 687,365.55 131,862.79 555,502.76
NPDC 2007 557,640.20 23,400.93 534,239.27
NPDC 2008 230,953.23 18,254.71 212,698.52
NPDC 2009 576,036.72 32,281.02 543,755.70
APDN 1997 716,252.16 138,018.56 578,233.60
APDN 1998 982,742.39 94,690.06 888,052.33
APDN 2003 184,912.77 274,322.03 -89,409.26
APDN 2004 737,399.17 234,167.61 503,231.56
APDN 2005 1,915,478.72 225,604.55 1,689,874.17
APDN 2006 1,656,781.59 202,699.67 1,454,081.92
APDN 2007 1,845,814.67 56,299.74 1,789,514.94
APDN 2008 1,287,547.38 66,516.96 1,221,030.42
APDN 2009 1,044,550.70 85,646.31 958,904.40
EEPN 2007 109,798.96 109,798.96 0.00
EEPN 2008 205,008.18 205,008.18 0.00
EEPN 2009 611,977.48 388,509.65 223,467.83
TOTAL 531,868,694.86 212,088,875.45 319,779,819.41
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Appendix XII: DEA Efficient VS Actual Gas Utilisation in 1,000 Cubic Meters

Company Year DEAGU Actual GU
APDN 1997 224,048.95 95,540.50
APDN 1998 153,712.71 58,410.92
APDN 2003 658,735.00 239,627.92
APDN 2004 704,450.23 278,419.42
APDN 2005 881,382.27 293,620.41
APDN 2006 847,457.38 235,361.93
APDN 2007 381,001.44 74,680.67
APDN 2008 501,989.55 307,201.88
APDN 2009 785,539.09 398,255.04
AENR 1997 143,597.64 1,985.29
AENR 1998 141,789.87 1,490.32
AENR 2008 33,575.08 1,140.60
AENR 2009 32,338.45 1,630.20
CNL 1997 5,875,397.23 476,753.64
CNL 1998 5,939,109.06 145,418.11
CNL 1999 5,882,885.42 124,965.44
CNL 2000 5,972,205.90 284,631.37
CNL 2001 7,017,494.05 1,923,349.77
CNL 2002 5,742,052.00 2,666,682.03
CNL 2003 6,049,040.23 2,236,046.79
CNL 2004 5,999,143.14 2,401,550.23
CNL 2005 6,534,348.49 2,883,494.35
CNL 2006 3,943,385.90 1,207,621.87
CNL 2007 1,775,437.47 899,057.64
CNL 2008 4,774,654.42 2,459,184.24
CNL 2009 2,950,171.27 1,518,978.83
EPNL 1997 1,667,681.40 49,708.64
EPNL 1998 1,734,768.47 27,722.76
EPNL 1999 1,744,009.64 79,790.56
EPNL 2000 2,201,771.41 1,716,462.27
EPNL 2001 2,715,328.34 1,977,053.71
EPNL 2002 3,069,984.46 2,221,232.03
EPNL 2003 3,727,489.98 2,521,090.87
EPNL 2004 6,238,557.23 4,571,937.84
EPNL 2005 6,436,780.94 5,041,907.95
EPNL 2006 7,278,003.05 4,381,874.82
EPNL 2007 11,925,942.84 8,014,142.34
EPNL 2008 11,264,943.28 8,059,367.59
EPNL 2009 10,037,952.29 7,813,955.33

414



Company Year DEA GU Actual GU
EEPN 2007 743,050.76 743,050.76
EEPN 2008 2,021,699.77 2,021,699.77
EEPN 2009 3,831,309.95 2,806,497.79
MPNU 1997 8,871,873.54 1,836,329.61
MPNU 1998 8,659,157.73 7,358,029.63
MPNU 1999 8,628,812.79 8,628,812.79
MPNU 2000 9,186,317.20 8,449,093.61
MPNU 2001 10,305,348.50 8,393,161.19
MPNU 2002 9,520,985.46 7,202,932.03
MPNU 2003 9,684,895.63 3,951,030.43
MPNU 2004 11,158,156.24 6,150,566.24
MPNU 2005 13,627,215.97 7,566,504.54
MPNU 2006 14,816,745.04 8,214,257.90
MPNU 2007 14,662,791.84 7,860,130.05
MPNU 2008 14,955,130.22 8,396,758.50
MPNU 2009 15,238,116.58 8,646,619.17
NAOC 1997 5,771,602.55 3,711,213.16
NAOC 1998 4,854,969.26 3,028,147.54
NAOC 1999 5,283,272.37 3,314,118.89
NAOC 2000 6,994,362.28 4,658,139.13
NAOC 2001 8,752,902.39 5,506,526.50
NAOC 2002 7,745,343.75 4,631,072.64
NAOC 2003 9,910,752.81 6,371,163.48
NAOC 2004 11,982,673.43 7,230,055.55
NAOC 2005 12,973,847.23 7,565,304.67
NAOC 2006 14,327,554.94 8,885,537.01
NAOC 2007 13,127,603.33 7,348,708.63
NAOC 2008 10,059,495.32 5,587,341.47
NAOC 2009 9,882,392.06 5,698,229.91
NPDC 2001 97,133.16 11,431.85
NPDC 2002 142,392.49 5,616.14
NPDC 2004 118,787.99 31,543.07
NPDC 2005 686,974.95 23,112.15
NPDC 2006 506,070.41 18,315.07
NPDC 2007 158,362.85 14,264.38
NPDC 2008 259,513.79 7,269.52
NPDC 2009 218,457.79 10,052.48
PAN OCEAN 1997 48,779.56 23,670.82
PAN OCEAN 1998 71,048.79 5,990.49
PAN OCEAN 1999 76,830.53 15,737.34
PAN OCEAN 2000 151,025.55 23,997.82
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Company Year DEAGU Actual GU
PAN OCEAN 2001 224,720.91 31,331.49
PAN OCEAN 2002 217,086.28 32,812.12
PAN OCEAN 2003 194,367.45 27,219.74
PAN OCEAN 2004 280,757.02 36,752.63
PAN OCEAN 2005 270,438.33 36,473.85
PAN OCEAN 2006 27,164.73 5,318.33
PAN OCEAN 2008 97,542.62 15,316.19
PAN OCEAN 2009 314.62 157.54
SPDC 1997 12,607,903.74 3,431,828.42
SPDC 1998 11,031,656.96 3,202,578.40
SPDC 1999 9,904,906.05 3,012,835.06
SPDC 2000 11,131,513.37 5,944,067.65
SPDC 2001 13,521,092.49 7,694,295.07
SPDC 2002 13,713,716.31 8,933,007.48
SPDC 2003 19,165,445.53 12,471,773.34
SPDC 2004 21,978,351.14 13,168,859.29
SPDC 2005 22,212,940.32 12,868,579.24
SPDC 2006 25,064,140.46 16,194,676.69
SPDC 2007 29,209,617.30 20,871,924.15
SPDC 2008 28,661,668.11 19,901,354.82
SPDC 2009 16,953,006.04 10,705,872.74
TOPCON 1997 1,093,098.98 4,116.87
TOPCON 1998 874,013.48 303,651.03
TOPCON 1999 664,397.32 4,567.99
TOPCON 2000 657,078.77 4,062.99
TOPCON 2001 605,143.14 5,111.59
TOPCON 2002 475,504.76 3,715.23
TOPCON 2003 343,012.27 4,004.65
TOPCON 2004 250,661.77 3,285.38
TOPCON 2005 171,378.43 3,267.42
TOPCON 2006 109,495.09 3,199.83
TOPCON 2007 22,289.93 1,624.74
TOPCON 2008 42,461.94 1,609.90
TOPCON 2009 44,280.97 2,439.18
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Appendix XIII: Jaggi &  Freedman Gas Flaring-related Environmental Performance

Company Year CEP2 Company Year CEP2
SPDC 1997 0.1815 NAOC 2002 0.1984
SPDC 1998 0.1388 NAOC 2003 0.2985
SPDC 1999 0.1345 NAOC 2004 0.2178
SPDC 2000 0.2241 NAOC 2005 0.1718
SPDC 2001 0.2455 NAOC 2006 0.2518
SPDC 2002 0.3832 NAOC 2007 0.1189
SPDC 2003 0.3484 NAOC 2008 0.1104
SPDC 2004 0.2582 NAOC 2009 0.1525
SPDC 2005 0.2187 TOPCON 1997 0.0022

SPDC 2006 0.3089 TOPCON 1998 0.0808
SPDC 2007 0.4297 TOPCON 1999 0.0025
SPDC 2008 0.3869 TOPCON 2000 0.0023
SPDC 2009 0.2619 TOPCON 2001 0.0022

MPNU 1997 0.1860 TOPCON 2002 0.0024
MPNU 1998 1.0000 TOPCON 2003 0.0024
MPNU 1999 0.8138 TOPCON 2004 0.0017
MPNU 2000 0.7666 TOPCON 2005 0.0021

MPNU 2001 0.4868 TOPCON 2006 0.0021

MPNU 2002 0.5735 TOPCON 2007 0.0018
MPNU 2003 0.3204 TOPCON 2008 0.0009
MPNU 2004 0.1900 TOPCON 2009 0.0009
MPNU 2005 0.1554 PAN OCEAN 1997 0.0167
MPNU 2006 0.1277 PAN OCEAN 1998 0.0073
MPNU 2007 0.0719 PAN OCEAN 1999 0.0169
MPNU 2008 0.1226 PAN OCEAN 2000 0.0167
MPNU 2009 0.1345 PAN OCEAN 2001 0.0148
CNL 1997 0.0327 PAN OCEAN 2002 0.0145
CNL 1998 0.0100 PAN OCEAN 2003 0.0106
CNL 1999 0.0087 PAN OCEAN 2004 0.0079
CNL 2000 0.0171 PAN OCEAN 2005 0.0054
CNL 2001 0.1341 PAN OCEAN 2006 0.0046
CNL 2002 0.2366 PAN OCEAN 2008 0.0015
CNL 2003 0.1285 PAN OCEAN 2009 0.0015
CNL 2004 0.1040 NPDC 2001 0.0646
CNL 2005 0.0781 NPDC 2002 0.0074
CNL 2006 0.0199 NPDC 2004 0.0103
CNL 2007 0.0113 NPDC 2005 0.0053
CNL 2008 0.0302 NPDC 2006 0.0052
CNL 2009 0.0260 NPDC 2007 0.0035
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Company Year CEP2 Company Year CEP2
EPNL 1997 0.0193 NPDC 2008 0.0040
EPNL 1998 0.0118 NPDC 2009 0.0024
EPNL 1999 0.0289 APDN 1997 0.0343
EPNL 2000 0.5185 APDN 1998 0.0256
EPNL 2001 0.4809 APDN 2003 0.0548
EPNL 2002 0.4595 APDN 2004 0.0535
EPNL 2003 0.3722 APDN 2005 0.0302
EPNL 2004 0.5158 APDN 2006 0.0162
EPNL 2005 0.6217 APDN 2007 0.0027
EPNL 2006 0.2129 APDN 2008 0.0082
EPNL 2007 0.3441 APDN 2009 0.0131
EPNL 2008 0.4291 AENR 1997 0.0038
EPNL 2009 0.5541 AENR 1998 0.0035
NAOC 1997 0.2855 AENR 2008 0.0004
NAOC 1998 0.2470 AENR 2009 0.0004
NAOC 1999 0.2541 EEPN 2007 0.7955
NAOC 2000 0.3316 EEPN 2008 1.0000
NAOC 2001 0.2604 EEPN 2009 0.4640
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Appendix XIV: Companies Gas Flaring-related Disclosure Indexes (VDI &  SDI)

Company Years VDI SDI Company Years VDI SDI
APDN 1997 0.0370 0.0033 NOAC 2007 0.7864 0.0692
APDN 1998 0.0452 0.0040 NOAC 2008 0.3819 0.0336
APDN 2003 0.2053 0.0181 NOAC 2009 0.8049 0.0708
APDN 2004 0.2649 0.0233 NPDC 2001 0.0637 0.0056
APDN 2005 0.2546 0.0224 NPDC 2002 0.0821 0.0072
APDN 2006 0.0411 0.0036 NPDC 2003 0.0698 0.0061
APDN 2007 0.0452 0.0040 NPDC 2004 0.0821 0.0072
APDN 2008 0.0411 0.0036 NPDC 2005 0.0637 0.0056
APDN 2009 0.0493 0.0043 NPDC 2006 0.0411 0.0036
CNL 1997 0.0370 0.0033 NPDC 2007 0.0452 0.0040
CNL 1998 0.1704 0.0150 NPDC 2008 0.0411 0.0036
CNL 1999 0.2813 0.0248 NPDC 2009 0.0493 0.0043
CNL 2000 0.2772 0.0244 PAN OCEAN 1997 0.0370 0.0033
CNL 2001 0.2710 0.0239 PAN OCEAN 1998 0.0945 0.0083
CNL 2002 0.1786 0.0157 PAN OCEAN 1999 0.0739 0.0065
CNL 2003 0.0965 0.0085 PAN OCEAN 2000 0.0698 0.0061
CNL 2004 0.3470 0.0305 PAN OCEAN 2001 0.0821 0.0072
CNL 2005 0.0637 0.0056 PAN OCEAN 2002 0.0821 0.0072
CNL 2006 0.1068 0.0094 PAN OCEAN 2003 0.0698 0.0061
CNL 2007 0.2012 0.0177 PAN OCEAN 2004 0.0903 0.0080
CNL 2008 0.4353 0.0383 PAN OCEAN 2005 0.0698 0.0061
CNL 2009 0.2053 0.0181 PAN OCEAN 2006 0.0411 0.0036
EPNL 1997 0.0370 0.0033 PAN OCEAN 2007 0.0452 -
EPNL 1998 0.3532 0.0311 PAN OCEAN 2008 0.0411 0.0036
EPNL 1999 0.1786 0.0157 PAN OCEAN 2009 0.0493 0.0043
EPNL 2000 0.2053 0.0181 SPDC 1997 0.1745 0.0154
EPNL 2001 0.2136 0.0188 SPDC 1998 0.4374 0.0385
EPNL 2002 0.7290 0.0641 SPDC 1999 0.2341 0.0206
EPNL 2003 0.7351 0.0647 SPDC 2000 0.3943 0.0347
EPNL 2004 0.6735 0.0593 SPDC 2001 0.3573 0.0314
EPNL 2005 0.5257 0.0463 SPDC 2002 0.2772 0.0244
EPNL 2006 0.2916 0.0257 SPDC 2003 0.2731 0.0240
EPNL 2007 0.3326 0.0293 SPDC 2004 0.5441 0.0479
EPNL 2008 0.4148 0.0365 SPDC 2005 0.8049 0.0708
EPNL 2009 0.4825 0.0425 SPDC 2006 0.5667 0.0499
MPNU 1997 0.0370 0.0033 SPDC 2007 0.6263 0.0551
MPNU 1998 0.5832 0.0513 SPDC 2008 0.6940 0.0611
MPNU 1999 0.4435 0.0390 SPDC 2009 0.6283 0.0553
MPNU 2000 0.4805 0.0423 TOPCON 1997 0.0370 0.0033
MPNU 2001 0.2341 0.0206 TOPCON 1998 0.2177 0.0192
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Company Years VDI SDI Company Years VDI SDI
MPNU 2002 0.3901 0.0343 TOPCON 1999 0.0903 0.0080
MPNU 2003 0.5893 0.0519 TOPCON 2000 0.0780 0.0069
MPNU 2004 0.6468 0.0569 TOPCON 2001 0.0903 0.0080
MPNU 2005 0.5544 0.0488 TOPCON 2002 0.0903 0.0080
MPNU 2006 0.4825 0.0425 TOPCON 2003 0.0780 0.0069
MPNU 2007 0.2423 0.0213 TOPCON 2004 0.0986 0.0087
MPNU 2008 0.7269 0.0640 TOPCON 2005 0.0739 0.0065
MPNU 2009 0.2218 0.0195 TOPCON 2006 0.0411 0.0036
NOAC 1997 0.0370 0.0033 TOPCON 2007 0.0452 0.0040
NOAC 1998 0.3532 0.0311 TOPCON 2008 0.0411 0.0036
NOAC 1999 0.2895 0.0255 TOPCON 2009 0.0493 0.0043
NOAC 2000 0.2341 0.0206 AENR 1997 0.0370 0.0033
NOAC 2001 0.1273 0.0112 AENR 1998 0.0452 0.0040
NOAC 2002 0.6099 0.0537 AENR 2008 0.0411 0.0036
NOAC 2003 1.0000 0.0880 AENR 2009 0.0493 0.0043
NOAC 2004 0.7269 0.0640 EEPN 2007 0.7269 0.0640
NOAC 2005 0.6099 0.0537 EEPN 2008 0.2423 0.0213
NOAC 2006 0.4723 0.0416 EEPN 2009 0.2218 0.0195
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Appendix XV: Correlation Matrix : TS-CS Data Set for the Determinants of CEP1

Variables CEP1 GUI L O G  OL GOR L O G  P E N

CEP1
PC 1.0000

Prob

GUI
PC 0.3634 1.0000
Prob 0.0001 -

L O G  OL
PC 0.5629 0.0723 1.0000
Prob 0.0000 0.4448 —

GOR
PC -0.1471 -0.0566 -0.5399 1.0000
Prob 0.1185 0.5498 0.0000 —

LOG_PEN
PC 0.2806 -0.2585 0.7749 -0.3177 1.0000
Prob 0.0025 0.0055 0.0000 0.0006 -
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Appendix XVI: Levin-Lin-Chu Panel Unit Root Test

Variable
With Intercept With Intercept & Trend

Coefficient t-value Coefficient t-value
CEPj -0.25354 -4.028** -0.82335 -6.328*
VDI -0.52425 -4.856** -0.90207 -6.708***
SD I -0.34959 -4.442*** -1.10414 -8.185***
GUI -0.39130 -7.885*** -0.75995 -9.568***
GPR -1.22222 -7.276*** -1.95556 -10.3***
LOG_PEN -0.76765 -8.14*** -0.98013 -10.245***
LOG_OL -0.27732 -2.04* -0.97292 -3.805*
GOR -1.07898 -2.593* -1.79319 -2.545*

HO: TS-CS variable is nonstationarity.

Two other variables (Gas Produced and Crude Oil Price) were found to be non-stationary in level and 
were excluded from the analysis to avoid complication and misleading results.

* Significant at 10% 
**Significant at 5% 
♦ ♦ ♦ Significant at 1%
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Appendix XVII: Time Series OLS in Level for the Determinants of CEP1

Method: Least Squares 
Sample: 1965 2009 
Included observations: 45

Variable Coefficient Std. Error t-Statistic Prob.
GUI -27388.5 4290.364 -6.383729 0.0000
OIL 0.026682 0.00119 22.41419 0.0000
GOR 45.89075 4.777664 9.605271 0.0000
GPR -230.005 197.86 -1.162464 0.2527
D79 3797.523 930.3783 4.081697 0.0002
D92 2659.505 764.8706 3.477065 0.0013
D98 -378.239 1173.695 -0.322264 0.7491
D05 -4230.56 1287.557 -3.285729 0.0023
C -6240.73 918.0618 -6.797717 0.0000

R-squared 0.978816 Mean dependent var 18716.67
Adjusted R-squared 0.974108 S.D. dependent var 7763.384
S.E. of regression 1249.208 Akaike info criterion 17.27526
Sum squared resid 56178734 Schwarz criterion 17.6366
Log likelihood -379.693 F-statistic 207.92
Durbin-Watson stat 1.211082 Prob(F-statistic) 0.0000

Diagnostic Tests for The Time Series OLS in level

Breusch-Pagan / Cook-Weisberg test for 
heteroskedasticity

Chi2
Probability

0.52
0.4713

Chi2 8.402
Breusch-Godfrey LM test for autocorrelation: Probability 0.0037

Jack-Bera Residual Normality Test Jack-Bera Stat 
Prob.

0.363251
0.833914

Ramsey RESET Test: F-statistic
Probability

3.868382
0.057172
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Appendix XVIII: Correlation Matrix for the Variable in the Time-Series Data Set

V ariables GFD G UI OIL
GFD PC

Prob
1.0000

G U I PC
Prob

0.4591
0.0015

1.0000

OIL PC 0.9271 0.5150 1.0000
Prob 0.0000 0.0003 —

GOR PC 0.5852 0.9184 0.5593
Prob 0.0000 0.0000 0.0001

GPR PC 0.3911 0.7770 0.4863
Prob 0.0079 0.0000 0.0007

G O R  G PR  D79 D92 D98

1.0000

0.7036 1.0000
0.0000 —

D05

PC.: Pearson’s Correlation. 
Prob.: Probability.
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Appendix XIX: Multicollinearity Test for the Time-Series Data Set

Variable VIF SORT VIF Tolerance R-Squared
GUI 24.45 4.94 0.0409 0.9591
OIL 2.01 1.42 0.4984 0.5016
GOR 11.37 3.37 0.0879 0.9121
GPR 3.94 1.98 0.254 0.746
D79 5.35 2.31 0.1869 0.8131
D92 4.05 2.01 0.247 0.753
D98 7.77 2.79 0.1287 0.8713
DOS 4.72 2.17 0.2118 0.7882
Mean VIF 7.96
Eigenvalues & Condition Index computed from scaled raw sscp (w/ intercept)

Eigenval Cond. Index
1 7.085 1
2 0.9825 2.6853
3 0.4458 3.9868
4 0.1968 5.9999
5 0.1698 6.46
6 0.0528 11.5824
7 0.0417 13.0358
8 0.0154 21.4481
9 0.0102 26.315
Condition Number 26.3151
Det(correlation matrix) 0.0001
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A p p e n d ix  X X :  T im e  S e r ie s  V a r ia b le s  T e s t  f o r  S t a t io n a r i t y

1. In level
ADF Phillips-Perron

Variable
Intercept

Trend & 
Intercept Intercept

Trend & 
Intercept

GFD t-statistic -2.25171 -1.784501 -2.25171 -1.95608
Prob. 0.1918 0.6953 0.1918 0.6084

OIL t-statistic -2.44299 -2.24144 -2.44299 -2.33839
Prob. 0.1363 0.4558 0.1363 0.4054

GUI t-statistic 0.95763 -1.554749 1.120801 -1.49559
Prob. 0.9954 0.7946 0.9971 0.8161

GPR t-statistic -2.42038 -3.206165 -1.92238 -2.44393
Prob. 0.1433 0.0989 0.3193 0.3531

GOR t-statistic 2.530126 -2.671258 0.071958 -2.59878
Prob. 1.0000 0.2529 0.9599 0.2828

2. At first difference

AGFD t-statistic -3.27008** -3.255958* -5.40526*** -5.57176***
Prob. 0.0239 0.0900 0.0000 0.0002

AOIL t-statistic -5.63234*** -5.691417*** -5.6408*** -5.69142***
Prob. 0.0000 0.0001 0.0000 0.0001

AGUI t-statistic -7.50278*** -8.234456*** -7.43351*** -8.16538***
Prob. 0.0000 0.0000 0.0000 0.0000

AGPR t-statistic -1.982** -1.908236* -6.45587*** -6.294***
Prob. 0.02931 0.06301 0.0000 0.0000

AGOR t-statistic -5.10651*** -5.774439*** -6.23151*** -6.11359***
Prob. 0.0001 0.0001 0.0000 0.0000

*Significant at 10% 
**Significant at 5% 
***Significantat 1%
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A p p e n d i x  X X I :  T im e - s e r ie s  F ir s t  D i f f e r e n c e  O L S  f o r  t h e  D e t e r m in a n t s  o f  C E P 1

Method: Least Squares
Sample (adjusted): 1966 2009
Included observations: 44 after adjustments

Variable Coefficient Std. Error t-Statistic Prob.

D(GUI) -26458.42 4319.407 -6.125476 0.0000
D(OIL) 0.027698 0.001911 14.49229 0.0000
D(GOR) 46.29979 3.781865 12.24258 0.0000
D(GPR) -506.1200 174.6101 -2.898572 0.0064

D79 273.7914 420.2619 0.651478 0.5190
D92 -474.4874 521.3174 -0.910170 0.3690
D98 197.6432 589.2183 0.335433 0.7393
D05 -1307.222 632.1422 -2.067924 0.0461

C 94.06571 302.8168 0.310636 0.7579

R-squared 0.920331 Mean dependent var 346.6952
Adjusted R-squared 0.902121 S.D. dependent var 3337.354
S.E. of regression 1044.114 Akaike info criterion 16.91997
Sum squared resid 38156101 Schwarz criterion 17.28492
Log likelihood -363.2394 F-statistic 50.53950
Durbin-Watson stat 1.950542 Prob(F-statistic) 0.000000
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