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ABSTRACT 

Despite the rise in Nigeria’s Bilateral Trade (BT) relations with her major trading partners, 
non-mineral exports remained below 5% of total exports during the 1996-2015 period. 
This reflects the fact that many countries adopt environmental standards as technical 
barriers to trade in response to high pollution intensive imports. While the country’s 
average real output increased by over 200%, carbon emission also rose by almost 150%, 
raising serious concern for Environmental Efficiency (EE). The implication of EE for 
trade has not been given adequate scholarly attention, as most studies only measured the 
level of EE (outcome variable), and a few others focused on the role of environmental 
regulation (policy variable). This study, therefore, investigated the implication of EE in 
Nigeria’s BT with 10 European Union (EU) and seven Asian countries, at aggregate and 
sectoral levelsduring the period. 

The Heckscher-Ohlin Trade Theory provided the framework for this study. An extended 
Gravity Econometric Model that captured the effect of EE on BT was explored. The EE 
indicator was computed using Data Envelopment Analysis (DEA). Aggregate (all 
products) and sectoral models were estimated using the generalised least squares and 
negative binomial pseudo-maximum likelihood estimators, respectively. Diagnostic tests 
(Wald and Bayesian information criteria) were used to determinethe robustness of the 
estimates. Data were sourced from the World Development Indicators and World 
Integrated Trade Solutions. Regression estimates were validated at α≤0.05. 

The implication of EE for BT is found to vary by product level (aggregate and sectoral) 
and by partner (EU or Asia). For aggregate models, a 1.0% improvement in EE in Nigeria 
raised imports from, and exports to, the EU by 1.5% and 2.9%, respectively. However, it 
improved only imports from Asia by 1.7%.An improvement in sources’ EE increased 
Nigeria’s imports from Asia, but only negligibly from the EU. At the sectoral level,an 
increase of 1.0% in Nigeria’s EE promoted mineral imports (by 0.8%) and exports (by 
0.6%) to the EU, while the effect on trade with Asia was insignificant. A 1.0% increase in 
EU’s EE raised mineral imports from Nigeria by 3.3%. On the other hand, a similar 
increase in EE in Asia raised Nigeria’s mineral imports from the region by 1.8%.For non-
mineral products, EE in Nigeria and in her partners’ economies yielded insignificant effect 
on BT. Further analysis of these products (agriculture and manufacturing) shows 
insignificant effect of EE on trade in agricultural products between Nigeria and the EU; 
but increased Nigeria’s imports from Asia by 0.7% in response to 1.0% improvement in 
EE on both sides. Moreover, the EE in Nigeria promoted manufactured exports to Asia by 
0.8%, while in the EU and Asia, it produced negligible effect. 

Improvement in environmental efficiencysubstantially stimulates aggregate bilateral trade 
between Nigeria and her partners in the EU and Asia, though the effects are mixed at 
sectoral levels.  Therefore, Nigeria must focus on the design of pollution tax and 
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incentives that encourage firms to adopt innovation that curb environmental pollution so 
as to enhance competitiveness.  

Keywords: Environmental efficiency, Bilateral trade, Heckscher-Ohlin Model, 
Nigeria’s trade partners 

Word count:   495 
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CHAPTER ONE 

INTRODUCTION 

1.1  Preamble 

Many nations of the world have witnessed increased economic growth over the past three 

to four decades which has equally contributed to their improved participation in world 

trade. However, in the process of production of output, hazardous pollutants are released 

to the environment which poses enormous threats to the health of plants, animals and man 

(Chen, Song and Xu, 2014 and Adewuyi and Awodumi, 2017). Concerns have been raised 

by stakeholders as production for exports, as well as consumption of imports, has 

increased the level of greenhouse gas that causes global warming, which became more 

pronounced with the growth of global trade. This led many countries to design 

environmental policies and regulations as well as set targets to drastically reduce 

environmental pollution, the success of which is reflected in the level of environmental 

efficiency of production processes across sectors.Environmental efficiency is a measure of 

the level of environmental pollution generated per unit of output (WBCSD, 2000 and 

Cicea, Marinescu, Popa and Dobrin, 2014).This development was recognized by the 

World Trade Organization (WTO) who warns against turning environment policies and 

regulations into technical barrier that serves as impediments to trade (WTO, 2014b and 

2014c)1.  

In the theoretical literature, environmental efficiency has direct implication for costs of 

production which in turn influences trade decision of firms. Improvement in 

environmental efficiency raises export but its effect on import depends on the dominance 

of substitution or income effect. This is in line with the mixed evidences in the literature 

on the effect of 

                                                           
1 The political dimensions in addressing environmental and sustainability issues in Nigeria and globally is 
acknowledge. However, due to the diverse national and stakeholders’ interests during negotiations and 
policy designs, the political dimension is beyond the scope of this study. 
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environmental regulation on firms’ competitiveness (Mulatu, Floraxand Withagen, 2004). 

In resource-rich developing countries where comparative advantage is already achieved in 

goods produced using the abundant resources intensively, environmental efficiency can 

either improve or hinder the existing comparative advantage position. For 

instance,government policies which enable firms to adopt environmentally efficient 

production techniques could generate costs to firms that outweigh the resulting benefits 

which consequently retard productivity and export especially in the short-run.The initial 

high cost of compliance with environmental regulation becomes a sunk cost, such that in 

the medium-to-long-run, there is reduction in cost per unit of output. Thus, adopting 

environmentally efficient production techniques increase output and produce lower 

emission resulting in greater benefits than costs to firms. In the process, the country’s 

comparative advantage is further enhanced with positive influence on export (Doganay, 

Sayek and Taskın, 2014). 

In Nigeria, real gross domestic product, which stood at about $60.72 billion in 1996, grew 

by over 200% over the period 1996-2014,reaching a record high of $194.88 billion in 

2014. This remarkable growth performance, which is especially pronounced since the 

early 2000s, has some associated costs chief among which is environmental pollution. The 

level of carbon emission in the country averaged about 51thousand kilotons between 1996 

and 1999 but jumped to an average of about 90 thousand kilotons during 2000-2014. The 

World Bank predicted that sustaining the pace of growth in Nigeria as contained in vision 

20:2020 over a longer term suggestsby the end of 2035, greenhouse gas emission is 

expected to double as cumulative emissions over the period 2010-2035 may sum up to 

11.6 million (five times the estimated historical emissionsbetween 1900 and 2005) tons of 

CO2 to the atmosphere (World Bank, 2013). 

Interestingly, Nigeria’s total trade grew dramatically over the last three to four decades, 

where crude oil constantly contributed over 90% to total export for most part of this 

period. Similarly, non-mineral, especially consumer and industrial goods, contributed over 

90% to total imports of the country for most part of the same period. Besides, Nigeria 

enjoys high trade relations withthe European Union (EU) who are highly committed to 

pollution reduction, as consumers are key stakeholders in driving clean goods and high 
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quality environment. In fact, combined export of Nigeria to the top ten destinations in 

Europe reached about 40% of Nigeria’s total export in 2013 and 2014, although imports 

dropped to about 23% in these years from about 50% in 1996.In contrast, trade relation 

with Asia, particularly China, has increased in recent years despite the rising level of 

environmental pollution in the region which may be traced to the wave of 

industrialisation, rather than consumers. In particular, import from the top seven Nigeria’s 

trade partners in Asia reached about 35% in 2014. Thus, the dominance of the EU and 

Asia in Nigeria’s bilateral trade relations, given the varying commitment to environmental 

quality, informs the choice of these regions. Therefore, understanding the dynamic link 

between trade and environmental quality is important as Nigeria seeks to improve its trade 

relations with her partners.  

1.2 Statement of the Problem 

The recent increase in the level of environmental pollution and global warming has raised 

serious concerns at every level of discussion and decision making around the world2. In 

Nigeria, real output increased from about $60.72 billion in 1996 to about $195 billion in 

2014, representing over 200% growth while environmental pollution is higher than what 

obtains about two to three decades ago, with carbon emission rising by almost 150% over 

1996-2013 (rising from 39,000kt in 1996 to 96000kt in 2013) (World Bank, 2017). 

Environmental pollution in Nigeria is characterised by very high composition of primary 

emissions (carbon monoxide, carbon dioxide, methane, chlorofluorocarbons and odours 

from garbage sewage, and industrial effluents) which contribute to greenhouse gas.  Total 

greenhouse gas emission in the country rose by 129% between 1990-2005, and by 84% 

between 1990 and 2013(World Bank, 2017). This emission is observed to increase 

gradually in manufacturing industries and construction, as well as electricity and heat 

production, while the transport sector remained the leading source of emission for most 

part of the last two decades with gas flaring being dominant. 

The problems caused by this development are apparent in Nigeria. According to the WHO 

(2015), if this trend continues with little or no investments in adaptation process, rise in 

                                                           
2According to World Bank, WDI (online), world carbon emission rose from about 24 million kt in 1996 to 
about 36 million kt in 2014. 
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sea level is projected to increase the menace of flooding which would affect over 500,000 

people, on average annually, between 2070 and 2100. Moreover, deaths as a result 

ofclimate change is anticipated to rise to about 14.2% of total death due to child 

respiratory illnesses, high risk of premature deaths, cancer and asthma by 2050. The 

impact of air pollution which has adverse influence on health possessesnegative economic 

impacts, increasing medical costs while reducing productivitythrough loss in working 

days (EEA, 2015). Failure to take drastic action against this trend has serious implication 

for the health of the population, especially labour force, as well as cost of production, with 

the attending effect on local and international competitiveness. 

This increased level of environmental pollution is also pronounced across most Nigeria’s 

trading partners, especially in Asia. For instance, in Asia alone, carbon emission grew by 

over 85% between 1996 and 2014 (rising from 7.2 million kt in 1996 to 13.4 million kt in 

2014),with China, large emitter of methane and black carbon,surpassing the United States 

in carbon dioxide emissionvolume in 2007 (IEA, 2009).It was equally estimated that about 

44% of over 34,000 Chinese child deaths are associated with acute lower respiratory 

infections arising from air pollution which originates fromhouseholds (WHO, 2012).This 

is also evident across South West Asia where documented implications include respiratory 

diseases, lung cancer, labor loss, and economic burden in the long-run (Taghizadeh-

Hesary and Taghizadeh-Hesary, 2020). Although, the European Union has been able to 

reduce carbon emission drastically in recent years, air pollution still remains the single 

largest environmental health risk factor in Europe where estimates from recent analysis 

indicate that the disease burden linked with air pollution is enormous (WHO, 2014, 

Doherty et al, 2017). 

In spite of the growing environmental concerns, Nigeria’s trade relation with Asia, as well 

as the EU has increased remarkably in recent years, with large volume of oil export and 

non-oil import. However, two striking problems continue to feature intrade policy debates 

in Nigeria with solutions constantly eluding the country – low level of non-mineral export 

and high influx of substandard and pollution intensive consumer and industrial goods. 

Nigeria’s export to major trading partners of the world has grown significantly in the past 

two decades, with crude oil constantly making up over 90% of total export, despite the 
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relatively high environmental pollution in recent years (compare to about two decades 

ago)emanating from its production processes. However, manufacturing exports (as well as 

total non-mineral export) remained below 5% of total merchandise exports for most part 

of the same period. This low non-mineral export has been associated with a number of 

factors some of which are related to environmental issues. First, inadequate and decaying 

infrastructure has remained a major challenge to production and distribution activities in 

the country (NEPC, 2014). Specifically, the country has been plagued with irregular 

supply of electricity and the survival of firms depends on their ability to shift to private 

alternative energy supply which increases cost of production and reduce productivity in 

the process. Besides, since the private alternative energy supply largely comes from 

generating plants which use carbon-intensive energy, carbon emission is also released into 

the environment with itsnegative effect onthe health of man, as well as productivity. 

A second and related problem is the lowquality of products that often fail to meet 

international standards, including those associated with production environment. For 

instance, importation of dried beans from Nigeria was banned bythe EU in June 2015 

owing to the high level of pesticide which was considered injurious to human health.Since 

the Unionappears to be a top destination for Nigeria’s non-mineral products with partners 

in the region importing a combined $52.79 million real worth of these products in 2012, a 

ban on Nigerian products is a major setback to production and export of the non-mineral 

sector3. 

Third, Nigeria is a major emitter of carbon emission from gas flaring, emitting over 30% 

of associated gas produced for most part of the period 1999-2014 (NNPC, 2015).Despite a 

remarkable reduction in gas flaring by over 60% between 199 and 2014, Nigeria flared 

330,933 MMSCF of gas in 2015, losing about $850 million to gas flaring in the same year 

(DPR, 2015 and NNPC, 2015)4. Similarly, carbon emission from transport activities, 

which is a major user of fossil fuel, remains above 40% for most part of the last two or 

three decades (World Bank WDI, online). The resulting greenhouse gas (GHG) emissionis 

a major contributor to global warming, which leads to climate change that increases 

production costs, as reflected in poor health status of workers, poor working environment 
                                                           
3AgroNigeria (2016) and The Senate, Federal Republic of Nigeria (2016). 
4MMSCF means million standard cubic feet. 
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and high pollution tax (as a result of high negative externality) to firms, both in the oil and 

non-oil sectors (UNDP, 2016 and Costa et al, 2016). Consequently, labour productivity 

falls and international market competitiveness declines, most especially in the non-mineral 

sector, which is labour-intensive rather than the capital-intensive mineral 

sector.Environmental degradation also contributes to the low Sanitary and Phytosanitary 

status of the non-mineral products in Nigeria, which is a major consideration for 

competitiveness of agricultural and manufactured goods in the international market 

(Bankole, 2003a and Bankole, 2003b). 

Apart from food safety and phytosanitary in the importing countries, other factors that 

have been identified by stakeholders as mitigating the non-mineral export sector include 

financing constraints, low productive capacity, reliability and contract fidelity, poor and 

costly transport system,and underdeveloped regional and sub-regional markets (Awolowo, 

2018). 

Nigeria’s import from pollution-intensive economies continues on the upward trend over 

the past two decades which threatens efforts towards sustainable development in the 

economy. For instance, imports from Asia alone grew by over 500% between 1996 and 

2014, despite the high and increasing environmental pollution in the region.Such imports 

are largely composed of non-mineral products such as machinery and electronics 

(including computers, generators and phones), household appliances, automobiles, plastic 

and rubber, base metals, food items (live animals and vegetable products, beverages, 

cereals), drugs,clothing and textile materials, building materials, tyre and tubes and spare 

parts (NBS, 2015).  

The flooding of Nigerian market with imported substandard products posesgreat challenge 

to stakeholders including the government,regulatory institutions, consumers and the entire 

public (Adewuyi and Arawomo, 2013 andOkorie and Humphrey, 2016). In Nigeria, 

Hussein and Kachwamba(2011) reported 84 death cases of children resulting from 

teething paindrugs that are harmful and melamine milk scandal as well as failure of home 

appliances.Also,Consumer Protection Council (2012) pointed out that about 1 million 

people lose their lives annually as a result of consumption of items that are substandard 

such as electrical parts, drinks, automobile, food and building materials.It was equally 
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reported that the country losesmore than 1 trillion naira every yearfollowing and local 

production ofsubstandard items. These loses are reflected in local manufacturers 

income,expected tax revenue due to government, employment generation and consumer 

losses for purchasing non-durable and substandard products (Okorie and Humphrey, 

2016). This is partly due to the fact that these goods are largely smuggled into the 

Nigerian markets, and avoid payment of duties as well as standardization checks. 

Premise on the foregoing, this thesis provides answersto the following emerging 

questions:(1) Does environmental efficiency in Nigeria, as well as those in the partners’ 

economies, influence bilateral trade between them? (2) Does this impact depend on the 

type of product traded? 

1.3 Objective of the Study 

The general objective of this study is to investigate the role of environmental efficiency in 

bilateral trade between Nigeria and her top trading partners. Specifically, the study seeks; 

i. determine the impact of environmental efficiency on aggregate and sectoral 

imports of Nigeria fromAsia and the European Union 

ii. estimate the impact of environmental efficiency on aggregate and sectoral 

exports of Nigeria to Asia and the European Union 

1.4 Justification for the Study 

Environmental issues have become an important part of the global production value chain 

and hence, critical in determining the composition and direction of trade. Consequently, 

environmental regulation and efficiency are increasingly becoming global issues which 

stakeholders are seeking theoretical and empirical explanations as well as policy 

implications for trade and sustainable development. However, despite the rising interest in 

the analysis of environmental issues around the world including its relationship with trade, 

a number of gaps stillexist. 

In the theoretical literature, trade-environmental quality nexus has been explained using 

the classical and neo-classicaltheories of international tradein the context of the Ricardian 

and Hechsher-Ohlin modelsrespectively. These models have been modified to have 

derivative hypotheses that explain trade-environment nexus (porter and pollution haven 
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hypotheses).However, the derivative hypotheses fail to accommodate the case of resource-

rich developing economies, such as Nigeria,where comparative advantage are already 

developed in commodities produced from their abundant natural resources (and not labour 

or capital) which form a huge proportion of their export. Further, a major assumption in 

these modelsis that international market is free of distortion which is hardly observed in 

real world. Thus, available theories and models do not adequately explain how 

environmental efficiency could serve as a factor which improve or retard trade activities 

based on the existing level of comparative advantage.  

This study attempts to fill this gap by expanding the Hecksher-Ohlin model to provide a 

role for environmental efficiency in a resource-rich developing country. This is done by 

relaxing the assumption of free trade (no trade distortion) while introducing environmental 

policy (much like tax and subsidy) that alters environmental efficiency level in production 

processes. This extension, which is operationalised using the gravity model of trade, is 

consistent with earlier work of Kohn (2000) where H-O model was expanded to 

incorporate the role of environmental tax. However, this study differs by focusing on the 

role of the environmental efficiency that could result from the effectiveness of such 

tax(outcome variable) rather than environmental tax (policy variable). 

In terms of methodology, available studies (Xu, 2000; Harris et al, 2002; Cole and Elliott, 

2003; van Beers and van den Bergh, 2000; Mulatu et al, 2004; Hering and Poncet, 2014; 

Costantini and Crespi, 2008; Doganay et al, 2014) dwelled on panel data framework 

where the dataset do not either exhibit zero trade flows or provide for the possibility of 

differences in the mean and variance of the bilateral trade distribution.The study differs 

from existing trade-environment studiesby adopting count data models, particularly the 

negative binomial Pseudo Maximum likelihood model which do not only overcome the 

shortcomings (multicolinearity, simultaneity, endogeneity) of other methods such as 

ordinary least square (OLS) but also account for the sources of zero bilateral trade flows 

and assume differences in the mean and variance of bilateral trade data.Also, most studies 

on environmental efficiency (Zhou et al, 2013;Wang et al, 2014;Wang et al, 2013; Chang 

et al, 2014; Song et al, 2015a; Li et al, 2013b; Doganay et al, 2014 and Chen and Jia, 

2016) used both desirable (GDP) and undesirable outputs (carbon emission) together in a 
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multiple-output DEA efficiency analysis. This combination does not incorporate the free 

disposability assumption where it is possible to reduce undesirable output whileholding 

desirable outputand the level of input constant or desirable output is increased keeping 

pollutants and the level of input the same. Recognizing this possibility is missing in the 

environmental efficiency-trade literature (Taskin and Zaim, 2001; Honma, 2015;Doganay 

et al, 2014 and Song and Zhou, 2015).  

In an attempt to fill this gap, this study assumes free disposability which allows increase in 

desirable output (GDP) from the given amount of inputs while maintaining the level of 

pollution or reduce undesirable output (pollution level) from the same amount of inputs 

while keeping desirable output constant. Thus, desirable and undesirable outputs can be 

treated separately as output indicators to obtain the good efficiency scores and the bad 

efficiency scores respectively. The ratio of these two scores yields environmental 

efficiency according toHalkos and Tzeremes (2009).  

In the empirical literature, studies that investigated environmental efficiency levels are 

quite extensive across regions and countries, although country-specific studies dominate. 

However, most studies that incorporated trade in their analysis (Xu, 2000;van Beers and 

van den Bergh, 2000;Harris et al, 2002;Cole and Elliott, 2003;Mulatu et al, 

2004;Costantini and Crespi,2008 and Hering and Poncet, 2014)were only interested in the 

role of environmental regulation with results that are largely mixed. Among these studies, 

the only country-specific studies are those conducted for China (Hering and Poncet, 

2014), Germany, Netherlands and USA (Mulatu et al, 2004). Despite the large body of 

studies as well as the rising interest in environmental issues, there appears to be limited 

studies onenvironmental efficiencyin Africa, and Nigeria in particular. Besides, very few 

studies are concerned with the impact of trade on environmental efficiency (Taskin and 

Zaim, 2001; Honma, 2015, and Song and Zhou, 2015) while only Doganay et al, (2014), 

investigated the impact of environmental efficiency on bilateral trade, appears to be close 

to the current study. However, Doganay et al, (2014) is limited, in terms of policy 
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strength, as it was conducted for a panel of 111 countries using aggregate bilateral data 

and conclusions are hard to make for individual countries, both at aggregate and sectoral5. 

This study adds to the empirical literature by providing country-specific empirical 

evidence on the role of environmental efficiency in bilateraltrade relations between 

Nigeria and her top trading partners in Asia and the EU. The study also introduces sectoral 

dimension (mineral and non-mineral) into the trade-environment literature. 

It is worthy of note that while this present study utilizes macro data, the possibility of firm-

level analysis is acknowledged as different firms respond to environmental regulation 

differently, which may influence their international competitiveness. As revealed by the 

review of empirical literature, such analysis has been conducted by few studies and largely 

concentrate on single countries where firms are compelled to report the environmental 

implication of their activities (Goto et al, 2014and Song andZheng, 2015). Extending such 

firm-level analysis to bilateral trade relations among countries still remains a challenge in 

the literature which may explain why related studies dwell on macro data (Taskin and 

Zaim, 2001; Costantini and Crespi, 2008; Doganay et al, 2014; Hering and Poncet, 

2014;Honma, 2015 and Song and Zhou, 2015). As noted by Doganay et al, (2014), firm-

level analysis of environmental efficiency-trade link requires firms in all selected 

countries to report the level of environmental pollution associated with their production 

activities along with their export and import volumes. For many countries, including 

Nigeria, where firms often fail to respond or are not compelled to report such data, the 

cost implication for research of reaching local and foreign firms may be enormous. In line 

with most of the existing studies, this study therefore utilizes macro data for both the 

aggregate and sectoral analysis of the role of environmental efficiency in bilateral trade. 

1.5  Scope of the Study 

The study focuses on the role of environmental efficiency in bilateral trade between 

Nigeria and her top trading partners in Asia (excluding Middle East)6 and the European 

                                                           
5Since some studies examine the effect of trade on environment, the possibility of reverse causality and 
simultaneity bias is accommodated in this study using the gravity model. This model is robust these 
problems simultaneity issues since they are basically reduced forms (Hamilton and Winters 1992). 
Moreover, this study treats the EU and Asian countries individually and not as a collective unit (Zhang and 
Kristensen, 1995). 
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Union.Apart from the total bilateral trade data, the study also aggregates sectoral data into 

mineral and non-mineral categories to minimize missing data issues.Seven countries in 

Asia (India, Indonesia, Japan, Korea Republic and Singapore) and ten in Europe are 

selected while datasets utilized for this study span (1996-2015)dueto data availability 

constraint. Based on United Nations (2020), all selected Nigeria’s trading partners in Asia are 

in the South (India) and East (China, Hong Kong,Indonesia, South Korea andSingapore, 

including Japan) part of the continent.The selected European countries consist of members of 

the EU-15 (France, Germany, Italy, Netherlands, Portugal, Spain, Sweden and United 

Kingdom) plus Norway and Switzerland (EU+2, henceforth)7.The choice of EU+2 and 

Asia follow their dominance in Nigeria’s bilateral trade relations. The Top trading partners 

were selected based on data availability and according to their average share in Nigeria’s 

total trade (export and import), as well as trade with the respective regions. According to 

World Trade Organization’s Trade Profile Database, the EU+2 ranked as Nigeria’s largest 

import source in 2014, while the emergence of Asia is reflected in the tremendous growth 

rate of its export to Nigeria.  

1.6 Organization of the Study 

This research work is organized in five chapters. Following the introduction, chapter two 

contains the background to the study and literature review where environmental policies 

across the various regions and Nigeria’s bilateral trade agreements are discussed. The 

chapter presents the output and carbon emission levels across the trading partners, as well 

as their contributions to Nigeria’s trade. It further presents the literature review where 

related existing studies are reviewed for relevant theoretical developments as well as 

methodological issues and empirical findings or evidence. The theoretical framework and 

methodology are developed in chapter three, while chapter four presents the results and 

discussion of findings. Chapter five summarizes the findings of the study and provides 

policy implications. 

 

                                                                                                                                                                               
6 Based on data obtained from World Integrated Trade Solution (WITS), Nigerian trade with countries in the 
Middle East is very small, hence these countries may not qualify as Nigeria’s top trading partners 
7 The study acknowledges the recent development within the EU regarding BREXIT, which sees the UK 
exiting the Union on the 31st January, 2020. The period of analysis however allows the inclusion of the UK 
as a member of the EU.  
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CHAPTER TWO 

BACKGROUND AND LITERATURE REVIEW 

2.1 Introduction 

This chapter starts with a discussion of the evolution of non-tariff barriers to trade and the 

various environmental policies across different regions overtime. It further examines the 

various bilateral trade agreements between Nigeria and its trading partners before 

presenting stylised facts about output and carbon emission in Nigeria and its partners, as 

well as the trade relationship between them. It further provides a survey of theories, 

methodologies and empirical findings in the environment-trade literature. 

2.2 Background to the Study 

2.2.1World Trade Organisation (WTO) and Non-Tariff Barriers to Trade  

Tariffs, which represent taxes imposed on commodities imports into a country, are one of 

the forms of government intervention in the functioning of the economy that has stood the 

test of time. They are often used as a policy instrument to protect the incomes of domestic 

producers from falling due to the presence of foreign competition. The economic costs of 

such protection include payment of higher prices for import-competing goods, and the 

associated inefficient allocation of resources in the import competing domestic industry. 

In most developed economies, thehigh average tariff on manufactured goods, which 

exceeded 30% after 1948,led these economies to agitate for reduction in these tariffs in a 

number of rounds of negotiations under the General Agreement on Tariffs Trade 

(GATT).The GATT, which was an international agreement concluded in 1947, governed 

trade in goods through rules and obligations, especially amongmember nations that are 

party to the agreement (The Contracting Parties). Between 1947 and 1994, eight rounds of 

negotiations were organized by the contracting parties with the eighth round leading to the 

creation of the World Trade Organization (WTO). 
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Following the Tokyo Round (1973-1979) where non-tariff barriers to trade (NTBs) was 

first mentioned, NTBs (also called technical barriers to trade) have become important part 

of trade discussions among stakeholders at all levels of trade negotiations. The Technical 

Barriers to Trade (TBT) Agreement of the WTO ensures that standards,technical 

regulations and conformity assessment procedures are fair(non-discriminatory) and creates 

no obstacles to internationaltrade. At the same time, the agreement recognizes the right of 

members of WTO to design and implementmeasures which assist in achieving legitimate 

policy objectives, especially if the aim is to protect human safety and health, as well asto 

protect the environment, although the measures for environmental protection were 

formally addressed by the TBT Agreement of GATT in 1994. 

Thus, the WTO Agreement on the use of Sanitary and Phytosanitary Measures (SPS 

Agreement) seeks to reach an optimal position (balance) between the right of WTO 

members in protecting the health of their citizens and the need for unhindered movement 

of goods across borders.Environmental quality is a major aspect of production and trade 

across borders. As much as countries formulate various Sanitary and Phytosanitary 

measures and standards for goods they imports, they equally want to promote the quality 

of the environment to enhance product quality and remain competitive in the international 

markets in terms of environmental standards of internationally traded goods. In 

recognition of the important role of the environment on the health and productivity of 

labour as well as the possible transmission to other countries through trade, a number of 

environmental policies and measures have been formulated across major regions of the 

world8.  

2.2.2Environmental Pollution in Nigeria 

Environmental concernshave dominated policy debates in Nigeria. Nigeria is a major 

producer of primary emissions such as sulfur oxides (SOx), nitrogen oxides (NOx), carbon 

monoxide,carbon dioxide (CO2), volatile organic compounds (methane and non-

methane),chlorofluorocarbons (CFCs) and odours from garbage sewage, and industrial 

processes.These emissions contribute enormously to greenhouse gas with the 

                                                           
8For more discussion on TBTs, see WTO (2014b) and WTO (2014c) 
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attendingunwantedimpact on the environment and human health.As depicted in Figure 

2.1, total greenhouse gas emission in Nigeria has remained above its 1990 values reaching 

as high as 129% (relative to the 1990 values) in 2005.  

This high positive growth in greenhouse gas is driven by the similar change in the major 

components of this gas in Nigeria. For instance, while the rise in methane emissions from 

its 1990 values hovered around 27% and 38%between 1996 and 2012 having reached a 

peak of about 43% in 2006, nitrous oxide emissions grew continuously from about 4% to 

86% over the same period (Figure 2.2a). Moreover, carbon emission appears to be the 

largest major contributor to greenhouse effect in Nigeria rising from a growth of 1% 

(relative to 1990 carbon emission values) in 1996 to 152% and 151% in 2006 and 2012 

respectively. For other components, available data also shows that sulphur 

hexafluorocarbon (SF6) rose by about 137% between 1998 and 2008 while 

hydrofluorocarbon (HFC) rose by over 550% during the period 2000-2014. When this is 

compared to Nigeria’s trading partners, carbon emissions remain the largest source of 

greenhouse emission across all the countries in 2012 (Figures 2.2b and 2.2c). However, 

while most of the selected top partners in Asia have similar positive growth of all types of 

emission since 1990, most of the countries in the EU+2 recorded negative growth 

reflecting the effectiveness of environmental policies in the region over the years.   
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Figure 2.1. Total Greenhouse Gas Emissions in Nigeria (% change from 1990) 
Source: Author’s Computation; Data from World Bank WDI (2017) 
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Figure 2.2a. Components of 
Source: Author’s Computation; Data from World Bank W
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Figure 2.2b. Components of 
Source: Author’s Computation; Data from World Bank W
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In Nigeria, consideration of anthropogenic sources has largely originated fromthermal 

plants (Sonibare, 2010), vehicular emissions (Fakinle et al, 2013 andOjuri et al, 2016) and 

petroleum and oil industries (Oladimeji et al, 2015 andSonibare et al, 2007).The major 

sources of carbon emissions in the country are presented in Table 2.1. The transport sector 

appears to be the largest contributor to carbon emission in Nigeria recording over 40% of 

emissions generated from fuel combustion in the country for almost all the period 1996-

2014.This could reflect the heavy reliance on road transport in the country for transporting 

goods produced from all sectors, including oil and gas. However, while carbon emission 

from transport activities declined in recent years, those from electricity and heat 

production rose from about 32% in 1996 and 28% 2001 to almost 40% in 2014. Also, 

carbon emissions from manufacturing and construction activities rose from about 10% in 

1996 to over 12% in 2014 following a major decline in 2001. This therefore implies that 

carbon emission comes from almost all economic activities in Nigeria reinforced by the 

increased use of transportation. 

Another critical source of greenhouse gas is gas flaring from the Nigerian oil and gas 

sector. This source does not result from combustion of fuel rather it is produced alongside 

oil production in the country as associated gas (AG). Gas flaring is a major source of 

global warming, contributing to emissions of carbon monoxide, nitrogen (II) oxide and 

methane which have the propensity of causing environmental pollution and ecological 

disturbances or destruction. Notwithstanding, gas flaring in Nigeria reduced noticeably 

over the period 1999-2014 falling from about 50% in 1999 of the total gas produced to 

about 5% in 2014 (Table 2.2). 

Oil companies continue to represent a major contributor to routine flaring of associated 

gas which has been carried to world record height. Flaring has been declared illegal since 

1984 as contained in section 3 of the Associated Gas Reinjection Act, 1979 where 

companies are allowed to flare only in the event that they possess field-specific and 

lawfully-issued ministerial certificates. Theses flares, which have led to higher levels of 

greenhouse gases (and climate change) than those emitted by the combined Sub Saharan 

African countries, contain toxins that affect the health and livelihood of communities, 
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especially the high-risk areas such as the Niger Delta who faces child respiratory illnesses, 

cancer, premature deaths and asthma (ERA, 2005). 
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Table 2.1.Sources of Carbon Emission in Nigeria (% of total fuel combustion) 
Year Electricity and 

heat production 
Manufacturing 
industries and 
construction 

Transport Residential 
buildings, 

commercial and 
public services 

Other 
sectors 

Total Fuel 
combustion 

1996 31.86 9.67 47.05 11.37 0.05 100 
2001 28.46 5.26 53.82 10.69 1.78 100 
2006 32.95 9.31 47.42 4.80 5.51 100 
2011 36.23 11.64 40.75 3.87 7.51 100 
2012 37.34 9.61 40.22 2.47 10.35 100 
2013 36.82 10.47 38.75 2.56 11.41 100 
2014 39.06 12.18 35.39 2.61 10.75 100 

Source: Author’s Computation; Data from World Bank WDI (2017) 
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Table 2.2.Gas Produced and Gas Flared in Nigeria (mscf) 
Year Gas produced (billion) Gas flared (billion) % of gas flared 
1999 1.33 0.79 50.64 
2000 1.62 0.88 54.07 

2001 1.82 0.92 50.52 
2002 1.65 0.74 45.05 
2003 1.83 0.85 48.31 

2004 2.04 0.86 41.96 
2005 2.05 0.78 37.92 

2006 2.13 0.75 35.42 
2007 2.04 0.60 29.29 
2008 2.12 0.54 25.47 

2009 1.63 0.44 26.55 
2010 2.20 0.51 23.12 
2011 2.23 0.56 24.98 

2012 2.31 0.59 25.47 
2013 1.93 0.59 30.53 
2014 2.52 0.29 11.47 

Source: Author’s Compilation fromNigerian National Petroleum Corporation (NNPC) 
Annual Statistical Bulletin (2005, 2010, 2015) 
 
 

 

 

 

 

 

 

 

 

 

 

 

 



24 
 

2.2.3 Environmental Efforts 

2.2.3.1Global Environmental Efforts 

Following the increased awareness of governments and stakeholders on the adverse effect 

of environmental degradation on the health of man and its environment, interest on 

environmental issues has become pronounced over the years. Global efforts towards 

reduction of environmental pollution as well as mitigating its effect became prominent 

about four or five decades ago.   

The first noticeable gathering of international community on global environmental issues 

was convened in 1972 during the UN Conference on Earth and Environment held in 

Stockholm with the main objective of discussing global environmental concerns. United 

Nations Environment Program (UNEP) was established at the Stockholm Convention. In 

1980, theInternational Union for Conservation of Nature(IUCN)started efforts to help 

countriesplan for the protection and maintenance of water, soil, wildlife andforests. In 

1987, the UN World Commission on Environment and Development 

highlightedsustainable development as a novel idea, focusing on ecologically balanced 

and conservation-oriented economic development which became a dominant ideal in 

international development programs. 

The Montreal Protocol on Substances that Deplete the Ozone Layer was a giant stride in 

the efforts to reduce production and consumption of substances that deplete the ozone. 

This was aimed towards reducing thesesubstances in the atmosphere, protecting the fragile 

ozone layer of the earth. Originally, the Montreal Protocol was agreed on 16 September 

1987 and entered into force on 1 January 1989. World leaders gathered again at the United 

Nations Conference on Environment and Development in Rio de Janeiro in June 

1992further discuss substances that are injurious to the earth as set forth in the Brundtland 

Report. The Rio "Earth Summit" addressed a number of global environmental problems 

ranging from global climate change, resource depletion, and pollution. Consequently, a 

number of ratified agreements designed to tackle some of these seemingly intractable 

issues were signed including the Convention on Biological Diversity and Climate Change 

Convention. The Climate Change Convention in turn led to the Kyoto Protocol and 

the Paris Agreement. 
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The negotiation of the Kyoto Protocol treaty took place in Kyoto, Japan in December 

1997 and came into force February 16th, 2005.The treaty currently has 192 parties, with 

Canada withdrawing its membership in December 2012[4].The protocol is an agreement, 

which is legally binding, and admonished industrialized countries to cut down collective 

emissions of greenhouse gases by 5.2% relative to the year 1990. The goal of the protocol 

is to reduce overall emissions from six greenhouse gases including methane, HFCs,sulfur 

hexafluoride, carbon dioxide, PFCs and nitrous oxide, over the five-year period of 2008-

2012.The first commitment covered the period 2008-2012. During the second 

commitment (Doha Amendment to the protocol) period, which was agreed in 2012, 37 

countries (Australia, the European 

Union (28), Belarus, Iceland, Kazakhstan, Liechtenstein, Norway, Switzerland and 

Ukraine)set binding targets. 

The Paris Agreement (Accord de Paris), is an agreement within the United Nations 

Framework Convention on Climate Change (UNFCCC) to deal with greenhouse gas 

emissions. Specifically, it seeks to mitigate this emission, with adaptationand finance to 

start in the year 2020. As of June 2017, 195 UNFCCC members have signed the 

agreement, with 153 ratifying it. While the Agreement sought to strengthen the response 

of global stakeholders to the threat of climate change. It also aimed to strengthen 

countries’ability to deal with the influence of climate change. Appropriate financial flows, 

an enhanced capacity building framework and a new technology framework is expected to 

drive the process especially in developing countries and the most vulnerable countries9. 

Following the global concerns on environmental degradation, the various global 

stakeholders’ meeting spurred many countries into action to improve the quality of the 

environment. The Environmental Performance Index (EPI) rankings ranks countries on 

the basis of how they are addressing the environmental challenges that every nation faces 

(Wendling et al (2020). It provides a way to spot problems, set targets, track trends, 

understand outcomes, and identify best policy practices.Figure 2.3 shows the EPI scores 

                                                           
9 Further details of these global efforts can be found in the following pages: 
https://en.wikipedia.org/wiki/Paris_Agreement (Wikipedia, 2018a); 
https://en.wikipedia.org/wiki/Kyoto_Protocol (Wikipedia, 2018b); http://www.kyotoprotocol.com/; 
http://unfccc.int/paris_agreement/items/9485.php 
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for Nigeria and her top trading partners in 2020. All Nigeria’s top partners in Europe, 

except Portugal (67), scoredabove 70 and are ranked in the top 20 globally. Japan is the 

only Nigeria’s Asian partner in the top 20 with a score of 75.1, and ranked 12 globally. 

This country performs better than Spain (74.3) and Italy (71) who are ranked 14 and 20 

respectively. The Selected countries in Asia largely trails their European counterparts on 

the EPI ranking with India performing the worst after ranking 168 from a score of 27.6. 

This is closely followed by Nigeria (31), China (37.3) and Indonesia (37.8) which ranked 

151, 120 and 116 respectively.Thus, progress in environmental management remains 

critically deficient in Nigeria and her top trading partners in Asia such as India, China and 

Indonesia while good progress has been recorded across Nigeria’s partners in the EU+2, 

including Switzerland and Norway. 

 

 

 

 

 

 

 

 

 

 



 

Figure 2.3.Environmental Performance Index in Nigeria and her Top Partners
Source: Author’s Computation based on data from 
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2.2.3.2Environmental Policies in Nigeria 

Prior to 1988, there appears to be little or no public awareness regarding environmental 

protection and development in Nigeria, as environmental issues were not serious concerns 

in the agenda of the various governments.The Federal Government of Nigeriahas however 

promulgated various laws and Regulations to safeguard the Nigerian environment since 

then. The Federal Environmental Protection Agency Act of 1988 (FEPAAct), which 

represents a major effort towards addressing environmental concerns in the country, made 

a number of National Environmental Protection Regulations. These regulations include 

The National Policy on the Environment (1989), National Effluent Limitation Regulation 

(1991), Pollution Abatement in Industries and Facilities Generating Wastes Regulation 

(1991), National guidelinesand Standard for Environmental pollution Control inNigeria 

(1991)andManagement of Solid and Hazardous Wastes Regulations (1991). Other 

environmental laws include the Harmful Wastes (Special Criminal Provisions etc.) Act of 

1988 (Harmful Wastes Act) and the Environmental Impact Assessment Act of 1992 (EIA 

Act). Particularly, section 2 of the Environmental Impact Assessment Act of 1992 (EIA 

Act) implies that the public or private sector of the economy must consider the impactof 

projects or activities on the environment before authorizing such projects. Some of these 

regulations which have specific focus on industrial activities are further discussed in what 

follows. 

a. National Effluent Limitation Regulation 

The Federal Environmental Protection Agency Act of 1988 (FEPAAct) introduced the 

National Effluent Limitation Regulation in 1991. The regulation holds that every industry 

must install anti‐pollution equipment which will enhance the detoxification of effluent and 

chemicaldischarges which emanates from the industry, and should be based on the Best 

AvailableTechnology (BAT), the Best Practical Technology (BPT) or the Uniform 

Effluent Standards (UES). Also, an industry which discharges effluent to the surrounding 

water must treat the effluent to a specified uniform level to ensure assimilation by the 

receiving water into which the effluent is discharged.According to the regulation, if a firm 

violates anyof the provision of these regulations, such is adjudged guilty of an offence and 
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will be convicted to thepenalty as specified by the Federal Environmental Protection 

Agency Act. 

b. Pollution Abatement in Industries and Facilities Generating Wastes 

Regulation 

This regulation was promulgated in 1991 by the Federal Environmental Protection 

Agency Act of 1988 (FEPAAct). The regulation provides that no industry or facility shall 

release hazardous or toxic substances into the air, water or land of Nigeria's 

ecosystemsbeyond limits approved by the Agency. Hence, the regulation holds that an 

industry or a facility must have a pollution monitoring unit within its premises and must 

also have an on-site a pollution control. Moreover, such industry or facility is mandated to 

assign responsibility for the control of pollution to a person or corporate body which must 

be accredited by theAgency. The regulation also encourages prompt, usually within 24 

hours, reports of an unusual or accidental discharge of waste. Firms are required to make 

available to FEPA the list of chemicals stored and used in the manufacture of its products 

while providing a contingency plan which must be approved by the Agency against 

accidental release ofpollutants.It therefore becomes important for industries to set up 

machineryin order to mitigate pollution hazard while maintainingequipment in the event 

of an emergency. 

In order to protect residential areas from harmful substances, each state in Nigeria must 

provide industrial layouts which should be separate from areas of residence, and as such 

provide buffer zones between industrial layouts and residential areas. The regulation 

further empowers FEPA to prevent a facility from starting operation where such may pose 

a potential pollution source. According to the regulation, if an industry or a facility is a 

potential source of gaseous, particulate, liquid or solid untreated discharges, then such 

facility must install appropriate abatement equipment. 

c. Management of Solid and Hazardous Wastes Regulations 

The regulation on solid and hazardous waste was also promulgated in 1991 by FEPA to 

identify solid, toxic and extremely hazardous wastes that are dangerous to the health of the 

public andenvironment, and to provide facilities that will enhance the surveillance and 
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monitoring of such dangerous and extremely hazardous substances. The regulation also 

provides necessary requirements which is important towards facilitating the disposal of 

hazardouswastes, while providing conducive environment and incentives to conduct 

research into possible re-use and recycling of these wastes. It requires all industries 

toinform FEPA of all toxic, hazardous and radioactive substances kept in theirpremises 

and discharged during their production process. The regulation allows FEPA to set up 

regional bodies or committees to serve as "dump watch" for transboundary movement 

oftoxic, hazardous and radioactive waste.  

Further, the regulation provides the procedures for the determination of wastes which 

contain halogenated hydrocarbons (HH) and/or polycyclic aromatic hydrocarbons(PAH) 

withmore than three rings and less than seven rings.An industry is required to assess the 

level of HH and PAH in its waste by following specified guidelines provided by the 

Agency. 

 

d. Environmental Impact Assessment Act 

The Environmental Impact Assessment Act (1992) was promulgated by FEPA with the 

main objectives of compel industries to undertake an assessment of the environmental 

consequences of their operation before embarking of such activity. Thus, a firm must take 

into account the environmental effect of their activities before a project decision is taking. 

The regulation also provides restriction on public as well as private facility where no 

undertaking is allowed without prior considerationof their implication on the 

environmental, especially at an early stage. The Federal Ministry of Environment released 

a number of guidelines which enables effective administration of the FEPA and EIA Acts 

and procedures which are useful for evaluating environmental impact assessment reports 

(EIA Reports).Other regulatory agencies were also set up to provide oversight functions 

over specific industries who have in turn issued guidelines to regulate the impact of such 

industries on the environment. Examples of such guideline include the Environmental 

Guidelines and Standards for the Petroleum Industry in Nigeria (EGASPIN) 2002, 

published by the Department of Petroleum Resources (DPR). In the same vein, each State 

and local government in the country were also encouraged to make environmental laws set 
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up its own environmental protection body or agency for the protection and improvement 

of the environment within the State10. 

 

e. The Renewable Energy Programme 

The Federal Ministry of Environment initiated the Renewable Energy Programme as part 

of the obligation of the Federal Republic of Nigeria to the United Nations Framework 

Convention on Climate Change (UNFCCC). It is also in fulfilment of the African strategy 

on voluntary emission reduction. The initiative aims to encourage everysectors of the 

economy to gradually move to cleaner sources of energy towards the achievement of the 

objectives of the Vision 20:2020.Thus, in April 2012, Nigeria became a State Partner in 

the Climate and Clean Air Coalition (CCAC) to mitigate Short-Lived Climate Pollutants 

(SLCPs), where the initial focus was on methane, hydroflourocarbons (HFCs) and black 

carbon. Among Nigeria’s partnership efforts include Bank of Industry/UNDP Access to 

Renewable Energy Programme,Inter-Ministerial Committee on Renewable Energy and 

Energy Efficiency (ICREEE), Nigeria-German Energy Partnership, Nigeria-Nordic 

(Sweden, Finland & Norway)Energy Forum, Nigeria-India Partnership on Renewable 

Energy development11. 

The Renewable Electricity Policy Guidelines (REPG) was developed by the Federal 

Ministry of Power and Steel in December, 2006 to promote the use of renewables in the 

power sector. It mandated the Nigerian government to expand electricity generation from 

renewable sources to at least 5% of the total electricity generated and at least 5 TWh of 

electricity generation in the country. Also, the Renewable Energy Master Plan (REMP) 

was developed by the Energy Commission of Nigeria (ECN) in 2005, in collaboration 

with the United Nations Development Programme (UNDP). The plan was later reviewed 

                                                           
10Makinde and Adeyoke. (2007)and George Etomi& Partners (2014) 
11This report is found on the website of the Nigerian Ministry of Environment -
http://www.environment.gov.ng/index.php/our-initiatives/clean-energy-initiatives 
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in 2012. The REMP seeks to increase the contribution of renewable energy towards 

sustainable development and reverse environmental change across the world12.  

f. Other Environmental Efforts in Nigeria 

The Federal Ministry of Environment (FME) took over the administration and 

enforcementof environmental laws in Nigeriafrom the Federal Environmental Protection 

Agency (FEPA)in 1999 created under the FEPA Act. The 1999 Constitutionof the Federal 

Republic of Nigeria provides the groundfor environmental policy in Nigeria. The 

Constitution empowers the State to protect and improve the environment while 

safeguarding the land, water, forest, air and wildlife.  

Administered by the Ministry of Environment, the Federal Environmental Protection 

Agency (FEPA) Act was replaced by the National Environment Standards and Regulation 

Enforcement Agency (NESREA) Act of 2007.The Agency embodiesthe laws and 

regulations which is aimed at the protection and sustainable development of the 

environment as well as its natural resources. The Act also ensure that all environmental 

laws, local and international, on environmental sanitation and pollution are well complied 

with while providing monitory and regulatory procedures.The Agency is also empowered 

to make and review regulations regarding air and water quality, as well as other pollution 

issues ranging from effluent limitations, control of harmful substances and other forms of 

environmental pollution and sanitation. In addition, without lawful authority, the Agency 

prohibits hazardous substancesdischarge. Other notable regulations under NESREA 

includethe Nigerian Urban and Regional Planning ACT CAP N138, LFN 2004; Harmful 

Waste (Special Criminal Provisions) ACT CAP H1 LFN 2004; Hydrocarbon Oil 

Refineries ACT, CAP H5, LFN 2004 andOil in Navigable Waters ACT, CAP06, LFN 

200413. 

Despite the array of environmental policies in Nigeria, environmental degradation still 

remains a major issue. It is therefore true that while laws and regulations are good, 

enforcement, which is often lacking, is much more critical for sustainable development in 

the country. In fact, the Federal Ministry of Environment (2016) partially attributed the 
                                                           
12Iwayemi et al, (2015); ECN and UNDP. (2005, 2012); ECN and FMST. (2014) 
13 ELRI (2011)  
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much greater environmental pollution in recent years compared to previous decades the 

ineffectiveness of the institutional, logistical and policy arrangements that have been put 

in place over the years to tackle the menace. 

2.2.3.3 Environmental Policies in Asia 

Over the past three to four decades, control of environmental pollution has been very weak 

in Asia. The recent rise in industrial activities, following the emergence of the Asian 

Tigers (HongKong, Singapore, South Korea and Taiwan), as well as countries such as 

China andIndia,contributed immensely to the rising menace of environmental degradation 

in the region. This development raisedserious concerns and inspired efforts of 

governments and stakeholders to mitigate the problems. 

The South Asian countries have been actively involved in regional cooperation on 

environmental issues. This includes the 1972 UN Conference on Human Security held in 

Stockholm and the UN Conference on Environment and Development, held in Rio in 

1992, as well as the signing of several global and regional protocols on environment. The 

involvement of these countries in the various regional efforts has enabled them to record 

some growth in environment protection activities such as the establishment of full-fledged 

Ministries of Environment and preparation of environmental policies and strategies as 

well as action plans on environmental issues which include air pollution,climate change, 

energy conservation, the ozone layer, and efficiency, development of renewable sources of 

energy among others. Moreover, a number of environmental NGOs and civil society 

organizations have emerged in South Asia.  

In South Asia, the notable inter-governmental organizations on environmental issues are 

the South Asian Association for Regional Cooperation (SAARC), the South Asia 

Cooperative Environment Programme (SACEP) and the South Asia Regional Seas 

Programme. In particular, SAARC was established in 1985 as a response to environmental 

concerns and challenges in the region. The cooperation adopted the first SAARC 

Environment Action Plan in 1997 while the meeting in 2008 a Declaration and an Action 

Plan on Climate Change were adopted prior to the 2009 climate change meeting in 

Copenhagen.  
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The Association of Southeast Asian Nations (ASEAN)Agreement on Transboundary Haze 

Pollution represents a cooperative action to bring the smoke haze caused by forest burning 

under control. The agreement allows for regional and bilateral cooperation and calls for 

greater transparency and accountability on the part of land owners and companies. In 

2015, Indonesia was the last ASEAN member to ratify the agreement. Regional 

agreements were implementedamong these nations both for climate change mitigation and 

prevention of damages to public health which emanated from the release of short-lived 

climate pollutants and other toxic pollutants (mercury and polycyclic aromatic 

hydrocarbons). 

Furthermore, Japan, China and the Republic of Korea face common environmental 

challenges. Thus, the Environmental Ministers of these countries established the Tripartite 

Environment Ministers Meeting (TEMM). The meeting has played critical role as a 

regional high-level cooperation mechanism on the environment in North-East Asia, with 

the first action plan implemented between 2010 and 2014 while a new 5-year action plan 

was adopted in 2015. Among the priorities of this new plan include conservation of water 

and marine environment, climate change response andair quality improvement. 

The bulk of production and consumption in Asia is dominated in a few resource-scarce 

economies such as India, Japan,Thailand,Indonesia, China,Malaysia, Republic of Korea, 

and Viet Nam (UNEP, 2013). In most of these economies, a number of strategies have 

been designed to manage resources efficiently with huge steps towards minimizing wastes 

and protecting the environment within their territory. In Asia, regional 

integration/cooperation is on the increase in the quest for green economies. Examples of 

such organization include Pacific Economic Cooperation (APEC), Bay of Bengal 

Initiative for Multi-Sectoral Technical and Economic Cooperation (BIMSTEC), Pacific 

Islands Forum (PIF), Economic Cooperation Organization (ECO),Asia Greater Mekong 

Sub-region (GMS)and Trans-Pacific Partnership (TPP). In Asia and the Pacific, the green 

growth agenda was initiated to assist governments to shift from unsustainable production 

and consumption patterns to more sustainable pathways.Priorities are also shifting 

regionally towards a resource and environmentally efficient society as evident in the 2009 

Manila Declaration on Green Industry in Asia; 2010 Ministerial declaration on 
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environment and development in Asia and the Pacific; the Sustainable 3R Goals for Asia 

and the Pacific for 2013–2023; and the 2007 ASEAN Declaration on Environmental 

Sustainability. 

2.2.3.4 Environmental Policies in the European Union 

In the European Union (EU), environmental policy usually focuses on the management 

and control of pollution at the source, hence, it is based on “precautionary principle” 

(Swiss Re - Centre for Global, 2014). The EU usually undertakes environmental policies 

both at the collective and at the individual Member States levels, with high level of policy 

harmonization. Environmental protection laws in the EU Member States require pollution-

intensive industries to access the impact of their activities and implement adequate risk 

protection and mitigation measures. For instance, the “polluter pays principle” is a popular 

concept implemented across the EU where firms have to pay for damage they cause 

through poor management of environmental risks. Among the comprehensively regulated 

areas are protection of nature,waste (disposal sites, incinerators, etc.), hazardous activities, 

and substances and air pollution.  

The EU met its Kyoto targets of reducing their total greenhouse gas (GHG) emissions to 

8% below 1990 levels by the period 2008-2012. According to the Eurostat, total GHG 

emissions in the EU have been reduced by 15.44% between 1990 and 2010. Following 

this success, the EU enacted in its 2009 Climate and Energy Package which specifies 

climate related targets for the year 2020.  

Moreover, a number of emission-reducing and other environmental policies were 

undertaken by the EU. The EU established the EU Emission Trading System (ETS) to set 

legally binding cap on emissions by key industries while allowing each member state to 

implement individually designed measures for non-ETS sectors that must meet the set 

targets of the EU. The EU ETS was adopted in 2003 and was to be implemented in three 

faces between 2005 and 2020 and covers CO2 emissions of the power and heat generating 

plants, and energy intensive industry sectors, as well as and nitrous oxide (N2O) 

perfluorocarbons (PFCs) from specific production processes. Also, the EU agreed to 

emissions reductions of 50 Mt CO2e by 2015 under the Methane-to-Markets partnership 

with US Environmental Protection Agency (EPA) in 2007. Under this partnership, 
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hydrofluorocarbons (HFCs), PFCs and sulphur hexafluoride (SF6) are banned from 

certain products but regulated for safety in others. 

In their quest to reduce greenhouse gases (GHG), the EU aims to achieve, by 2020, a 20% 

share of energy from renewable energy source in final energy consumption and a 10% 

share of energy from renewable sources (such as solar and biomass) in each member 

state’s transport energy consumption. Thus, member states are encouraged to formulate 

renewable energy action plans, establishing targets for the share of renewable energy in 

transport, electricity, heating and cooling in 2020 and specifying the means of achieving 

the targets. In the same vein, the EU, in 2011, formulated the goal of reducing transport 

emissions by 60% by 2050 while member states were also mandated to establish 

certificates of energy performance buildings and introduce standards. The EU is also 

involved in financing and coordinating research and development (R&D) by industries 

such as the European Technology Platforms (ETPs) and The Intelligent Energy Europe 

(IEE)14.  

Another popular environmental effort and policy of the European Union is The European 

Commission Environmental Liability Directive (EC ELD). This directive, which began in 

2010, was implemented to address environmental damage, especially in terms of 

prevention and remediation. This directive established a basic administrative and statutory 

liability framework that provides a platform for national laws to converge. The directive 

addresses liability for damage made to natural resources as well as biodiversity, and sets 

binding, minimum standards that must be transposed by the Member States into 

legislation, but some other elements are elective15. 

2.2.4 Nigeria’s Bilateral Trade Agreements 

Bilateral relations with Asia and the EU+2 date back to more than four decades ago over 

which series of economic and developmental agreements were discussed and signed. 

These relations have expanded on growing bilateral trade and strategic cooperation 

between Nigeria and economies in these regions. For instance, the joint Communiqué on 

                                                           
14 Comprehensive discussion of these policies and programmes are contained in various reports such as 
Landis et al (2012), Busenhart(2014), EEA (2014) and EEA (2016). 
15 The most important elements of the EC ELD is contained in Swiss Re - Centre for Global (2014) 
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the Establishment of Diplomatic Relations between the People's Republic of China and the 

Federal Republic of Nigeria was signed in February 1971.Following the adverse trade 

imbalance and falling foreign reserves in the mid to late 1970, the two countries agreed to 

cooperate in the fields of agriculture, industry and trade and China committed to buy palm 

kernels, cocoa, cashew nuts and cotton from Nigeria after the negotiations in 1978 

(Owoeye, 1986). In May 1997, the two countries reached and signed agreements on oil 

cooperation where China expressed interest in purchasing Nigerian crude oil for the 

purposes of blending and to participate in the petrochemical industry (Chibundu 2000).  

In August 2001, the two countries signed the Agreement on Trade, as well as Investment 

Promotion and Protection between the Government of the People's Republic of China and 

the Government of the Federal Republic of Nigeria. Also, in April 2002, the two 

governments signed the Agreement for the Avoidance of Double Taxation and the 

Prevention of Fiscal Evasion with respect to taxes on income. About three months later, 

the two governments proceeded to sign the Agreement on Consular Affairs, the 

Agreement on Cooperation on Strengthening Management of Narcotic Drugs, 

Psychotropic Substances and Diversion of Precursor Chemical, and the Agreement on 

Tourism Cooperation16.To consolidate existing bilateral relations, Nigeria and China 

signed a Memorandum of Understanding (MOU) on petroleum cooperation which 

provides for substantial Chinese investment in the Nigerian oil industry in 2006 (Udeala, 

2010). The two countries also signed a double taxation agreement in 2010. 

Japan established diplomatic relations with Nigeria in 1964 after which economic 

relations grew dramatically. However, there appears to be no concrete bilateral trade 

agreements between the two countries until the signing of a Memorandum of 

Understanding (MoU) between the two countries that would boost trade agreement and 

bilateral relations in 2010 by The Nigerian Investment Promotion Council (NIPC) and the 

Japanese External Trade Organisation (JETRO).India established diplomatic mission in 

Nigeria in 1958. Following a number of governmental and official visits beginning from 

1999, the Abuja Declaration of Strategic Partnership Agreement was signed in 2007 to 

further enhance bilateral cooperation and collaboration. About nine of MOUswere also 
                                                           
16Embassy of the People’s Republic of China in the Federal Republic of Nigeria. (2004). 
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agreed in 2008 which include those on Double Taxation Avoidance, Bilateral Investment 

promotion and protection and Bilateral Trade Agreement. 

Economic and development relations between the EU+2 and Nigeria dates back to 1975 

when Nigeria joined the African, Caribbean and Pacific (ACP) group of states as a 

signatory to the Lomé Convention. However, this relationship was suspended in 1995 

following the execution of nine Ogoni rights activists by the then military government. 

The Cotonou Agreement was revised in 2005 and 2010. Since 2000, the Agreement has 

been the framework for EU relations with 79 countries from these regions including 

Nigeria. This agreement forms the legal basis for Nigeria and the EU's partnership on a 

number of areas including political issues, development cooperation and trade. The 

Agreement was supposed to be followed by the Economic Partnership Agreement (EPA) 

between the EU and ACP countries, which The Gambia and Nigeria are the only 

Economic Community of West African States (ECOWAS)members that are yet to 

sign17.Nigeria has comprehensive double taxation agreements with France (1992), the 

Netherlands (1993)and the United Kingdom (1989). These treaties apply to personal 

income, corporate income, capital gains, and petroleum profits. Other treaties and 

negotiations include those with Norway and Sweden.18 

2.2.5Environmental Efficiency, Carbon Taxes and Business Cost Indicators  

Production activities generate environmental pollution, the cost of which firms can 

internalize by taking responsibility for this associated negative externality or neglect by 

overlooking the adverse effect of their activities on the society. Environmental regulations 

are often put in place to ensure that firms internalize the cost of environmental impact of 

the production process, the result of which is reflected in lower emission per GDP.  

As shown in Table 2.3, carbon emission per dollar of output produced fell over the period 

1996-2015 in all the selected countries except Norway where there was a slight increase 

from about 0.103 kilograms in 1996 to about 0.166 kilogram in 2015. Among Nigeria’s 

top EU+2 trading partners, Switzerland appear to generate the least carbon emission per 

                                                           
17 The other members of ECOWAS are Benin, Burkina Faso, Cape Verde, the Gambia, Ghana, Guinea, 
Guinea-Bissau, Liberia, Mali, Senegal, Sierra Leone, and Togo. 
18 EIU (2010). 
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dollar of output produced, followed by Sweden, Norway and France in that order. United 

Kingdom and Germany were able to reduce carbon emission per dollar output 

significantly from 0.303 kilogram and 0.311 kilogram in 1996 to 0.174 kilogram and 

0.202 kilogram respectively in 2015. Generally, the EU+2 appears to be more 

environmentally efficient than Asia as each dollar of output produced in an average 

selected Asian economy generated more carbon emission than most selected EU+2 

country.  

In Asia, China generated more carbon emission per dollar of output than any other 

Nigerian top partner in Asia recording about 1.078 kilogram in 2015, followed by India 

and Korea, although some improvement is evident over the selected period (1996-2015). 

As observed from Table 2.3, Nigeria boasts lower carbon emission per dollar of GDP than 

almost all the selected Asian countries except Hong Kong and Japan but this emission 

remained higher than those of most EU+2 countries. Most of these countries adopted 

carbon pricing as a way of compelling companied to be conscious of the environmental 

impact of their activities while encouraging them to adopt carbon-efficient techniques. 

According to OECD (2018), the carbon pricing gap may reflect the long-run 

competitiveness of firms and countries. A zero or very low gap sends signals of potential 

decarbonisation process of an economy to investorswhile its companies have adequate 

incentives to compete favourably in a low-carbon economy. Thus, the lower the gap, the 

more firms internalize the environmental cost of production. This development increases 

the cost of production of firms, especially in the short-run as all agentsinternalizes carbon 

costs in their business decisions, and it becomes costly to sustain the behavioural bias of 

ignoring the low carbon transition. Thus, firms have to pay huge tax or increase 

investment in carbon-efficient production techniques. In turn, it also suggests that the 

government increases their commitment to providing improved, low cost business 

environment that reduces the cost of production both to the firm and to the society in the 

long-run while increasing the competitiveness of the economy in world trade. 
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Table 2.3. Carbon Emission per GDP in Nigeria and the Selected Partners 

 1996 2001 2006 2011 2012 2013 2014 2015 
Nigeria 0.276 0.507 0.351 0.248 0.247 0.225 0.203 0.205 

Europe 
France 0.182 0.158 0.144 0.123 0.123 0.122 0.124 0.122 

Germany 0.311 0.269 0.245 0.207 0.208 0.212 0.204 0.202 
Italy 0.225 0.215 0.213 0.186 0.178 0.169 0.188 0.185 

Netherlands 0.285 0.224 0.206 0.203 0.201 0.202 0.203 0.199 
Norway 0.103 0.112 0.106 0.104 0.112 0.133 0.118 0.116 
Portugal 0.270 0.278 0.255 0.204 0.205 0.208 0.216 0.208 

Spain 0.241 0.249 0.247 0.191 0.192 0.175 0.194 0.184 
Sweden 0.166 0.127 0.105 0.103 0.094 0.088 0.092 0.090 

Switzerland 0.092 0.088 0.077 0.062 0.063 0.066 0.063 0.062 
United Kingdom 0.303 0.256 0.221 0.182 0.187 0.180 0.178 0.174 

Asia 
China 2.130 1.439 1.594 1.455 1.390 1.320 1.113 1.078 

Hong Kong 0.207 0.246 0.208 0.183 0.178 0.179 0.167 0.163 
India 1.358 1.224 1.062 1.045 1.082 1.023 0.877 0.827 

Indonesia 0.537 0.628 0.573 0.715 0.705 0.534 0.536 0.524 
Japan 0.231 0.224 0.214 0.209 0.213 0.211 0.201 0.201 

Korea, Rep. 0.683 0.607 0.500 0.519 0.503 0.496 0.460 0.458 
Singapore 0.503 0.372 0.166 0.153 0.210 0.186 0.160 0.162 

Source: Author’s Computation; Data from World Bank WDI (2017) 

 

 

 



41 
 

 

 

 

 

 

 

Figure 2.4 show the carbon pricing gap among the selected countries, which measures 

how much each economy fall short of pricing carbon emissions in line with a benchmark 

value for carbon prices. In line with the submission of OECD (2018), it becomes obvious 

that low-gap countries also produce fewer emissions. For instance, Switzerland had the 

lowest carbon gap of 27% in 2015 and produced carbon emission per dollar of output that 

ranged from 0.092 kilogram in 1996 to 0.062 kilogram in 2015. China and Indonesia, with 

the highest carbon emission per GDP among selected countries, had carbon gap of 90% 

and 95% respectively. In Nigeria, no evident of functional carbon tax is identified despite 

ongoing debates, which suggests that environmental costs of production activities may 

still be higher in Nigeria than those of the trading partners.    

As revealed in Table 2.5, carbon emission per capita seems to exhibit direct relationship 

with cost of business start-up. For instance, United Kingdom, France, Norway and 

Sweden, which are among the selected countries with low carbon emission per GDP, have 

business start-up cost below 2% of gross national income (GNI) for most of the period 

2003-2018. These countries also ranked 32 and below on the ease of doing business scale 

(Figure 2.4) and are among the countries with low carbon pricing gap. This suggests that 

being environmentally efficient may triggered improved business environment by 

reducing cost of production of goods both to the firm and to the society. Conversely, 

Indonesia and India, which recorded slightly high carbon emission per GDP, have 

relatively higher cost of business start-up and raked lowest among Nigeria’s trading 



 

partners on the ease of doing business scale. These countries also have carbon pricing gap 

of 95% and 86% respectively, which indicate that firms pay low carbon taxes relative to 

the benchmark, contributing to the low environmental efficiency that may increase 

associated cost where government pay less attention to business environment. 

 

 
 
 
 
 
 
 
 
 

Figure 2.4. Carbon Pricing Gap
Source: Author’s Computation based on data from OECD, 2018
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partners on the ease of doing business scale. These countries also have carbon pricing gap 

6% respectively, which indicate that firms pay low carbon taxes relative to 

the benchmark, contributing to the low environmental efficiency that may increase 

associated cost where government pay less attention to business environment. 

Carbon Pricing Gap 
Source: Author’s Computation based on data from OECD, 2018 

partners on the ease of doing business scale. These countries also have carbon pricing gap 

6% respectively, which indicate that firms pay low carbon taxes relative to 

the benchmark, contributing to the low environmental efficiency that may increase 

associated cost where government pay less attention to business environment.  
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Table 2.4.Cost of business start-up procedures (% of GNI per capita) 
Country 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 

Switzerland 8.9 8.9 9 2.5 2.4 2.4 2.3 2.4 2.4 2.3 2.3 2.3 2.3 2.3 2.3 2.3 

China - - - - - - - - - - 1.9 0.9 0.7 0.7 0.6 0.4 

Germany 6.1 6.1 4.9 5.3 5.8 5.8 4.9 5 4.8 5 5 8.9 7 6.8 7 6.7 

Spain 16.8 17 16.5 16.2 15.1 14.9 15 15.1 4.7 5 5 4.5 4.4 4.3 4.1 4 

France 1.4 1.1 1.2 1.1 1.1 1 0.9 0.9 0.9 0.9 0.9 0.9 0.8 0.7 0.7 0.7 

United Kingdom 1 0.9 0.7 0.7 0.8 0.8 0.7 0.7 0.7 0.7 0.3 0.3 0.1 0.1 0 0 

Hong Kong 2.4 3.4 3.4 3.3 3.1 2 1.8 2 1.9 1.9 0.8 1.4 1.2 0.6 1.1 1.1 

Indonesia - - - - - - - - - - 21.9 21.1 19.9 19.4 10.9 6.1 

India - - - - - - - - - - 41.5 16.4 14.5 14 15 14.4 

Italy 22.1 21.4 20.7 20 18.7 18.5 18 18.7 18.4 16.7 14.7 14.8 14.4 14.3 14.1 14.1 

Japan - - - - - - - - - - 7.5 7.5 7.5 7.5 7.5 7.5 

Korea, Rep. 18.4 15.7 15.7 18.2 17.1 16.9 14.7 14.7 14.6 14.6 14.6 14.5 14.5 14.6 14.6 14.6 

Nigeria - - - - - - - - - - 58.7 33.4 31.2 31.3 29.2 27.6 

Netherlands 13.3 13.2 13 7.2 6 5.9 5.6 5.7 5.5 5.1 5.2 5 4.6 4.5 4.4 4.2 

Norway 3.5 2.9 2.7 2.5 2.3 2.1 1.9 1.8 1.8 1.7 1.6 0.9 0.9 0.9 0.9 0.9 

Portugal 12 13.5 13.4 7.9 6.7 6.5 6.4 6.5 2.3 2.3 2.4 2.3 2.2 2.1 2.1 2 

Singapore 1 1 0.9 0.8 0.8 0.9 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.5 0.4 

Sweden 0.7 0.7 0.7 0.7 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.5 0.5 0.5 0.5 

Source: Author’s Computation; Data from World Bank WDI (2017) 

 

 
 
 
 
 



 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2.5. Ease of doing business index: 2018 (1=most business
Source: Author’s Computation; Data from World Bank W
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Ease of doing business index: 2018 (1=most business-friendly regulations)
Source: Author’s Computation; Data from World Bank WDI (2017) 
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Countries such as China has low cost of business start-up, ranked 46 on the ease of doing 

business scale but recorded high carbon emission per dollar of output while having 90% 

carbon pricing gap. This may reflect government incentives and commitment to improving 

business environment that reduces production cost despite firms not accounting for the 

environmental impact of their activities relative to other countries.  For Nigeria, given the 

relatively high carbon emission per GDP, cost of business start-up is highest compared to 

her top trading partners in the EU+2 and Asia while ranking 146 on the ease of doing 

business scale. This may corroborate the high cost associated with poor business 

environment that reflects less responsibility of firms to the society and government in 

terms of accounting environmental impact of production process. 

2.2.6 Share of Top Partners in Nigeria’s World and Regional Trade 

The EU+2 and Asia remain among the major trading partners of Nigeria over the period 

1996-2014. Over this period, the combined share of Nigeria’s top Asian partners in her 

total export grew by about 17 percentage points to a peak of 25% in 2014 (Tables2.5a), 

although this remarkable growth was interrupted at different times.The growth 

performance could be attached to the recent wave of industrialisation in some Asian 

economies that require increase use of energy (oil) that is mainly source from Nigeria.It is 

also observed that India is a major destination of Nigerian export having risen 

significantly from a share of about 1.26% of Nigeria’s total export in 1996 to about a 

record 14.56% in 2014. Except in recent years, the share of most of the other partners in 

Asia hardly rose above 1%. In terms of total import of Nigeria, the combine share of top 
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Asian partners rose steadily from about 15% in 1996 to 35% in 2014, an indication of 

increased importance of the Nigerian market for Asian export. 

The top ten economies in the EU+2 maintained a combine share of about 40% in total 

export of Nigeria for almost two decades (1996-2014), after recovering gradually from a 

share of about 20% in 2006. This share was about four-fold higher than that of the 

combined share of the top (seven) Nigerian partners in Asia in 1996, although it was 

reduced to about 15 percentage points in 2014. This suggests that despite the increased 

importance of the Asian market to Nigeria’s export activities, the EU+2 still provides 

greater market avenues for Nigerian products. Spain alone received about 12% of 

Nigeria’s total export to the world in 1996 while France boasts of about 9% in the same 

year. These countries remain dominant until the emergence of the Netherlands as a major 

destination for export of Nigeria with a share of over 10% of total export to the world in 

2013 and 2014. It readily becomes obvious from Table 2 that, unlike the case of Asia, 

export of Nigeria to the EU+2 is not concentrated in one country as these countries have 

their fair share of total export of Nigerian. 

In terms of total import, it appears that Asia has gradually taken over the Nigerian market 

from the EU+2. The combine contribution of top Asian partners to total import of Nigeria 

rose significantly from about 15% in 1996 to about 36% in 2014 while the EU+2 

witnessed a noticeable decline in their share of Nigerian market from almost 50% in 1996 

to about 23% in 2014 (Tables 2.5b). This may reflect the recent appetite of Nigerians for 

cheap and substandard varieties, mostly manufactures, from China, and an indication of 

weak policy and regulation (including environmental regulation) in Nigeria. In fact, by 

2012, the share of China (22%) alone in total import of Nigeria is higher than that 

recorded by all the top ten partners combined (18%) while they remain at par (about 22%) 

in 2013 and 2014. India and Japan also contributed significantly to Nigeria’s total import. 

Nigeria’s declining patronage of the EU+2 commodities is evident in falling share of the 

individual countries in the total import of Nigeria over the period 1996-2014. For instance, 

with the exception of Netherlands, who maintain its share of about 6% over the same 

period, all the top EU partners recorded major decline in the share of Nigerian market. 
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Table 2.5a. Share of Nigeria’s Top Partners in Total Export of Nigeria (%) 

Region Country 1996 2001 2006 2011 2012 2013 2014 
 
 
 
 

Asia 

China 0.073 0.704 0.007 2.011 5.616 1.226 1.623 
India 1.356 11.544 9.301 10.180 11.104 12.648 14.562 
Japan 1.299 0.958 1.880 0.308 0.489 0.499 3.167 
Singapore 0.743 - 0.012 0.254 1.041 0.735 0.408 
HongKong 0.021 0.001 0.011 0.169 0.059 0.179 0.133 
Indonesia 0.534 2.977 0.001 0.745 1.054 2.331 3.919 
Korea Rep 4.083 0.275 3.551 0.056 0.033 0.033 0.906 
Total Share 8.108 16.460 14.762 13.723 19.395 17.652 24.718 

 
 
 
 
 
EU+2 

Netherlands 6.600 2.021 2.581 2.129 6.956 10.513 10.199 
Spain 11.674 6.514 7.981 5.900 5.450 6.985 9.310 
Italy 6.837 4.732 2.480 5.098 6.145 6.977 4.378 
Portugal 2.852 2.557 1.234 1.546 0.760 0.963 1.715 
UK 1.450 0.248 0.054 6.215 6.316 5.139 5.060 
France 8.638 6.330 5.659 5.866 4.163 5.868 5.733 
Germany 0.703 1.350 0.006 1.015 1.498 2.285 1.690 
Switzerland  0.027 0.004 0.017 0.405 0.051 0.095 0.005 
Norway 0.001 0.001 0.024 0.196 0.168 0.414 0.142 
Sweden 0.673 0.327 0.001 0.002 0.673 1.398 1.446 
Total Share 39.455 24.084 20.037 28.372 32.179 40.638 39.677 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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Table 2.5b. Share of Nigeria’s Top Partners in Total Import of Nigeria (%) 

Region Country 1996 2001 2006 2011 2012 2013 2014 
 
 
 
Asia 

China 3.471 6.620 13.802 14.769 21.508 21.704 21.924 
India 2.579 3.967 4.845 3.861 8.050 4.730 5.962 
Japan 4.967 4.527 3.306 4.520 2.735 1.346 1.716 
Singapore 0.858 1.303 1.570 1.235 1.109 0.796 0.510 
HongKong 1.889 1.211 1.153 0.718 0.372 0.359 0.386 
Indonesia 0.907 1.355 0.480 0.000 0.078 0.855 1.430 
Korea Rep 0.988 2.716 2.667 1.044 1.550 2.970 3.720 
Total Share 15.659 21.699 27.825 26.147 35.402 32.760 35.648 

 
 
 
 
 
Europe 

Netherlands 6.066 4.922 3.084 2.364 1.446 5.421 6.108 
Spain 1.774 1.360 0.831 1.528 0.852 2.134 1.656 
Italy 3.540 2.523 3.411 2.814 2.084 1.724 2.211 
Portugal 0.209 0.115 0.056 0.184 0.101 0.144 0.101 
UK 13.078 13.442 11.793 2.655 6.581 5.243 3.923 
France 8.246 4.671 4.493 4.491 2.054 2.791 2.508 
Germany 10.544 9.811 5.580 4.710 2.660 3.463 3.831 
Switzerland  1.461 1.213 0.942 0.417 0.836 0.317 0.617 
Norway 0.707 0.243 0.212 0.605 0.595 1.099 1.344 
Sweden 1.192 0.661 0.491 0.541 1.225 0.586 0.582 
Total Share 46.817 38.961 30.892 20.310 18.434 22.922 22.879 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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Within Asia, India remains the largest market for Nigerian export after an initial 

dominance of Korea Republic in prior to 2001 (Table 2.6a). Beginning from 2001, India 

has consistently remained Nigerian biggest market in Asia with a share as high as 34% 

and 40% of the Nigeria’s total export to Asia in 2001 and 2008 respectively, having 

reached a recent minimum of about 25% in 2012. Singapore and Hong Kong are among 

the Asian countries with the least share of Nigerian export to the region. The top seven 

Nigerian trading partners in Asia command a combine share of Nigerian market in Asia 

that ranges between 40% and 50% for most part of 1996-2014. Elsewhere, the combine 

share of the top ten partners in the EU+2stood above 90% throughout the period 1996-

2014. Within the EU+2, Spain and France represented the leading market for Nigerian 

exports prior to 2012, commanding a share of 38% and 27% of total export to the EU+2 in 

2006. However, they lost their dominance to the Netherlands whose share in Nigerian 

export rose from 8% in 2001 to 25% in 2014 to stand as the largest market for Nigerian 

goods and services with the EU+2. This could suggest the increased economic relationship 

between Nigeria and the Netherlands in the recent years as the latter is a major aid to trade 

donor benefitted by the former.Switzerland, Norway and Sweden remain the least market 

for Nigerian export to the EU+2. 

In terms of Nigerian import from Asia, the top seven leading partners maintained a 

contribution that hovered between 43% and 47% throughout the 1996-2014 period (Table 

2.6b). However, the contributions across partners vary over the same period as some 
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countries experience tremendous jump in their share of the Asian market in Nigeria while 

others either maintained their share or found it declining. In particular, the market share of 

China rose remarkably by almost 20 percentage point during the same period, to settle at 

about 31% and 29% in 2013 and 2014 respectively. In contrast, while the share of India in 

total export of Asia to Nigeria remained at about 7% between 1996 and 2014 after hitting 

a peak of 10% in 2012, that of Japan (and Hong Kong) dropped sharply from 14% (5%) in 

1996 to 2% (0.5%) in 2014. This simply indicates that Nigeria has successfully shifted its 

import attention away from other Asian partners towards China whose relevance to the 

Nigerian economy is increasingly recognised. The combine share of the top EU+2 

partners in Nigeria’s total import from the EU+2 declined during 1996-2014, although this 

share remained very high (above 68%) when compared with Asian top partners’ 

contribution to total export of Asia to Nigeria. Specifically, Italy, The United Kingdom, 

France and Germany witnessed major drop in their share of Nigerian market while Spain 

and Norway only recorded marginal increase in their share with share of the Netherlands 

rising the most, having moved from 12% in 1996 to 18% in 2014. 
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Table 2.6a. Share of Nigeria’s Top Partners in Export to Asia and the EU+2 (%) 

Region Country 1996 2001 2006 2011 2012 2013 2014 
 
 
 

Asia 

China 0.446 2.107 0.024 5.634 12.467 2.898 2.981 
India 8.326 34.553 31.498 28.514 24.651 29.894 26.746 
Japan 7.979 2.869 6.366 0.862 1.085 1.179 5.817 
Singapore 4.562 0.000 0.041 0.713 2.312 1.737 0.749 
HongKong 0.129 0.001 0.036 0.474 0.131 0.424 0.245 
Indonesia 3.281 8.910 0.001 2.087 2.339 5.509 7.198 
Korea Rep 25.072 0.824 12.027 0.156 0.074 0.079 1.664 
Total Share 49.793 49.264 49.993 38.439 43.058 41.720 45.400 

 
 
 
 
 

Europe 

Netherlands 16.128 8.390 12.218 7.477 19.547 24.950 24.884 
Spain 28.526 27.051 37.778 20.719 15.315 16.578 22.716 
Italy 16.708 19.653 11.738 17.902 17.268 16.558 10.681 
Portugal 6.969 10.618 5.840 5.429 2.134 2.285 4.185 
UK 3.543 1.032 0.255 21.827 17.749 12.195 12.344 
France 21.108 26.117 26.789 20.602 11.697 13.925 13.987 
Germany 1.719 5.601 0.028 3.565 4.209 5.423 4.122 
Switzerland 0.066 0.015 0.082 1.421 0.143 0.226 0.012 
Norway 0.001 0.002 0.115 0.687 0.472 0.983 0.346 
Sweden 1.643 1.359 0.000 0.008 1.891 3.318 3.527 
Total Share 96.412 99.837 94.843 99.638 90.425 96.442 96.804 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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Table 2.6b. Share of Nigeria’s Top Partners in Import from Asia and the EU+2 (%) 

Region Country 1996 2001 2006 2011 2012 2013 2014 
 
 
 

Asia 

China 9.699 13.825 21.761 25.567 27.635 30.944 27.821 
India 7.206 8.285 7.640 6.685 10.343 6.744 7.566 
Japan 13.879 9.454 5.213 7.825 3.514 1.919 2.178 
Singapore 2.397 2.722 2.476 2.138 1.426 1.134 0.647 
Hong Kong 5.277 2.530 1.818 1.244 0.478 0.512 0.490 
Indonesia 2.536 2.829 0.757 0.000 0.101 1.219 1.814 
Korea Rep 2.761 5.672 4.206 1.807 1.991 4.235 4.720 
Total Share 43.755 45.317 43.871 45.266 45.488 46.707 45.237 

 
 
 
 
 

Europe 

Netherlands 12.162 10.834 8.307 9.668 6.207 17.434 18.248 
Spain 3.556 2.995 2.238 6.250 3.658 6.862 4.946 
Italy 7.096 5.553 9.187 11.509 8.949 5.545 6.604 
Portugal 0.419 0.254 0.152 0.754 0.434 0.462 0.300 
UK 26.221 29.589 31.765 10.860 28.254 16.861 11.720 
France 16.532 10.281 12.101 18.368 8.820 8.975 7.493 
Germany 21.140 21.595 15.030 19.264 11.420 11.137 11.445 
Switzerland 2.929 2.671 2.536 1.705 3.589 1.019 1.842 
Norway 1.416 0.535 0.571 2.473 2.554 3.535 4.014 
Sweden 2.390 1.455 1.322 2.213 5.261 1.885 1.739 
Total Share 93.861 85.761 83.210 83.065 79.147 73.714 68.351 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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2.2.7Structure of Nigeria’s Trade with Asia and the EU+2 

In real terms, total export volume of Nigeria to Asia and the EU+2followed an increasing 

trend since the 1990s. Analysis of the structure of export of the country shows a consistent 

bias towards mineral export as it comprised over 90% of the total export for most of 1996-

2014. As revealed in Figure 2.6, mineral export to economies both in Asia and the EU+2 

continued to rise over the period 1996-2014, with major shock experienced in 2013. It is 

also observed that Nigeria exported more mineral products to the EU+2 than Asia over the 

same period. For instance, while real mineral export to the EU+2 rose from $90.36 million 

in 2001 to a peak of about $198.51 million in 2014 (representing 120% growth), real 

export of the product to Asia rose gradually and persistently from $22.39 in 1996 to about 

$121.76 (444% growth) million and $137.23 (513% growth) million in 2012 and 2014 

respectively after a major shock in 2013.This indicates the continuous rise in the demand 

for energy, especially high quality crude oil, in the developed nations of Europe, as well as 

the emerging Asian nations, for industrial purposes for which Nigeria is a major producer. 

Generally, non-mineral export of Nigeria to top partners in Asia and the EU+2 appears to 

be higher over the period 2011-2014 that those recorded between 1996 and 2006. As 

shown in Figure 2.7, real non-mineral export of Nigeria to Asian partners rose remarkably 

from about $201,051 in 1996 and $2,329 in 2001, to reach an apex of about $23.40 



 

million in 2012 before falling to a recent minimum of about $6.60 

top EU+2 trading partners, real no

from $87,561 in 2001 to 52.79 million in 2012before settling at about $34.39 million in 
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Figure 2.6. Nigeria’s Mineral Export to Asia and the 
Source: Author’s Computation; Data from World 
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million in 2012 before falling to a recent minimum of about $6.60 million 

trading partners, real non-mineral import from Nigeria increase outstandingly

from $87,561 in 2001 to 52.79 million in 2012before settling at about $34.39 million in 

This implies that the demand for non-mineral product of Nigeria among its partners 

 especially within the EU+2 as most of their raw materials are 
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Nigeria imports substantial volume of its mineral products from partners in the EU+2, 

with very small volume coming from those in Asia. Real mineral import of the country 

from EU+2 partners rose steadily from $1.38 million in 1996 to $6.09 million in 2011, 

accounting for about 341% increase, before reaching a peak of $17.88 million in 2014 

(Figure 2.8). Real volume of mineral product import from top trading partners in Asia 

remain below $2.2 million throughout 1996-2014 period having recorded a maximum of 

about $2.12 million in 2011. Energy imports in Nigeria consist mainly of refined 

petroleum products such as gasoline, kerosene, diesel and liquefied natural gas, the 

production of which concentrateslargely in Europe. In essence, much of Nigeria’s crude 

oil export to Europe is imported back in form of refined petroleum products. 

 

 

 

 

 

 



 

 

 

Figure 2.7. Nigeria’s Non-mineral Export to Asia and the 
Source: Author’s Computation; Data from World 
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Figure 2.8. Nigeria’s Mineral 
Source: Author’s Computation; Data from World 
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In terms of import, while Nigeria purchased reasonable volume of mineral products from 

top partners both in Asia and the EU+2, there appear to be a bias in favour of the EU+2 

for mineral products.Between 1996 and 2006, the real volume of non-mineral products 

imported from the top partners in the EU+2 was consistently higher than those imported 

from partners in Asia (Figure 2.9). However, by 2011, real volume of non-mineral import 

from Asian partners has overtaken those from the EU+2. It is also observed that, although 

real import volume of this product from top partners in both regions followed upward 

trend between 2012 and 2014, the gap between them continues to increase. For instance, 

in 1996 real non-mineral import from partners in the EU+2 is greater than those from Asia 

by 192% which fell gradually to about 9% in 2006. In 2011, such import from Asia is 

greater than those from the EU+2 by about 38% which rose continuously to about 121% 

in 2014. This suggests that real import of non-mineral products such as consumer and 

industrial goods by Nigerians are increasingly sourced from Asia, perhaps they are 

relatively cheaper than those from other regions. 

Analysis of Nigeria’s trade balance shows that, in terms of real export of mineral products 

to top partners in Asia outweighs import of the product from these countries which yields 

positive trade balance in mineral products in favour of Nigeria during 1996-2014. 

However, in terms of non-mineral products, Nigeria appears indebted to Asian top 

partners combined as the country consistently imported more of the product from these 

partners than they exported to them during the same period. Similarly, real export of 

mineral products to partners in the EU+2 was greater than its import throughout the period 

1996-2014, suggesting that these partners are indebted to Nigeria as far as mineral product 

is concerned. For non-mineral products, except in 2012, Nigeria trade balance with EU+2 

partners was negative over the same period. Overall, analysis of trade structure of the 

Nigeria reveals that the country derives its strength in export of mineral product which 

indicates the area of comparative advantage of the country, being well abundantly 

endowed with oil resources. 



 

 

 
 
 
 
 

Figure 2.9. Nigeria’s Non-mineral 
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For the individual Asian top partners, Nigeria’s export to these countries appears 

dominated by mineral products over the period 1996-2014, reaching up to 100% for some 

partners in some years (Table 2.7). For instance, all Nigerian exports to China, Japan, 

Korea Republic and Indonesia in 2001were all mineral products while this is also 

observed for the case of Japan in 2006 and Indonesia in 2011.In addition, Nigeria’s real 

volume of mineral export to Hong Kong seems to be the least among partners in Asia 

while that of non-mineral export is lowest in the case of Indonesia for most of the period 

under consideration. For non-mineral products, China, Japan and India appear to be 

Nigeria’s top destination as they consistently recorded the highest real volume of non-

mineral product import from Nigeria among Asian top partners. 

In terms of real imports, Nigeria imported more non-minerals products than mineral 

product from all the top partners in Asia for all the years between 1996 and 2014 as over 

90% of the country’s imports from these partners consisted of non-mineral products for 

most of the same period (Table 2.8). Such import, which was initially largest from Japan 

in 1996, became increasingly sourced from China between 2001 and 2014. 
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Table 2.7.Mineral and Non-Mineral Export of Nigeria to AsiaPartners (‘000 $US: 2005 = 100) 
Country Product 1996 2001 2006 2011 2012 2013 2014 
China Mineral Export - 2,644.54 - 5,871.53 32,850.96 4,480.15 85,09.88 

Non-mineral export 82.87 - 33.54 7,293.11 9,512.06 1,488.71 980.64 
Total 82.87 2,644.54 33.54 13,164.64 42,363.02 5,968.86 9,490.52 

Share of mineral export - 100.00 - 44.60 77.55 75.06 89.67 
Japan Mineral Export 3,636.65 3,600.89 9,320.44 786.32 2,222.03 1,011.38 16,838.41 

Non-mineral export 12.34 - 0.19 1,230.69 1,553.35 1,527.15 1,661.32 
Total 3,649.00 3,600.89 9,320.63 2,017.01 3,775.38 2,538.53 18,499.73 

Share of mineral export 99.66 100.00 100.00 38.98 58.86 39.84 91.02 
Hong 
Kong 

Mineral Export - - - 676.59 143.35 271.37 - 
Non-mineral export 24.00 0.09 50.89 426.93 331.68 653.43 843.78 

Total 24.00 0.09 50.89 1,103.52 475.03 924.81 843.78 
Share of mineral export - - - 61.31 30.18 29.34 - 

Singapore Mineral Export 2,083.56 - - 1,114.72 1,987.04 2,138.55 1,913.24 
Non-mineral export 5.29 - 58.69 544.11 6,440.20 1,512.39 492.83 

Total 2,088.85 - 58.69 1,658.83 8,427.23 3,650.94 2,406.07 
Share of mineral export 99.75 - - 67.20 23.58 58.58 79.52 

Korea 
Republic 

Mineral Export 11,518.12 1,034.96 17,404.63 216.67 163.61 0.15 4,677.77 
Non-mineral export 1.88 - 196.90 146.60 91.57 179.08 628.15 

Total 11,520.00 1,034.96 17,601.52 363.28 255.18 179.24 5,305.92 
Share of mineral export 99.98 100.00 98.88 59.64 64.11 0.09 88.16 

Indonesia Mineral Export 1,476.07 11,184.24 - 4,829.99 7,695.36 10,537.05 22,611.85 
Non-mineral export 12.86 - 0.01 - 38.66 535.73 110.46 

Total 1,488.93 11,184.24 0.01 4,829.99 7,734.02 11,072.78 22,722.31 
Share of mineral export 99.14 100.00 - 100.00 99.50 95.16 99.51 

India Mineral Export 3,673.65 43,370.73 44,525.38 63,972.52 76,696.71 57,285.03 82,679.81 
Non-mineral export 61.81 2.24 1,540.27 2,058.91 5,432.04 2,783.62 1,880.86 

Total 3,735.45 43,372.97 46,065.65 66,031.43 82,128.75 60,068.65 84,560.67 
Share of mineral export 98.35 99.99 96.66 96.88 93.39 95.37 97.78 

Total Mineral Export 22,388.05 61,835.36 71,250.45 77,468.35 121,759.05 75,723.69 137,230.97 
Non-mineral export 201.05 2.33 1,880.48 11,700.34 23,399.55 8,680.12 6,598.03 

Total 22,589.10 61,837.69 73,130.93 89,168.70 145,158.60 84,403.81 143,829.00 
Share of mineral export 99.11 99.99 97.43 86.88 83.88 89.72 95.41 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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Table 2.8.Mineral and Non-Mineral Import of Nigeria from Asian Partners (‘000 $US: 2005 = 100) 

Country Product 1996 2001 2006 2011 2012 2013 2014 
China Mineral Import 0.26 37.61 607.05 606.97 37.10 44.69 188.36 

Non-mineral Import 1,856.37 6,910.72 25,057.70 48,984.66 45,013.56 57,254.50 62,640.64 
Total 1,856.63 6,948.33 25,664.75 49,591.63 45,050.66 57,299.19 62,829.00 

Share of Non-mineral Import 99.99 99.46 97.63 98.78 99.92 99.92 99.70 
Japan Mineral Import - 28.95 0.27 0.82 0.45 1.09 0.54 

Non-mineral Import 2,656.38 4,723.49 6,143.08 15,179.33 5,729.08 3,552.91 4,919.66 
Total 2,656.38 4,752.44 6,143.36 15,180.16 5,729.52 3,554.00 4,920.20 

Share of Non-mineral Import 100.00 99.39 100.00 99.99 99.99 99.97 99.99 
Hong 
Kong 

Mineral Import 0.51 - 7.48 2.23 0.92 1.27 1.73 
Non-mineral Import 1,009.89 1,268.95 2,135.33 2,410.37 778.48 946.30 1,105.95 

Total 1,010.40 1,268.95 2,142.82 2,412.59 779.40 947.57 1,107.68 
Share of Non-mineral Import 99.95 100.00 99.65 99.91 99.88 99.87 99.84 

Singapore Mineral Import 0.06 22.76 28.19 1.81 1.60 157.57 5.42 
Non-mineral Import 458.79 1,350.94 2,890.55 4,146.09 2,322.37 1,922.06 1,455.49 

Total 458.85 1,373.69 2,918.75 4,147.90 2,323.97 2,079.62 1,460.91 
Share of Non-mineral Import 99.99 98.34 99.03 99.96 99.93 92.42 99.63 

Korea 
Rep 

Mineral Import 0.57 116.75 6.27 1.94 0.44 1.42 0.60 
Non-mineral Import 528.15 2,771.11 4,950.42 3,504.26 3,246.02 7,840.79 10,661.37 

Total 528.71 2,887.86 4,956.69 3,506.20 3,246.46 7,842.21 10,661.96 
Share of Non-mineral Import 99.89 95.96 99.87 99.94 99.99 99.98 99.99 

Indonesia Mineral Import - 21.55 22.01 - - 2.00 1.46 
Non-mineral Import 485.29 1,405.35 871.37 - 164.42 2,255.24 4,096.46 

Total 485.29 1,426.90 893.38 - 164.42 2,257.24 4,097.92 
Share of Non-mineral Import 100.00 98.49 97.54 - 100.00 99.91 99.96 

India Mineral Import 1.18 4.87 216.10 1,502.43 142.57 243.96 387.54 
Non-mineral Import 1,378.72 4,152.33 8,793.92 11,440.04 16,700.68 12,212.28 16,666.66 

Total 1,379.90 4,157.20 9,010.02 12,942.48 16,843.24 12,456.23 17,054.20 
Share of Non-mineral Import 99.91 99.88 97.60 88.39 99.15 98.04 97.73 

Total Mineral Import 2.58 232.49 887.37 2,116.20 183.08 451.99 585.65 
Non-mineral Import 8,373.59 22,582.89 50,842.39 85,664.76 73,954.59 85,984.07 101,546.22 

Total 8,376.17 22,815.39 51,729.76 87,780.95 74,137.67 86,436.06 102,131.87 
Share of Non-mineral Import 99.97 98.98 98.28 97.59 99.75 99.48 99.43 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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By 2014, Nigeria’s real import of non-mineral products from China was almost four times 

those from India, the second largest country of origin for Nigeria’s imports in that year. It 

is also observed that Hong Kong is the least patronized by Nigeria as far as non-mineral 

products are concerned whose largest recorded export to Nigeria was $2.41 million in 

2011 behind Korea Republic who recorded real export volume of about $3.50 million to 

Nigeria in the same year. It is therefore clear that while Nigeria recorded a surplus in its 

trade balance against each of the Asia top partners in terms of mineral products during 

1996-2014, trade in non-mineral products with these partners experienced deficit over the 

same period. This suggests that while these economies are indebted to Nigeria in mineral 

products, the country is indebted to them in terms of non-mineral products. 

Nigerian market for mineral product appears larger than that of non-mineral products 

among partners in the EU+2as top partners in the region consistently imported higher 

volume of mineral products than non-mineral products from Nigeria (Table 2.9).As at 

2014, real volume of mineral export to the Netherlands ($53.95 million) was the largest 

among top partners in the EU+2 followed by Spain ($49.43 million), France ($32.90 

million) and Italy ($20.02 million) in that order, while Norway ($662,940)represented the 

least market for Nigeria’s mineral product. For non-mineral products, the United 

Kingdom, Italy, the Netherlands, Spain and France in that order seems to be the largest 

markets for Nigeria’s non-mineral products in recent years with real export volume of 

$12.66 million, $5.86 million, $5.64 million, $4.95 million respectively in 2014. 

Similar to the case of Nigeria’s top partners in Asia, Nigeria imported more non-mineral 

products from each of its EU+2 partners than mineral products for during 1996-2014, 

except for the Netherlands (2013 and 2014) and Spain (2013) from where Nigeria 

imported more mineral than non-mineral products for one or two years (Table 2.10). 
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Table 2.9.Mineral and Non-Mineral Export of Nigeria to the EU+2 Partners (‘000 $US: 2005 = 100) 

Country Product 1996 2001 2006 2011 2012 2013 2014 
Netherlands Mineral Export 17,319.79 7,577.59 12,727.90 13,396.40 47,741.21 41,047.70 53,953.60 

Non-mineral export 529.29 10.92 67.27 413.75 3,750.90 9,770.33 5,642.01 
Total 17,849.07 7,588.52 12,795.16 13,810.15 51,492.11 50,818.04 59,595.62 

Share of mineral export 97.03 99.86 99.47 97.00 92.72 80.77 90.53 
Spain Mineral Export 32,678.22 24,443.37 39,509.82 32,161.39 36,135.97 30,558.67 49,431.80 

Non-mineral export 109.36 20.13 57.94 6,194.28 4,386.40 2,761.91 4,954.97 
Total 32,787.58 24,463.50 39,567.77 38,355.67 40,522.37 33,320.58 54,386.77 

Share of mineral export 99.67 99.92 99.85 83.85 89.18 91.71 90.89 
UK Mineral Export 1,232.01 879.26 - 23,358.72 27,603.39 21,404.65 17,744.50 

Non-mineral export 1,157.64 34.33 259.16 17,231.82 21,350.36 3,252.84 12,663.03 
Total 2,389.65 913.60 259.16 40,590.54 48,953.74 24,657.49 30,407.53 

Share of mineral export 51.56 96.24 - 57.55 56.39 86.81 58.36 
France Mineral Export 24,216.96 23,778.23 27,253.66 33,278.90 22,824.19 24,743.21 31,900.45 

Non-mineral export 66.06 3.17 780.90 4,835.93 8,790.29 3,371.36 1,450.22 
Total 24,283.02 23,781.40 28,034.56 38,114.83 31,614.48 28,114.57 33,350.67 

Share of mineral export 99.73 99.99 97.21 87.31 72.20 88.01 95.65 
Italy Mineral Export 1,8915.22 17,775.67 11,734.08 29,256.23 37,095.87 29,720.84 20,016.83 

Non-mineral export 154.75 3.23 543.21 3,858.66 9,102.10 3,668.12 5,857.42 
Total 19,069.97 17,778.90 12,277.29 33,114.89 46,197.97 33,388.96 25,874.25 

Share of mineral export 99.19 99.98 95.58 88.35 80.30 89.01 77.36 
Germany Mineral Export 1,508.31 5,064.71 - 5,195.91 7,445.61 7,830.05 8,947.44 

Non-mineral export 192.99 4.05 28.84 1,408.84 4,037.41 3,363.88 924.03 
Total 1,701.30 5,068.77 28.84 6,604.75 11,483.02 11,193.93 9,871.47 

Share of mineral export 88.66 99.92 - 78.67 64.84 69.95 90.64 
Portugal Mineral Export 7,843.82 9,603.92 6,116.80 9,426.38 4,820.98 4,120.29 7,481.51 

Non-mineral export 83.35 1.98 0.18 606.95 856.62 485.06 2,689.35 
Total 7,927.17 9,605.90 6,116.99 10,033.32 5,677.60 4,605.35 10,170.85 

Share of mineral export 98.95 99.98 100.00 93.95 84.91 89.47 73.56 
Norway Mineral Export - - - 1,159.89 1,014.95 1,889.79 662.94 

Non-mineral export 0.69 1.33 116.58 111.04 247.03 76.49 173.59 
Total 0.69 1.33 116.58 1,270.93 1,261.98 1,966.28 836.52 

Share of mineral export - - - 91.26 80.43 96.11 79.25 
Sweden Mineral Export 1,885.54 1,229.72 - 14.07 4,870.01 6,569.48 8,374.09 

Non-mineral export 5.10 - 0.06 1.18 75.31 39.50 6.07 
Total 1,890.64 1,229.72 0.06 15.25 4,945.33 6,608.98 8,380.16 

Share of mineral export 99.73 100.00 - 92.29 98.48 99.40 99.93 
Switzerland Mineral Export - - - 2,584.86 207.22 348.73 - 

Non-mineral export 30.68 8.42 83.20 38.75 189.98 113.62 30.16 
Total 30.68 8.42 83.20 2,623.61 397.20 462.35 30.16 

Share of mineral export - - - 98.52 52.17 75.43 - 
Total Mineral Export 105,599.88 90,352.48 97,342.26 149,832.74 189,759.41 168,233.42 198,513.16 

Non-mineral export 2,329.90 87.56 1937.34 34,701.20 52,786.39 26,903.11 34,390.83 
Total 107,929.78 90,440.04 99,279.60 184,533.94 242,545.81 195,136.53 232,904.00 

Share of mineral export 97.84 99.90 98.05 81.20 78.24 86.21 85.23 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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Table 2.10.Mineral and Non-Mineral Import of Nigeria from the EU+2 Partners (‘000 $US: 2005 = 100) 

Country Product 1996 2001 2006 2011 2012 2013 2014 
Netherlands Mineral Import 170.93 77.16 617.94 68.78 41.28 7,235.30 8,989.84 

Non-mineral Import 3,175.20 5,107.19 5,132.14 7,870.01 2,981.25 6,100.58 7,678.64 
Total 3,346.13 5,184.35 5,750.08 7,938.79 3,022.53 13,335.88 16,668.49 

Share of Non-mineral Import 94.89 98.51 89.25 99.13 98.63 45.75 46.07 
Spain Mineral Import 147.43 57.47 123.01 1,706.01 158.66 3,075.60 1,931.08 

Non-mineral Import 888.88 1,388.73 1,424.83 3,396.77 1,604.11 2,142.78 2,634.34 
Total 1,036.31 1,446.21 1,547.84 5102.78 1,762.77 5,218.37 4,565.43 

Share of Non-mineral Import 85.77 96.03 ,92.05 66.57 91.00 41.06 57.70 
UK Mineral Import 125.92 525.61 346.16 264.60 49.99 861.66 1,067.23 

Non-mineral Import 6,943.78 13,748.50 21,577.33 8,648.93 13,728.82 12,865.03 10,078.39 
Total 7,069.70 14,274.11 21,923.48 8,913.54 13,778.81 13,726.69 11,145.62 

Share of Non-mineral Import 98.22 96.32 98.42 97.03 99.64 93.72 90.42 
France Mineral Import 355.69 194.03 314.08 809.08 336.49 2,168.08 2,347.40 

Non-mineral Import 4,266.22 4,770.02 8,043.56 14,261.37 3,920.27 4,907.29 4,623.23 
Total 4,621.91 4,964.06 8,357.64 15,070.45 4,256.76 7,075.37 6,970.63 

Share of Non-mineral Import 92.30 96.09 96.24 94.63 92.10 69.36 66.32 
Italy Mineral Import 106.72 54.92 410.11 877.12 357.38 329.15 690.60 

Non-mineral Import 1,849.90 2,607.76 5,940.53 8,559.46 3,959.26 4,179.09 5,581.36 
Total 1,956.61 2,662.68 6,350.63 9,436.58 4,316.64 4,508.23 6,271.96 

Share of Non-mineral Import 94.55 97.94 93.54 90.71 91.72 92.70 88.99 
Germany Mineral Import 418.16 618.79 277.25 2,058.40 117.04 142.75 192.51 

Non-mineral Import 5,470.15 9,885.78 10,099.70 13,725.89 5,438.85 8,981.77 10,770.61 
Total 5,888.31 10,504.57 10,376.95 15,784.29 5,555.89 9,124.53 10,963.12 

Share of Non-mineral Import 92.90 94.11 97.33 86.96 97.89 98.44 98.24 
Portugal Mineral Import 45.45 58.51 - 26.06 16.30 10.84 - 

Non-mineral Import 93.33 83.79 104.54 592.38 193.02 366.90 288.13 
Total 138.78 142.30 104.54 618.44 209.32 377.74 288.13 

Share of Non-mineral Import 67.25 58.88 100.00 95.79 92.21 97.13 100.00 
Norway Mineral Import - - - 0.36 - 1,951.84 2,470.30 

Non-mineral Import 377.86 254.79 394.08 2,030.52 1,246.09 687.09 1,150.43 
Total 377.86 254.79 394.08 2,030.88 1,246.09 2,638.93 3,620.73 

Share of Non-mineral Import 100.00 100.00 100.00 99.98 100.00 26.04 31.77 
Sweden Mineral Import - 40.81 0.64 0.44 50.93 159.47 0.87 

Non-mineral Import 637.68 666.38 911.50 1,817.10 2,509.09 1,366.43 1,667.26 
Total 637.68 707.19 912.14 1,817.54 2,560.02 1,525.90 1,668.13 

Share of Non-mineral Import 100.00 94.23 99.93 99.98 98.01 89.55 99.95 
Switzerland Mineral Import 8.38 267.26 168.29 280.64 207.44 33.64 195.07 

Non-mineral Import 778.02 1,101.91 1,586.60 1,114.68 1,514.82 798.43 1,554.07 
Total 786.41 1,369.17 1,754.89 1,395.31 1,722.27 832.07 1,749.15 

Share of Non-mineral Import 98.93 80.48 90.41 79.89 87.96 95.96 88.85 
Total Mineral Import 1,378.68 1,894.55 2,257.46 6,091.51 1,335.52 15,968.33 17,884.91 

Non-mineral Import 24,481.02 39,614.87 55,214.82 62,017.09 37,095.59 42,395.40 46,026.46 
Total 25,859.70 41,509.42 57,472.28 68,108.59 38,431.11 58,363.73 63,911.38 

Share of Non-mineral Import 94.67 95.44 96.07 91.06 96.52 72.64 72.02 

Source: Author’s Computation; Data from World Integrated Trade Solution (WITS) 
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In 2013 and 2014 alone, Nigeria imported more mineral products from the Netherlands 

than any other EU+2 partners having recorded real import volume of about $7.24 and 

$8.99 respectively in those years. Import of non-mineral products from all the EU+2 

partners increased differently over the same period. While Nigeria’s real imports of non-

mineral products France increased marginally, the increase in such import was at least 

double for most of the other countries. Also, Germany and the United Kingdom appear to 

be Nigeria’s leading countries of origin for most of its non-mineral imports in the EU+2 

during the period under consideration, exporting about $10.77 million and $10.08 million 

respectively in 2014.The foregoing therefore suggests that, in terms of mineral products, 

Nigeria experienced a surplus in its trade balance against each of the EU+2 top partners 

during 1996-2014. However, for non-mineral products, the country witnessed deficit in its 

trade balance against the same set of partners over the same period. This indicates that, 

over the period 1996-2014, these partners could be said to be indebted to Nigeria in 

mineral products but the country is indebted to them in terms of non-mineral products. 

 

2.2.8 Analysis of Environmental Efficiency in Nigeria, Asia and the EU+2 

Over the past two decades, real output in Nigeria has been on the increase with the real 

gross domestic product (GDP) line becoming steeper after 2003 which could be traced to 

the rising business confidence in the economy at this time. As shown in Figure 2.10, real 

GDP rose slightly to about $81.14 billion in 2003 from about $60.72 billion in 1996 

before a pronounced upward trend to reach about $194.88 billion in 2014. Production of 

output in Nigeria has been identified to be largely driven by energy inputs, especially from 

non-renewable sources which are main sources of carbon emissions. Hence, total carbon 

emissions were generally higher during 1999-2014, when output growth in Nigeria were 

remarkable, than the earlier years. For instance, the level of carbon emission in Nigeria, 

which fluctuated frequently over the same period, was 40.42thousand kilotons in 1996 and 

rose marginally to 44.79 thousand kilotonsin 1996. However, carbon emission, which 

averaged about 89.45 during 2000-2014, reached a peak of about 104.70 thousand 

kilotons in 2005, after which it resumed a declining trend. The higher carbon emission 

over the past one and a half decades could be traced to the increased activities across the 
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various sectors of the economy, especially the capital-intensive oil, manufacturing and 

service sectors relative to the labour-intensive agricultural sector. In the same vein, carbon 

emission per unit of energy use followed similar trend with carbon emission, rising 

significantly from 0.51 kilogram in 1996 to a peak of 1.05 kilogramsin 2002, representing 

an increase of about 106%. Although carbon intensity fell gradually afterwards to reach 

about 0.69 kilogram and 0.74 kilogram in 2009 and 2014 respectively, they remain higher 

than what obtains about 2 decades ago. Therefore, while recent trends suggest 

improvement in environmental efficiency in Nigeria, output production in the country 

appeared to be generally environmentally inefficientrelative to the periods prior to 1999. 

Real GDP in Asia maintained an upward trend over the period 1996-2014, rising steadily 

from about $7.31 trillion in 1996 to $14.93 trillion in 2014 (increase of 104%), following 

a minor shock experienced in 1998 (Figure 2.11). Carbon emission in Asia increased in a 

similar fashion from about 7.23 million kilotons in 1996 to reach a peak of 14.65 million 

kilotons in 2011 (increase of 103%), with major improvement recorded in 1998 and 2012. 

This indicates thatincreased economic activities in Asia has continued to generate 

environmental pollution over the years, suggesting that the tremendous economic growth 

recorded has been largely driven by activities that are environmentally inefficient across 

all sectors, given the lax environmental policy in the region. This is further confirmed by 

trend of carbon intensity in the region which exhibited similar pattern of movement as 

carbon emission. Carbon emission per unit of energy use rose gently from 2.02 kilograms 

in 1996 to 2.18 kilograms in 2009 after which it became steeper to settle at about 2.59 

kilograms in 2014. 
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Figure 2.10.GDP, Carbon Emission and Carbon Intensity in Nigeria19 
Source: Author’s Computation; Data from World Bank World Development Indicators 
(2017) 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                           
19 Carbon emissions and Carbon intensity of Nigerian export and import from her top partners in Asia and 
the EU are further presented in Table A1, A2 and A3. 

0

0.2

0.4

0.6

0.8

1

1.2

0

50

100

150

200

250

CO2 emissions (Mton)
GDP (constant 2005 US$: billion)
CO2 intensity (kg per kg of oil equivalent energy use)



69 
 

 
 

 
Figure 2.11.GDP, Carbon Emission and Carbon Intensity in Asia 
Source: Author’s Computation; Data from World Bank World Development Indicators 
(2017) 
 
 

 

 

 

 

 

 

 

 

0

0.5

1

1.5

2

2.5

3

0

2000

4000

6000

8000

10000

12000

14000

16000

CO2 emissions (Mton)
GDP (constant 2005 billion US$)
CO2 intensity (kg per kg of oil equivalent energy use)



70 
 

 

Real GDP in the EU+2 has maintained a stable upward trend since 1996 with minor 

breaks in 2009 and 2012 (Figure 2.12). In particular, real GDP stood at about $11.51 

trillion in 1996 and reach a maximum point of about $15.37 trillion in 2014 (34% growth). 

Interestingly, as much as output was rising, carbon emission was on the downward trend 

with minor fluctuations over the period 1996-2014. The falling carbon emission in the 

EU+2 became very noticeable in recent years, beginning from 2007. For instance, carbon 

emission in the EU+2 rose gently from 4.05million kilotons in 1996 to a peak of 

4.53million kilotons in 2006, but fell thereafter settled at about 3.57 million kilotons 

and3.68 kilotons in 2011 and 2014 respectively.  

The combination of rising output and falling carbon emission is reflected in the level of 

carbon intensity which has largely followed a declining trend over the period 1996-2014. 

This development is traced largely to the huge commitment of the EU+2 to greenhouse 

gas reduction following the Kyoto Protocol of 1997 where much of the global 

environmental pollution are said to originate from the industrialized economies. The 

commitment of the EU+2 led to the setting of carbon emission targets and the formulation 

of various environmental policies that are critical for sustainable development. Hence, the 

rising output and falling carbon emission is an indication of energy and environmental 

efficiency in the production of GDP across the EU+2 countries. 

Nigeria’s top partners both in Asia and the EU+2 are major contributors to total carbon 

emissions in theirrespective region. For instance, China, which is Nigeria’s leading import 

source from Asia contributed nothing less than 46% of the total carbon emission in Asia, 

reaching up to about 61% in 2014 (Table 2.11). The top seven partners in Asia emitted 

over 90% of the total carbon released into the environment in the region for most part of 

the period 1996-2014. India and Japan also contributed appreciably to total carbon 

emission in Asia, being Nigeria’s major export destinations (as well as import origins) in 

Asia. 

Similarly, for the case of the EU+2, the top ten trading partners are equally the leading 

emitters, contributing at least 67% to the total carbon emissions in the region during 1996-
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2014. Germany, United Kingdom, Italy, France, Spain and the Netherlandscontributed 

20%, 13%, 10%, 9% and 7% respectively to total carbon emission in the EU+2 in 2014. 

Given thatNigerian top partners in Asia contributed more to regional carbon emission, it 

therefore becomes obvious that these economies emit more carbon in their production 

process which may suggest that they are more environmentally inefficient than their EU+2 

counterparts. 
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Figure 2.12.GDP, Carbon Emission and Carbon Intensity in the EU+2 
Source: Author’s Computation; Data from World Bank World Development Indicators 
(2017) 
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Table 2.11.Share of Nigeria’s Top Trading Partners in Regional Emission (%) 

Country 1996 2001 2006 2011 2012 2013 2014 
Asia 

China 47.92 46.79 58.50 61.58 60.08 60.30 60.62 
Hong Kong 0.41 0.51 0.35 0.27 0.30 0.29 0.28 

India 13.87 16.15 13.72 14.16 14.55 14.65 14.61 
Indonesia 3.50 3.96 3.15 3.85 3.47 3.51 3.52 

Japan 16.68 16.13 11.23 8.11 9.16 8.87 8.66 
Korea Rep. 5.59 6.04 4.29 4.02 4.13 4.10 4.08 
Singapore 0.77 0.66 0.28 0.15 0.16 0.16 0.15 

Total 88.73 90.23 91.52 92.16 91.85 91.88 91.93 
EU+2 

France 9.27 9.45 9.27 9.28 8.84 8.97 9.26 
Germany 21.97 21.39 20.14 20.48 19.64 20.38 20.18 

Italy 10.52 11.28 11.58 11.14 9.81 9.28 10.44 
Netherlands 4.33 4.21 4.12 4.82 4.50 4.57 4.69 

Norway 0.82 1.05 1.09 1.26 1.33 1.60 1.47 
Portugal 1.25 1.57 1.48 1.33 1.22 1.24 1.32 

Spain 5.76 7.46 8.64 7.57 7.03 6.38 7.24 
Sweden 1.38 1.28 1.22 1.45 1.25 1.19 1.30 

Switzerland 0.99 1.08 1.03 1.03 1.00 1.09 1.06 
United Kingdom 13.62 13.68 13.36 12.53 12.41 12.31 12.72 

Total 69.91 72.45 71.93 70.90 67.04 67.01 69.69 
Source: Author’s Computation; Data from World Bank World Development Indicators 
(2017) 
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2.2.9Environmental Efficiency and Nigeria’s Bilateral Trade with Asian and EU+2 

Partners  

Carbon intensity in Nigeria remained below 1 kilogram for most part of the period 1996-

2014. Analysis of the relationship between this intensity (a raw measure of environmental 

efficiency) and bilateral trade between the country and its partners in Asia and the EU+2 

shows a dynamic link.In 1996, carbon intensity stood at around 0.5 kilogram and the 

country’s real export to EU+2 partners was as much as five times what it exported to Asia, 

while importing from the same partners about three times the real volume of imports from 

Asia (Figure 2.13).In 2006, carbon intensity rose to 0.93 kilogram while trade with 

partners, both in Asia and the EU+2, rose substantially with the exception of export to 

partners in the EU+2 that declined marginally from their 1996 values. Carbon intensity in 

Nigeria fell to about 0.72 in 2013 and export to partners in the EU+2 rose dramatically to 

about $195.14 million from $99.28 million recorded in 2006, which is more than twice 

total real exportsto Asian partners which has only risen marginally. Also, by 2013, real 

volume of imports from top partners in Asia has become larger than those from European 

partners whose real export to Nigeria has remain about the same as those recorded in 

2006. Thus, it may be pertinent to empirically investigate whether or not environmental 

efficiency in Nigeria matter for bilateral trade with top Asian and EU+2 partners. 
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Figure 2.13. Carbon Intensity in Nigeria and Bilateral Trade with Asia and the EU+2 
Source: Author’s Computation; Data from WITS and World Bank WDI (2017) 
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Nigeria’s bilateral trade with the Asia countries appears to have some direct relationship 

with the level environmental efficiency in these economies, which remained consistent 

during 1996-2014. For instance, in 1996, six Asian partners recorded over 2.0 kilograms 

of carbon emission per unit of energy used out of which five (Korea Republic, Japan, 

India, Singapore and Indonesia) were major export destination for Nigerian goods and 

services with each country importing over $1 million real worth of commodities from 

Nigeria in the same year (Figure 2.14). Similarly, in the same year, Nigeria imported more 

than $1 million goods and services, in real volumes, from Japan, China, India and Hong 

Kong which were among the countries with the highest carbon intensity in the region. 

In 2013, China, which had the highest carbon intensity among the Nigeria’s trading 

partners in Asia, exported more commodities to Nigeria than any other Asian partner 

(Figure 2.15). In similar vein, India, which was among the countries with the highest 

carbon intensity in Asia, imported more goods and services from Nigeria than any of its 

neighbours. It is also observed that partners (Singapore, Korea Republic and Indonesia) 

with low carbon intensity recorded low real volume of trade with Nigeria. Surprisingly, 

Hong Kong and Japan, which are high carbon intensity economy (3.23 kilograms and 2.73 

kilograms respectively), were among the Asian partners with the least real volume of trade 

(export and import) with Nigeria. This shows a high possibility that Nigerian trade 

relations with top partners in Asia may be affected by environmental efficiency in these 

economies. 
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Figure 2.14. Carbon Intensity and Nigeria’s Bilateral Trade with Top Partners in Asia (1996) 
Source: Author’s Computation; Data from WITS and World Bank WDI (2017) 
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Figure 2.15. Carbon Intensity and Nigeria’s Bilateral Trade with Top Partners in the Asia (2013) 
Source: Author’s Computation; Data from WITS and World Bank WDI (2017) 
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Similar to the case of Asia, Nigeria’s trade with top EU+2 partners seems to have direct 

relationship with the level of environmental efficiency in these economies. For instance, 

the top five economies with the highest carbon emission per unit of energy used in 1996 

are Italy, Germany, Portugal, the United Kingdom, the Netherlands and Spain, having 

recorded over 2.3 kilograms of carbon intensity in the same year (Figure 2.16). Among 

these economies, Nigeria exported more to Spain ($32.79 million), Italy ($19.07 million) 

and the Netherlands ($17.85 million) than any other partners in the EU+2. In the same 

vein, Nigeria sourced more of its imports from the United Kingdom ($7.07 million) and 

Germany (5.89 million) than from any other EU+2 partners.Nigeria’s real trade volume 

with Switzerland, Norway and Sweden are very low as these countries are among those 

with carbon intensity below 2.0 kilograms. France appeared to be the only EU+2 partner 

with low carbon intensity and high trade relation with Nigeria in 1996. 

As in 1996, the leading carbon intensity economies among Nigeria’s top trading partners 

in the EU+2 are equally those that recorded the largest volume of trade with the country in 

2013 (Figure 2.17). For instance, export to the Netherlands, Italy, Spain, France and the 

United Kingdom reached $50.82 million, 33.39 million, 33.32 million, 28.11 million 

respectively in 2013 with only France (1,32 kilograms) remaining among the low carbon 

intensity economies. Also, real import of Nigeria from the United Kingdom ($13.73 

million), the Netherlands ($13.34 million) and Germany ($9.12 million) were highest 

among the EU+2 countries.  However, despite the rising level of carbon intensity in 

Norway and Switzerland, Nigeria’s trade relation with them remains low while trade with 

trade with Sweden remain as low as the carbon intensity of the country. 
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Figure 2.16. Carbon Intensity and Nigeria’s Bilateral Trade with Top Partners in the EU+2 (1996)  
Source: Author’s Computation; Data from WITS and World Bank WDI (2017) 
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Figure 2.17. Carbon Intensity and Nigeria’s Bilateral Trade with Top Partners in the EU+2 (2013) 
Source: Author’s Computation; Data from WITS and World Bank WDI (2017) 
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Following from the foregoing, it can be said that environmental efficiency level in Nigeria 

may be important for trade with the Asian economies, but only in the case of trade 

(import) in non-mineral products. However, environmental efficiency in the economies of 

the trading partners may be very critical to Nigeria’s bilateral trade in mineral and non-

mineral product with both EU+2 and Asian countries. The recent increase in non-mineral 

import from Asia could indicate the porosity of Nigerian economy, especially for products 

from environmentally inefficient techniques. The rising Nigeria’s export to Asia, as well 

as the EU+2, and the continuous rise in output of these economies could reflect the 

increasing need for oil which is largely sourced from Nigeria to power economic 

activities. Thus, the lax environmental regulation, as well as the associated 

environmentally inefficient and high energy intensity of the Asian production process, 

could favour energy (oil) import from Nigeria, irrespective of the level of environmental 

efficiency of the oil sector in Nigeria. On the other hand, Nigeria seems to be a major 

export market for goods produced from highly environmentally inefficient production 

process. The reason for this could be traced to the wave of industrialization in Asia and the 

fact that Nigeria is equally lax in terms of environmental regulation, while the country 

continues to be a favourable destination for sub-standard products which are often paid for 

from the revenue obtained from oil export. 

For the case of the EU+2, Nigeria produces Bonny light crude oil with very low sulphur 

content, low corrosiveness in refinery and low environmental impact of its by-products in 

refinery effluent. This makes it highly desirable, among other crude oil types, for any 

industrial economy that is committed carbon reduction. The efforts of the EU+2 in 

reducing environmental pollution, especially from production activities, could provide 

partial explanation for the rising export of Nigeria destined for the EU+2 in recent years 

irrespective of the environmental efficiency level of the country.More importantly, the 

existence of sound economic cooperation between Nigeria, and the rest of Africa, with the 

EU+2 may provide considerable justification for this development. Also, as much as more 

mineral products are exported to this region, it appears that much of the proceeds are spent 

on the relatively clean imports from the EU+2. 
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2.3 Literature Review 

2.3.1 Review of Theoretical Literature 

Beginning from the classical trade theories, several theories have been developed to 

explain the drivers of international trade among countries of the world. However, those 

linking international trade with environmental quality are few, though some of them 

inherently reflect implication of the environment for trade. These trade theories include 

theclassical theory (Ricardian Model), the neo-classical theory (Hecksher-Ohlin Model), 

Pollution Haven Hypothesis and Porter Hypothesis. 

2.3.1.1 The Classical Theory (Ricardian Model of Comparative Advantage) 

Theclassical theory of trade as represented by the Ricardian model, which is often 

associated with the 19th century British economist David Ricardo, is developed as a 

criticism to the flaws of Adam Smith’s Theory of Absolute Cost Advantage. A country 

has absolute advantage in the production of a commodity if it can produce greater 

quantities relative to another country, given the same level of resources. Thus, such 

country should specialize in that commodity and export the same. The Ricardian model 

posits that production function (technology) differs across countries and countries should 

specialize according to comparative cost advantage. Thus, a country has comparative cost 

advantage in the production of a commodity over another country if the opportunity cost 

of producing that good is lowest relative to the other country (Deardorff, 2005). 

The model starts with the simple assumption that there are only two countries in the world 

producing two similar goods. It is further assumed that labour is the only factor of 

production which is freely mobile across industries, such that resource endowment is the 

same in both countries. In this model, constant returns to scale are assumed, giving rise to 

a linear production possibility frontier while production and consumption are free from 

market distortions. Also, tastes are identical and homogenous in each country (Markusen 

et al, 1995). These assumptions therefore imply that specialisation and exchange can only 

arise where productivity differs between the two countries given the differences in 

technology. In essence, while differences in marginal product of labour may suggest 

absolute advantage, specialisation and trade may be difficult where a country can produce 
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more from a unit of labour in both goods relative to the other country. Comparative cost 

advantage therefore implies that the ratios of marginal product of labour differ in the two 

countries even if a unit of labour in one country can produce more of both goods than its 

counterpart in the other country (Markusen et al, 1995). Thus, specialisation is possible 

and trade is gainful for both countries.  

The differences in labour productivity (and ratio of marginal product of labour) may 

reflect the type of production technology, as well as the quality of environment, adopted 

by a country. In standard microeconomic efficiency theory, a firm seeks to maximise 

output from the given quantity of inputs or minimize the quantity of inputs to produce a 

given amount of output (Varian, 1992). Since pollutants are equally produced from the 

production process, a carbon inefficient technology may increase the cost of production 

through the release of harmful substances, such as carbon, to the environment which has 

adverse implication on the health, hence productivity of labour (Lannelongue et al, 2017). 

Thus, countries with environmentally-friendly technology tend to be more productive than 

environmentally inefficient countries. Subsequently, carbon efficient countries tend to 

have comparative advantage in ‘clean goods’ while carbon inefficient countries tend 

towards ‘dirty goods’. According to Yang et al (2019), regions with better technology 

andlow emission intensities usually outsource the production of pollution-intensive but 

low value-addedgoods to regions with high emission intensities through inter-regional 

trade. However, environmentally-sensitive countries may be unwilling to import ‘dirty 

goods’ for which some countries are specialists.  

The Ricardian model assumes that labour is the only factor of production, and that it 

exhibits constant marginal productivities. The implications of this assumption include 

constant opportunity costs of production activities and the possibility of complete 

specialisation in trade. It also implies that positive income gains can be obtained from 

trade by all workers in both countries, except one country does not specialize completely 

as a result of its large size. It is however unrealistic in modern production processes to 

have labour as the only factor of production. This represents the major shortcoming of the 

model. 
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2.3.1.2The Neo-Classical Theory and its Extensions 

Heckscher-Ohlin Model 

The Heckscher-Ohlin (H-O) trade model, derived from the neo-classical trade theory 

andnamed after Swedish economists Eli Heckscher and Bertil Ohlin who developed its 

fundamentals, came into pre-eminence in the 20th century. The model built on the 

Ricardian model but departs from it in two ways. First, rather than the Ricardian 

assumption of a single factor (labour) economy, the H-O model introduced a second factor 

– capital into production processes. Thus, production function can be specified in terms of 

labour and capital. Second, the H-O model assumes that production technology is the 

same across world competitors, rather than the assumption of differences in production 

functions. In this model therefore, trade cannot be said to be a result of disparity in 

international technology but in the relative abundance of factors of production.  

The introduction of a second factor presents more realistic explanation of trade. For 

instance, the production frontier becomes concave rather than linear which indicates rising 

opportunity costs. In reality, a country does not commit all their resources to the 

production of a particular commodity but tend to produce both goods in free trade. Thus, 

countries typically diversify across commodities instead of complete specialisation in a 

particular good. In the H-O model therefore, comparative advantage and trade are 

determined by international differences in factor endowments (Markusen et al, 1995).  

The H-O theorem states that a country will export the commodity that intensively uses its 

relatively abundant factor. This theorem suggests that countries, such as developing 

countries, with abundant supply of low and unskilled labour tends to be net exporter of 

labour-intensive goods while those countries with large areas of agricultural land are 

usually net exporter of agricultural produce.  

The assumption of identical production technology has been heavily criticized in the 

literature as it would require both countries to have similar industrial output. The H-O 

model also assumed absence of transaction costs as purchasing parity holds in both 

countries. These assumptions are unrealistic as technology obviously differs among 
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countries while transaction cost, does not only exist, but also increase with distance. 

Furthermore, empirical findings of Leontief (1953) and Linder (1961) represents the major 

criticism of the model in what is called Leontief paradox and Linder hypothesis 

respectively.Leontief found that USA, the most capital-abundant economy at that time, 

actually exported labour-intensive goods and imported capital-intensive which contradict 

the proposition of the H-O model. The Linder hypothesis claimed that demand played 

important role than comparative advantage in determining trade as countries are more 

likely to trade with those that share similar demands. 

Despite these criticisms, the H-O model has been employed in explaining the link between 

environmental quality and international trade. Different industries have varying degrees of 

pollution intensity which may be compounded by the characteristics of an economy in 

terms of income level and laxity of environmental regulation. The H-O model recognizes 

that industry characteristics are potentially relevant following its classical inference that 

countries focus on the production and export of goods that intensively use the abundant 

factors (Mulatu et al, 2004). Through rising industry costs, stringent regulation increases 

imports and decreases exports of industries that are intensive in pollutant emission, 

making environmental regulation a source of comparative disadvantage in pollution-

intensive goods (Copeland and Taylor, 1994, 1995).Mulatu et al, (2004) adopted this 

special case of H-O model that incorporates both pollution haven and factor-abundance 

presented by Antweiler et al, (2001) and Copeland and Taylor (2003) to investigate the 

responsiveness of international trade to stringency of environmental regulation. 

Extensions of Heckscher-Ohlin Model 

Following the paradox of Leontief (1953), the H-O model has been variously tested. 

Theoretically, H-O model has been extended in various areas to capture different 

developments and progresses in economicswith the first major extension containedin 

Vanek (1959) where factor content of trade is predicted rather than the pattern of trade in 

goods.Further extensions of the model include intra-industry trade (Dixit and Norman, 

1980 and Helpman and Krugman, 1985),imperfect competition in the differentiated sector 

(Brander and Krugman, 1983 and Etro, 2017),variable returns to scale (Young, 

1991),homogeneous goods and Cournot competition (Lahiri and Ono, 1995) and CES 
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preferences with bothBertrand andCournot competition (Etro, 2015), and environmental 

tax (Kohn, 2000). In particular, Kohn (2000) extended the Heckscher–Ohlin–Samuelson 

modelto accommodate the role of environmental tax in a three-country and two-good 

model and this is further reviewed in what follows; 

In the Heckscher-Ohlin-Samuelson (H-O-S) model, there exists a 2-country world with 2 

goods, and 2 factors with each country having a free-market economy consisting of 

consumers and competitive firms. Since factors cannot move across countries, the only 

point of contact between countries is trade in goods. It is further assumed that 

technologies are identical, but the production of each good involves intensive use of one 

of the factors. Thus, Kohn (2000) began by assuming three countries with two industries 

using production functions that are identical, linear and homogeneous. Industry Y is 

pollution intensive and uses higher ratio of capital to labour. In essence, the country with 

the highest ratio of capital to labour has the natural comparative advantage in the 

production of the pollution intensive output Y(Samuelson, 1949). In the absence of 

technological abatement, pollution can only be reduced either by consuming less of the 

polluting good and more of the non-polluting good (substitutions in consumption) or by 

importing rather than manufacturing the pollution intensive good. Moreover, it is assumed 

that pollution damage, which is only caused by emissions generated within the same 

country, increases in proportion tothe output generated before the production of the 

pollution-sensitivegood but geometrically with respect to the domesticpollution level. 

Each country has a common community utility function of the form U=U(x, y), where x 

and yrepresents consumption quantities following international trade. Since preferences 

are homothetic and identical across countries, the resulting H-O-S trade flows are 

compatible with natural comparative advantage. Given that wage rate in any of the 

countries is w, the competitive prices of capital and good X in that country arer =wXK/XL 

= wYK/YL and Px = w/XL = r/ XK respectively. Also, if Piguvian tax isset to equal the level 

of marginal pollution damage and it is given as T = - PxXE, then thecompetitive price of 

good Ywill bePy = w/YL + TEy = r/YK + TEy. 

Each country is differently endowed such that the fixed quantities of inputs are Lo** and 

Ko**in the country that exhibits the highest capital-labourratio, Lo* and Ko* in the 
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country which possesses the secondhighest ratio, whileLo and Ko is used for the country 

withthe smallest ratio. Consequently, the country with thelargest capital-labor ratio trades 

YT* for XT*with the country exhibiting the next higher capital-labor ratio and YTfor XTwith 

the third country. 

Thus;  

y** = Y** = YT* = YTand 

x** = X** = XT* = XT 

y* = Y* = YT* and x* = X* = XT*  

y = Y = YTand x = X = XT 

Owing to the assumption of homothetic and identical preferences are across countries, 

then; 

Y** + Y* + Y =y**  =y* =   y 

X** + X* + X    x** x* x 

Given a 2-products. 3-countries situation, the pattern of trade in indeterminate which 

necessitate an assumption that no trade exists between the two countriesexhibiting lower 

capital-labor ratios. Althoughthisassumption may appear extreme, it is necessaryin 

multiple-countrymodels (Helpman 1999). Also, given that consumers seek to maximize 

utility subject to constraints imposed by their income, Uy/Ux = py/px, in each country,free 

trade allowsequality of relative prices and terms of tradeacross countries, such that 

 

Py  =XT  =   Py* = X T*  =  Py** 

PxY
T       Px*    Y T* Px** 

This extension however fails to explain how the environmental tax imposed on firms 

influence their environmental efficiency and productivity. 

2.3.1.3 Pollution Haven and Pollution Halo Hypotheses 

Industrialization in less developed and developing countries has accelerated in the last few 

decades as many industrial activities have moved into these countries in form of foreign 

direct investment from developed countries. This movement is explained by the pollution 

haven and halo hypotheses. The pollution haven hypothesis suggests that,under free trade 

condition, pollution-intensive industries will relocate to countries with less stringent 
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environmentalregulations (Copeland and Taylor, 2004).In contrast, foreign industries 

diffuse optimal management system in addition to superior environmental technology in 

the host country, resulting in “pollution halos effects” to firms operating in the host 

country (Christmann and Taylor, 2001; Eskeland and Harrison, 2003). A firm tends to 

relocate its plant to a foreign country in order tocircumvent environmental regulations that 

are considered stringent in its home country but use production techniques that are cleaner 

relative to the technology of their counterpartdomestic firms in the host country. These 

two hypotheses evolve from the environmental Kuznets curve (EKC) that provides a role 

for economic activities or income in environmental degradation of which foreign trade and 

investment play key roles (Song et al., 2008 and Narayan and Narayan, 2010). 

Production process generates pollution as a joint product.Pollution abatement becomes 

necessary but it requires real resources. Thus, active abatement plus joint production leads 

to a production process where pollution appears as an input into production. Thus, 

pollution haven hypothesis assumes two countries, North and South, with North relatively 

more human capital abundant than South. Thus, each country specializes and trade in a set 

of either relatively clean or dirty goods. Moreover, the effect of pollution is assumed to be 

local while the environment is a normal good. As a policy response, a social planner in 

each country taxes polluting industries an amount that equals the marginal damage done 

and generates higher real income in the process (Taylor, 2005). Thus, cost of production 

tends to rise with the amount of pollution generated, as well as the stringency of such 

environmental regulation. For instance, developed economies (North) enacted strict 

environmental regulation following huge environmental concerns which increased the cost 

of production of ‘dirty goods’. On the other hand, developing countries (South) have 

become attractive destinations for such industries given their low wages (abundant labour) 

and lax environmental regulation, as well as need for financial resources for industrial 

development (Akbostanci et al, 2004).  

This model reflects the reality of unequal incomedistribution across the world, disparity in 

industrial pollution intensity of production, and environmental quality as a normal 

good.These assumptions therefore allow predictions on trade patterns and pollution levels. 

Pollution Haven Hypothesis can arise whendifferences occur among countries only in 
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terms of human capital levels, where a movement from closed economy (autarky) to free 

trade in goods results inthe relocation of production of dirty good from the high 

incomecountries who have high level of tight environmentalregulation to the low income 

lax environmental regulation country. Consequently, lax regulation country exhibits rise in 

pollution whileit falls inthe tight regulation country, raising world pollution in the process 

as world’s dirtiest industries move to the country with the lowest environmental standards 

(Taylor, 2005). However, high income countries are likely to be the net importer of ‘dirty 

goods’ in the process. He (2006) employed the hypothesis to investigate the effect of 

foreign direct investment on the environment among Chinese provinces while Cole (2004) 

assessed the presence of pollution haven hypothesis in the North–South trade flows, 

especially as regards pollution intensive products. Also, Akbostanci et al, (2004) 

examined the roles of dirty industries in Turkey’s exports using the hypothesis. 

This hypothesis has been faulted on a number of grounds. First, it assumes free trade, 

nowhere in the world is trade truly free while trade liberalisation involves some 

endogenous conditions which may consist of a number of technical barriers to trade 

(TBT). Moreover, the hypothesis employed industrial pollution in its formulation but 

empirical test found other pollution data sources more useful. For example, data on 

renewable resource use, consumption generated pollution or trans-boundary pollution 

have been variously employed(Taylor, 2005). Also, in spite of the fact that trade is 

influenced by several other factors, the hypothesis emphasizes differences in 

environmental policy as a source of comparative advantage and trade. 

2.3.1.4 Porter Hypothesis 

In the environmental regulation-performance literature, thestandard traditional view posits 

thatstrict environmental protection imposes major constraints on industrial behaviour 

which hinders firms’ productivity and competitiveness, and hence has adverse effect on 

economic performance (Rubashkina et al, 2015).These constraints manifest either in the 

form of higher direct cost of adjusting production process which could involve huge R&D 

investment or reflects the rising financial obligations that limit firms' budgets. Therefore, 

there are associated opportunity costs in complying with environmentalregulationas 

firmscannot investinotherprofitable opportunities. 
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Well-designed andwell-enforced regulation could actually benefit 

boththeenvironmentandthe firm through enhanced competitiveness (Porter, 1991 and 

Porter andvanderLinde, 1995).This proposition is popularly referred to as the Porter 

Hypothesis which summarizes that stringent environmental regulation can increase firm’s 

global competitiveness.  

In a typical production process, energy is combined with critical inputs such as labour and 

capital to produce certain quantities of desired output with pollution being jointly 

produced (Adewuyi and Awodumi, 2017).Consequently, these productive resources are 

used inefficiently as the fraction of it used in the production of pollution can be employed 

to improve productivity, hence reduce pollution. Enforcement of stringent environmental 

regulations can spur innovation among firms leading to the adoption of environmentally-

friendly production process such as the use of energy-reducing or carbon-

efficienttechniques or both. In resource (oil) rich economies, such techniques could also 

help in reducing oil spillage. Such regulation could be in the form of sanctions such as 

pollution-production tax or incentives which could be a pollution-reducing subsidy.  

One major assumption of the hypothesis is that the regulation is well-designed and 

efficiently executed. Thus, in an efficient economic system, firms are forced to endogenize 

the environmental effect of their production activities. This makes them to adopt improved 

technology that is environmentally friendly and increase productivity as well as reduce 

average cost overtime. Consequently, high quality ‘clean goods’ are produced which 

increases competition among firm in the industry. In the process, firms can compete 

favourably in the international market as they can meet international standards. 

Like other related theories, the Porter Hypothesis has been criticized.It is incompatible 

with the assumption of profit-maximizing firms (Palmer et al, 1995).Firms are profit-

maximizing and does not necessarily need regulation such as environmental protection 

laws to induce them to make optimal choices. Firms may not be making optimal choices 

for reasons that are not environmentally related includingimperfect information or 

organizational or market failures. Porter however argues that environmental regulation 

may help firms identify inefficient uses of costly resources while also help in producing 

and disseminating new information on best-practicetechnologies. It is however often 
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questioned whetherregulators are in a better position than managers to find these 

profitable business opportunities. 

Opponents of the hypothesis also identify much confusion in the literature about what the 

Porter Hypothesis actually says. First, the hypothesis does not assert that all regulation 

leads to innovation but only well-designed ones do. Second, it does notstate that this 

innovation necessarilyoffsets the cost of regulation as regulation is not alwaysa free lunch 

(Ambec et al, 2011). Thus, there may be situations where the costs of regulation to firms 

outweigh benefits of compliance. 

Empirical tests of Porter Hypothesis have been carried out by a number of studies. For 

instance, Brunnermeier and Cohen (2003)could not establish significant impact of 

environmental regulation on innovation and technology among 146 U.S. manufacturing 

firms. The hypothesis however found support in Popp (2003), who focused on 186 gas 

plants in the U.S. as well as Arimura et al. (2007) 4,000 among manufacturing facilities in 

7 OECD countries andPopp (2006) in USA, Japan and Germany. Also, Rubashkina et al, 

(2015)establish the hypothesis on the innovation of 17 manufacturing sectors across 

Europe. Similarly, in terms of productivity, the hypothesis does not find support in Gray 

and Shadbegian (2003) among 116 U.S. paper mill firms and Crotty and Smith (2008) 

who investigated 37 firms in the UK automobile sector. However, the hypothesis is 

confirmed in Berman andBui (2001) for the US petroleum refining industry and Lanoie et 

al.(2008) who examined the case of 17 Quebec manufacturing industries.  

The theoretical literature has largely explained the link between environmental regulation 

and trade in the context of the Ricardianmodel, Hechsher-Ohlinmodel, Porter Hypothesis 

and Pollution Haven Hypothesis. In particular, the H-O model has been widely used in 

empirical literature because of its ability to explain how stringent regulation could create 

comparative disadvantage in pollution-intensive good while producing comparative 

advantage in clean goods relative to other countries. This modeldoes not clearly 

accommodate the case of developing resource-rich economies, such as Nigeria, that are 

characterised by lax environmental regulation and high environmental inefficiency in 

production processes. Moreover, these economies have already developed comparative 

advantage in pollution-intensive goods produced from their abundant resources such as 
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crude oil and they have remained net exporter of such commodities. In essence, any effort 

towards environmental efficiency in that sector can only enhance or retard the existing 

advantage, where the H-Omodel alone may not be adequate. Hence, this study adds to 

theoretical literature by expanding the Heckscher-Ohlin (H-O)modelincorporating the role 

of environmental efficiency (as a form of trade distortion) in bilateral trade between 

Nigeria and its top trading partners. It provides a role for environmental efficiency, similar 

to government policy, in an existing H-O framework.  

2.3.2 Review of Methodological Literature 

Studies on efficiency and its various implications are usually conducted in two-stage 

analysis. The first stage involves generating efficiency scores while the second stage often 

involves utilizing the efficiency scores in setting up and estimating appropriate regression 

models. Thus, this section reviews the literature on methodologies in two parts. The first 

part is a review of literature on the relevant measures of efficiency while the second part 

focuses on estimation techniques. 

2.3.2.1 Measures of Efficiency 

Existingliteratureidentifies two dominant techniques for generating efficiency scores -

theparametric and thenon-parametricapproaches(Berger and Humphey, 1997). 

a.The Parametric Approach 

The parametric(also called econometric) approach considers a production function while 

recognisingthat deviation away from the production technology (captured by the error 

term) is composedof two parts which include randomness (or statistical noise) and the 

other inefficiency. 

Consider a production function (F)based on the technology set A which maximises output 

y from the given input set x: 

f(x) = max{y / (x, y) ϵ A} 

where x is ann dimensional input vector and y is the m = 1 dimensional output. A major 

assumption about this production function is that it has a specific functional form with 

unknown detaildefined by a vector of parameters β: 

f(x) =f(x; β) 

Assume a Cobb-Douglass production function 

y = β 𝑥 𝑥 … 𝑥  
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where the parameters areβ , β , β ,…,β . The maximum likelihood principle, which 

involves choosing the value of estimated β which makes the actual observations as likely 

as possible, is often used in the parametric approach. According to Bogetoft and Otto 

(2011), three main processes of the parametric approach is often suggested in the 

literature. The first process considers any deviation as noise which corresponds to an 

ordinary regression model. Second is to consider any deviation as an expression of 

inefficiency which is referred to as deterministic frontier. The third posits that deviations 

arise from both noise and inefficiency. This is called the stochastic frontier analysis 

(SFA). 

The noise term(v) can make the observed output larger or smaller than f(x; β), whereas the 

inefficiency term (u ≥ 0)will always make the observed output smaller than f(x; β)20. 

These terms can enter the production function additively,as in the Farrel output 

efficiency21or multiplicatively, as in the Shephard output efficiency. Thus, given the 

production function, the efficiency of a particular firm can be evaluated.  

b. The Non-Parametric Approach 

The most common version of this approach is the non-parametric linear programming tool 

(data envelopment analysis: DEA).DEA essentially computes the economic efficiency of a 

given processor system relative to the performance of other processes or systems 

producing the same good or service, rather than against an idealised standard of 

performance. That is, DEA involves the use of linear programming methods to construct a 

non-parametric piece-wise frontier over the data and efficiency of each decision-making 

unit (DMU) is calculated relative to the “best practising” producer(Coelli et al, 2005). It is 

also possible to apply to situations with multiple inputs and outputs. Data Envelopment 

Analysis, which was first coined by Charnes, et al, (1978) with an input-oriented model 

and constant return to scale (CRS), has continue to develop ever since. Subsequently, 

Färeand Grosskopf, (1983) and Banker et al, (1984) developed the variable returns to scale 

(VRS) DEA models.  

                                                           
20The inefficiency term is assumed to be positive  
21 Farrel output efficiency is the inverse of the Shephard output efficiency 
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This technique has been applied variously in many disciplines following its many 

theoretical developments.Two main measures of efficiency exist with different 

characteristics - radial and non-radial measures. Historically, the radial models, 

represented by the CCR22 model (Charnes et al., 1978), was the first DEA model, whereas 

the non-radial models, represented by the slacks-based measure (SBM model) 

andpopularised by Tone(2001),was developed much later.In the input-oriented case, the 

CCR deals mainly with proportionate reduction of input resources. For example, where a 

decision-making unit (DMU) only employs two inputs, the task of this model is therefore 

to obtain the maximum rate of reduction in the same proportion, that is,seeking a radial 

contraction in these inputs such that the current outputsare produced.On the contrary, the 

non-radial models do not consider the assumption of proportionate contraction in inputs 

but obtains the maximum rate of input reduction which may put away varying proportions 

of the original input resources. 

The super SBM model derives from the SBM model. The first step is to 

removeDMUqfrom the population unit which is being evaluated. The super SBM model 

thereafterwants to find a virtual unit DMU* with inputs X* and outputs Y* which will be 

efficient in SBM after the removal. Apparently, inputs into unit DMU* willbe higher or 

equal to those into the evaluated unit DMUq and all outputs will be lower or equal to 

those of DMUq. The super-efficiency rate is defined as the distance between the inputs 

and outputs of both units –DMU* and DMUq. 

The main shortcoming of the CCR model is that it neglects non-radial slacks.  For the 

SBM model, a major shortcoming is the fact that the projected DMU may lose the 

proportionality of the original input mix. This characteristic of the non-radial models 

becomes a problem as it becomes difficult identifying the optimal input combination, 

especially in the event of a loss of the original proportionality is inappropriate for the 

analysis. However, the difficultyin observing such a case in practice represents a major 

shortcoming of non-radial models which brings a problem when assessing efficiency 

change over time. The non-zero pattern of slacks at time period t may significantly differ 

                                                           
22CCR is an acronym for Charnes, A., Cooper W. W. and Rhodes E. (1978) who pioneered the radial model 
of DEA under the assumption of constant return to scale. 
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from that of time period t + 1. Thus, it is difficult to tell which pattern is reasonable and 

may distort interpretation of results, especially, when we consider these slacks as the 

sources of inefficiency. 

In energy and environmental studies, the various developments of DEA have been widely 

used to benchmark energy and CO2 emission performance. Among these studies are Li et 

al, (2013b); Chen et al, (2014); Song and Zheng, (2015); Shao and Wang, (2016); Chen 

and Jia, (2016) and Song et al, (2016). With respect to super-SBM DEA models, related 

recent studies include Yang et al, (2014); Song et al, (2015b) and Li et al, (2013b). Turner 

(1994) first employed DEA to estimate the sub-vector Shephard output distance function 

for pollutant shadow pricing while Boyd et al. (1996) first calculated the shadow price by 

using DEA. 

2.3.2.2DEA Input and Output Indicators 

In DEA environmental efficiency literature, three major ways of combining inputs and 

output indicators (input-output mix) are identified. First, most studies utilize labour, 

capital and energy as input variables tosimultaneously produce both desirable (GDP) and 

undesirable (pollutants) output.That is, both outputs are treated together in a multiple-

output analysis using DEA.Some examples of these studies include Zhou et al 

(2013),Wang et al (2014),Wang et al (2013), Chang et al (2014), Song et al (2015a), Li et 

al (2013b) and Chen and Jia (2016).Capital and labour are the two critical inputs in the 

production of desirable output such as gross domestic product (GDP) while energy 

consumption has also been deployed as the third input. In the process, undesirable outputs 

are produced and are treated as output in DEA analysis based on the assumption of weak 

disposability of output rather than being strongly disposable.The commonly used 

undesirable outputs are carbon dioxide (CO2), Nitrogen oxide(NOx), sulfur oxide (SOX) 

and Methane. 

Second, very few studies(Dyckhoff and Allen, 2001 and Yang et al, 2014) take 

undesirable output as input in the production process. This follows the argument that as 

much as firms seek to minimize the cost of inputs in the production process, they equally 

strive to minimize the production of pollutants. However, it has been argued that this 

approach only needs the information on whether the data hasto be minimized or 
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maximized, but it cannot reflect the real productionprocess (Chen and Jia, 2016). In the 

third category, desirable and undesirable outputs are treated separately as output indicators 

to obtain the good efficiency and the bad efficiency respectively. Environmental 

efficiency is therefore obtained by finding the ratio of the good efficiency to bad 

efficiency (Färe et al, 2004; Zaim, 2004 and Halkosand Tzeremes, 2009). In this case, free 

disposability is assumed where the undesirable output can be reduced without changing 

the desirable output and the level of input while desirable output can be increased keeping 

pollutants and the level of input the same (Färe et al, 2004 and Watanabe and Tanaka, 

2007). 

2.3.2.3Second Stage (Regression) Analysis 

The second stage entails the use of regression techniques for empirical analysis.Among 

these methods are Ordinary Least Square (OLS), General Methods of Moments (GMM), 

Two Stage Least Square (2SLS); Tobit model, and the various versions of Maximum 

Likelihood Estimator.The OLS is one of the most powerful and popular method of 

regression analysis. The method essentially seeks to minimize the sum of squares 

residuals (errors) such that the estimated parameters are as close to the true parameters as 

possible. OLS is most favourable in the presence of a number of assumptions (Gujarati, 

2004). It assumes that the model to be estimated is linear in parameters while the values 

taken by the regressors, X, is fixed in repeated samples. It also assumes zero mean value 

of the disturbance term which is expected to be homoscedastic (equal variance) across all 

observations with zero correlation between the disturbances. Moreover, OLS may be 

appropriate where there is no problem of perfect multicolinearity while the model is 

correctly specified with zero covariance between the error term and explanatory variables. 

Given these assumptions, the OLS estimator is expected to have the minimum variance in 

the class of linear unbiased estimators. In explaining the role of trade in environmental 

efficiency,Taskin and Zaim (2001) employed panel OLS in their second stage analysis for 

the case of high, middle and low income countries while the same method is used bySong 

and Zhou (2015) and Honma (2015)for Chinese provinces and a group of 98 countries 

respectively. OLS is has also been used to analyses the effect of environmental efficiency 

(Doganay et al, 2014) and environmental regulation (van Beers and van den Bergh, 

2000;Harris et al, 2002; Mulatu et al, 2004;Costantini and Crespi, 2008; Hering and 
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Poncet, 2014 and Li et al,2015) on international trade.The inability of OLS to produce 

efficient estimates where any of these assumptions are violated prompted the development 

of other methods that have been proved useful in the analysis of international trade. 

Instrumental variable techniques such as 2 stage least square (2SLS) and generalized 

method of moments (GMM) have been variously employed to take care of these problems, 

especially in the presence of endogeneity that results in autocorrelation and 

contemporaneous correlation. Since GMM estimation was formalized by Hansen (1982), 

it has received wide interest in economics, including environmental analysis (Cole and 

Elliott, 2003 andDoganay et al, 2014).  Unlike maximum likelihood estimation (MLE), 

GMM does not require complete knowledge of the distribution of the data and it can be 

computationally very easy.Moreover, in order to correct for possible dependent variable 

heteroscedasticity, Xu (2000) implemented the maximum likelihood technique to examine 

empirically whether more stringent domestic environmental policiesreduce the 

international competitiveness of environmentally sensitive goods (ESGs). Santos-Silva 

and Tenreyro (2006) propose a simple Poisson pseudo-maximum-likelihoodmethod 

(PPML) to address these problems. While estimating the impact of environmental policy 

on foreign trade, van Beers and van den Bergh (2000) noted that the use of a loglinear 

specification would require the elimination of zero flows whenestimating with ordinary least 

squares, which in turn would lead to biased estimates. They therefore used Tobit estimator and 

compared the results with those of OLS.These takes into account the chances that rounding off 

of small flows can yield zerotrade flows asvalueslower than US $100,000 may not be 

reported. 

Recent methodological development has seen the introduction of count-data models, 

which are negative binomial pseudo maximum likelihood model (NBPMLM) and zero- 

inflated models-ZIM)(Baum, 2010). The strengths of these methods lie in their ability to 

capture the source of the zero counts. They are also less restrictive and do not require an 

instrument for the second stage of the regression. Also, unlike the Poisson regression that 

assumes equality between the mean and the variance of the distribution, the negative 

binomial regression allows the variance to differ from the mean. 
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This study identifies some gaps in the methodological literature where it seeks to make 

contribution. First, among the different pollutants that have been utilized in the existing 

studies, this study utilizes data on carbon emission as it is freely available for the case of 

Nigeria. Moreover, major environmental by-products from the various economic activities 

in Nigeria is carbon related. Examples of these activities include gas flaring (crude oil 

production), use of fossil fuel such as wood and waste, and fuel combustion from 

transportation, construction and manufacturing. Besides, according to Environmental 

Protection Agency (EPA, 2012) report, over 70% of the greenhouse gasemitted is carbon 

dioxide (CO2). 

Following the possible adoption of carbon-efficient production technique that can 

maintain desirable output level from the given level of input while reducing the emission 

of pollutant, desirable and undesirable outputs can be treated separately as output 

indicators to obtain the good efficiency and the bad efficiency.This decomposition, which 

is hardly identified in the environmental efficiency-trade empirical literature, follows 

Halkos and Tzeremes (2009) who investigated the existence of a Kuznets type relationship 

between environmental efficiency and national income. Moreover, as this study utilizes 

multiple inputs without specifying any functional form, theSlack-based DEAapproach is 

employed in establishing the efficiency level of the countries of interest while adopting 

the count-data models (negative binomial pseudo maximum likelihood model-NBPMLM 

and zero- inflated models-ZIM)in the second stage, whose application in the bilateral 

trade-environmental efficiency link has been very limited. 

2.3.3 Review of Empirical Literature 

The literature is quite extensive on environmental related issues, especially those that 

focus on environmental efficiency. While some studies are particularly interested in 

establishing the level of environmental efficiency of production processes in various 

countries, others are concerned with either the determinants or implications of such 

efficiency. In particular, the role of international trade in environmental efficiency, as well 

as the trade effect of such efficiency, has been pointed out by several studies. Therefore, 

this section contains a review of (1) single-country studies on environmental efficiency, 
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(2) multi-country studies on environmental efficiency and (3) studies on international 

trade and environmental efficiency links. 

2.3.3.1 Country-specific Studies on Environmental Efficiency Level 

A number of country-specific studies have been conducted to investigate the level of 

environmental efficiencyacross regions. Such studies are particularly concentrated in Asia 

with overwhelming evidence from China where environmental efficiency of various 

sectors, as well as the aggregate economy, is examined. Apart from the many single-

countrystudies conducted for the Asian region, such analysis has also been extendedto 

Australia (Azad and Ancev, 2014), Spain (Dios-Palomares and Martínez-Paz, 2011 and 

Aldanondo-Ochoa et al, 2014), Italy (Coli et al, 2011), the United States (Halkos and 

Tzeremes, 2013a) and the United Kingdom(Halkos and Tzeremes, 2013b). 

For the Asian economies, single country studies appear to reach common conclusion that 

production processes are generally environmentally inefficient. For the case of 

China,Wang et al, (2014)investigated the twin objective of environmental efficiency and 

economic development in 2008 using meta-frontier and DEA. Their results indicated that 

overall environmental efficiency was low, especially when the most advanced production 

technology is selected as the reference.In the same vein, Song et al, (2013) calculated 

China’senvironmental efficiency on a regional basis using DEA and hierarchical cluster 

analysis during 1998-2009. They found that efficiency fell overtime in all four regions 

with the East having the highest efficiency score followed by the Northeast, the West and 

the Central in that order. Li et al (2020) subsequently reported that the southeast region of 

the country performs best in environmental efficiency the northwest region is 

worstbewteen 2015 and 2017. Also, measuring regional environmental efficiency in the 

same country, Li et al, (2013b)employed slack based measure-DEA (SBM-DEA) and 

reported that overall average level of environmental efficiency was low between 1991 and 

2001, while large gap exists between the different provinces and areas.In a similar DEA 

analysis,Chen et al, (2014)revealed thatenvironmental efficiency was low, although 

average environmental efficiency was higher in the northwest China than in the east 

during 2001-2010. 
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Adopting similar method,Song et al, (2016) evaluated resource and environmental 

efficiency in 2011and found that only eight provinces in mainland China were 

environmentally efficient while 23 provinces are all environmental inefficient.Yang and 

Zhang (2016) used an extended DEA to investigate the dynamic trends of regional eco-

efficiency inChina from 2003 to 2014. They found that, although economic efficiency is 

high, resource and environmental efficiencies are very poor. Their results further suggest 

that eastern and northern regions have experienced the greatest advances in both resource 

and environmental efficiency, while the undeveloped areas have not improved 

significantly. 

On the contrary, very few studies submitted that aggregate environmental efficiency has 

been on the increase overtime in Asia. For instance, Wang et al, (2013) employed the 

Range-Adjusted Measure (RAM)-DEA to evaluate the regionalenergy and environmental 

efficiency of China. Their results indicated that average emission efficiency slightly 

increased during 2006–2010 while Li et al (2013a) reported continuous increase in 

environmental efficiency in Beijing during 2005-2009 in a similar analysis.Based on 

super-efficiency-DEA, Yang et al, (2014) evaluated regional environmental efficiencies in 

China and discovered regional disparities across 30 provinces between 2000 and 2010. 

Their results also revealed that east areas are generally more efficient in production, the 

west rank the last while central areas rank in between. Moreover, Zhang et al (2016) 

analyzed Chinese regional environmental efficiency utilizing data from 2005 to 2011. 

Their Slack based measure DEA results showed distinct difference among provincial 

administrative regions in China 

A number of studies took sectoral perspective to the analysis of environmental efficiency 

of the Asian economy with similar mixed results. For instance, Chang et al (2013) 

analyzed the environmental efficiency of transportation industry in China in 2009 using 

non-radial DEA approach. Their results suggest that environmental efficiency of the 

industry is environmentally very inefficient with most provinces having efficiencies that 

are lower than 50% of the target level.Similarly, Wu et al (2015) measured the energy and 

environment performanceof Chinese transportation systems between 2011 and 2012. 

Applying parallel DEA approach, they showed thatoverall transportation system, as well 
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as the two parallel subsystems, exhibited low environmental efficiency. For the same 

years, Song et al (2015b) combinedsuper-efficiency slack-basedmeasurewithwindow DEA 

tocalculateregionalenvironmental efficiencies ofhighwaytransportationsystemsin the same 

country. Overall level of environmental efficiency of this sector was found to besub-

optimal, with great differencesbetween regions. However, Song et al (2015a) focused on 

railway transportation and showed evidence of slow increase in environmental efficiency 

overtime during 2006–2011with regional disparities. Their non-radial DEA results further 

showed that eastern area has the highest efficiency while the western area has the lowest. 

In the energy sector, Du and Mao (2015) estimated theenvironmentalefficiency 

andmarginalCO2 abatement cost ofcoal-firedpowerplantsinChina in 2004 and 2008. Their 

parametric linear programming estimates indicated that average environmental efficiency 

in 2008 was slightly lower than that in 2004, which is an evidence of decreasing efficiency 

over the years. Moreover, Du et al (2016)conducted a similar analysis for the same 

country in 2008 and discovered that State-owned power plants were least efficient while 

44% of total CO2 emissions can be cut if all power plants are completely efficient.Song 

and Zheng (2015) extended the analysisto the case of thermoelectric enterprisesin Anhui 

Province of China between 2009 and 2010. They found that overall level of environmental 

efficiencies of these enterprises is lower with great differences among the enterprises.In 

contrast to these findings, Zhou et al (2013) employed integrated non-radial DEA to 

assessed the power industry during 2005-2010 and found an increasing trend of 

environmental efficiency in China with marked differences among the provinces and 

fluctuating average levels of such efficiency. 

Focusing onChinese industrial sectorfrom 2008 to 2012, Chen and Jia (2016) used DEA 

toshow that environmental efficiencies were generally low with larger differences in-

between regions.Shao and Wang (2016) extendedthe analysis to the case of nonferrous 

metals industry between 2003 and 2009. Premise on estimates of Malmquist-DEA, they 

discovered thatenvironmental efficiency in the industry is highest in the eastern area of 

China. Wu et al (2014) grouped China into developed and less developed regions during 

2007-2011 and evaluated environmental efficiency of the industrial sector. They submitted 

that economically developed provinces performed better in terms of environmental 
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efficiency than the less developed provinces.Moreover, Goto et al (2014) compared the 

operational and environmental efficiencies of Japanese regional industries in 2002, 2005 

and 2008. Their DEA estimates suggested that while environmental efficiency improved 

for manufacturing industries from 2002 to 2008, no significant improvement was observed 

in non-manufacturing industries. However, these findings differ from Xie et al, (2015) 

where DEA and Hierarchical Clustering methods are combined to analyze Chinese 

manufacturing industries. The study revealed that environmental efficiency remained low 

between 2001 and 2010. 

Extending the analysis to the agricultural sector using the same technique, Kuo (2014) 

reveal that average efficiency score of the 58 villages in Taiwan was 43.12%.El Hanandeh 

and Gharaibeh (2016) assessed the environmental efficiency of olive oil production by 

small andmicro-scalefarmers in northern Jordan in a Monte Carlo Simulation performed in 

2015. They reported that olive oil production in this region is more environmentally 

efficient than thelarge scale production practices found in other Mediterranean olive oil 

producing countries. 

Findings are not significantly different in other regions where very few studies exist with 

much focus on comparative analysis. For US states,Halkos and Tzeremes 

(2013a)proposed a conditional directional distance function estimated through anextended 

Kuosmanen (2005) DEA to investigate the relationship between regional environmental 

efficiency and GDP per capita levels in 2005 and found that 11 out of 51 states are 

environmentally efficient. Using similar techniques for UK regions,Halkos and Tzeremes 

(2013b)measured regional environmental efficiency in 2007. Their results indicated that 

while 11 out of 37 regions are environmentally efficient, 11 others are most 

environmentally inefficient with average environmental inefficiency level of 0.37. Using 

DEA approach for the case of Spain, Dios-Palomares and Martínez-Paz (2011)studied the 

environmental impact of olive oil production process and foundmedium to high level of 

relative technical and environmental efficiency between 2005 and 2006.Also for the same 

country, Aldanondo-Ochoa et al, (2014)applied environmental efficiency model to the 

analysis of different vine production technologies in 2004. Adopting DEA and bootstrap 

techniques, they showed evidence of higher environmentally efficiency of organic 
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agriculture relative to conventional agriculture in dryland farming. Azad and Ancev 

(2014)measured environmental efficiency of agricultural water use in Australia 

utilizingLuenberger environmental indicator and revealed substantial variation in 

environmental performance of irrigation enterprises across the regions.Coli et al, (2011) 

focused on environmental efficiency of Italian provinces in 2004 and submitted, using 

DEA, that North-East showed higher average efficiency scoreand lessvariability than other 

groups. Their results further suggested differences in environmental efficiency among 

Southern and Northern provinces. 

The literature reveals that country-specific analysis of environmental efficiency largely 

concentrated on the Asian economies with about 70% of the studies focusing on China. 

Such analysis has equally been conducted for some European economies (United 

Kingdom, Spain and Italy) and Australia. There appear to be overwhelming evidences that 

production processes in Asia (particularly China) are generally environmentally 

inefficient, though very few studies argue otherwise. However, there seems to be a 

consensus on the regional disparity in environmental efficiency across regions and 

provinces, with East China exhibiting high relative efficiency. Moreover, transportation 

and manufacturing activities in Asia have been reported to be associated with low 

environmental efficiency with mixed results for agriculture. In addition, while country-

specific studies focus on regional or province-based analysis, very few studies are 

conducted at firm-level which may be a result of data constraint as most firms do not 

report the environmental implication of their activities.23 

In the United Kingdom, environmental efficiency seems to be generally low, while such 

efficiency tends to vary across Italian provinces. In Spain, agricultural production 

processes could exhibit varying environmental efficiency (from medium to high) 

depending on the type of farm practices while this variation exist among irrigation 

enterprises across Australian regions.Table 2.12 presents the summary of country-specific 

studies on environmental efficiency level.

                                                           
23Most firms may fail to report the level of environmental pollution associated with their activities if they are 
not compelled to do so given the additional cost on them. This may explain the dominance of macro data 
analysis of environmental issues in the literature both at single country and multi-country levels. 
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Table 2.12.Summary of Country-specificStudies on Environmental Efficiency 

S/N Author & Year Country/Sector & scope Methodology Findings 

Input Variables Output Variables Estimation methods 

1 Song et al, (2016) China/agg (2011) EL and K W, EG and Y Improved SBM-DEA Only eight provinces in mainland China are environmentally efficient while 23 
provinces are all environmental inefficient 

2 Chen and Jia (2016) China/Industry (2008-
2012) 

Lb, C and EC SO2, W and Y SMB-DEA EFs are generally low withlarger differences in between regions. 

3 Chen et al, (2014) China/agg (2001-2010) EC and K W and Y Traditional DEA EF was low with average EF higher in the northwest China than in the east. 
4 Du et al, (2016) China/power (2008) K, Lb and EC EL and CO2 Parametric directional 

distance functions 
State-owned power plants are least efficient relative to the meta-frontier while 
44% of total CO2 emissions can be cut if all power plants are completely 
efficient. 

5 Du and Mao (2015) China/power (2004 and 
2008) 

K, Lb and EC EL and CO2 parametric LP The average environmental efficiency in 2008 was slightly lower than that in 
2004 

6 Li et al, (2013a) Beijing /agg (2005-2009) Various pollutants Y Adjusted conventional 
DEA 

EF of Beijing continued to increase during 2005-2009 

7 Li et al, (2013b) China/agg (1991–2001) Lb, K and T Y and W Super SBM-DEA Overall average level of EF is low, and the gap between different provinces and 
areas is large. 

8 Song et al, (2013) China/agg (1998–2009) Lb, K and EC W and Y DEA and HCA Efficiency fell overtime in all four regions with the East having the highest 
efficiency score followed by the Northeast, the West and the Central in that order 

9 Shao and Wang 
(2016) 

China/Industry (2003-
2009) 

EC and total assets Y, sales and CO2 Malmquist-DEA The industry’s environmental efficiency is highest in the east area. 

10 Song and Zheng 
(2015) 

China/thermoelectric 
enterprises (2009-2010) 

CL, PT, WC and 
EL 

W, COD, ELT, Y and 
ST 

Malmquist-DEA Overall level of environmental efficiencies of thermoelectric enterprises in Anhui 
Province is lower with great differences among the enterprises. 

11 Song et al, (2015a) Chinese regions/ agg 
(2006–2011) 

Lb, K and EC Y, CO2 and SO2 non-radial DEA EF slowly increased overtime with regional disparities. The eastern area has the 
highest EF and the western area has the lowest. 

12 Song et al, (2015b) China/transportation 
(2011-2012) 

HM, Lb and EC NO2, PM, LEQ, PS and 
FR 

Super- efficiency SBM 
and window DEA 

Overall level of EF of highway transportation systems was not optimal, with 
great differences between regions. 

13 Chang et al (2014) China/Transportation K, Lb and EC Y and CO2 Non-radial DEA Transportationindustryis environmentallyveryinefficient. 
14 Wang et al, (2013) Chinese regions/agg 

(2006–2010) 
Lb, K and EC Y and CO2 RAM-DEA Average emission efficiency slightly increased. 

15 Wu et al, (2014) Chinese regions/industry 
(2007–2011) 

K and EC Y and NO2 Fixed sum output DEA Economically developed provinces have better EF than less developed provinces 

16 Xie et al (2015) China/manufacturing 
(2001-2010) 

Lb and K W DEA EF remains low 

17 Wang et al, (2014) China/agg (2008) Lb, K and EC Y and SO2 DEA Overall EF is low when the most advanced production technology is selected as 
the reference. 

18 Zhou et al, (2013) China/Power industry 
(2005–2010) 

Lb, K and EC EL, SO2, CO2 and Nox Integratednon-radial 
DEA 

A marked difference in EF of the power industry among Chinese provinces. 
While annual average EF level fluctuates, there is an increasing trend. 

19 Wu et al, (2015) China/transportation 
(2011-2012) 

PST, M, CT, Lb, 
K and EC 

CO2, PS and FR Parallel DEA Low EF in the transportation system and the two parallel subsystems 

20 Yang et al, (2014) China/agg (2000-2010) CI2, SO2, Lb, K 
and EC 

Y Super-efficiency DEA Regional disparities in EF across 30 provinces. East areas are more efficient in 
production, the west rank the last while central areas rank in between 

21 Chang (2014) China/agg (2005-2011) Lb, K and EC CO2, SO2, COD and Y  SBM-DEA Distinct difference in provincial administrative regions (PARs) 
22 Yang and Zhang 

(2016) 
China/agg (2003 to 2014) Lb, K, L, WT and 

EC 
Y, W, HR, W, dust and 
SO2 

Bootstrapping DEA Economic efficiency is high but resource and environmental performances on EF 
are not encouraging. The eastern and northern regions have experienced the 
greatest advances in both resource and EF, while the undeveloped areas have not 
shown much progress. 

23 El Hanandeh Jordan/agriculture (2015) Various Monte Carlo Olive oil production in the northern region of Jordan is environmentally efficient 
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Note: TL = Trade liberalisation; Y2 = Square of GDP; Y = GDP (growth); FD = Financial development; CO2 = Carbon emission; D = Distance; W = Weight; EF = Environmental efficiency index; POP 
= Population; L = Land; X = Export; M = Import; C = contiguity, LN = common language; CL = common colony; OLS = Ordinary least square; ECM = Error correction mechanism; GMM = 
generalized methods of moments; EC = Energy consumption; F = Finance/Financial performance; EID = Environmental international diversification; PES = Proactive environmental strategy; FZ = Firm 
size; EX = Export experience; OLC = Organizational learning capability; T = trade (flow) openness; Lb = Labour; K = Capital; ER = Environmental regulation; CI = Coal intensity; CO = Coal 
consumption;  EI = Total energy intensity; ELI = electricity intensity; KI = Capital intensity; AV = Air Visibility; P = Polity; ED = Export product diversification; ARDL = Autoregressive distributed 

lag model; R&D = Research and development; PA = Pollution abatement cost; 2SLS = Two stage least square; ESGs = environmentally sensitive goods; PPML = Poisson pseudo-maximum-
likelihood method. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

and4Gharaibeh 
(2016) 

Simulation relative to large scale production practices common in other Mediterranean olive 
oil producing countries 

24 Kuo (2014) Taiwan/agriculture 
(2005) 

H, FA and E Y, P and Pol DEA with undesirable 
output 

Average efficiency score of the 58 villages was 43.12% 

25 Goto et al, (2014) Japan/industry (2002, 
2005 and 2008) 

Lb, K and EC Y, CO2, NOx, SOx and 
dust 

Non-radial DEA EF improved for manufacturing industries from 2002 to 2008 but not for non-
manufacturing industries 

26 Azad and Ancev 
(2014) 

Australia/agriculture () IW and other cost Rev, WWI and SI Luenberger 
environmental 
indicator 

Substantial variation in environmental performance of irrigation enterprises 
across the regions. 

27 Aldanondo-Ochoa et 
al, (2014) 

Spain/agriculture (2004) Lb, L and other 
inputs 

Nitrogen Surplus and 
pesticide toxicity index 

DEA and bootstrap 
techniques 

Organic agriculture is more environmentally efficient than conventional 
agriculture in dryland farming 

28 Dios-Palomares and 
Martínez-Paz (2011) 

Spain/agriculture (2005-
2006) 

K, Lb and OM QI, EMI and OP DEA Medium–high level of relative technical and environmental efficiency 

29 Coli et al, (2011) Italy/agg (2004) EH NO2, PM10 and Y DEA North-East shows a higher average efficiency score (0.7972) and lessvariability 
than other groups. Also, there are differences in environmental efficiency among 
Southern and Northern Italy provinces. 

30 Halkos and Tzeremes 
(2013a) 

US regions/agg  (2005) Lb and K Y and CO2 Extended Kuosmanen 
(2005)DEA 

11 out of 51 states are reported to be environmentally efficient 

31 Halkos and Tzeremes 
(2013b) 

UK regions/agg (2007) Lb and K Y, CO2, methane (CH4) 
and nitrous oxide (N2O) 

DEA Average environmental inefficiency level is 0.37. While 11out of 37 regions are 
environmentally efficient, 11 others are most environmentally inefficient 
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2.3.3.2Cross-country Studies on Environmental Efficiency Level 

Cross-country analysis showed inconsistent results which may be due to differences in 

country and regional characteristics and/or econometric technique. For instance, 

Ewertowska et al (2016) combined the Life Cycle Assessment (LCA) and DEA to analyze 

the environmental performance of the electricity mix of top European economies in 2012 

and showed that 19 (73%) of the 26 countries are environmentally efficient.Moreover, 

Kounetas (2015) measured technology(TG)andenvironmentalefficiency 

technologygaps(EETGs)in25European countries in 2002 and 2008. Using directional 

distance function, his results indicated that environmental efficiency performance of 

European countries seems to increase on average during 2008 compared to 2002. Based 

on non-radial DEA analysis of the EU+2 countries,Vlontzos et al (2014) evaluated the 

energy and environmental efficiency of the primary sectors between 2001 and 2008. Their 

results suggest that Eastern European countries achieved low efficiency scores while 

environmental efficiencyimproved in UK, Portugal, Germany, Austria, Poland, Lithuania, 

and Latvia. They also found that Denmark, Spain, Netherlands, Italy, Belgium and 

Bulgaria are the leaders in terms of environmental efficiency. 

In the East Asia shipping industry, Chin and Low (2010)investigated the implication of 

production efficiencyon environmental efficiency in 2009 and discovered that technically 

efficient shipping tends to achieve environmental efficiency while environmental 

efficiency is high in the production of shipping services. Using the Theil coefficient, 

Abdallah et al (2015),provided an international comparison of the energy intensity and the 

carbon dioxideintensity in the road transport sector for a group of 90 countries during 

1980-2012. Their results suggest the existence of inverse relationship between energy 

efficiency and environmental efficiency with spatial and temporal disparities across 

countries.Lee et al (2014) assessed the environmental efficiency of port cities among the 

world top 27 ports in 2011. Utilizing the SBM-DEA technique,they found that the most 

environmentally efficient port cities are Singapore, Busan, Rotterdam, Kaohsiung, 

Antwerp and New York, while Tianjin is the least environmentally efficient.Employing 

the same technique, Chang (2014) considered 27 global airlines in 2010 and revealed that 

Asia-based airlines are generally more environmentally efficient, followed by European 

and American airlines.  
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Focusing on Organization for Economic Corporation and Development (OECD) countries, 

Yörük and Zaim (2006)constructed an environmental efficiency index for 27member 

countriesbefore examining the relationship between environmental efficiency andincome 

using the environmental Kuznets curve (EKC)framework. Their DEA scores suggest that 

Poland, Hungary, and Luxembourg are the three best performers in terms of 

environmental efficiency amongthe OECD countries, while Italy, Mexico, and 

Switzerland are ranked the three worst between 1983 and 1998.However,Halkos and 

Tzeremes (2009) examined the existence of a Kuznets type relationship between countries' 

environmental efficiency and national income among 17 OECD countries during 1980–

2002. Their DEA window analysis indicate that countries with higher environmental 

efficiency are Japan, Austria, the Netherlands, Sweden and Denmark while such 

efficiency in the UK, Greece, Spain, Australia and Canada islow .Using 31 OECD 

countries in a Malmquist-DEA analysis, Woo et al, (2015)studied the environmental 

efficiency of renewable energy from the static and the dynamic perspective from 2004 to 

2011.They found existence of geographical differences in environmental efficiency across 

OECD with the highest averageexisting in OECD America while those in Europe have the 

largest standard deviation. 

Furthermore, Valadkhani et al, (2016) measured efficiency changes among the 46 world 

major polluters from 2002 to 2007 and 2011 using multiplicative environmental DEA. 

Their results indicated that efficiency scores increased over this period for most countries. 

The results further show that environmental efficiency cannot be realized without first 

reaching a certain threshold of economic efficiency. Lin et al (2013) adopted stochastic 

frontier method for a group of 63 countries during 1981-2005. They showed evidence of 

highest average environmental efficiency among high income countries while lower-

middle income and low income countries recorded negative growth in average in such 

efficiency.In a similar study, Li and Wang (2014) extended the analysis to a group of 95 

countries during 1996-2007. Their global and meta-frontier SBM-DEA estimates confirm 

the existence of increasing environmental efficiencies among high and upper middle-

income countries with those in lower middle- and low-income countries showing 

decreasing trend.Tateishi et al (2020) employed Stochastic Frontier Analysis with a by-

production approach among 116 countries, and found that countries with high institutional 
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quality have environmental efficiencies that are close to the frontier. Sun et al (2020) use 

Malmquist total factor productivity index toshow that average global 

environmentalefficiency grewby about 1.3% during 1980-2016, with convergence 

conditionalon industrial structure, globalization, and energy price. 

Cross-country evidences of environmental efficiency are few. Notwithstanding, studies 

have shown that environmental efficiency has generally improved over the recent years in 

Europe, especially in the UK, Portugal, Germany, Austria, Poland, Lithuania, and Latvia. 

Also, countries in OECD America recorded high environmental efficiency while such 

efficiency is gradually improving among the world polluting countries in recent years. 

However, while environmental efficiency levels are high in high income countries, they 

are generally low in low income countries.Also, as observed in the case of single-country 

studies, macro level data is utilized across all studies that conducted cross-country 

analysis.Table 2.13 shows the summary of cross-country studies on environmental 

efficiency level. 
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Table 2.13. Summary of Cross-country Studies on Environmental Efficiency 

Note: TL = Trade liberalisation; Y2 = Square of GDP; Y = GDP (growth); FD = Financial development; CO2 = Carbon emission; D = Distance; W = Weight; EF = Environmental efficiency index; POP 
= Population; L = Land; X = Export; M = Import; C = contiguity, LN = common language; CL = common colony; OLS = Ordinary least square; ECM = Error correction mechanism; GMM = 
generalized methods of moments; EC = Energy consumption; F = Finance/Financial performance; EID = Environmental international diversification; PES = Proactive environmental strategy; FZ = Firm 
size; EX = Export experience; OLC = Organizational learning capability; T = trade (flow) openness; Lb = Labour; K = Capital; ER = Environmental regulation; CI = Coal intensity; CO = Coal 
consumption;  EI = Total energy intensity; ELI = electricity intensity; KI = Capital intensity; AV = Air Visibility; P = Polity; ED = Export product diversification; ARDL = Autoregressive distributed 

lag model; R&D = Research and development; PA = Pollution abatement cost; 2SLS = Two stage least square; ESGs = environmentally sensitive goods; PPML = Poisson pseudo-maximum-
likelihood method. 

 
 
 
 

S/N Author & Year Country/Sector & scope Methodology Findings 

Input Variables Output Variables Estimation methods 
1 Ewertowska et al 

(2016) 
Top 27 European 
economies/power (2012) 

15 different 
Pollutant 

EL DEA After removing outlier (Norway), 7 eco-inefficient countries out of 26 

2 Kounetas (2015) 25 European 
countries/agg (2002 and 
2008) 

Lb, K and EC CO2 and Y DDF Environmental efficiency performance of European countries seems to increase 
on average during 2008 compared to 2002 

3 Vlontzos et al (2014) EU countries/agg (2001-
2008) 

Lb, K and EC Y and CO2 Non-radial DEA Eastern European countries achieve low efficiency scores.  EF has improved in 
UK, Portugal, Germany, Austria, Poland, Lithuania, and Latvia. Denmark, Spain, 
Netherlands, Italy, Belgium and Bulgaria are on the frontier 

4 Chin and Low (2010) East Asia/transport 
(2009) 

FSS and BTF CCF, NOx, SO2, CO2 
and PM 
 

DEA EF is high in productionof port services across East Asia 

5 Yörük and Zaim 
(2006) 

OECD countries/agg 
(1983-1998) 

Lb and K Y, CO2 and W DEA Poland, Hungary, and Luxembourg are the three best performers among 
the OECD countries, while Italy, Mexico, and Switzerland are ranked the three 
worst 

6 Woo et al (2015) 31 OECD countries/agg 
(2004-2011) 

Lb, K and RES EL, CO2 and Y Malmquist-DEA Geographical differences in EF across OECD. Countries in OECD America have 
the highest average EF while those in Europe have the largest standard deviation. 

 Halkosand Tzeremes 
(2009) 

17 OECD (1980–2002) Lb and K SO2 and Y DEA window analysis Countries with higher EF are Japan, Austria, the Netherlands, Sweden and 
Denmark. Countries with lower EF scores are reported to be theUK, Greece, 
Spain, Australia and Canada. 

7 Valadkhani et al 
(2016) 

46 world major 
polluters/agg (2002, 2007 
and 2011) 

Lb, K and EC Y, CO2, NO2 and 
Methane  

Multiplicative 
environmental DEA 

For most countries, efficiency scores increased over this period. EF cannot be 
realized without first reaching a certain threshold of economic efficiency 

8 Lee et al (2014) World top 27 
ports/transportation 
(2011) 

Lb Y, CO2, SO2, NOx SBM-DEA Singapore, Busan, Rotterdam, Kaohsiung, Antwerp, and New York are the most 
EF port cities, while Tianjin is the least environmentally efficient. 

9 Chang (2014) 27 global airlines (2010) EC, K and Lb CO2, Rev and Pr SBM-DEA Asia-based airlines are generally more environmentally efficient, followed by 
European and American airlines 

10 Abdallah et al (2015) 90 countries/transport 
(1980-2012) 

EI, CO2, Y and EC Theil coefficient Inverse relationship between energy efficiency and environmental efficiency 
with spatial and temporal disparities in environmental efficiency across 
countries. 

11 Lin et al (2013) 63 countries/agg (1981-
2005) 

L, K and EC CO2 and Y Stochastic frontier High income countries have the highest average EF, while lower-middle income 
and low income countries recorded negative growth in average EF. 

12 Li and Wang (2014) 95 countries/agg (1996-
2007) 

K, Lb and EC CO2 and Y Global and meta 
frontier SBM-DEA 

EFs in high- and upper middle-income countries showed increasing trend while 
those in lower middle- and low-income countries showed decreasing trend. 
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2.3.3.3Studies on International Trade and Environmental Efficiency Link 

The link between international trade and environmental quality, as well as environmental 

regulation and strategies, has been variously investigated.These studies often establish the 

environmental efficiency level before determining such link in a multiple stage analysis. 

The literature in this regard has largely concentrated on cross country analysis with very 

few studies (Shahbaz et al, 2013;Michieka et al, 2013; Hering and Poncet, 2014;Song and 

Zhou; 2015 and Gozgor and Can, 2016) conducted for single countries. 

Several authors argued that international trade and trade related regulations are important 

sources of environmental quality. On this account, Michieka et al, (2013)employed Toda 

and Yamamoto Granger causality to analyze data spanning 1970 to 2010for China and 

found that causality runs from exports to emissions. Consequently, Li et al (2015) 

employed panel OLS to determine the effect of trade openness on environmental quality 

among 134 countries between 1961 and 2004, reporting a significantly negative impact of 

trade openness on air quality. Also, simulation results ofCristea et al (2013) showed 

thatinternational transport is responsible for 33% of world-wide trade-related emissions in 

a group of 113 Countries in 2004. They further discovered that as trade shifts toward 

distant trading partners, full liberalization of tariffs, as well as GDP growth leads to 

transport emissions growing much faster than the value of trade.In the same vein, Ertugrul 

et al, (2016) examined the relationship among CO2 emissions, trade openness, real 

income and energy consumption top ten CO2 emitters in developing economies from 1971 

to 2011. ARDL estimates reveal that trade openness has increasing effect on carbon 

emissions in the long run. 

In the particular case of Turkey, Gozgor and Can (2016) investigated the relationship 

between export product diversification and the Environmental Kuznets Curve during 

1971-2010 using dynamic OLS and ECM. Their results suggest that the greater the level 

of export product diversification, the higher CO2 emissions in the long run.Taskin and 

Zaim (2001) investigated the role of trade on the changes in environmental efficiency 

betweenhigh andlow and middle income countries between1977 and 1990.Their panel 

OLSresults indicate that trade has significant impact on environmental efficiency, though 

the effect varied from high income to low and middle income countries, as well as by 
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sector. Particularly, they reported that while service export increased carbon emission, 

export of manufactures reduced it in both groups of countries. 

In the case of China, Song and Zhou (2015)studied the relationships among trade, the 

economy, and environmental qualityfrom 2003 to 2012.Using panel OLS in the second 

stage analysis, they found thatimport hadexerted increasing effect on environmental 

efficiency, though the effect of export was negative. Hence, the reducing effect of trade on 

environmental pollution has become prominent in the literature. Among OECD countries, 

Erdogan (2014) adopted the general equilibrium model and found that full trade 

liberalizations help to lower OECD pollution emissions by 32% in the year 2000, and 

about half of the decline in pollution is due to international productivity differences. 

Similarly, ARDL results of Shahbaz et al, (2013)provided evidence of reducing impact of 

trade openness on carbon emission in Indonesia during 1975–2011.These findings are 

consistent with those of Dogan and Seker (2016) where fully modified OLS and dynamic 

OLS is used to analyze 23 of the 40 countries listed in the Renewable Energy Country 

Attractiveness Index during 1985-2011.Adewuyi and Awodumi (2021) extended the 

analysis to petroleum import, carbon emission and economic growth in Nigeria and South 

Africa using simultaneous equations. Findings show significant negative feedback effect 

between petroleum import and carbon emission in Nigeria. 

In the East Asia, Zhang (2015) investigated the effect of international production 

fragmentation-induced intermediate goods trade on the link between energy consumption 

and carbon pollution between 1998 and 2011. Using panel OLS with fixed effects in their 

second stage analysis, they submitted that intermediate goods trade contributes to a greater 

decrease in carbon pollution.Adopting similar techniques, Honma (2015) assessed the 

impact of international trade on environmental efficiency among 98 countries utilizing 

data from 1970 to 2008. Estimates reveal that the benefit of trade on the environmental 

efficiency is greater with higher relative income per capita. 

Rather than the effect of trade on environment, a number of studies emphasized the role of 

environmental quality and regulation in international trade in an attempt to improve world 

trade.  Irrespective of scope, these studiespresent two strands of the literaturein this 

regard.One strand of the literature argues that environmental standards would contribute 
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positively to firm competitiveness in the international market byencouraging innovations 

and improving efficiency.On this Account, Doganay et al, (2014) investigated the impact 

of environmental efficiency on international trade among 111 countries during 1980-

2009.Having determined the environmental efficiency of each country, their ordinary least 

square (OLS) and general methods of moments (GMM)estimates revealed that 

environmental efficiencyhave strong positive effects on both exports and imports. 

Similarly, Costantini and Crespi (2008)studied the effect of environmental regulation on 

the export dynamics of energy technologies for renewable energies among 20 exporting 

and 148 importing countries between 1996 and 2005.Using Panel OLS, they discovered 

that environmental regulation has significant positive effect on such exports. For the case 

of 14 OECD countries, van Beers and van den Bergh (2000) employed Tobit and OLS 

technique to assess the impact of environmental policy on foreign trade and reported that 

strict environmental policy has positive effect on total exports, though the effect on dirty 

trade is negligible. 

Another strand of the literature provides evidence that environmental efficiency may 

hinder international competitiveness due to green protectionism. Hering and Poncet 

(2014) investigated the effectiveness of environmental policy on exports in China. 

Estimates from panel OLStechnique revealthat stricter regulations on sulfur di oxide 

(SO2) emissions reduced sectoral exports during 1997-2003, especially for more polluting 

industries.Using similar methods, Harris et al, (2002) studied the impact of environmental 

policy on bilateral foreign trade flows among 24 OECD countries between 1990 and 1996. 

They showed that relative strictness of environmental regulation in the importing country 

has strong significant negative effect on total bilateral import flows, while the regulations 

in the exporting country seem to be negligible. 

A few studies also accounted for ‘dirty’ and environmentally-sensitive goods and 

emphasize the declining impact of environmental regulation. For instance, Mulatu et al 

(2004) adopting panel OLS in a similar analysis of manufacturing industries in Germany, 

Netherlands and USA. Theysubmitted that trade pattern differs across countries and 

industries depending jointly on relative factor endowments and environmental stringency 

differential. In particular, they found that stringency of environmental regulation in the 
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U.S. is a source of comparative disadvantage in dirty industries. This result is also 

reported to be true for pollution intensive industries in Germany. For Netherlands, 

however,there is evidence of this negative link in the wood and fabricated metal industries 

only when allowing for sectorial variation.Cole and Elliott (2003) assessed the impact of 

environmental regulations on trade patterns among 60 developed and developing 

economies in 1995. Their two stage least square estimates indicate that environmental 

regulation has no significant impact on dirty goods exports. However, Xu (2000) used 

maximum likelihood method to show that more stringent environmental regulation does 

not reduce total exports, exports of environmentally sensitive goods (ESGs) and exports of 

non-resource-based environmentally sensitive goods (ESGs) among 20 Countries in 1990. 

Review of relevant literature on the links between environmental quality and international 

trade has been analyzed mostly at cross-country level, with findings that are largely 

inconsistent. While most studies focused on the analysis of drivers of environmental 

quality, a few others are concerned with the specific role of environmental regulation in 

international trade. In Asia, the only study identified in this regard (Hering and Poncet, 

2014) submitted that environmental regulation hinders export. These findings have also 

been reported for dirty and pollution intensive industries in Germany, Netherlands and 

USA. However, there appears to be negligible impact of environmental regulation on 

export of dirty goods among OECD countries, but positive impact on total export and 

negative effect on total bilateral import flows. Findings of other cross-country studies 

have been mixed which may be due to varying country characteristics as well as 

methodology.Table 2.14 provides a summary of literature on international trade and 

environmental efficiency 

The literature on environmental efficiency is relatively recent and progressing.Studies in 

this regard have been conducted in many countries across different regions of the world 

with particular concentration in Asia. Despite the existence of large body of studies in the 

literature and continuing interest on environmental efficiency, a number of gaps still exist. 

First, there is a dearth of studies in this regard in Africa, and Nigeria in particular.Second, 

even among the existing studies, much effort was directed toward understanding 

environmental efficiency level while a few others further provided a role for income. 
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Third, most studies linking environmental quality with trade focus on environmental 

regulation while few others are concerned with the impact of trade on environmental 

efficiency (Taskin and Zaim, 2001; Honma, 2015, and Song and Zhou, 2015).Doganay et 

al, (2014) appears to be the only study that investigated the impact of environmental 

efficiency on bilateral trade. However, this study was conducted for 111 countries with 

little policy implication for the individual countries involved in bilateral trade relation. 

Also, they only considered aggregate bilateral trade flows which make it difficult to 

understand the sector that is mostly affected by environmental efficiency, hence sectoral 

conclusions are missing.The present study provides a role for environmental efficiency in 

both aggregate and sectoral bilateral trade between Nigeria and her top trading partners in 

Asia and the EU. 
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Table 2.14. Summary of Literature on International Trade and Environmental Efficiency 

Note: TL = Trade liberalisation; Y2 = Square of GDP; Y = GDP (growth); FD = Financial development; CO2 = Carbon emission; D = Distance; W = Weight; EF = Environmental efficiency index; POP = Population; L = Land; X = Export; M = 
Import; C = contiguity, LN = common language; CL = common colony; OLS = Ordinary least square; ECM = Error correction mechanism; GMM = generalized methods of moments; EC = Energy consumption; F = Finance/Financial performance; 
EID = Environmental international diversification; PES = Proactive environmental strategy; FZ = Firm size; EX = Export experience; OLC = Organizational learning capability; T = trade (flow) openness; Lb = Labour; K = Capital; ER = 
Environmental regulation; CI = Coal intensity; CO = Coal consumption;  EI = Total energy intensity;ELI = electricity intensity; KI = Capital intensity; AV = Air Visibility; P = Polity; ED = Export product diversification; ARDL = Autoregressive 
distributed lag model; R&D = Research and development; PA = Pollution abatement cost; 2SLS = Two stage least square; ESGs = environmentally sensitive goods; PPML = Poisson pseudo-maximum-likelihood method. 

S/N Author& Year Country (s) & scope  Methodology Findings 
Variables Estimation methods 

1 Cristea et al (2013) 113 Countries (2004) TL, Y, D, W and CO2 Simulation International transport is responsible for 33 % world-wide trade-related emissions. Full 
liberalization of tariffs and GDP growth lead to transport emissions growing much faster 
than the value of trade, due to trade shifting toward distant trading partners 

2 Doganay et al (2014) 111 countries (1980-2009) EF, X, Y, POP, L, D, C, 
LN and CL 

DEA, OLS,PPMLand 
GMM 

Environmental efficiency has strong positive effects on both exports and imports. 

3 Song and Zhou (2015) China (2003 to 2012) EF, M, X, POP, Y, EC 
and F 

DEA and Panel OLS Export and import have negative and positive effect on environmental efficiency 
respectively 

4 Honma (2015) 98 countries (1970–2008) EF, Y, L, K, T, CO2, 
SO2, NOx and PM10 

DEA and Panel OLS The higher the relative income per capita, the more the benefit of trade on the 
environmental efficiency 

5 Taskin and Zaim (2001) High,low and middle 
incomecountries (1977-1990) 

EF, Y, CO2, L, K, PX, X 
and T 

DEA and Panel OLS Trade is important for environmental efficiency 

6 Costantini and Crespi 
(2008) 

20 exporting and 148 importing 
countries (1996-2005) 

Various Panel OLS Environmental regulation has significant positive effect on exports 

7 Erdogan (2014) OECD (2000) Various General equilibrium 
model 

Full trade liberalizations help to lower OECD pollution emissions by 32%, and about half 
of the decline in pollution is due to international productivity differences 

8 Hering and Poncet 
(2014) 

China (1997-2003) ER, SO2, CI, EI and ELI, 
KI and X 

Panel OLS Stricter regulations on sulfur di oxide (SO2) emissions reducedsectoral exports especially 
for more polluting industries 

9 Li et al (2015) 134 countries (1961–2004) T, AV, L, P and Y Panel OLS Significantly negative impact of trade openness on air quality 
10 Michieka et al (2013) China (1970–2010) X, T, CO2 and CO Toda and Yamamoto 

Granger causality 
Granger causality runs from exports to emissions 

11 Gozgor and Can (2016) Turkey (1971-2010) Y, Y2, ED and EC Dynamic OLS and ECM Greater export product diversification yields higher CO2 emissions in the long run 
12 Shahbaz et al (2013) Indonesia (1975–2011) FD, Y, EC, T and CO2 ARDL Trade openness reduces CO2 emission 
13 Dogan and Seker (2016) 23 countries in the Renewable 

Energy Country Attractiveness 
Index (1985-2011) 

Y, EC, T, FD and CO2 Fully modified OLS and 
Dynamic OLS 

Trade openness and financial development decrease carbon emissions 

14 Ertugrul et al (2016) Top ten CO2 emitters among the 
developing countries (1971-2011) 

T, Y, EC and CO2 ARDL Trade openness is a major determinant of carbon emissions in the long run 

15 Zhang (2015) East Asia (1998–2011) Y, EC, X, M, EC Panel OLS with fixed 
effects  

Intermediate goods trade contributes to a greater decrease in carbon pollution 

16 Mulatu et al (2004) Germany, Netherlands and USA 
(1977-1992) 

X, M, Y, K, PA, R&D 
and L 

Panel OLS with pooled 
and fixed effect 

Trade pattern differs across countries and industries. Trade pattern in dirty manufactured 
commodities is jointly determined by relative factor endowments and environmental 
stringency differential 

17 van Beers and van den 
Bergh (2000) 

14 OECD countries T, POP, D, Y, L and ER Tobit and OLS Strict environmental policy has no significant effects for dirty trade while the effect on total 
exports is positive 

18 Cole and Elliott (2003) 60 developed and developing 
economies (1995) 

ER, Lb, K, Y and various 
natural resources 

2SLS Environmental regulation has no significant impact on dirty goods exports 

19 Harris et al (2002) 24 OECD countries (1990–1996) Y, POP, D, L, ER, EC 
and M 

Panel OLS Relative strictness of ER in the importing country has a strongly significant negative effect 
on total bilateral import flows, while the regulations in the exporting country seem to be 
uninfluential 

20 Xu (2000) 20 Countries (1990) Bilateral X, Y, POP, D, 
ER and import tariffs. 

Maximum likelihood More stringent ER does not reduce total exports, exports of ESGs and exports of non-
resource-based ESGs 
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CHAPTER THREE 

THEORETICAL FRAMEWORK AND METHODOLOGY 

3.1 Introduction 

This chapter contains the theoretical framework and methodology for this study. It starts 

with a discussion of the theoretical explanation of the link between environmental 

efficiency and bilateral trade. The chapter thereafter presents the methodology of the 

study. 

3.2 Theoretical Framework 

This study extends the neo-classical trade theory, particularly theHeckscher-Ohlin (H-

O)modelby incorporating the role of environmental efficiency (as a form of trade 

distortion) in bilateral trade. This will facilitate the determination of the impact of 

environmental efficiency on trade between Nigeria and its top trading partners. This 

extension is consistent with the earlier studies such as Kohn (2000) and Markusen et al 

(1995) where H-O model was expanded or modified to account for environmental tax and 

government (environmental) policy respectively. 

The standard H-O model states that production techniques areidentical between trading 

partners, while their factor endowments differ. The implication of this is that each partner 

has capacity to produce what her factor endowment could support based on comparative 

advantage. This outcome is made possible in the presence of a number of assumptions 

such as constant returns to scale, identical and homogenous preferences between the 

trading partners and perfect competition (Markusen et al, 1995). Thus, the H-O model 

suggests that, in the absence of market distortions, each partner has the ability to produce 

for export the product that intensively uses the relatively abundant resources and import 

the good that uses the relatively scare factor intensively. However, it could be argued that 

trade is not truly free due to the presence of associated trade costs disguised as non-tariff 
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or technical trade barriers such as environmental standards including efficiency standard 

(Esty, 2001 and Doganay et al, 2014). 
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For resource-rich developing economies, including Nigeria, the autarky relative price of 

commodity produced from the abundant resource is lower than what obtains in the 

resource-scarce partner economy.Production activities in the natural resource as well as 

the consumer and industrial goods sectors, require the input of energy to facilitate the 

operation of critical inputs such as labour and capital (Adewuyi and Awodumi, 2017)24. 

Energy consumption, especially from refined petroleum products, aids the provision of 

conducive environment through heating, cooling and lightning which enhances the 

functioning of (skilled) labour. Also, the huge machinery and equipment used in the 

production process are powered by refined petroleum products. These processes generate 

large amount of carbon and related emissions into the environment which are major 

sources of greenhouse gas (GHG).  Besides, in oil rich developing economies, 

environmental degradation resulting from oil spillage and gas flaring are common 

characteristics of oil production and export. In resource-scarce developed economies 

where capital is relatively abundant, efforts are largely directed towards the industrial 

sector producing and exporting consumer and industrial goods in large quantities. Like the 

oil sector, energy consumption is equally high in this sector, underscoring the high level of 

carbon and related emissions in the industrial economies, necessitating the call on these 

economies to make efforts to reduce such emissions25.  

Following global environmental concerns, governments have devised policies and 

regulations that allow producers to adopt environmentally-efficient production techniques 

in order tominimize environmental pollution from consumption and production (Ozcan, 

2013).The level of compliance and effectiveness of such environmental regulations and 

policies is reflected in the resulting level of environmental efficiency in the 

economy.Given the existing H-O framework of bilateral trade and assuming the presence 

of a social planner who enforces a regulation to reduce environmental pollution, such 

regulation could take the form of consumption or production tax(Markusen et al, 1995) as 

shown in Figure 3.1. Consumption tax is imposed on consumption goods especially high 

carbon emitting items such as fossil fuel using vehicles and generators as well as 

                                                           
24In the developing economies, capital required for the production of crude oil or other natural resources are 
largely acquired through foreign investment (Nunnenkamp, 2002 and Asiedu, 2013) 
25Kyoto protocol of 1997 tasks the industrialized economies to variously reduce greenhouse gas (Shahbaz et 
al, 2013).  
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firewood. Such tax potentially reduces consumers’ disposable income which could reduce 

consumption of such items. Consequently, consumers are forced to switch to less carbon-

emitting goods (such as electric and solar automobiles) which largely come from abroad 

and hence increase import. In most of the EU+2 countries, consumers are easily inclined 

to adjust, but more forceful approach are required for the case of Nigeria. On the other 

hand, the reduction in disposable income could totally discourage consumers who could 

not afford the extra cost or unable to pay for available imported environmentally friendly 

goods, especially in the short term. 

Production tax, whichmay take the form of per unit of emission and targets production 

activities of firms, induces producers in a country to adopt environmentally efficient 

techniques of production. This policy differs across Nigeria and her partners. In the EU+2, 

such policy controls pollution at the source based on precautionary principle, coordinated 

at both the regional and individual country level. Among these countries, carbon pricing 

gap is therefore very low. In Asia, as well as Nigeria, production tax has been less 

effective as the focus is neither onprecautionary or on reducing carbon pricing gap which 

remained high in the region.Hence, while short-run cost to adjustment by firms may be 

low in the EU+2, it tends to remain high in Asia and Nigeria. Productionof output by 

sectors, according to the H-O model, depends on endowment factors (inputs)–capital 

(Ks)and labour (Ls) such that:  

Qs = f(Ls, Ks)………………………………………………..1 

Where Q denotes the output of sector s whileLand Krepresents the quantity of labourand 

capital that the sectorchooses to employ respectively. The marginalproducts of factor Land 

K are positive but declining as the inputs increase. 

 
 
 
 
 
 
 
 
 
 
 



 

 

Figure 3.1. Environmental Efficiency and Trade
Source: Author, 2017 
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Given the assumption of constant return to scale, equation 1 can be expressed in form of 

Cobb Douglas function as: 

Q = ALaKb,   A =�̅�;   α+ β= 1 ………………………………………………..2 

The efficiency of the production technique (including environmental efficiency) of firm 

(measured by A) is directly affected by the regulations (environmental laws inclusive) 

enforced by the social planner. Thus, changes in environmental efficiency are reflected in 

changes in A, though the speed at which this occurs may differ between the EU+2 and 

Asia, as well as Nigeria due to differences in policies, implementation and adaptation. 

Adoption of environmentally friendly techniques involves costs that alter productivity and 

serve as a distortion to trade given the associated changes in cost of production. A given 

reduction in the per unit environmental cost as output expands or pollution falls is 

equivalent to improvement in environmental efficiency (Doganay et al, 2014). Such 

regulation can improve environmental efficiency of firms in terms of reduced costs and 

increased output as well as the competitiveness of domestic firms in the foreign market. It 

is also possible that the regulation may reduce environmental efficiency of some firms 

where it appears costly for them to adopt such technology. Hence, they continue to pay the 

tax as a license to increase pollution. In essence, environmental efficiency can either 

increase or reduce.  

These effects may however differ between the short-run, medium-run and the long-run. In 

the short-run, production (environmental) tax raise production cost and reduces output as 

firms may cut down production to reduce the amount of tax paid or reduce emission per 

unit of output. However, the effect of this on pollution depends on whether or not action is 

taken by firms to reduce pollution by adopting low carbon technology. Thus, 

environmental tax may not necessarily increase environmental efficiency and 

competitiveness (domestic and international), given the associated higher production costs 

and uncertain pollution outcomes. In the medium to long-run, adoption of low carbon 

technology eliminates or reduces environmental tax, increases output and reduces 

pollution, which eventually enhances competitiveness. 

In the event where environmental regulation reduces environmental efficiency, a decrease 

in this efficiency raises cost of production in two ways. First, increased environmental 
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pollution generated in the production process impact costs on the environment with 

adverse effect on the health of people who are not directly involved in such activities 

(Isola and Mesagan, 2014). Such concerns may generate tension in the community 

affected which could result in serious implication for the production activities as well as 

income of the firms. Second, firms whose activities are sources of environmental 

degradation are major targets for environmental regulations (Ambec et al, 2011 and 

Rubashkina et al, 2015). These firms are usually compelled to pay huge tax and undertake 

corporate social responsibility (CSR) in order to make them responsible for their 

environmental actions. The policy environment in Nigeria and some Asian partners may 

present certain peculiar case. In these countries, such policies are poorly enforced and are 

grossly inefficient. For instance, there has been ongoing environmental degradation 

caused by oil spillage and gas flaring from oil production, especially in the Niger Delta 

region of Nigeria, which has led to the destruction of biodiversity (Faga and Uchechukwu, 

2019). The responsible firms have paid little or no attention to this development, leading 

to agitations, pipeline vandalization and unrest in the region. The poor pollution tax 

system and inadequate CSR is also evident in the non-oil sector.The associatedcosts 

technically reduce output and competitiveness of these producers in the international 

markets, and reduce export, except where the demand for such product is inelastic as may 

be observed in the case of Nigeria’s import of consumer and industrial goods. Such 

reduction in competitiveness and export may even become intense with high pollution 

intensive/embedded export product which may worsen environmental quality in the 

importing country.  

Moreover, irrespective of the level of development, the quest for environmental efficiency 

pushes firms to be innovative, loweringthecostof production and increases level of 

compliance with associated regulations,whichinturn increases resourceefficiency 

andproductvalue,andenhance firms' productivity and competitiveness in the process (Gray, 

2002 and Rubashkina et al, 2015). Such products also have high likelihood of meeting 

international environmental standards. Thus, comparative advantage is further enhanced, 

leading to increase in exports and decrease in imports. This leads to substitution effect as 

countries switch from consuming high-cost imported goods to low-cost domestically-

produced goods (Doganay, et al, 2014). This has been evident for the case of the EU+2, 
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rather than Nigeri and Asia overtime. There is also associated indirect income effect 

where increased efficiency reduces costs and increases output leading to high income 

levels which in turn contribute to increasing imports and the overall changes in imports 

become uncertain. If the substitution effect outweighs the income effect, then the cost 

advantage (or efficiency improvement) is expected to decrease imports. If otherwise, then 

the cost advantage is expected to increase imports. Therefore, the effect of environmental 

policies or efficiency on bilateral trade is modelled similar to those produced by taxes and 

subsidies. 

Thus, with improvement in environmental efficiency, production and exports of the crude 

oil, which uses the most abundant resource intensively, rises. Consequently, the 

relationship between consumer and producer prices (p and qrespectively) for crude oil (C) 

in the exporting country (Nigeria) is given as follows: 

q = p(1-s) < p …………………………………………….. 3a 

This relationship can be rewritten as; 

q = qc/qy = pc(1-s)/py< pc/py = p………………………………3b 

Thus, relative world producer price (q) is higher (rises in Nigeria and lower in Partner 

country) relative to consumer price and world price (p*). However, consumers, not 

producers, face world prices. As a result, production activities in Nigeria shifts to point 

QN1 while those in the Partner country shifts to point QP1as shown in Figure 3.226.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 

                                                           
26The initial H-O position is depicted in Figure B1 in the Appendix. 
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Figure 3.2. Environmental efficiency and the H-O model  
Source: Author, based on Markusen et al, (1995) 
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Since consumers in Nigeria and the Partner country wishes to consume at point CN1 

andCP1 respectively, price, p* must fall for equilibrium to be reached. Partner country’s 

import demand for crude oil is now given as AP1CP1 which is the same Nigeria’s export 

supply of AN1QN1 while Nigeria’s import demand for consumer and industrial goods 

amounts to AN1CN1, the same amount of Partner country’s export (AP1QP1).  

Similar explanation is valid for an improvement in environmental efficiency in the Partner 

country. Therefore, by reducing production cost, environmental efficiency makes firms 

more productive and increases their competitiveness in international market and generates 

trade. The reverse could be true where the cost of adoption of environmentally-friendly 

techniques outweigh the benefits with the associated higher direct cost of adjusting 

production process(Rubashkina et al, 2015). Hence, environmental efficiency becomes an 

important element in import demand and export supply functions. 

Traditionally, import demand is modelled as a function of two determinants, namely real 

domestic income and relative prices (Hong, 1999 and Krugman and Obstfeld, 2005). 

Similarly, export supply is modelled as a function of real income of the trading partner 

and relative prices. Thus, following the foregoing discussions, an extended bilateral trade 

model becomes; 

Mij = f(Yi, P, EFi,EFj) ……………………………………..4 

Xij = f(Yj, P, EFi,EFj)………………………………………5 

Where Mij is the total import of country i from country jand Xij is the total export of 

country i to country j.Yi and Yj are the incomes of country i and j respectively, 

EFiandEFjrepresent environmental efficiency levelsin countries i and j respectively while 

P is the relative prices. 

A number of other factors have been identified to influence bilateral trade, chief among 

which are trade agreement and industrialization (Borchert and Yotov, 2017).In particular, 

Nigeria has trade agreements with theEU+2 while she is also a member of a number of 
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regional integrations. The wave of industrialization in the economies of partners in Asia is 

a critical consideration for the increased bilateral trade relation between Nigeria and 

countries in the region. Thus, the positive role of these factors is recognised in bilateral 

trade. However, the role of environmental efficiency can be examined in the face of the 

existing trade agreements and rising industrialization by interacting environmental 

efficiency with these variables. Other factors identified in the theoretical literature, 

influencing bilateral trade among nations include contiguity (Anderson and Van Wincoop, 

2003; Feenstra, 2004 and Baier and Bergstrand, 2007) and common language(Anderson 

and Marcouiller, 2000; Wu, et al 2012).In bilateral trade relations, the closer countries are 

to each other, the larger the volume of trade expected between them due to the advantage 

of shorter distance and lower transaction cost (including those related to transport). While 

common colony implies strong cultural and social ties, common language aid 

effectiveness and ease of transactions between the countries involved. Thus, these 

variables are expected to have positive influence on both import and export of Nigeria 

from and to the top trading partners. The role of resource endowment is also captured 

following H-O model, with positive or negative theoretical expectation depending on the 

sector being considered. All these variablesare taken into consideration in the specified 

models for estimation. 

3.3 Methodology 

3.3.1 Model Specification 

Following from the arguments in the theoretical framework provided in the previous 

section, environmental efficiency may be important for bilateral trade among countries. A 

common approach of exploring the drivers of bilateral trade flows among the trading 

partners is gravity model. The study therefore adapts the gravity model to analyse drivers 

of bilateral trade as presented in equations 4 and 5. Thus, trade (T) between country iand 

country j is proportional to the product of their economic sizes(GDPi and GDPj) and 

inversely related to the distance (Dij) between the two countries (Krugman and Obstfeld, 

2005 and Deen-Swarray, et al, 2012). This model has subsequently been employed by 

studies focusing on Nigeria and Africa such asAdewuyi andBankole(2012),Bankole, et al. 

(2012), andAdewuyi and Olubiyi (2015). 



129 
 

Since environmental efficiency could be an attraction or repellent for trade, much like 

distance, an extended gravity model of trade is adopted to present bilateral trade 

relationship between Nigeria and its trading partners in line with the extended H-O 

model27.  

TNj = A(GDPN*GDPj)/DNj ………………………………………….6 

Ais agravitational constant while GDPi and GDPjrepresent the gross domestic products of 

country i(Nigeria) and country j (its trading partners in Europe and Asia) respectively.This 

specification is in line withDoganay et al, (2014) but introduces exchange rate and 

resource endowment(Collier and O’Connell, 2008) while dropping populationas economic 

sizes are already captured by the respective GDP.Hence,totalexports of country ito country 

j is modeled as a function of the exporting and importing countries’ GDPs,distance (D), 

environmental efficiency (EF), exchange rate (ER),resource endowment (RE), contiguity 

(C), common language (CL), common colonizer (COL), industrialization (IND) and 

bilateral trade agreement (BTA), as well as their interaction with environmental efficiency 

which could also influence bilateral trade. These interactions are captured as IND*EF and 

BTA*EF respectively28. 

XtNj = f(GDPNt, GDPjt, DNjt, EFNt, EFjt, ERNt, ERjt, RENt,  REjtCLNj, COLNj, BTAtNj, INDjt, 

INDjt*EFNt, INDjt*EFjt, BTAtNj*EFNt, BTAtNj*EFjt,)……………………………………………7 

 

MtNj = f(GDPNjt, GDPjt, TCNjtEFNt, EFjt, ERNt, ERjt, RENt,  REjt, CLNj, COLNj, BTAtNj, INDjt, 

INDjt*EFNt, INDjt*EFjt, BTAtNj*EFNt, BTAtNj*EFjt,)..…………………………………8 

 

The econometric specification of the models is given as follows;  

𝐼𝑛𝑋 =  𝛼 +  𝜃 𝐼𝑛𝐺𝐷𝑃 + 𝜃 𝐼𝑛𝐺𝐷𝑃 +  𝜃 𝐷 + 𝜃 𝐼𝑛𝐸𝐹 + 𝜃 𝐼𝑛𝐸𝐹 +

𝜃 𝐼𝑛𝐸𝑅 + 𝜃 𝐼𝑛𝐸𝑅 + 𝜃 𝐼𝑛𝑅𝐸 +  𝜃 𝐼𝑛𝑅𝐸 + 𝜃 𝐶𝐿 +  𝜃 𝐶𝑂𝐿 +

𝜃 𝐵𝑇𝐴 + 𝜃 𝑙𝑛𝐼𝑁𝐷 + 𝜃 𝑙𝑛𝐼𝑁𝐷 ∗ 𝑙𝑛𝐸𝐹 + 𝜃 𝑙𝑛𝐼𝑁𝐷 ∗ 𝑙𝑛𝐸𝐹 +

𝜃 𝑙𝑛𝐵𝑇𝐴 ∗ 𝑙𝑛𝐸𝐹 + 𝜃 𝑙𝑛𝐵𝑇𝐴 ∗ 𝑙𝑛𝐸𝐹 + 𝜋 ……………………………………….9 

                                                           
27Studies that have contributed immensely to the theoretical development of the gravity model of trade 
include Armington (1969), Anderson (1979), Bregstrand, 1985, and Anderson and van Wincoop (2003) 
28Environmental efficiencies in both partners were interacted with industrialization in the partner country to 
yield two indicators – INDEFN and INDEFJ. Similarly, two indicators were obtained for the interaction of 
BTA with environmental efficiencies of both countries - BTAEFN and BTAEFJ. 
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𝐼𝑛𝑀 =  𝛼 + 𝜃 𝐼𝑛𝐺𝐷𝑃 + 𝜃 𝐼𝑛𝐺𝐷𝑃 + 𝜃 𝐷 + 𝜃 𝐼𝑛𝐸𝐹 + 𝜃 𝐼𝑛𝐸𝐹 +

𝜃 𝐼𝑛𝐸𝑅 + 𝜃 𝐼𝑛𝐸𝑅 + 𝜃 𝐼𝑛𝑅𝐸 +  𝜃 𝐼𝑛𝑅𝐸 + 𝜃 𝐶𝐿 +  𝜃 𝐶𝑂𝐿 +

𝜃 𝐵𝑇𝐴 + 𝜃 𝑙𝑛𝐼𝑁𝐷 + 𝜃 𝑙𝑛𝐼𝑁𝐷 ∗ 𝑙𝑛𝐸𝐹 + 𝜃 𝑙𝑛𝐼𝑁𝐷 ∗ 𝑙𝑛𝐸𝐹 +

𝜃 𝑙𝑛𝐵𝑇𝐴 ∗ 𝑙𝑛𝐸𝐹 + 𝜃 𝑙𝑛𝐵𝑇𝐴 ∗ 𝑙𝑛𝐸𝐹 + 𝜋 …………………………………….10 

Where z equals total trade and sectoral trade (mineral and non-mineral), and non-minerals 

trade involves agricultural and manufacturing goods). The dependent variable 𝐼𝑛𝑋  in 

equation 10 is exports of commodity z from country N (Nigeria) to country j (each of its 

major trading partners) at year t. The dependent variable 𝐼𝑛𝑀 in equation 11 is imports 

of country N (Nigeria) of commodity z from country j (each of its major trading partners). 

3.3.2 Estimation Technique and Method of Analysis 

Estimating the role of environmental efficiency in bilateral trade begins with a first stage 

analysis where the efficiency scores are obtained for each of the countries of interest. This 

stageis based upon a production approach which differentiates betweenthe disposability 

characteristics of environmentally desirable and undesirable outputs in line with Doganay 

et al (2014). This follows the fact that changes in regulation, international market demand 

and pressures as well as pure technological advancements can alter pollutants’ 

disposability characteristics. This yields an alternative and moreprecise measure of 

environmental costs as it accounts for the change in the overall productionprocess. 

Furthermore, the resulting environmental efficiency index reflects the amount of desirable 

output sacrificed in order to reduce the pollutant by one unit. This measure is comparable 

across producers over time.  

This study therefore follows the proposition that environmental performance in form of 

efficiency can be measured by constructing an index using bad and good efficienciesto 

obtain net efficiency ratio (Färe et al., 2003; Zaim et al., 2001; Zaim, 2004; Halkos and 

Tzeremes, 2009). This is done using non-parametric technique(data envelopment analysis-

DEA) where good output (GDP) and inputs (labour, capital and energy consumption) 

make up the formulation for good efficiency, while bad output (carbon emission) and the 
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same inputs complete the formulation for bad efficiency29.The scores for both good and 

bad efficiency range from 0 to 1. Then, environmental efficiency ratio is computed by 

finding the ratio of good efficiency to bad efficiency, where higher ratio indicates higher 

(or improvement in) environmental efficiency of a country. Also, a score (ratio) higher 

than one indicates that the good efficiency outweighs the bad efficiency.An improvement 

in theenvironmental efficiency index of producing a unit of output indicates that the cost 

to moreenvironmentallyconscious producers declines and the cleanup costs are smaller, a 

situationthat is likely to improve the producers’ comparative advantage. The choice of the 

Slack-based measure ofDEA over the parametric technique is based on a number of its 

overriding strengths. First, it requires no mathematical functional form in its formulation 

which makes it easy to compute. Second,the technique is capable of accommodating 

multiple inputs and outputs. Finally, it allows the identification and analysis ofthe source 

of inefficiency for every evaluated unit (Coelli et al., 2005).  

In line with Asmild et al. (2004) and Halkos and Tzeremes (2009), the study considers N 

number of Decision Making Units (DMUs) (n=1,…, N) and T periods (t=1,…,T) using m 

inputs and s outputs creating a sample of N×T observations in the process. An observation 

n in period t, (DMU ) has an m dimensional input vector x  = (x  , x , … , 𝑥 ) and an s 

dimensional output vector y  = (y  , y , … , y ). 

The constant returns to scale DEA cost minimization problem for DMUqtis analysed by 

solving the following linear programming problem; 

Minimise θq        ...........................................................11 

Subject to:  

∑ 𝜆𝑗𝑋𝑖𝑗 ≤ θXiqi = 1, . . . ,m      ........................12 

  ∑ 𝜆𝑗𝑌𝑟𝑗 ≥ Yrqr = 1, . . . ,s       ........................13 

  λj  ≥ 0         j = 1, . . . , n     .......................14 

θ = 1 indicates a technically efficient DMU and λj is a N X 1 vector that shows the 

proportion of referencing DMUjwhen measuring the efficiency of DMUq. The problem is 
                                                           
29Carbon emission is selected for three reasons. First, it is the largest component of greenhouse emission in 
Nigeria rising by over 150% between 1990 and 2012. Second, it is the dominant measure of environmental 
pollution in the environment-trade literature (Cristea et al, 2013; Doganay et al, 2014 and Honma, 2015). 
Third, data on other sources of environmental pollution in Nigeria is limited. 
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to seek the efficiency rating, minimize cost,θq,,subject to two constraints. First, the 

weighted sum of the inputs of the otherservice units is less than or equal to the inputs of 

the service unit being evaluated and second, the weighted sum of the outputs of the 

otherservice units is greater than or equal to the service unit beingevaluated. The linear 

programmingmodel above is solved n number of times, once for each DMU, generating 

avalue of θ for each DMU. The CRS assumption is appropriate in cases where all 

DMUsoperate at an optimal scale. However, constraints on DMUs (at least some DMUs) 

may exist which do not allow them to operate at the optimal scale. Using CRS for such 

DMUs will yield Technical Efficiency (TE) scores, which are affected by Scale 

Efficiencies (SE). Therefore, the study also employs Varying Returns to Scale (VRS) 

model by adding the restriction ∑ 𝜆𝑛 = 1(Banker et al, 1984), as the countries of interest 

have different sizes which can influence their ability to be efficient in producing output. 

Thus, VRS is less restrictive and allows the best practice level of outputs to inputs to vary 

with the size of the countries in the sample (Halkos and Tzeremes, 2009).  

In the second stage analysis, this study adopts the random effect generalized least square 

(GLS) technique for the aggregate analysis as there are no issues of missing valuesin 

addition to the small sample size (Clark and Linzer, 2015). This method is also robust and 

more efficient than the ordinary least square under heteroscedasticity while highly 

correlated variables are used in their first-difference. The study further utilized the 

Arellano-Bond Dynamic Generalized Method of Moments (GMM) estimator due to its 

robustness where there is possibility of endogeneity. The Sargan test of overidentifying 

restrictions, with the null hypothesis that overidentifying restrictions are valid, is 

employed to examine the validity of the instruments.However, for the disaggregate 

analysis, the count-data models, particularly the negative binomial pseudo maximum 

likelihood model (NBPMLM) is employed. This method is capable of handling some 

methodological shortcomings in the estimation of the gravity model such as 

autocorrelation, simultaneity bias and heteroskedasticity (Santos and Tenreyro, 2006) as 

well as excessive presence of zero values in the bilateral trade data (Frankel, 1997; 

Linders and Groot, 2007; Turkson, 2011; Burger et al (2009).Unlike the Poisson 

maximum likelihood regression, NBPMLM allows dispersion to exist between the mean 

and variance of the bilateral trade distribution. Thus, it is a mixture of thePoisson 
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distribution and the Gamma distribution, or generalizedfactorial function, and it is a 

function of both µ and α. Its mean is still µ, but itsconditional variance is µ(1 + αµ). As 

asα→ 0, thedistribution of bilateral trade becomes the Poisson distribution. 

The likelihood ratio test of α = 0 strongly rejects the null hypothesisthat the errors do not 

exhibit overdispersion. Thus, the Poissonregression model is rejected in favor of its 

generalized version, the negative binomial regression model. The coefficients are similar 

between the twomodels, and the negative binomial estimates are comparable to those 

fromPoissonwith robust standard errors.Since the summary statisticsshow that the means 

and variance are not thesame, the negative binomial regression is adopted for this study. 

Besides, the negative binomial regression model can be viewed as an extension of the 

Poissonregression, it addresses the over-dispersion issue better and has 

parameterizationsthat differ from the Poisson model(Piperopouloset al, 2017). 

3.3.3 Data and Variable Description 

Empirical analysis in this study spans the period 1996-2015 due to data availability 

constraint. Data used in this research are derived from various sources shown in Table 3.1. 

Bilateral trade flows are obtained from World Integrated Trade Solution (WITS) database 

developed by the World Bank with values expressed in million USD. This thesis follows 

the literature regarding the trade flows by defining commodity structure as the categories 

0-9 of SITC Revision 2.The bilateral exports and imports follow the one-digit division 

classification of trade. The database separates both the export and import flows into 10 

categories such as “0-Food and live animals”; “1-Beverages and tobacco”; “2- Crude 

materials, inedible, except fuel”; “3- Mineral fuels, lubricants and relate”; “4- Animal and 

vegetable oils, fats”; “5- Chemicals and related products”; “6-Manufactured goods classified 

chief”; “7- Machinery and transport equipment”; “8- Miscellaneous manufactured articles”; 

“9- Commodities and transactions not el.” The study employs mirror data to reduce the 

number of missing values, and all selected countries are listed in Tables A4a and A4b in the 

Appendix. 
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Table 3.1.Variable Description and Sources 

Variable Description Measurement Data sources A priori 
expectation 

XzNJ Total Export of Nigeria to her 
trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 0-9) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

MzNJ Total Import of Nigeria from her 
trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 0-9) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

MXNJ Mineral Export of Nigeria to her 
trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 3) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

MMNJ Mineral Import of Nigeria from 
her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 3) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

NXNJ Non-Mineral Export of Nigeria to 
her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 0-9 except 3) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

NMNJ Non-Mineral Import of Nigeria 
from her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 0-9 except 3) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

AXNJ Agricultural Export of Nigeria to 
her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 0 and 4) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

AMNJ Agricultural Import of Nigeria 
from her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 0 and 4) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

MAXNJ Manufacturing Export of Nigeria 
to her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 1, 6 and 8) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

MINJ Manufacturing Import of Nigeria 
from her trading partner 

US Dollars in real terms (SITC 
revision 1 CODE 1, 6 and 8) 

Computed using data from WITS (COMTRADE) 
and commodity price published by the World Bank 

 

GDPN Gross domestic product per capita 
of Nigeria 

Constant 2005 (billion US dollars) World Bank, World Development Indicators + 

GDPj Gross domestic product per capita 
of the trading partner 

Constant 2005 (billion US dollars) World Bank, World Development Indicators + 

DNJ Distance Distance between the capital cities of 
Nigeria and her partners 

CEPII gravity dataset - 

EFN Environmental efficiency score in 
Nigeria  

Good efficiency score divided by bad 
efficiency score 

Computed +/- 

EFj Environmental efficiency score in 
the partner economy 

Good efficiency score divided by bad 
efficiency score 

Computed +/- 

ERi Real exchange rate in Nigeria Real effective exchange rate index 
(2010 = 100) 

World Bank, Global Economic Monitor + 

ERj Real exchange rate in partner i Real effective exchange rate index 
(2010 = 100) 

World Bank, Global Economic Monitor -/+ 

REN Resource endowment Capital-Labour Ratio in Nigeria World Bank, World Development Indicators +/- 
REj Resource endowment Capital-Labour Ratio in the economy 

of the partner 
World Bank, World Development Indicators +/- 

CLNJ Common language  Dummy variable for common 
language 

CEPII gravity dataset + 

COLNJ Common colony Dummy variable for common colonial 
ties 

CEPII gravity dataset + 

BTANJ Bilateral Trade Agreement  Dummy variable for Bilateral trade 
Agreement between the partner 

countries i& j 

CEPII gravity dataset + 

INDN Industrialization in Nigeria Industrial value added (constant 2005 
US$) 

World Bank, World Development Indicators + 

INDJ Industrialization in the partner 
country 

Industrial value added (constant 2005 
US$) 

World Bank, World Development Indicators + 

IND*EFN Industrialization (partner)-
Efficiency(Nigeria) Interaction  

Product of industrialization and 
efficiency values 

Computed + 

IND*EFj Industrialization (partner)-
Efficiency(Partner) Interaction 

Product of industrialization and 
efficiency values 

Computed + 

BTA*EFN BTA-Efficiency (Nigeria) 
Interaction 

Product of BTA and efficiency values Computed + 

BTA*EFj BTA – Efficiency (Partner) Product of BTA and efficiency values Computed + 
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Interaction 
Source: Author’s compilation 
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CHAPTER FOUR 

ANALYSIS AND DISCUSSION OF RESULTS 

4.1 Introduction 

This chapter contains analysis, interpretation and discussion of results on the effect of 

environmental efficiency on bilateral trade between Nigeria and her top trading partners in 

the EU+2 and Asia. The chapter starts with a discussion of the computed environmental 

efficiency scores for Nigeria and her trading partners in Asia and EU+2. It thereafter 

discusses the preliminary analysis before presenting results on the effect of environmental 

efficiency on bilateral trade between Nigeria and Asia, as well as the EU+2. The chapter is 

concluded with a discussion of findings of the study.  

4.2 Preliminary Analysis 

4.2.1 Descriptive Statistics 

Tables4.1a and 4.1b report summary statistics, showing the mean, maximum, minimum 

and standard deviation of the variables used for regression analysis. Mean total export of 

Nigeria to the EU+2 top partners, as well as import from the same partners, is higher than 

those observed for the Asian partners, although the maximum values are in favour of the 

Asian partners. The standard deviation statistics show that, while variability is higher for 

export to the EU+2 partners than to Asian partners, Nigeria’s import from the latter is 

more volatile than those from the former. Similarly, on the average, Nigeria’s bilateral 

trade (import and export) in mineral product with the selected top partners in the EU+2 is 

higher than the country’s average mineral trade with Asia. Mean volume of manufacturing 

and agricultural exports of Nigeria to trading partners in the EU+2 is larger than such 

exports to Asian partners. However, average volume of manufacturing import from Asian 

partners is larger than such import from the EU+2. Some level variability of is also 

observed in these trade volumes. 
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Furthermore, environmental efficiency score ranges from 0.65 to 2.04 among top trading 

partners in Asia and from 0.55 to 3.43 among partners in the EU+2, with average score of 

1.13 and 1.14 respectively. Also, as suggested by the standard deviation statistics, these 

scores are more volatile among Asian partners than the EU+2 partners. This reveals higher 

dispersion in environmental efficiency among partners in Asia than those in the EU+2. 

This may be expected as the EU+2 and Asian partners are not compared with one another 

in the same environmental efficiency analysis. 

Environmental efficiency score is higher whenNigeria is analyzed relative to her Asian 

partners with a mean of 1.83 (ranging from 0.72 to 3.20) than when the country is 

analysed relative to the EU+2 partners where the mean is 1.18 (ranging from 0.71 to 1.54). 

The standard deviation of environmental efficiency in Nigeria and the partner country is 

higher in relation to the Asian partners than the EU+2 partners. Again, variability and 

dispersion in environmental efficiency in Nigeria appears to be higher than those observed 

for the EU+2 partners and lower than those of Asian partners. 
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Table 4.1. Summary Statistics for the Nigeria-Asia Models 
Variables Mean Maximum Minimum Std. Dev. 

 1347937 15663352 470.79 2881865 
MNJ 1126580 15393425 1187.60 2407519 

MXNJ 1298665 15500788 0 2850463 
MMNJ 10884.06 332462 0 34168.47 
NXNJ 49272.16 511591.10 136.95 73801.55 
NMNJ 1115696 15300282 1187.60 2402130 

MAXNJ 12637.31 90602.04 0 18845.39 
MAMNJ 451189.8 8502715 721.32 1254229 

AXNJ 3688.40 67287.38 0 9807.15 
AMNJ 42829.48 548872.50 0 89638.61 
EFJ 1.13 3.43 0.55 36.86 
EFN 1.83 3.20 0.72 78.21 
REJ 10284.43 24254.81 383.58 8232.31 
REN 440.89 440.89 440.89 0 

COLNJ 0.43 1 0 0.50 
DISNJ 11181.33 13024.73 7782.85 1531.35 
GDPJ 19741.39 51855.08 663.62 17292.85 
GDPN 1619.43 2548.427 1247.838 478.19 

INDEFJ 65.10** 435.00** 1.53** 83.50** 
INDN 56.50* 56.50* 56.50* 0 
INDJ 642.00* 4.18** 14*50 839.00* 

LANNJ 0.57 1 0 0.496649 
INDEFN 131.00** 1340.00** 1.26** 223.00** 

ERN 64.98 64.98 64.98 0 
ERJ 101.62 155.15 64.33 15.71 

BTANJ - - - - 
BTAEFJ - - - - 
BTAEFN - - - - 

Source: Author Computation, data from various sources (Table 4.1):  
Note Values with * are in billion while those with *** are in trillion. 
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Table 4.1. Summary Statistics for the Nigeria-EU+2 Models 
Variables Mean Maximum Minimum Std. Dev. 

 1462115 9074047 64 1886152 
MNJ 771719 5300431 3213 925356 

MXNJ 1371617 8949094 0 1844109 
MMNJ 218310 4193210 0 603736 
NXNJ 84903 507051 0 100708 
NMNJ 564901 2153281 0 552008 

MAXNJ 19080 201240 0 38633 
MAMNJ 120889 585185 0 123899 

AXNJ 44149 420028 0 75582 
AMNJ 60375 525083 0 93898 
EFJ 1.14 2.04 0.65 0.32 
EFN 1.18 1.54 0.71 0.27 
REJ 19210.32 40189.28 6277.67 7340.78 
REN 629.2413 1343.05 359.901 306.83 

COLNJ 0.1 1 0 0.30 
DISNJ 4636.17 5852.89 3684.67 724.95 
GDPJ 45612.31 91593.67 18643.65 18458.43 
GDPN 1619.43 2548.43 1247.83 478.19 

INDEFJ 364.00* 1.12** 33.30* 281.00* 
INDN 71.70* 11.10* 54.90* 18.7* 
INDJ 323.00* 1.02** 42.9* 247.00* 

LANNJ 0.2 1 0 0.40 
INDEFN 38.10** 157.00** 3.79** 31.00** 

ERN 79.09 119.96 64.98 18.06 
ERJ 100.89 130.87 84.41 8.77 

BTANJ 0.70 1 0 0.46 
BTAEFJ 81.21 205.17 0 60.56 
BTAEFN 83.86 154.64 0 58.74 

Source: Author Computation, data from various sources (Table 4.1):  
Note Values with * are in billion while those with *** are in trillion. 
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4.2.2 Correlation Analysis 

Results of correlation analysis of the variables used in regression analysis are reported in 

Table 4.2 (a and b) for Nigeria-EU+2 bilateral trade model and Table 4.3 (a and b) for 

Nigeria – Asia bilateral trade model. Due to the nature of economic variables which are 

correlated at various degrees, a correlation coefficient greater that 0.90 (r >0.90) is 

assumed to be very high (Asuero et al, 2006) which may require further considerations. As 

observed from Tables 4.2a and 4.2b, weak to moderate relationship exists among most of 

the Nigeria-EU+2variables, with few exceptions.For instance, in the Nigeria-EU+2 

bilateral trade models, very high correlation coefficients are found between resource 

endowment in the EU+2 partner and GDP per capital in Nigeria, resource endowment and 

each of GDP and exchange rate in Nigeria, GDP (Nigeria) and each of industrialization 

and exchange rate in Nigeria, and industrialization (Nigeria) and exchange rate 

(Nigeria).Also, agricultural export and non-mineral export, total export and mineral 

export, and manufacturing import and non-mineral import are also found to exhibit very 

high correlations. To overcome the possible multicollinearity problem, all affected 

variables are first-differenced in line with existing studies (Liu et al, 2009; Yusuf et al, 

2020). Again, highly correlated dependent variables are in different models.Similar 

observation is also made in Tables 4.3a and 4.3b for Nigeria-Asia models and are 

similarly addressed. 
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Table 4.2a. Correlation Analysis of the Variables used in the Nigeria-EU+2 Models 
 AXNJ AMNJ BTANJ REJ COLNJ DISNJ EFJ XNJ GDPJ MNJ INDJ LANNJ MAXNJ 

AXNJ 1.00             
AMNJ 0.48 1.00            
BTANJ 0.29 -0.19 1.00           

REJ -0.44 0.27 -0.68 1.00          
COLNJ 0.21 0.23 0.22 -0.30 1.00         
DISNJ -0.40 0.23 -0.37 0.52 0.17 1.00        
EFJ -0.28 0.09 -0.03 0.44 -0.13 0.34 1.00       
XNJ 0.70 0.17 0.42 -0.47 0.05 -0.64 -0.07 1.00      

GDPJ -0.48 0.30 -0.75 0.92 -0.10 0.69 0.45 -0.56 1.00     
MNJ 0.62 0.72 0.15 0.03 0.32 0.09 0.23 0.48 0.06 1.00    
INDJ 0.52 0.54 0.35 0.03 0.26 -0.05 0.04 0.31 -0.02 0.70 1.00   

LANNJ 0.44 0.45 -0.22 -0.18 0.67 0.24 -0.24 0.12 0.00 0.46 0.08 1.00  
MAXNJ 0.68 0.28 0.49 -0.47 0.23 -0.62 -0.42 0.61 -0.57 0.40 0.48 0.11 1.00 
MAMNJ 0.66 0.68 0.26 -0.03 0.33 -0.03 0.12 0.46 -0.04 0.81 0.67 0.30 0.61 
MMNJ 0.73 0.53 0.30 -0.26 0.20 -0.20 -0.09 0.60 -0.32 0.75 0.41 0.38 0.59 
EFN 0.01 -0.02 0.00 -0.07 0.00 0.00 0.10 0.19 -0.01 0.08 -0.03 0.00 0.05 
REN 0.12 0.18 -0.05 -0.04 -0.21 -0.02 0.06 0.22 0.02 0.31 0.04 -0.05 0.07 
NXNJ 0.92 0.53 0.32 -0.37 0.21 -0.38 -0.29 0.67 -0.44 0.66 0.55 0.38 0.80 
GDPN 0.15 0.20 -0.06 -0.03 -0.25 -0.03 0.03 0.19 0.02 0.31 0.06 -0.06 0.08 
NMNJ 0.59 0.74 0.11 0.13 0.29 0.15 0.21 0.32 0.13 0.82 0.62 0.34 0.47 
INDN 0.16 0.21 -0.06 -0.04 -0.28 -0.03 0.00 0.16 0.01 0.29 0.07 -0.07 0.07 
ERN 0.15 0.21 -0.06 -0.03 -0.27 -0.03 0.01 0.18 0.01 0.30 0.06 -0.07 0.07 
ERj 0.05 0.07 0.25 -0.20 0.65 0.31 0.11 -0.07 -0.04 0.28 0.17 0.40 0.04 

MXNJ 0.68 0.20 0.38 -0.40 0.06 -0.55 -0.03 0.92 -0.50 0.44 0.26 0.11 0.62 

Source: Author Computation, data from various sources (Table 4.1) 
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Table 4.2b.CorrelationAnalysisof the Variables used in theNigeria-EU+2Models 
 MAMNJ MMNJ EFN REN NXNJ GDPN NMNJ INDN ERN ERJ MXNJ 

MAMNJ 1.00           
MMNJ 0.64 1.00          
EFN -0.01 0.08 1.00         
REN 0.05 0.30 0.32 1.00        
NXNJ 0.76 0.77 0.02 0.16 1.00       
GDPN 0.06 0.31 0.25 0.92 0.18 1.00      
NMNJ 0.96 0.63 -0.02 0.06 0.70 0.08 1.00     
INDN 0.04 0.29 0.11 0.87 0.18 0.97 0.06 1.00    
RERN 0.04 0.30 0.18 0.90 0.18 0.97 0.06 0.97 1.00   
ERJ 0.31 0.06 0.01 -0.11 0.06 -0.12 0.28 -0.16 -0.17 1.00  

MXNJ 0.58 0.57 0.11 0.07 0.69 0.05 0.46 0.03 0.04 -0.03 1.00 

Source: Author Computation, data from various sources (Table 4.1) 
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Table 4.3a. Correlation Analysis of the Variables used in the Nigeria-Asia Models 
 AXNJ AMNJ REJ COLNJ DISNJ EFJ XNJ GDPJ MNJ INDJ LANNJ MAXNJ MAMNJ MXNJ 
AXNJ 1.00              
AMNJ 0.27 1.00             
REJ -0.29 -0.60 1.00            
COLNJ 0.34 -0.10 0.03 1.00           
DISNJ -0.54 -0.48 0.67 -0.61 1.00          
EFJ 0.21 0.24 0.07 0.41 -0.22 1.00         
XNJ 0.33 0.41 -0.36 -0.41 -0.19 -0.18 1.00        
GDPJ -0.28 -0.62 0.99 0.05 0.68 0.11 -0.40 1.00       
MNJ 0.16 0.66 -0.29 -0.46 -0.16 -0.04 0.55 -0.34 1.00      
INDJ 0.18 0.41 -0.29 -0.72 0.09 -0.28 0.67 -0.32 0.81 1.00     
LANNJ 0.02 -0.19 0.20 0.75 -0.43 0.14 -0.32 0.19 -0.35 -0.69 1.00    
MAXNJ 0.39 0.12 0.09 0.11 -0.13 -0.03 0.40 0.08 0.12 0.16 0.11 1.00   
MAMNJ 0.19 0.66 -0.39 -0.51 -0.17 -0.13 0.61 -0.44 0.97 0.86 -0.44 0.16 1.00  
MXNJ 0.08 0.38 -0.30 -0.58 -0.05 -0.30 0.69 -0.35 0.67 0.75 -0.42 0.10 0.70 1.00 
MMNJ -0.22 0.54 -0.06 -0.36 0.16 0.18 0.05 -0.09 0.50 0.25 -0.26 -0.07 0.45 0.22 
REN 0.26 0.33 0.16 0.00 0.00 0.31 0.37 0.15 0.22 0.15 0.00 0.62 0.18 0.15 
EFN 0.16 0.26 0.14 0.00 0.00 0.18 0.31 0.11 0.13 0.12 0.00 0.47 0.08 0.14 
NXNJ 0.57 0.28 -0.18 0.04 -0.28 0.05 0.54 -0.17 0.27 0.41 -0.11 0.76 0.31 0.24 
GDPN 0.30 0.36 0.16 0.00 0.00 0.35 0.38 0.16 0.24 0.16 0.00 0.69 0.20 0.10 
NMNJ 0.16 0.66 -0.29 -0.47 -0.16 -0.05 0.56 -0.35 1.00 0.82 -0.35 0.12 0.97 0.67 
ERN 0.29 0.37 0.16 0.00 0.00 0.34 0.36 0.16 0.25 0.16 0.00 0.67 0.22 0.11 
INDN 0.31 0.35 0.15 0.00 0.00 0.34 0.35 0.16 0.25 0.16 0.00 0.67 0.22 0.09 
ERJ -0.18 -0.44 0.41 0.04 0.34 -0.15 -0.31 0.38 -0.33 -0.30 0.17 -0.03 -0.32 -0.29 

Source: Author Computation, data from various sources (Table 4.1) 
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Table 4.3b. Correlation Analysis of the Variables used in the Nigeria-Asia Models 
 MMNJ REN EFN NXNJ GDPN NMNJ ERN INDN ERJ 

MMNJ 1.00          
REN 0.31 1.00         
EFN 0.18 0.83 1.00       
NXNJ -0.13 0.55 0.46 1.00      
GDPN 0.31 0.90 0.72 0.57 1.00     
NMNJ 0.50 0.21 0.13 0.27 0.24 1.00    
ERN 0.32 0.87 0.66 0.56 0.96 0.25 1.00   
INDN 0.32 0.83 0.55 0.54 0.95 0.24 0.94 1.00  
ERJ -0.05 -0.08 -0.04 -0.20 -0.12 -0.33 -0.11 -0.11 1.00 

Source: Author Computation, data from various sources (Table 4.1) 
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4.3 Computed Environmental Efficiency Scores  

Environmental efficiency in the economies of the trading partners is first computed with 

countries serving as decision making units. This allows an analysis of environmental 

efficiency performance of Nigeria relative to other trading partners. Environmental 

efficiency will be less than 1 where bad efficiency scores (obtained when carbon emission 

is the output indicator in the DEA analysis) outweigh good efficiency scores (obtained 

when GDP is the output indicator), and greater than 1 when the latter is greater30.    

Environmental efficiency scores of Nigeria’s top trading partners in the EU+2are more 

stable than that of Nigeria over the period 1996-2015 when the countries are compared 

with the frontier (Table 4.4a). All the selected EU+2 partners improved their efficiency 

status or scores towards the frontier over the same period with France, Sweden and 

Switzerland maintaining their frontier (best performing) status throughout the period. In 

Spain, however, bad efficiency appeared to override good efficiency for all the years 

except in 2013, which makes the country the most inefficient among Nigeria’ EU+2 top 

trading partners. Though the country has made huge progress in promoting environmental 

quality and ranked among the top 20 on the EPI scale, it still trails most of the selected 

Nigeria’s partners. This may explain the poor environmental efficiency performance 

which are computed in relative terms. While most of the EU+2 partners performed better 

than Nigeria in the early 2000s, only France, Sweden and Switzerland recorded higher 

environmental efficiency than the country during 2008-2015.This corroborates the 

submission of Halkos and Tzeremes (2013a) and Halkos and Tzeremes (2013b) who 

reported that most of the UK regions are environmentally inefficient. The results also 

supportKounetas (2015) who found that environmental efficiency of the EU+2 members 

improved over the period 2002-2008. This may reflect the low level of industrial activities 

in Nigeria compared to her European partners.  

Environmental efficiency scores of Nigeria’s top trading partners in Asia appears more 

unstable during 1996-2006 than the recent years when the countries are compared with the 

                                                           
30 Environmental efficiency scores are reported in Figure B2 (the Nigeria-EU) and Figure B3 (Nigeria-Asia) 
in the Appendix. Note that good (and bad) efficiency scores range from 0 (completely inefficient) to 1 
(perfectly efficient-frontier). 
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frontier country (Table 4.4b). Generally, environmental efficiency improved over the 

period 1996-2015 among the selected Asian partners. For instance, only India, Japan and 

Indonesia recorded environmental efficiency scores of 1.0 or above prior to 2006, 

suggesting that good efficiency dominates bad efficiency in these countries. However, 

between 2007 and 2015, all the Asian partners scored 1.0 and above. It is also observed 

that Singapore is the most environmentally efficient partner in Asia reaching a peak of 

about 3.43 in 2007 while Korea Republic and China are the least efficient. This is 

consistent with the findings in the literature such as Li et al (2013b), Chen et al (2014), 

Chen and Jia (2016), Song et al (2016) and Xie et al (2015). When compared with most of 

the selected Asian partners, Nigeria enjoys higher environmental efficiency score for 

almost all the years with wide gap after 2008, which may be traced to the increasing wave 

of industrialization in these partners.  
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Table 4.4a: Environmental Efficiency in Nigeria in relation to the EU+2 
 year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

France BD 0.63 0.59 0.63 0.61 0.59 0.62 0.61 0.60 0.60 0.60 0.58 0.57 0.56 0.54 0.53 0.51 0.51 0.51 0.55 0.52 
GD 0.89 0.91 0.92 0.92 0.93 0.95 0.95 0.94 0.95 0.95 0.97 0.99 0.98 0.95 0.96 0.98 0.98 0.98 0.99 1.00 
EFF 1.41 1.54 1.46 1.51 1.57 1.53 1.57 1.56 1.58 1.59 1.67 1.74 1.75 1.76 1.81 1.91 1.90 1.91 1.81 1.91 

Germany BD 1.00 0.98 0.98 0.96 0.96 0.96 0.96 0.95 0.94 0.92 0.92 0.93 0.92 0.90 0.90 0.92 0.92 0.93 0.96 0.92 
GD 0.89 0.90 0.89 0.88 0.90 0.93 0.96 0.96 0.98 0.98 0.97 0.97 0.97 0.98 0.99 0.98 0.99 1.00 1.00 1.00 
EFF 0.89 0.92 0.91 0.92 0.93 0.96 1.01 1.01 1.04 1.06 1.05 1.05 1.06 1.09 1.09 1.07 1.07 1.08 1.05 1.09 

Italy BD 1.00 1.00 1.00 0.99 1.00 0.99 0.99 0.99 0.99 0.98 0.98 0.98 0.96 0.91 0.89 0.89 0.85 0.83 1.00 0.89 
GD 0.95 0.96 0.96 0.96 0.97 0.98 0.96 0.95 0.95 0.96 0.98 0.99 0.98 0.96 0.97 0.98 0.96 0.96 0.98 0.99 
EFF 0.95 0.96 0.96 0.96 0.97 0.98 0.97 0.96 0.96 0.98 1.00 1.02 1.03 1.05 1.08 1.10 1.13 1.16 0.98 1.11 

Netherlands BD 1.00 0.97 0.97 0.94 0.93 0.91 0.93 0.92 0.92 0.89 0.89 0.88 0.89 0.88 0.90 0.91 0.88 0.89 0.96 0.89 
GD 0.80 0.80 0.81 0.82 0.84 0.85 0.85 0.86 0.87 0.88 0.89 0.89 0.89 0.88 0.92 0.92 0.92 0.93 0.94 0.93 
EFF 0.80 0.82 0.84 0.87 0.91 0.93 0.92 0.93 0.95 0.99 1.00 1.01 1.00 1.00 1.03 1.01 1.05 1.05 0.98 1.05 

Nigeria BD 0.47 0.47 0.47 0.51 0.85 1.00 1.00 0.84 0.92 1.00 0.84 0.71 0.71 0.51 0.56 0.60 0.62 0.57 0.52 0.51 
GD 0.69 0.67 0.70 0.70 0.67 0.78 0.71 0.63 0.95 1.00 0.88 0.76 0.81 0.72 0.70 0.78 0.80 0.80 0.77 0.79 
EFF 1.45 1.42 1.48 1.36 0.79 0.78 0.71 0.76 1.03 1.00 1.04 1.07 1.14 1.42 1.25 1.29 1.29 1.39 1.47 1.54 

Norway BD 0.84 0.87 0.88 0.92 0.90 0.93 0.88 1.00 0.95 0.94 0.96 0.95 0.98 1.00 1.00 0.92 0.94 1.00 1.00 0.96 
GD 1.00 0.93 0.91 0.92 0.97 0.98 1.00 1.00 1.00 1.00 1.00 1.00 0.97 0.96 0.99 0.98 0.97 0.96 0.98 1.00 
EFF 1.20 1.07 1.03 1.00 1.08 1.05 1.14 1.00 1.05 1.07 1.04 1.05 0.99 0.96 0.99 1.07 1.04 0.96 0.99 1.04 

Portugal BD 1.00 0.98 0.98 1.00 0.97 0.96 0.99 0.95 0.96 0.97 0.93 0.92 0.87 0.87 0.80 0.84 0.90 0.95 1.00 0.94 
GD 0.77 0.72 0.67 0.65 0.65 0.66 0.67 0.71 0.72 0.72 0.75 0.75 0.75 0.78 0.81 0.88 0.98 1.00 1.00 0.96 
EFF 0.77 0.73 0.69 0.65 0.68 0.69 0.68 0.75 0.75 0.74 0.80 0.81 0.87 0.89 1.01 1.04 1.08 1.05 1.00 1.02 

Spain BD 0.89 0.90 0.88 0.91 0.90 0.89 0.91 0.90 0.91 0.93 0.92 0.93 0.88 0.84 0.79 0.80 0.79 0.75 0.90 0.80 
GD 0.73 0.71 0.70 0.70 0.70 0.72 0.72 0.71 0.70 0.71 0.72 0.74 0.74 0.73 0.74 0.77 0.79 0.81 0.81 0.77 
EFF 0.82 0.79 0.79 0.77 0.78 0.81 0.78 0.79 0.77 0.76 0.79 0.79 0.84 0.88 0.94 0.96 1.00 1.07 0.89 0.97 

Sweden BD 0.74 0.56 0.65 0.50 0.48 0.49 0.61 0.57 0.54 0.48 0.45 0.44 0.45 0.42 0.46 0.47 0.42 0.40 0.45 0.43 
GD 0.80 0.81 0.79 0.77 0.76 0.75 0.78 0.78 0.79 0.79 0.80 0.80 0.79 0.79 0.82 0.82 0.81 0.82 0.82 0.84 
EFF 1.08 1.46 1.20 1.55 1.59 1.53 1.28 1.38 1.48 1.64 1.77 1.84 1.77 1.86 1.76 1.75 1.93 2.04 1.82 1.94 

Switzerland BD 0.73 0.75 0.75 0.72 0.70 0.73 0.70 0.69 0.69 0.70 0.68 0.64 0.65 0.65 0.63 0.60 0.61 0.62 0.63 0.62 
GD 0.92 0.91 0.90 0.90 0.91 0.92 0.92 0.93 0.92 0.94 0.94 0.96 0.97 0.99 1.00 1.00 0.98 0.99 1.00 1.00 
EFF 1.27 1.22 1.20 1.24 1.30 1.26 1.32 1.35 1.35 1.33 1.39 1.51 1.50 1.50 1.59 1.65 1.62 1.59 1.59 1.62 

United 
Kingdom 

BD 1.00 0.98 0.96 0.95 0.96 0.97 0.94 0.95 0.94 0.94 0.95 0.95 0.95 0.93 0.94 0.91 0.92 0.91 1.00 0.91 
GD 0.83 0.87 0.86 0.87 0.88 0.91 0.92 0.93 0.94 0.95 0.95 0.95 0.97 1.00 0.99 1.00 1.00 1.00 1.00 1.00 
EFF 0.83 0.88 0.89 0.91 0.92 0.95 0.97 0.99 1.00 1.01 1.00 1.00 1.01 1.07 1.06 1.10 1.09 1.10 1.00 1.10 

Source: Author Computation, data from various sources
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Table 4.4b: Environmental Efficiency in Nigeria in relation to Asia 
 Year 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 

China BD 1.00 1.00 0.94 0.91 0.89 0.88 0.87 0.93 0.97 0.98 1.00 0.99 0.99 0.94 0.98 1.00 1.00 1.00 1.00 0.96 

GD 0.76 0.78 0.74 0.75 0.76 0.74 0.71 0.66 0.65 0.64 1.00 1.00 1.00 0.95 0.98 1.00 1.00 1.00 1.00 1.00 

EFF 0.76 0.78 0.79 0.83 0.86 0.84 0.82 0.71 0.67 0.65 1.00 1.01 1.01 1.01 1.00 1.00 1.00 1.00 1.00 1.04 

Hong 
Kong 

BD 0.85 1.00 0.91 0.85 0.93 0.82 0.93 1.00 0.97 1.00 0.91 0.88 0.91 0.83 0.87 0.88 0.89 0.95 0.88 0.89 

GD 0.91 1.00 0.81 0.88 0.88 0.86 0.90 0.92 0.97 1.00 1.00 1.00 1.00 1.00 1.00 0.98 0.97 1.00 0.98 1.00 

EFF 1.07 1.00 0.88 1.04 0.95 1.04 0.97 0.92 1.00 1.00 1.10 1.13 1.10 1.21 1.14 1.12 1.08 1.06 1.11 1.12 

 BD 0.90 0.86 0.80 0.79 0.83 0.75 0.75 0.73 0.71 0.71 0.72 0.72 0.77 0.78 0.73 0.75 0.78 0.76 0.75 0.73 

GD 0.87 0.85 0.84 0.86 0.90 0.85 0.88 0.88 0.79 0.76 0.97 0.91 0.94 0.96 0.92 0.88 0.91 0.91 0.88 0.89 

EFF 0.96 0.99 1.05 1.09 1.09 1.12 1.17 1.19 1.11 1.06 1.36 1.26 1.22 1.24 1.27 1.18 1.17 1.20 1.17 1.22 

Indonesia BD 0.52 0.55 0.46 0.52 0.52 0.56 0.56 0.58 0.57 0.56 0.55 0.59 0.63 0.64 0.58 0.77 0.78 0.62 0.67 0.67 

GD 0.58 0.57 0.65 0.75 0.71 0.70 0.71 0.74 0.70 0.69 0.81 0.82 0.82 0.83 0.79 0.88 0.87 0.78 0.79 0.79 

EFF 1.11 1.03 1.41 1.44 1.37 1.25 1.27 1.28 1.23 1.23 1.48 1.39 1.30 1.31 1.36 1.14 1.11 1.25 1.18 1.18 

Japan BD 0.95 0.94 0.91 0.94 0.96 0.94 0.96 0.98 1.00 0.98 0.97 0.99 0.96 0.89 0.95 0.97 1.00 1.00 0.98 0.95 

GD 0.95 0.95 0.96 0.94 0.95 0.96 0.97 0.99 1.00 1.00 0.98 0.99 0.98 0.96 1.00 1.00 1.00 1.00 1.00 1.00 

EFF 1.00 1.01 1.06 1.00 0.99 1.02 1.01 1.01 1.00 1.02 1.01 1.01 1.02 1.07 1.05 1.03 1.00 1.00 1.02 1.05 

Korea, 
Rep. 

BD 0.96 0.98 0.89 0.93 0.96 0.96 0.96 0.95 0.96 0.91 0.91 0.93 0.94 0.94 0.99 1.00 0.99 0.99 0.92 0.97 

GD 0.53 0.57 0.68 0.70 0.69 0.71 0.71 0.71 0.72 0.73 0.93 0.95 0.95 0.95 0.99 1.00 1.00 1.00 0.95 0.97 

EFF 0.55 0.59 0.77 0.76 0.71 0.74 0.75 0.75 0.75 0.81 1.01 1.01 1.01 1.01 1.00 1.00 1.01 1.01 1.03 1.00 

Nigeria BD 0.40 0.38 0.41 0.47 0.74 1.00 1.00 0.73 0.88 1.00 0.69 0.52 0.51 0.33 0.35 0.38 0.38 0.34 0.30 0.30 

GD 0.70 0.69 0.71 0.71 0.69 0.78 0.72 0.68 0.97 1.00 1.00 0.90 0.96 0.87 0.85 0.94 0.97 0.97 0.95 0.97 

EFF 1.74 1.82 1.76 1.49 0.93 0.78 0.72 0.93 1.10 1.00 1.45 1.74 1.86 2.67 2.44 2.47 2.53 2.84 3.18 3.20 

Singapore BD 0.90 1.00 0.91 0.87 0.84 0.74 0.75 0.50 0.43 0.44 0.42 0.29 0.46 0.54 0.54 0.46 0.66 0.60 0.55 0.56 

GD 0.78 0.83 0.78 0.84 0.89 0.83 0.88 1.00 1.00 1.00 1.00 1.00 0.92 0.89 0.97 0.94 1.00 0.98 0.96 1.00 

EFF 0.87 0.83 0.86 0.96 1.06 1.11 1.17 1.99 2.34 2.25 2.38 3.43 2.00 1.65 1.79 2.05 1.53 1.62 1.77 1.80 

Source: Author Computation, data from World Bank World Development Indicators (WDI)
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4.4 Effect of Environmental Efficiency on Bilateral Trade between Nigeria and 

HerTop Trading Partners 

The influence of environmental efficiency on bilateral trade between Nigeria and her top 

trading partners EU+2 and Asia is investigated at both aggregate and disaggregate levels. 

The results are presented in turn in what follows.All diagnostics statistics indicate that the 

estimated models are appropriate and the estimates are valid. For instance, the R-square 

statistics show that about 83% (54%) and 70% (62%) of the changes in total import and 

total export respectively between Nigeria and EU+2 (Asia) are accounted for by all the 

explanatory variables. Further diagnostics on the aggregate models show that the Wald 

Chi square test reject the null hypothesis that all explanatory variables are simultaneously 

equal to zero, thus each variable is important in the model. For sectoral models, likelihood 

ratio statistics are significant which confirms the fitness of the estimated models. Other 

statistics, such as Pseudo R square, Alkaike Information Criteria (AIC) and Bayesian 

Information Criteria (BIC), are similarly reported. 

4.4.1 Impact of Environmental Efficiency on Aggregate Imports and Exports of 

Nigeria to the EU+2 and Asia 

The random effect GLS and Arellano-Bond Dynamic GMM results of the effect of 

environmental efficiency on total import and export between Nigeria and her top partners 

in the EU+2 and Asia are reported in Tables4.5a and 4.5b.Estimates of the random effect 

GLS are interpreted due to their robustness in the presence of heteroscedasticity as 

reported by the Breusch-Pagan/Cook-Weisberg statistics in the Table. Results show that 

the effect of environmental efficiency in the EU+2 on Nigeria’s import from the Union is 

positive but insignificant. However, such efficiency in Nigeria exerted significant positive 

effect on import of the country from the EU+2, as 1% increase in environmental 

efficiency raised total import from the EU+2 by about 1.46%. Moreover, the results show 

that bilateral trade agreement significantly promoted Nigeria’s import from the EU+2, 

industrialization in the partners’ economies reduced Nigeria’s import significantly while 

the influence of industrialization in Nigeria on such import is negligible. When 

environmental efficiency interacts with bilateral trade agreement and industrialization in 

the economies of the EU+2 top partners, import of Nigeria from the EU+2 top partners 
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could not be promoted significantly. Thus, industrialization in these economies could not 

enhance the influence of environmental efficiency on such import. 

Results for other variables in the gravity model are largely similar for both import models. 

For instance, common language exerted significant positive influence on Nigeria’s import 

from top partners in the EU+2. In the same vein, GDP per capita (income) of Nigeria’s 

EU+2 top partners, and real effective exchange rate in Nigeriaare significantly drivers of 

the country’s import from the EU+2. thus, higher income per capita in the EU+2 and 

improvement in the real value of naira relative to other currencies is important for 

Nigeria’s total import from the EU+2. However, while resource endowmentin Nigeria is a 

significant driver of import of the country from the EU+2, the presence of this factor in 

the partners’ countries significantly hindered such import. Other factors such as common 

colonial ties, distance as well as resource endowment in the EU+2 significantly reduced 

Nigeria’s import from this region. 

For the total export model, environmental efficiency in Nigeria contributed significantly to 

her export to the EU+2 with elasticity of 2.89. However, environmental efficiency in the 

economies of the top trading partners does not significantly promote Nigeria’s total export 

to the region. This implies that the EU+2 may not appreciably increase their commodity 

import from Nigeria when they consider their environmental efficiency status relative to 

that of Nigeria. Thus, as Nigerian firms become environmentally friendly in their 

production activities, the associated cost of adjustment tends to reduce in the long-run, 

raising workers health status and productivity and enhancing competitiveness and export. 

However, although the income effect is weak, import is significant raised as 

environmental efficiency increases in Nigeria.Further, bilateral trade agreement between 

Nigeria and the EU+2 partners exerted significant influence on total export of Nigeria to 

the EU+2 but the effect of industrialization on such export is negligible. The interaction of 

the efficiency scores bothfor Nigeria and the partners in the EU+2 with bilateral trade 

agreement, as well as industrialization could not raise Nigeria’s export to the EU+2 

significantly. This suggest that a consideration for environmental efficiency status of 

Nigeria, as well as those of the EU+2 partners, may jeopardize any potential effect that 
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trade agreements between EU+2countries and Nigeria and industrialization in the EU+2 

exert on Nigeria’s total export to the EU+2.    

Further results suggest that while Nigeria’s total export to top partners in the EU+2 

decreased with increasing distance, common language and GDP per capita (income) of 

EU+2 partners significantly contributed to increase in Nigeria’s total export to members of 

the Union. Also, resource endowment and real effective exchange rate in the economies of 

Nigeria’s top EU+2 partners, GDP per capita in Nigeria and common colonial ties 

hindered the country’s total export to the EU+2 significantly.  

Regarding the results of the effect of environmental efficiency on total import and export 

between Nigeria and her top partners in Asia, estimated models are appropriate and 

estimates are largely reliable (Table 4.4). According to the R-square statistics, 54% and 

62% of the changes in total import and total export respectively between Nigeria and Asia 

are explained by all the explanatory variables. Moreover, the Wald Chi square test rejects 

the null hypothesis that all explanatory variables are simultaneously equal to zero, 

confirming the importance of each variable in the model. 

Results obtained from the import model revealthat environmental efficiency in Nigeria 

and those of her top Asian partners had significant positive impact on the country’s total 

import from Asia with elasticities of about 1.72 and 1.68 respectively. Thus, the more 

environmentally efficient Nigeria and her trading partners in Asia become, the higher the 

volume of Nigeria’s import from Asia. 

Moreover, results reveal that the level of industrialization in the economies of Nigerian 

trading partners in Asia is a significant driver of the country’s total import from Asia but 

its interaction with environmental efficiencies in Nigerian and Asia did not yield any 

significant influence. This underscores the positive contribution of the recent wave of 

industrialization in Asia to Nigeria’s total import given the large variety of China products 

in the country. However, when environmental efficiency (Nigeria and Asia) is considered 

in the face of the surge of industrial activities in China, the influence on Chinese export to 

Nigeria may be very infinitesimal. The impact of common colonial ties and distance on 

Nigeria’s total import from China is significant but negative while all other gravity 

variables did not impact such import significantly.  
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For exports, estimates show that the effect of environmental efficiency, either in Nigeria 

or in Asian partner economies, on Nigeria’s total export from Asian top partners is not 

significant. This suggests that an improvement in environmental efficiency among 

Nigeria’s top trading partners in Asia may have very infinitesimal influence on the 

country’s total export to these partners especially as these partners disregard efficiency in 

other economies. 

Results further show that industrialization in Asian partners’ economies (and in Nigeria), 

as well as its interaction with environmental efficiency in Nigeria and Asia, did not affect 

the country’s total export significantly. This reflects the non-competitive nature of 

Nigerian products in Asian economies given the wave of industrialization and rising focus 

on renewable energy sources in powering such increased industrial activities. As in 

Nigeria’s import from Asia, the country’s total export to her top trading partners in Asia is 

significantly and negatively affected by distance and common colonial relations while 

other variables such as GDP per capita, resource endowment and real effective exchange 

rate in both economies of Nigeria and her Asian partners, as well as common language did 

not significantly contribute to such export. 

Estimates confirm that environmental efficiency in Nigeria is important for bilateral trade 

between Nigeria and her top trading partners in the EU+2. This suggests that the 

theoretical income effect of environmental efficiency on trade is strong for the case of 

Nigeria’s bilateral trade with the EU+2. In essence, as Nigerian firms become 

environmentally innovative in their production processes, the associated cost reductions 

enhance their competitiveness in the EU+2 markets. This is particularly possible in the 

medium to long-run where firms have fully adjusted their production processes to embrace 

low carbon practices that eliminates environmental tax, promotes clean environment and 

healthy workers, increases output and enhances environmental quality of products that 

competes favourably in the export market. Increased foreign exchange, arising from the 

higher export, implies higher income which is increasingly used to finance imports. In the 

same vein, the more environmentally inefficient the country is, the less competitive she 

becomes, reducing total export to the EU+2 in the process. This is consistent with 

Doganay et al (2014) where countries that improve theirenvironmental efficiency are 
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found to experience strong international trade effects, boththrough increased exports and 

increased imports. On the contrary, environmental efficiency in the economies of 

Nigeria’s top EU+2 trading partners does not matter for the country’s total trade(import 

and export)with the EU+2. This is found to contradict the submission of Doganay et al 

(2014) where efficiency in the partner country is found to be major drivers of a country’s 

export.Although, most of the selected Nigeria’s EU+2 partners are highly committed to 

carbon reduction with very low carbon pricing gap, trade with Nigeria is largely driven by 

bilateral trade agreements rather than environmental consideration. 

For bilateral trade activities between Nigeria and her top trading partners in Asia, 

estimates indicate that while environmental efficiency in Nigeria promotes total import 

from Asia, it is not important from her export to the region. While this may contradict 

Costantini and Crespi (2008) where environmental regulation is discovered to have 

significant positive effect on exports, it further reinforces the income effect found by 

Doganay et al (2014). Higher incomes from exports to the EU+2 engendered by 

improvement in environmental efficiency in Nigeria increases the ability to import from 

top partners both in the EU+2 and Asia. In essence, environmental inefficiency in Nigeria 

may reduce export, foreign exchange and the ability to finance import from the EU+2 and 

Asia. However, while environmental efficiency in the economies of Nigeria’s top partners 

in Asia promotes the country’s import from Asia, it does not matter for her export to the 

region. Thus, as Nigeria’s top partners in Asia becomes increasingly aware of their 

environment and takes conscious effort to improve environmental efficiency of production 

processes, their total export to Nigeria may be greatly enhanced but their import from 

Nigeria may remain unaffected. 
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Table 4.5a. Results for the Effect of Environmental Efficiency on the Total Nigeria-EU+2 Trade 
Variable Import Export 

Random Effect GLS GMM Random Effect GLS GMM 
IMP(-1)/EXP(-1) - -0.016(0.063) - -0.461(0.091)* 

LANNJ 6.003(0.250)* 3.549(0.396)* 5.667(0.566)* 4.163(1.079)* 
COLNJ -4.277(0.335)* -2.149(0.557)* -4.926(0.759)* -4.125(1.387)* 
BTANJ 6.295(0.276)* 6.727(1.458)* 5.563(0.626)* 9.717(4.288)** 
DISNJ -8.671(0.616)* -2.524(0.733)* -16.617(1.397)* -6.013(2.078)* 
GDPJ 9.702(0.692)* 2.240(0.869)* 8.094(1.568)* -0.984(2.310) 
REJ -1.813(0.463)* -0.049(0.263) -2.778(1.049)* -0.749(0.732) 
ERJ -0.659(1.497) 0.495(0.717) -9.019(3.393)* -0.599(2.131) 

INDJ -3.638(1.352)* 0.878(0.089)* -1.092(3.063) 1.480(0.259)* 
GDPN 0.425(1.165) 1.421(1.270) -5.462(2.641)** 9.458(3.567)* 
ERN 3.802(1.138)* -0.563(1.693) 0.636(2.579) -12.768(4.701)* 
INDN 1.677(1.130) - 1.658(2.561) - 
REN 0.823(0.345)** -0.176(0.291) 0.397(0.783) -0.112(0.852) 
EFJ 0.682(2.109) 0.850(0.394)** 5.567(4.780) 2.379(1.125)** 
EFN 1.461(0.591)* -5.735(1.340)* 2.891(1.340)** 5.340(3.215)*** 

INDEFJ - - - - 
BTAEFJ -2.125(2.332) - -7.691(5.285) - 
BTAEFN -1.234(0.662)*** -0.993(0.307)* -1.726(1.500) -1.713(0.873)** 
Constant -5.080(3.083)*** - 89.429(6.988)* - 

Observation 190 160 190 160 
R Square 0.835 - 0.692 - 

Wald chi Square 877.57* 157975.63* 388.23* 19856.26* 
Sargan - 150.03 - 135.17 

BG/CW 3.75** - 29.88* - 
Source: Author Computation, data from various sources; NB: Sargan = Sargan test of overidentifying 
restrictions; BG/CW = BrEU+2sch-Pagan / Cook-Weisberg test for heteroskedasticity 
Note: *,**,*** represent 1%, 5% and 10% level of significance respectively. Values in parenthesis are the 
standard errors 
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Table 4.5b. Results for the Effect of Environmental Efficiency on Total Nigeria-Asia Trade 
Variable Import Export 

Random Effect GLS GMM Random Effect GLS GMM 
IMP(-1)/EXP(-1)  -0.893(0.121)* - -0.298(0.125)* 

LANNJ 0.511(0.383) -3.773(1.471)* 0.035(0.486) 1.818(1.542) 
COLNJ -4.421(0.480)* -5.928(0.811)* -4.246(0.609)* -2.029(2.252) 
BTANJ - - - - 
DISNJ -9.075(1.073)* 8.292(1.309)* -11.246(1.362)* 1.880(11.146) 
GDPJ 4.360(6.617) -1.720(0.249)* 9.458(8.398) -0.170(1.263) 
REJ -1.397(2.614) - 0.318(3.317) 0.362(0.413) 
ERJ 0.321(1.364) 1.078(0.764) 0.452(1.731) -2.215(1.441) 

INDJ 6.575(4.007)*** -0.223(0.289) -6.567(5.084) 0.800(1.304) 
GDPN -3.965(2.629) - -1.267(3.336) - 
ERN 0.856(2.402) - 0.167(3.049) - 

INDN 2.460(2.262) - -2.167(2.871) - 
REN -0.988(0.855) - -0.586(1.085) - 
EFJ 1.725(0.553)* 2.706(0.306)* 0.040(0.702) -2.540(1.511)*** 
EFN 1.683(0.861)** 3.260(1.721)** 1.719(1.093) 4.207(18.771) 

INDEFJ -0.727(1.287) - -0.957(1.634) - 
BTAEFJ - - - - 
BTAEFN - - - - 
Constant 90.256(10.266)* - 118.615(13.028)* - 

Observation 133 100 133 100 
R Square 0.534 - 0.627 - 

Wald chi Square 198.61* 41543.03* 135.44* 12364.46* 
Sargan - 91.73 - 85.79 

BG/CW 37.02* - 1.44 - 
Source: Author Computation, data from various sources; NB: Sargan = Sargan test of overidentifying 
restrictions; BG/CW = BrEU+2sch-Pagan / Cook-Weisberg test for heteroskedasticity 
Note: *,**,*** represent 1%, 5% and 10% level of significance respectively. Values in parenthesis are the 
standard errors. 
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4.4.2 Effect of Environmental Efficiency on Nigeria’sBilateral Imports and Export of 

Mineral Products to the EU+2 and Asia 

The results of the effect of environmental efficiency on bilateral trade in mineral products 

between Nigeria and her top trading partners in the EU+2 and Asia are presented in Table 

4.6. The results show that the effect of environmental efficiency in Nigeria on mineral 

import of the country from her partners in the EU+2 is significant positive with elasticity 

of 0.76, while the effect of this efficiency in the EU+2 is insignificant. Thus, 1.0% 

improvement in environmental efficiency in Nigeria contributed about 0.76% to the 

increase in the country’s mineral import from the EU+2. Further results show that BTA 

had strong significant positive impact on Nigeria’s mineral import from the Union but its 

interaction with environmental efficiency in Nigeria produced significant negative effect. 

For other gravity variables, language, resource endowment in both partner’s economies 

and exchange rate in Nigeria exerted significant positive effect on Nigeria’s import from 

the EU+2. Thus, common language, which indicates strong social ties that facilitate trade, 

and abundance of productive resources, which enhances specialization, promotes 

Nigeria’s import from the Union. This import continues to increase in the face of 

increasing exchange rate as Nigerian economy is highly dependent on imported petroleum 

product. In contrast, common colonial ties, distance and industrialization in the EU+2 had 

significant negative impact on Nigeria’s mineral import from the EU+2. This suggests that 

common colonial attachment may be inimical to business while import tends to decrease 

with the EU+2 partners farther away. Industrialization in the EU+2 may also encourage 

expansion of mineral product market even within the EU+2 to power industrial activities, 

which may discourage export of such products to Nigeria. Other variables do not have 

significant effect on mineral import of Nigeria from the EU+2.     

Mineral products export from Nigeria to the EU+2 is significantly and positively affected 

by environmental efficiency in Nigeria and in the EU+2 partners’ economies with 

elasticities 0.55 and 3.30 respectively. Moreover, BTA and its interaction with 

environmental efficiencies (Nigeria) is significant (positive) in influencing Nigeria’s 

mineral export to the EU+2. This implies that bilateral agreements between Nigeria and 

most of the EU+2 partners, such as the Generalized Scheme of Preferences (GSP) and 
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ACP-EU+2 agreement, are important drivers of Nigeria’s mineral product export to the 

EU+2. Also, the presence of such BTA strengthens the effect of environmental efficiency 

in Nigeria on her mineral export to the EU+2.  

Also, GDP per capita in the selected EU+2 economies had significant positive effect on 

export of mineral products to the EU+2 by Nigeria but the effect of Nigeria’s GDP per 

capita is significant negative. Thus, while EU+2 GDP per capita appear to promote their 

import of mineral product from Nigeria, higher income per capita in Nigeria may suggest 

increasing ability of the country to absorb most of the mineral products in driving 

industrial activities thereby reduce export of the products. Similar to mineral imports, 

while common language has positive effect while common colonial ties and distance exert 

negative effects on Nigeria’s mineral export to the EU+2. The coefficients of other gravity 

variable remain statistically insignificant.  

The results of the effect of environmental efficiency on bilateral trade in mineral products 

between Nigeria and her top trading partners in Asia are equally presented in Table 5.5. 

The validity of the estimates is confirmed by the likelihood ratio statistics. The results 

show that environmental efficiency in the economies of Nigeria’s top trading partners in 

Asia has significant positive effect on Nigeria’s import of mineral products from the Asian 

partners in both models as 1.0% improvement in such efficiency raised mineral import 

from Asia by about 1.78%. However, the effect of environmental efficiency in Nigeria is 

negligible.  

Further results reveal that industrialization in Asia and Nigeria had significant positive 

influence on Nigeria’s mineral import from Asian top trading partners. This reflects the 

increasing role of the wave of industrialization in Asia in Nigeria’s import from the 

region. GDP per capita in Asia does not exert significant effect on Nigeria’s import from 

the region but the impact of Nigeria’s GDP per capita is significant negative. All other 

variables do not influence significantly, except common colonial ties, where significant 

negative effect is found.  

With respect to Nigeria’s export of mineral product to Asia, environmental efficiency in 

Nigeria, as well as in the economies of her trading partners in Asia had insignificant 
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effect. The effect of exchange rate, common colonial ties and distance on this import is 

significant negative while the impact of industrialization and GDP per capita in both 

partners’ economies, as well as all other variables remain negligible. 

The results on the role of environmental efficiency in bilateral trade in mineral products 

between Nigeria and her top trading partners in the EU+2 show that environmental 

efficiency in Nigeria promotes Nigeria’s mineral export and encourages its import. This 

may also result from the reduction in associated production (environmental) cost, 

especially in the long-run. This follows the theoretical income effect as proceeds from the 

rise in oil exports to the EU+2are increasingly used to finance import of mineral products, 

especially petroleum products, from the EU+2. The findings are also in line with the 

explanation of the extended Hechscher-Ohlin (H-O) model (Markusen et al, 1995) where 

environmental efficiency, brought about by tightened environmental regulation, 

encourages oil firms to adopt environmentally-friendly technology and further engenders 

comparative advantage while increasing oil export. 

The results suggest that environmental efficiency in Asia is major driver of bilateral trade 

in mineral between Nigeria and her top partners in the region. Most of the selected 

partners in Asia recorded relatively high carbon emission per dollar of GDP with countries 

such as Japan, India, China and Indonesia having carbon pricing gap of at least 69%. 

However, the high export incentives in these economies as reflected by the low cost of 

doing business and high degree of ease with which businesses are conducted suggests that 

products from this region easily enters the Nigerian market,an economy with similar 

environmental issues and poor standard enforcement.Moreover, while such efficiency 

enhances Nigeria’s import from her top partners in Asia, it does not influence the 

country’s export to these partners. This may reflect the increasing search for renewable 

energy sources and application of clean technology associated with higher levels of 

environmental efficiency, which tend to reduce the demand and import for crude oil from 

Nigeria. On the other hand, since the main export product of Nigeria is crude oil which is 

of high demand by the industrialized economies with market regulated by OPEC, the 

insignificant effect of environmental efficiency in Nigeria on her export to top Asia 

trading partners is expected. Thus, environmental efficiency does not enhance the 
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production and export of crude oil from which Nigeria has comparative advantage which 

appears contrary to the theoretical prediction of Markusen et al (1995) of the effect of 

government policy on the existing comparative advantage. Thus, in line with Doganay et 

al, (2014), environmental efficiencies in the economies of Nigeria’s top trading partners in 

the EU+2 and Asia matter for trade in mineral products between the country and these 

regions while such efficiency in Nigeria is important for mineral trade only between the 

country and her partners in the EU+2. 
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Table 4.6. Negative Binomial Regression Results for the Effect of Environmental Efficiency on Bilateral Trade 

in Mineral Products 
Variables Nigeria-EU+2 Nigeria-Asia 

 Import Export Import Export 
LANNJ 1.387(0.138)* 0.837(0.119)* 0.351(0.230) -0.020(0.177) 
COLNJ -0.877(0.176)* -0.653(0.155)* -1.571(0.323)* -2.416(0.272)* 
BTANJ 1.206(0.157)* 0.827(0.132)* - - 
DISNJ -1.096(0.346)* -2.158(0.294)* -0.657(0.810) -5.593(0.608)* 
GDPJ 0.256(0.378) 0.849(0.312)* -0.526(4.937) -0.495(4.172) 
REJ 0.608(0.252)** -0.162(0.205) -0.819(1.796) -0.390(1.394) 
ERJ -0.369(0.792) -0.963(0.697) 0.343(0.906) -0.119(0.693) 
INDJ -1.446(0.701)** -0.022(0.614) 5.927(2.941)** -2.450(2.462) 
GDPN 0.141(0.591) -0.878(0.542)*** -2.669(1.734) 0.297(1.321) 
ERN 1.458(0.578)* -0.001(0.512) 0.218(1.522) -2.052(1.224)*** 
INDN 0.693(0.570) 0.475(0.509) 2.588(1.443)*** -0.749(1.129) 
REN 0.287(0.171)*** -0.022(0.156) -0.488(0.578) 0.298(0.440) 
EFJ 1.443(1.427) 3.295(1.216)* 1.782(0.349)* -0.532(0.344) 
EFN 0.764(0.371)** 0.550(0.306)*** 0.716(0.556) -0.613(0.441) 

INDEFJ - - -0.840(0.749) 1.121(0.796) 
BTAEFJ -2.000(1.528) -3.858(1.304) - - 
BTAEFN -0.645(0.391)*** -0.449(0.330)* - - 
Constant 1.617(1.742) 12.486(1.494)* 0.542(7.606) 57.713(6.030)* 

LR chi square 151.94* 130.85* 47.05* 104.90* 
Pseudo R square 0.134 0.106 0.067 0.120 

AIC 1017.99 1138.45 691.36 803.90 
BIC 1076.43 1196.90 737.60 850.15 

Source: Author Computation, data from various sources (Table 4.1) 
Note: *,**,*** represent 1%, 5% and 10% level of significance respectively. Values in parenthesis are the 
standard errors.  
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4.4.3 Effect of Environmental Efficiency on Nigeria’s Bilateral Imports and Export 

of Non-Mineral Products to the EU+2 and Asia 

Table 4.7 reports the results of the effect of environmental efficiency on bilateral trade in 

non-mineral products between Nigeria and her top trading partners in EU+2, including the 

likelihood ratio statistics that indicate that the estimates are appropriate. Estimates reveal 

that the coefficients of environmental efficiency in Nigeria and in the EU+2 are 

insignificant. Moreover, BTA exerted significant positive effect on Nigeria’s non-mineral 

import from and export to the EU+2 as 1.0% improvement in such agreement increased 

Nigeria’s non-mineral import and non-mineral export to the EU+2 by 0.51% and 0.53% 

respectively. This may reflect the increasing role of BTA in promoting trade relations, 

especially in non-mineral products between Nigeria and the EU+2. In the same vein, 

common language had significant increasing impact on non-mineral trade (import and 

export) between the two trading partners. Also, while GDP per capita in the EU+2 

partners’ economies had significant positive effect on Nigeria’s import of non-mineral 

products from the region with elasticity of 0.59, real effective exchange rate in Nigeria 

significantly raised the country’s export to the region by about 0.78%. 

Table 5.6 equally presents the results of the effect of environmental efficiency on bilateral 

trade in non-mineral products between Nigeria and her top trading partners in Asia. 

Similar to the results for Nigerian-EU+2 trade in non-mineral, the effect of environmental 

efficiency on non-mineral import from and export to Asia top partners is insignificant. 

This may indicate that environmental issues do not matter for trade activities between the 

partners. Further results show that common colonial ties and distance significantly 

influence Nigeria’s import from Asia rather than export to the region, as import 

significantly fall with increasing distance and level of colonial attachment. All other 

variables, including industrialization, remain negligible in their impact on Nigeria’s trade 

with her top trading partners in Asia.    

Findings in terms of non-mineral trade suggest that such efficiency may not matter for 

trade (import and export) in non-mineral products between Nigeria and her top trading 
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partners in the EU+2 and Asia, which is contrary to the postulation of the Neo-classical 

trade theory as evident in the H-O model extended to the role of government policies in 

trade by Markusen et al (1995). These results largely reflect the fact that most firms in 

Nigeria do not consider the environmental implication of the production activities which is 

further worsened by the lax and poor enforcement of environmental regulations. This may 

be particularly dominant in the short-medium run as firms prefer to pay high 

environmental costs, reduce output without significant changes in the level of 

competitiveness. Rather than complying with international environmental standards, 

Nigerian exporters often rely on other factors, such as incentives from BTA especially for 

trade with the EU+2, as more important drivers of their trade activities with their trading 

partners. In terms of import, results confirm that environmental efficiency is not a major 

consideration for the consumption of foreign commodities underscoring the flooding of 

the Nigerian market with substandard and pollution intensive goods.  
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Table 4.7. Negative Binomial Regression Results for the Effect of Environmental Efficiency on Bilateral 
Trade inNon-MineralProducts 
Variable Nigeria-EU+2 Nigeria-Asia 

Import Export Import Export 
LANNJ 0.444(0.112)* 0.690(0.125)* 0.045(0.078)  -0.100(0.094) 
COLNJ -0.229(0.147) -0.351(0.165)** -0.379(0.103)* 0.028(0.118) 
BTANJ 0.509(0.126)* 0.533(0.141)* - - 
DISNJ -0.563(0.278)** -1.038(0.318)* -0.762(0.226)* -0.348(0.251) 
GDPJ 0.585(0.317)*** 0.204(0.346) 0.217(1.471) 0.527(1.589) 
REJ 0.090(0.211) 0.241(0.231) -0.090(0.544) 0.563(0.635) 
ERJ 0.278(0.650) -0.195(0.756) 0.019(0.281) -0.065(0.339) 
INDJ -0.546(0.594) -0.588(0.678) 0.601(0.895) -0.348(0.964) 
GDPN 0.112(0.512) 0.219(0.564) -0.311(0.549) -0.531(0.628) 
ERN 0.554(0.500) 0.869(0.556) 0.059(0.500) 0.312(0.564) 
INDN 0.309(0.496) 0.559(0.546) 0.191(0.471) 0.006(0.537) 
REN 0.082(0.151) 0.184(0.166) -0.084(0.179) -0.083(0.205) 
EFJ 0.285(0.966) 0.490(1.200) 0.150(0.118) -0.034(0.133) 
EFN 0.089(0.269) 0.256(0.317) 0.131(0.181) 0.337(0.213) 

INDEFJ - - -0.041(0.274) -0.042(0.304) 
BTAEFJ -0.609(1.065) -1.142(1.307) - - 
BTAEFN -0.104(0.298) -0.229(0.344) - - 
Constant -0.291(1.393) 5.980(1.621)* 9.022(2.153)* 5.696(2.405*) 

LR chi square 34.01* 77.45* 30.26* 12.22 
Pseudo R square 0.038 0.084 0.048 0.021 

AIC 905.59 874.05 629.71 612.03 
BIC 960.78 929.25 673.07 655.39 

Source: Author Computation, data from various sources (Table 4.1) 
Note: *,**,*** represent 1%, 5% and 10% level of significance respectively. Values in parenthesis 
are the standard errors. 
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4.4.4 Effect of Environmental Efficiency on BilateralNigeria’s Imports and Export of 

Agricultural Products to the EU+2 and Asia 

Regression results for the influence of environmental efficiency on bilateral trade in 

agricultural products between Nigeria and the EU+2 is shown in Table 4.8, including the 

log likelihood ratio that confirms the validity of the estimates. The coefficient of 

environmental efficiency in Nigeria and the EU+2 is statistically insignificant in both 

import and export models. This indicates that environmental implication of production 

processes in Nigeria, as well as in the EU+2 partners’ economies does not matter for trade 

in agricultural products between Nigeria and her partners in the EU+2. This may be a 

result of the extremely small consumption of fossil fuel in this sector compare to other 

sectors such as oil and manufacturing, and the low consideration for the environment in 

economic activities, including trade, in Nigeria.  

The results further reveal that the influence of BTA on Nigeria’s import of agricultural 

products from the EU+2 is significant positive, while industrialization in the EU+2 had 

significant reducing impact on this import where elasticity is about 1.30. In the same vein, 

the significant increasing effect of BTA to Nigeria’s export to countries in the Union 

suggests that about 0.81% improvement in this export is linked with 1.0% improvement in 

BTAs between Nigeria and top partners in the Union. These results reveal that the role of 

BTA may be more important for trade in agricultural products between these partners than 

environmental efficiency, while industrialization in the EU+2 contributes to the reduction 

in import from the Union as European industries are increasingly fed by the raw materials 

from the sector.    

For other variables, common language and GDP per capita in the EU+2 had significant 

positive effect on Nigeria’s trade (import and export) in agricultural products with the 

EU+2, while the influence of colonial ties and distance is significant negative. Hence, 

while 1.0% increase in GDP per capita in the EU+2 promoted Nigeria’s agricultural 

import up to 1.06% and export up to 0.70%, a similar increase in distance could cause 

import of these products to fall by about 1.04% and export by 1.84%. The coefficients of 

all other variables, including interaction of industrialization and BTA with environmental 
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efficiency, remain statistically insignificant, suggesting that their influence on trade in 

agricultural products between Nigeria and the EU+2 is infinitesimal. 

Table 5.7 also reports the results for the effect of environmental efficiency on bilateral 

trade in agricultural products between Nigeria and Asia. Environmental efficiency in 

Nigeria and Asia had significant positive effect on Nigeria’s import from Asian top 

trading partners. Agricultural import from Asia rose by 0.74% or 0.65% in response to 

1.0% improvement in environmental efficiency in Nigeria or Asia respectively. This 

implies that improvement in environmental efficiency in Nigeria, as well as in the 

economies of her top partners in Asia, enhances the country’s import of agricultural 

products from these partners.  

GDP per capita in Nigeria exert negative and significant effect on Nigeria’s agricultural 

imports from Asia with elasticity of about 1.97, but the impact of industrialization in Asia 

is significant positive with elasticity of about 2.92. This reflects the increasing substitution 

of foreign input for domestic ones despite rising incomes, as well as the positive role of 

industrialization in import of agricultural products in Nigeria. In contrast, common 

colonial relationship and distance exhibit significant negative effect on import of 

agricultural products by Nigeria from Asia. All other variables do not significant influence 

this import.  

The influence of environmental efficiency, both in Nigeria and in the economies of her 

trading partners in Asia, on her export of agricultural products to Asia is insignificant. 

Moreover, while language and distance exert significant negative effect on Nigeria’s 

agricultural export to Asia as serves as barriers to this export, colonial ties had positive 

impact and could promote the export. The coefficients of other variables remain 

insignificant.  

Estimates from the effect of environmental efficiency on Nigeria’s trade in agricultural 

products with the EU+2 reveal that environmental efficiency, either in Nigeria or in the 

EU+2, do not significantly influence trade between them. However, the role of BTA is 

vital as it creates incentives for facilitate trade relations between the country, alongside 

other developing countries, with countries in the EU+2. This finding also does not 
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corroborate Markusen et al (1995) on the role of government policy in trade. For the case 

Nigeria-Asia trade relations, environmental efficiency in Nigeria and Asia is found to 

promote Nigeria’s agricultural import from Asia, but largely indifferent in its effect on 

export to the same region. Thus, the more both partners are able to reduce environmental 

costs arising from the adoption of low carbon production techniques in the agricultural 

sector, the greater the volume of import of agricultural products of Nigeria from her top 

partners in Asia. This is partly supported by Doganay et al (2014) where environmental 

efficiency is found to enhance both export and import. 
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Table 4.8. Negative Binomial Regression Results for the Effect of Environmental Efficiency on Bilateral 
Trade in AgriculturalProducts 
Variable Nigeria-EU+2 Nigeria-Asia 

Import Export Import Export 
LANNJ 0.778(0.127)* 1.114(0.138)* -0.027(0.106) -0.686(0.159)* 
COLNJ -0.389(0.167)* -0.678(0.181)* -0.749(0.147)* 0.675(0.184)* 
BTANJ 0.682(0.149)* 0.805(0.158)* - - 
DISNJ -0.939(0.322)* -1.635(0.356)* -2.307(0.284)* -1.118(0.306)* 
GDPJ 0.937(0.372)* 0.472(0.376) 0.010(2.073) 2.926(2.057) 
REJ 0.177(0.248) 0.078(0.249) -0.068(0.671) -0.235(0.816) 
ERJ 0.083(0.733) 0.092(0.837) 0.058(0.363) 0.306(0.486) 
INDJ -1.295(0.685)*** -0.612(0.745) 2.831(1.287)** -0.042(1.255) 
GDPN 0.593(0.577) 0.314(0.608) -1.966(0.729)* -0.613(0.830) 
ERN 0.846(0.566) 0.844(0.602) 0.135(0.622) 0.598(0.749) 
INDN 0.582(0.561) 0.549(0.588) 0.274(0.609) 0.526(0.704) 
REN 0.095(0.171) 0.191(0.179) -0.551(0.233)** -0.026(0.267) 
EFJ -0.196(1.068) 1.005(1.422) 0.736(0.151)* 0.006(0.176) 
EFN -0.075(0.293) 0.191(0.351) 0.647(0.247)* 0.254(0.273) 

INDEFJ - - -0.144(0.338) -0.403(0.393) 
BTAEJ -0.381(1.193) -1.707(1.533) - - 

BTAEFN -0.190(0.324) -0.222(0.376) - - 
Constant -2.192(1.637) 9.332(1.829)* 20.297(2.615)* 12.053(2.907)* 

LR chi square 76.24* 151.74* 124.81* 70.72* 
Pseudo R square 0.080 0.153 0.169 0.107 

AIC 906.49 874.72 645.21 617.51 
BIC 961.69 933.17 691.45 660.87 

Source: Author Computation, data from various sources (Table 4.1) 
Note: *,**,*** represent 1%, 5% and 10% level of significance respectively. Values in parenthesis are the 
standard errors. 
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4.4.5 Effect of Environmental Efficiency on Nigeria’sBilateral Imports and Export of 

Manufactures to the EU+2 and Asia 

For bilateral trade in manufacturing products between Nigeria and the EU+2, the influence 

of environmental efficiency is shown in Table 4.9. The results show that environmental 

efficiency in Nigeria, as well as in the economies of the top partners in the EU+2, does not 

contribute significantly to bilateral trade in manufacturing products between Nigeria and 

the EU+2. This shows that environmental and health concerns are less considered for 

manufacturing trade activities between these partners. This may reflect the dominance of 

crude oil in Nigeria’s export to the EU+2 while other factors may matter more for trade in 

manufacturing products than environmental efficiency.  

Bilateral trade agreement has positive and significant effect on both Nigeria’s export and 

import of manufactures from the EU+2. Thus, BTA is an important driver of trade in 

manufactures between Nigeria and the EU+2, although its presence does not significantly 

influence the effect of environmental efficiency on trade between Nigeria and the EU+2. 

While the effect of common language yielded significant positive effect on Nigeria’s 

manufacturing import from the EU+2, the impact of distance is significant negative.  

Further results show that GDP in the EU+2 exert significant positive influence on 

manufacturing import of Nigeria to the Union as 1.0% increase in this variable raised this 

import by about 0.7%. As expected, real effective exchange rate had significant positive 

impact on Nigeria’s manufacturing export to the EU+2 and not on import from the Union. 

All other variables could not influence manufacturing trade between Nigeria and the 

EU+2.  

For manufacturing trade between Nigeria and her top trading partners in Asia, results are 

also reported in Table 5.8. The results show that environmental efficiency both in Nigeria 

and Asia does not exert significant effect on Nigeria’s import of manufactures from her 

trading partners in Asia. This indicates that environmental implications of production 

activities, either in Nigeria or among her Asian partners, do not significantly facilitate 

Nigeria’s import from Asia. Common colonial ties and distance had significant negative 

influence on manufacturing import of Nigeria from Asia in both models. Similarly, 
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industrialization and its interaction with environmental efficiency, as well as all other 

explanatory variables have insignificant impact on Nigeria’s import of manufactures from 

Asia.  

In terms of Nigeria’s manufacturing export to this region, the impact of environmental 

efficiency is significant positive. Thus, 1.0% increase in environmental efficiency in 

Nigeria raised Nigeria’s export of manufactures to Asia by about 0.84%. However, such 

efficiency among Nigeria’s top trading partners in Asia exert insignificant effect on 

Nigeria’s manufacturing export to the region. Further results reveal that resource 

endowment in Nigeria’s Asian partners’ economies had significant positive impact on 

Nigeria’s export of manufactures to Asia with elasticities of 1.48. The effect of other 

variables remains insignificant.  

Estimates reveal that environmental efficiency in Nigeria and in the EU+2 do not matter 

for Nigeria’s trade in manufactures with the Union, a result that fails to support either the 

theoretical expectation of Markusen et al (1995) or the findings of Doganay et al (2014). 

Although, these results are also valid for Nigeria’s import of similar products from Asia, 

export of this products to trading partners is largely influenced by environmental 

efficiency in Nigeria. Thus, as environmental tax drives firms to adopt environmentally 

friendly techniques in the production of manufactures, cost of production fall, output 

increases, carbon emission falls, environmental quality of these products increase and 

international competitiveness is enhanced in the long-run. This is partly in line with the 

submission of Doganay et al (2014).  
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Table 4.9. Negative Binomial Regression Results for the Effect of Environmental Efficiency on Bilateral 
Trade in Manufactures 

 Nigeria-EU+2 Nigeria-Asia 
 Import Export Import Export 

LANNJ 0.484(0.122)* 0.400(0.148)* -0.005(0.082) 0.051(0.105) 
COLNJ -0.234(0.159) 0.090(0.192) -0.373(0.109)* 0.081(0.130) 
BTANJ 0.597(0.136)* 0.456(0.158)* - - 
DISNJ -0.839(0.300)* -1.632(0.363)* -0.864(0.238)* 0.013(0.291) 
GDPJ 0.711(0.340)** 0.014(0.385) 0.740(1.544) 1.447(1.769) 
REJ 0.041(0.226) 0.331(0.257) -0.148(0.571) 1.483(0.761)** 
ERJ 0.265(0.699) -0.039(0.868) 0.052(0.294) 0.060(0.425) 
INDJ -0.559(0.636) -0.928(0.773) 0.183(0.939) -1.430(1.070) 
GDPN 0.130(0.550) 0.295(0.639) -0.202(0.572) -0.546(0.710) 
ERN 0.510(0.537) 1.090(0.633)*** 0.084(0.525) 0.880(0.633) 
INDN 0.253(0.534) 0.379(0.625) 0.202(0.492) -0.476(0.621) 
REN 0.084(0.162) 0.177(0.189) -0.044(0.187) -0.132(0.241) 
EFJ 0.440(1.066) 0.953(1.468) 0.088(0.125) -0.243(0.152) 
EFN 0.118(0.295) 0.460(0.389) 0.096(0.189) 0.840(0.263)* 

INDEFJ - - -0.012(0.290) -0.062(0.345) 
BTAEFJ -0.762(1.171) -1.569(1.587) - - 
BTAEFN -0.159(0.324) -0.537(0.416) - - 
Constant 0.963(1.501) 11.946(1.879)* 10.191(2.267)* 2.904(2.790) 

LR chi square 36.90* 108.52* 32.92* 35.54* 
Pseudo R square 0.042 0.1186 0.053 0.055 

AIC 879.36 840.22 613.12 645.09 
BIC 934.56 895.42 656.48 688.45 

Source: Author Computation, data from various sources (Table 4.1) 
Note: *,**,*** represent 1%, 5% and 10% level of significance respectively. Values in parenthesis 
are the standard errors. 
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4.5 Asia or the EU+2: What Effect of Environmental Efficiency is Observed?   

The summary of results for the effect of environmental efficiency on bilateral trade 

between Nigeria and her top trading partners in the EU+2 and Asia is presented in 

Tables4.10a and 10b. Empirical results confirmed that, at the aggregate level, 

environmental efficiency in Nigeria has significant impact on import of Nigeria from both 

the EU+2 and Asia. At the disaggregate level however, this efficiency only matters for 

mineral import from the EU+2 and agricultural import from Asia. Environmental 

efficiency among Nigeria’s top partners in the EU+2appears less important for Nigeria’s 

mineral import from the Union while such efficiency among partners in Asia significantly 

influences aggregate, as well as mineral and agricultural import of Nigeria from the 

region.  

In terms of Nigeria’s export to her top partners, environmental efficiency in Nigeria 

promotes aggregate and mineral export to the EU+2 while this efficiency only facilitates 

export of manufactures to Asia. Moreover, environmental efficiency in the EU+2 provides 

significant impact only on mineral export of Nigeria to the EU+2 while this efficiency 

among Nigeria’s partners in Asia does not matter for Nigeria’s export to the region both at 

aggregate and sectoral levels. Generally, these results reveal that environmental efficiency 

in Nigeria drives the country’s aggregate import from trade partners in the EU+2 and Asia 

but only promotes export to the EU+2. Thus, the income effect could be stronger for 

Nigeria-EU+2 total trade than Nigeria-Asia total trade. Moreover, while environmental 

efficiency in Nigeria does not matter for trade in non-mineral products between Nigeria 

and her trade partners in the EU+2 and Asia, such efficiency largely promotes Nigeria’s 

export and import of mineral products from the EU+2. This is in line with the prediction 

of the neo-classical trade theory as indicated by the extended Hechscher-Ohlin model that 

environmental efficiency arising from the effectiveness of environmental policy tends to 

enhance comparative advantage already established.This may be the case as ----Nigeria 

largely exports crude oil and finances import of refined petroleum products through the 

proceeds from such export. For agricultural and manufacturing products, results suggest 

that environmental efficiency in Nigeria is more important for Nigeria-Asia trade than 

trade between Nigeria and the EU+2.  
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Table 4.10a.Summary of Results on the Effect of Environmental Efficiency in Nigeriaon its 
Bilateral Trade with the EU+2 and Asia 

 Partner Effect of Environmental Efficiency in the EU+2 
and Asia 

Import Export 
Aggregate EU+2 - - 

Asia      - 
Mineral EU+2 -   

Asia      - 
Non-Mineral EU+2 - - 

Asia - - 
Agriculture EU+2 - - 

Asia      - 
Manufactures EU+2 - - 

Asia - - 
Source: Author Computation 
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Table 4.10b. Summary of Results on the Effect of EU+2 and Asia’s Environmental Efficiency on 
Nigeria’s Bilateral Trade with them 

 Partner Effect of Environmental Efficiency in the EU+2 
and Asia 

Import Export 
Aggregate EU+2 - - 

Asia      - 
Mineral EU+2 -   

Asia      - 
Non-Mineral EU+2 - - 

Asia - - 
Agriculture EU+2 - - 

Asia      - 
Manufactures EU+2 - - 

Asia - - 
Source: Author Computation 
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND POLICY RECOMMENDATIONS 

5.1 Introduction 

This chapter presents a summary of major findings, conclusion, policy recommendations 

and study limitations. In particular, section 5.2 summarizes the major findings obtained 

from the study while sections 5.3 and 5.4 present the conclusion and policy 

recommendations respectively. The chapter ends with a discussion of the main limitations 

of the study. 

5.2 Summary of Major Findings 

This research investigates the role of environmental efficiency in bilateral trade between 

Nigeria and her top trading partners in Asia and the EU+2. The study expands the 

Hecksher-Ohlinmodel of international trade to provide a role for environmental efficiency 

in Nigeria, a resource-rich developing country, where comparative advantage is already 

established in the commodity produced from using the abundant resources intensively. 

Analysis is conducted in two stages. The first stage obtains environmental efficiency 

scores for each country. In the second stage analysis, the effect of environmental 

efficiency on bilateral trade (import and export) is examined using the efficiency scores 

generated.   

Findings from the first stage analysis reveal that although some improvements in 

environmental efficiency were recorded among Nigeria’s top trading partners in the EU+2 

than partners in Asia, efficiency appears to vary significantly among the selected EU+2 

countries than among the selected Asia countries. In Asia, Singapore appears as the most 

environmentally efficient partner for most of the years while Korea Republic and China 

are the least efficient which is in line with much of the literature. In the EU+2, results 

show that Spain is the most environmentally-inefficient partner. In Nigeria, environmental 

efficiency 
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improved in recent years relative to both her EU+2 and Asia partners, surpassing 

efficiency scores of all her partners in Asia beginning from 2008.  

Findings confirm that environmental efficiency in Nigeria has significantly contributes to 

the increase in aggregate import of Nigeria from both the EU+2 and Asia but it only 

promotes aggregate export to the EU+2. At the disaggregate level, environmental 

efficiency in Nigeria enhances bilateral trade (import and export) in mineral products 

between Nigeria and her trading partners in the EU+2 but encourages only agricultural 

import, as well as manufacturing export, from partners in Asia.Environmental efficiency 

in the EU+2 does not matter for Nigeria’s aggregate import from the Union but facilitates 

aggregate export to the region. Improvement in such efficiency also produces increasing 

effect on bilateral trade in mineral products between Nigeria and the EU+2, while the 

effect on non-mineral products, including agricultural products and manufactures, is 

negligible. Further results reveal that while environmental efficiency in Asia increases 

Nigeria’s aggregate import, as well as import of mineral and agricultural products from 

Asia, Nigeria’s export of similar products, including manufactures are largely unaffected. 

5.3 Conclusion 

The study reveals that environmental efficiency in Nigeria promotes aggregate bilateral 

trade (import and export) between Nigeria and the EU+2 but only contributes to aggregate 

import from Asia. Such efficiency also matters for trade in mineral products between 

Nigeria and the EU+2, strengthening Nigeria’s comparative advantage but in favour of the 

EU+2 rather than Asia. However, this efficiency is important for Nigeria’s import of 

agricultural products from Asia and export of manufactures to the same region. Moreover, 

environmental efficiency in the EU+2 is important for Nigeria’s mineral trade with the 

EU+2 but such efficiency in Asia is less important for the country’s export to the region, 

both at aggregate and disaggregate, to Asia. Thus, the effect of environmental efficiency, 

both in Nigeria and among her partners in Asia and the EU+2, varies with the type of 

products traded.  

5.4 Policy Recommendations 

A number of policy implications are derived from the findings of this study. First, 

findings emphasize the importance of environmental efficiency in Nigeria in bilateral 
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trade between Nigeria and her trading partners in Asia and the EU+2. Thus, 

environmental policy in Nigeria must focus on the design of pollution tax that encourages 

firms to be innovative in their production processes such that environmentally friendly 

techniques are increasingly adopted to reduce environmental implication of their activities 

to the minimum level per unit of output produced. This will reduce all associated costs 

and promote healthy workforce that technically increases output and competitiveness in 

the long-run, hence increases export as products meet international environmental 

standards.  

Second, there is need for policy makers, especially the Ministry of Environment and 

Ministry of Industry, Trade and Investment to harmonize their policies, such that rather 

than focusing on mere national environmental outcomes, competitive advantage of 

environmental efficiency in production process should be an element of such outcomes. 

Third, more effort should be directed towards formulating regulations that engender 

environmental efficiency in the agricultural and manufacturing sectors. This becomes 

particularly more crucial as improvement in environmental efficiency in the EU+2 and 

Asiado not significantly encourage Nigerian export to her partners in these regions.  

Fourth, since environmental efficiency is found to encourage total import of Nigeria from 

Asia and the EU+2, efforts must be put in place to sensitize the populace of the quality of 

domestic products in order to encourage the substitution of imported goods for domestic 

ones. Finally, since BTA is an important driver of bilateral trade, especially between 

Nigeria and her trade partners in the EU+2, Nigerian policy makers and negotiators in 

bilateral trade and investment agreements must be conscious of the environmental 

implications of such trade relations between them. 

5.5 Contribution to Knowledge 

The study contributes to knowledge in the following ways: First, it extended the H-O 

model to incorporate the role of environmental efficiency in existing comparative 

advantage, and hence internationals competitiveness. Second, it demonstrates empirically 

the influence of this efficiency (policy outcome), rather than regulation (policy) as 

dominant in the literature, on bilateral trade in a resource-rich developing country 
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(country-specific context). Lastly, it examines sectoral (mineral and non-mineral) 

dimensions of this relationship which has been overlooked in the literature. 

5.6 Study Limitations 

5.6.1 Limitation of the Study 

In terms of limitation of the study, firm or product level analysis could not be undertaken 

as this still remains a challenge in the literature due to data constraints. Such 

environmental efficiency-trade link analysis requires firms in all selected countries to 

report the level of environmental pollution associated with their production activities 

along with their export and import volumes. This study therefore makes use of macro data, 

both at aggregate and disaggregates levels.  

5.6.2 Limitation to the Study 

This study only focuses on Nigeria’s bilateral trade with the EU+2 and Asia as it becomes 

challenging to cover trade relations with other regions given data limitations. This 

provides insights for further studies on trade relations between Nigeria (and other 

developing economies) and other regions as data becomes available both at product and 

firm level. Also, the study employs mirror data as there are many missing values in the 

bilateral trade data, especially at the disaggregate level.  

5.7 Areas of Further Research 

Three agenda for future research are derived from this study. First, the study could not 

accommodate the political dimension of environmental and sustainability issues due to the 

huge differing political interests among governments, as well as relevant national and 

international bodies and agencies. Further research can focus on these issues, especially in 

environmental and trade policy negotiations at all levels.Second, the study could not 

consider land in the various trade models, but capital-labour ratio as resource endowment 

variable. This is because the H-O model does not explicitly provide a role for it. Again, 

while labour appears to be an important endowment in Nigeria, capital is more critical in 

the economies of most of her trading partners. Further studies can run different trade 

models considering the role of the various resource endowment variables, such as capital-

labour ratio, fuel export, land among others. Further studies can also consider bilateral 
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trade models between other developing economies and other regions as required data 

becomes available both at disaggregate levels (product and firm level). 
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Appendix A 
 
Table A1: CO2 Emissions in Nigeria and Top Asia and the EU+2 

Variable 1996 2001 2006 2011 2012 2013 2014 

CO2 emissions in Nigeria (kt) 404,21.34 83,350.91 98,513.96 88,026.34 86,594 84,862.74 83,298.6 

Combined CO2 emissions of 
top EU+2 partners (kt) 

2,830,367 2,891,895 2,915,470 2,534,055 2,523,798 2,490,260 2,561,688 

Combined CO2 emissions of 
top Asia partners (kt) 

6,412,465 6,726,206 10,034,856 13,497,600 11,862,110 12,117,904 12,337,955 
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Table A2: Carbon Intensity of Nigerian Exports to Asia and the EU+2 

Variable 1996 2001 2006 2011 2012 2013 2014 

Carbon intensity of export to Asia 1.79 1.35 1.35 0.99 0.60 1.01 0.58 

Carbon intensity of export to 
EU+2 

0.37 0.92 1.99 0.48 0.36 0.43 0.36 
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Table A3: Carbon Intensity of Nigerian Imports from Asia and the EU+2 

Variable 1996 2001 2006 2011 2012 2013 2014 

Carbon intensity of Import from the 
EU+2 

109.45 69.67 50.73 37.21 65.67 42.67 40.08 

Carbon intensity of Import from Asia 765.56 294.81 193.99 153.76 160.00 140.20 120.80 

Source: Compiled by Author 
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Table A4a: List of Selected Nigeria’s Top Trading Partners in the EU+2 
1 France 
2 Germany 
3 Italy 
4 Netherlands 
5 Norway 
6 Portugal 
7 Spain 
8 Sweden 
9 Switzerland 

10 United Kingdom 
 Source: Compiled by Author 
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Table A4b: List of Selected Nigeria’s Top Trading Partners in Asia 
1 China 
2 Hong Kong 
3 India 
4 Indonesia 
5 Japan 
6 Korea, Rep. 
7 Singapore 

 Source: Compiled by Author 
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Appendix B 
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Figure B1: Comparative advantage and trade in the H-O model  
Source: Markusen et al, 1995 
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Figure B2.Environmental Efficiency in Nigeria and the EU+2 
Source: Author, Obtained from DEA 
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Figure B3. Environmental Efficiency in Nigeria and Asia 
Source: Author, Obtained from DEA 
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