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Abstract: The unequal bargaining power of the parties in the oil and gas 
industry has lead to the imbalanced contractual risk allocation in oilfield 
contracts in Malaysia. In this regard, there is a prospect that the operators pass 
an unfair share of the risks on to the contractors. However, the contractors 
might still enter into such imbalanced agreement to secure a job and thereby 
assume these risks. In this paper, it is argued that a statutory controlling 
mechanism, such as Unfair Contract Terms Act 1977 (UCTA) in the UK, 
should be adopted to protect the liability of the contractor in relation to the risk 
allocation provisions of oilfield contracts in Malaysia. This paper seeks to 
analyse the deficiencies of the risk allocation provisions of oilfield contracts in 
Malaysia and to consider whether the principle of reasonableness test as 
provided in UCTA could provide a potential solution. It will employ a 
combination of case study and analysis. 
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1 Oil and gas industry in Malaysia 

1.1 Introduction 

The dominant position of operators, not to mention the existence of the national oil 
company and its PSC contractors, has implications for the allocation of liability under the 
oilfield contracts in Malaysia (Cameron, 2012). The bargaining power of the oil 
companies relative to many contractors in the oil and gas industry is such they may 
assume that they can impose whatever conditions they wish (Cameron, 2012). A 
statutory controlling mechanism of unfair terms, such as UK Unfair Contract Terms Act 
1977 (UCTA), which mainly deals with unfair exemption clauses and which lays 
emphasis on the test of reasonableness, could provide a means of preventing the stronger 
party from ‘push[ing] the weak to thewall’.1 This paper seeks to analyse the deficiencies 
of the risk allocation provisions under the oilfield contracts in Malaysia and to consider 
whether UCTA provides a potential solution to its problems. 

As oil and gas projects are risky undertakings, players in the oil and gas industry have 
to contend with a wide range of risks (Gordon, 2011a) such as the risk of destroying the 
entire facility and the risk of killing or injuring the people on it (Hewitt, 2008) and may 
result in very large losses to be borne by the project participants.2 Redressing the 
financial consequences of such risks can be very costly3 and may cause significant 
financial set-backs to the business.4 Industry players usually undertake various measures 
and practices to manage the risks in order to reduce their exposure. Risk allocation in the 
industry may be achieved by setting out in the contract clauses which declare which party 
will be liable for (or exempted from) a given risk and to what extent and enables the risk 
to be allocated between the parties in advance (Guest, 1984). 

Traditionally, the standard industry contracts, which have been established over many 
years, have typically set out the allocation of respective shares of liability in the event of 
catastrophic loss.5 Prior to the Macondo oil spill in the Gulf of Mexico in 2010, these 
standard models of liability allocation have been generally non-contested, and, where 
reviewed before the courts, have been held to be enforceable.5 Nonetheless, after that 
incident happened, “operators have begun to challenge the traditional allocation of 
liability or imposed changes to the risk allocation and attempt to negotiate contracts 
which apportion more liability to contractors in the event of a catastrophic incident”.6 On 
the other hand, the insurance industry does not expect that contractors will take what is 
regarded as an operators’ risk, nor does it accommodate for the eventualities pertaining to 
contractor liability.7 As a consequence, this uneven risk allocation may cause significant 
financial setbacks to the contractors. 

Cameron (2012) argued that the major cause leading to the above problem is the lack 
of any national legislation in this area or an international convention that would require 
operators to follow the traditional industry practice.8 As a result, contractors could be 
profoundly exposed in a condition for which they have no ability to entirely mitigate risk 
over which the contractors neither have the full operational control nor the decision-
making power.8 Currently, there are no statutory restrictions in Malaysia on contractual 
provisions that aiming to exclude or limit the liability of one or both of the parties in 
relation to indemnity and liability (Hewitt, 2010). Therefore, it is argued that Malaysian  
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authority should pass an appropriate piece of legislation to govern the loss and liability of  
the project participants in relation to the risk allocation for oil and gas projects. The 
significance of this study is to achieve fairness with regard to contractual risk allocation 
between the operator and contractor. 

1.2 National oil company and production sharing contractors 

The oil and gas industry in Malaysia is under the control of a national oil company. 
Petroleum exploration in Malaysia commenced at the beginning of the 20th century in 
Sarawak, where oil was first discovered in 1909 and first produced in 1910 (Razalli, 
2005). Prior to 1975, state governments granted petroleum concessions, whereby oil 
companies were given exclusive rights to explore and produce resources and in return, 
the companies subsequently paid royalties and taxes to the government (Razalli, 2005). 
As an outcome of the Petroleum Development Act 1974 (PDA), this state of affairs 
ended on 1st of April 1975, whereby the PDA vests the ownership of the crude oil and 
natural gas resources of onshore and offshore Malaysia in the Malaysian national 
petroleum company, i.e. Petroleum Nasional Berhad (Petronas), together with exclusive 
rights in respect of exploring for and exploiting the petroleum.9 

Petronas is one of the prominent operators that have comprehensive power over the 
petroleum industry (Tordo, 2011). Petronas, in which the Act had vested all rights to 
petroleum, was granted complete freedom to set the form, terms and conditions of any 
new agreements, including those that were meant to replace the ones that were cancelled 
(Taverne, 1994). Petronas, which is the NOC, was and is under no obligation to submit 
finally agreed terms to the government for approval (Taverne, 1994). The contractors are 
obliged to indemnify Petronas against all claims and demands made or brought against 
Petronas by any third party in relation to any matter arising out of the contract or the 
performance thereof, unless caused by the proven negligence or wilful default of 
Petronas.10 

Apart from Petronas, other operators are known as Production Sharing Contractors 
(PSC Contractors) who are usually from multinational oil companies. The relationship 
between Petronas and PSC contractors is governed by Production Sharing Contract 
(PSC). Under the PSC, Petronas maintains ownership and control over management of 
exploration, development and production of oil resources (Singh, 1976), while PSC 
contractors are expected to provide the financial and technical services for the 
exploration and development operations. The expenditure and profits among operators 
would be determined by the agreed portion of share of the oil-produced subject to the 
terms and conditions of the PSC (Bindemann, 1999). Meanwhile, in the event that 
production is not commercially viable, the risks of non-recovery of the costs for the 
operations should be borne by the PSC contractors (Bindemann, 1999). The operators 
would then be given the right to appoint contractors to perform the operational works for 
the exploration and production under numerous services contracts. Usually, disputes 
arising between Petronas (or its foreign partners) and contractors in connection with the 
contract, which cannot be settled amicably, are submitted to arbitration under the rules of 
the Kuala Lumpur Regional arbitration centre (Bindemann, 1999). Perhaps, this could be 
the reason why there is no reported case could be found in any journal that had made 
Petronas as party to the litigation. However, this is understandable as it is important to 
protect some of the information as it does involve commercial sensitivity issues. 
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1.3 Oilfield contracts in Malaysia 

The Malaysian oil and gas industry deals with various of oilfield contracts depending on 
nature and purpose of the commercial activities to be undertaken;11 however, this paper 
will only focus on service contracts. Oilfield service contracts involve the operator of an 
oil and gas licence or concession and a contractor that provides services to the operator in 
respect of (a) exploration, such as, seismic acquisition or drilling, (b) field appraisal and 
development, such as appraisal and development drilling, production and off take 
facilities construction or conversion and (c) field operation and production, such as well 
services, facilities hire and operations and maintenance.12 

Many oil and gas industry players including Malaysia use standard form of contracts 
produced by well-known oil and gas industry associations such as the UK’s Legal Oil 
and Gas Industry Competitiveness (LOGIC) (formerly Cost Reduction Initiatives for the 
New Era or CRINE) offshore oil and gas industry body,13 the Association of International 
Petroleum Negotiators (AIPN)14 and, in the maritime services sector, the Baltic and 
International Maritime Council (BIMCO) Documentary Committee.15 The introduction 
of the industry standard form of contracts is not about striking a fair deal commercially 
between the contractors or operators,16 but it is rather to help simplify the industry’s 
procedures and to reduce costs (Franklin, 2005). As such, any work to determine the 
apportionment of risk and liability between the operator and contractor remains to be 
decided by the contracting parties. Indeed, the guidance notes to the LOGIC standard 
forms, for example, make quite clear that the idea of the model general conditions of 
contract is to provide a commonly known and understood foundation around which the 
parties can bring together their own conditions (Franklin, 2005). In fact, as a matter of 
contractual freedom, the parties may freely to decide the terms of the contract as they 
wish including the risk allocation provisions and they are not bound to adhere the model 
contract. 

Unfair contractual terms of the oilfield contract could be an outcome of standard 
model forms produced by party with a dominant position. Usually, most of the oilfield 
service contracts are based on one standard model form or another.17 They also tend to be 
mostly similar in basic content with few significant modifications depending on the 
particular commercial activities involved.17 This practice apparently saves the parties 
time and transaction costs and more convenient as they are working on the model form of 
contracts with which they are already familiar.17 However, it is important to note that 
subsequent to the Macondo oil spill in the Gulf of Mexico in 2010, there is attempt by the 
operator to depart from the established standard model forms of contracts and to shift 
greater risk to the contractor in the event of catastrophic. The operators will often 
conserve their own database of model form of contracts and usually use them as a 
foundation in contract negotiations.17 However, during the contract negotiation process, 
there is high possibility of inequality in bargaining power to take place between the 
operators and contractors. The inequality of bargaining power happens when there is 
“imposition of will by a dominant party on a party with inferior economic bargaining 
power, who is being unfairly coerced into indemnifying the dominant party, stating that 
the result will rest on the relative bargaining power of the parties” (Kinsella, 1994). Here, 
the inferior party may well find that he is given no opportunity to negotiate the one-sided 
set of terms prior to the conclusion of the contract, but that he should ‘take it or leave it’ 
(Beale, 1978). As a result, the conclusion of the contracts will end up with greater risk 
and liability to be borne by the contractors. 
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1.4 Inequality of bargaining power and risk allocation provisions 

Ranges of risk allocation clauses are commonly seen in contracts used in the oil and gas 
industry.18 These include indemnity and hold harmless clauses, clauses excluding liability 
for ‘consequential loses’ and clauses limiting overall liability. Some contractors claim 
“they are required to take on onerous responsibilities without appropriate margins to 
absorb the consequences of the associated risks”.19 However, the contractors might still 
sign such imbalanced agreement in order to secure a job even though they will be subject 
to the unacceptable risk.19 In fact, some of the contractors risk double jeopardy as any 
extraordinary risks will not be accepted by subcontractors and will be passed down in the 
usual way from the operator to the contractor but not then passed on in the sub-contract.19 
In this situation, the contractor is exposed to the operator in relation to both contractual 
risks of its own and its subcontractor.19 Generally, operators’ statutory duties pertaining 
to the award of contracts gave theoretical power to the contracting community to ensure 
fair open and competitive tendering practices; however, it is a brave contractor who will 
challenge in the courts an operator for whom he aspires to work in the future.20 This is a 
problem “in so-called negotiated contracts if the stronger party chooses to dictate to the 
other”.21 The stronger party may use his power by declining to enter any contract at all 
(Macaulay, 1974). 

The literature pertaining to the unequal bargaining power between the operator and 
the contractor as were discussed above could also be supported with an empirical study 
that has been done previously in 2008. In that study, a total of three case studies have 
been conducted in different companies in Malaysia with respect of their experiences and 
perceptions about specific issues on procurement and the oil and gas industry in general 
(Mohammad, 2008). The respondents were selected on the basis that their company/ 
organisations are actively involved and have been contributing to the Malaysian oil and 
gas industry. They were managers/senior managers in procurement or supply chain with 
vast experience and certainly knowledgeable on the subject matter. Based on the findings 
of these studies, Mohammad (2008) argued that there is a strong objection against the 
one way adversarial style of operator–contractor relationship and the way the contractor 
is being forced to be on the receiving end when it comes to price fluctuation, overall risks 
and increased workloads (Mohammad, 2008). Even though, this study is not designed 
specifically to deal with the issue of contractual risk allocation provision; however, there 
was clear assertion by the contractors in expressing their dissatisfaction pertaining to the 
unequal bargaining and the dominant position played by the operator in negotiating the 
contractual terms. 

2 Unfair Contract Terms Act 1977 (‘UCTA’) 

2.1 The application of UCTA to oilfield contracts 

The UCTA applies to consumer and some business-to-business contracts including 
oilfield contracts in respect of exclusion clauses. The concept of ‘reasonableness’ is a 
central feature (Venugopal, 2002) and the main focus of the UCTA which is applied in 
assessing the validity of exemption clauses (Kee, 1985). It is argued that, the principle of 
‘reasonableness’ as provided in UCTA should be applied and adopted in the oilfield 
contracts to protect the contractor from shouldering too much burden of liability as a 
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result of the uneven risk allocation provisions. UCTA applies to two classes of person: 
those dealing as a consumer and those acting in the course of business (Jones, 1993). The 
scope of UCTA is set out in section 1 of the Act. It covers most contractual obligations, 
i.e. “arising from the express or implied terms, or to take reasonable care or exercise 
reasonable skill in the performance of a contract” (Applebey, 2001). Negligence liability, 
in other words “the common law duty to take reasonable care or exercise reasonable 
skill”, is also covered (Applebey, 2001). The UCTA has major impact to the risk 
allocation provisions in contracts. It makes “certain terms automatically unfair and hence, 
void, while others have to satisfy the test of reasonableness in order to be valid” (Norliza 
Abdul Hamid, 2011). The sections that need to be considered are sections 2, 11 and 16 
which state that the exclusion term shall be void or have no effect in particular 
circumstances and most importantly to consider the meaning of ‘standard terms of 
business’ in section 3 of the UCTA. 

Section 2 of the UCTA deals with liability arising from negligence, an expression 
defined in section 1(1) to mean the breach of any obligation to take or exercise 
reasonable care or skill in the performance of a contract, where that obligation arises 
from its express or implied terms. Negligence is also defined as ‘the breach of any 
common law duty to take or exercise reasonable care and skill, but not of any stricter 
duty’. Section 2(1) of the UCTA provides that “no person, by reference to any contract 
term or notice, can exclude or restrict his liability for death or personal injury resulting 
from negligence”. Section 2(2) of the UCTA further restricts exclusion clause relating to 
liability in negligence. It requires that liability cannot be excluded or restricted in the case 
of other loss or injury, “except so far as the term or notice satisfies the requirement of 
reasonableness”. 

Section 11 (1) of the UCTA defines reasonableness as “the term that shall have been 
a fair and reasonable one to be included having regard to the circumstances which were, 
or ought reasonably to have been, known to or in the contemplation of the parties when 
the contract was made”. However, it is argued the test for determining reasonableness, as 
set out in this section, is wide and somewhat vague. It is also noted that the relevant time 
to apply the test is at the time the contract was made, not as at the time of breach.22 
Section 11 (3) of the UCTA provides that where the test is to be applied to a notice not 
having contractual effect, “the requirement of reasonableness is that it should be fair and 
reasonable to allow reliance on it, having regard to all the circumstances obtaining when 
the liability arose or would have arisen but for the notice”. Section 11(4) of the UCTA is 
also extremely relevant. As many oilfield contracts, the parties seek to restrict their 
liability for loss or damage to a specified sum of money. In these circumstances, to 
satisfy the requirement of reasonableness, regards must be had, in particular, firstly, to 
the resources which the party seeking to rely on the term could expect to be available to 
him for the purpose of meeting the liability should it arise; and secondly, how far it was 
open for him to cover himself by insurance.22 Meanwhile, section 11 (5) of the UCTA 
requires that the burden of proof be on the party seeking to uphold the clause. 

Section 16 (1) (a) of the UCTA provides that 

“Any term of a contract, or a provision of a notice given to persons generally 
or to particular persons, purports to exclude or restrict liability for breach of 
duty arising in the course of any business shall be void in any case where such 
exclusion or restriction is in respect of death or personal injury”. 
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Whereas, section 16 (2) (b) of the UCTA further provides that 

“Any term of a contract, or a provision of a notice given to persons generally 
or to particular persons, purports to exclude or restrict liability for breach of 
duty arising in the course of any business shall have no effect if it was not fair 
and reasonable to incorporate the term in the contract or as the case maybe, to 
allow reliance on the provision”. 

Over and above all, it is vital to analyse the application of oilfield contracts in the light of 
Section 3 of the UCTA. The section provides that exclusions of liability for breach of 
contract are subject to the UCTA reasonableness test; however, such requirement does 
not automatically apply to any contract. The section applies only situations where a party 
‘deals as consumer’ or a party transacts on his ‘standard terms of business’. These two 
phrases have important implications in respect of its application to oilfield contracts. In 
former, the phrase of ‘deals as consumer’ is quite a clear cut case as it is defined in 
section 12, whereby there are two requirements that need to be fulfilled for the purpose 
of its meaning. First, the person who claims that he ‘deal as consumer’ must not make the 
contract in the course of a business; and second, the other party to the contract must make 
the contract in the course of a business (Mckendrick, 2005). However, in the latter, it is 
important to note that this section does not regulate any oilfield contracts concluded in 
terms which are not within the definition of ‘standard terms of business’ (Mckendrick, 
2005). The meaning of this phrase can be illustrated in the some cases that have been 
decided by the court. 

In the case of Chester Grosvenor Hotel Co Ltd v. Alfred McAlpine Management 
Ltd,23 Judge Stanned explained that “the terms in question cannot be regarded as 
standard, if and on any occasion a party has substantially modified its prepared terms”. 
Meanwhile, in Yuanda (UK) Co v. WW Gear Construction Ltd,24 his Lordship set out 
useful guidance in relation to the phrase of ‘standard form of business’ under section 3 of 
UCTA. The parties in this case had entered into a standard form contract, i.e. JCT Trade 
Form of Contract with certain modifications to the original form. The plaintiff submitted 
that Section 3 of UCTA applied to some clauses of the final contract. However, the 
submission was rejected by Edwards Stuart J and held that: 

 “The conditions had to be standard in that they were terms which the company 
in question used for all, or nearly all, of its contracts of a particular type 
without alteration (apart from blanks that had to be completed showing the 
price, name of the other contracting party, etc.). It was the essence of such 
terms that they were not varied from transaction to transaction. If they were, 
they would no longer be ‘standard’. The instant case was plainly not one where 
the claimant dealt on the defendant’s standard terms of business. First, the 
claimant had itself negotiated some material alterations to the proffered terms 
and that meant that it did not deal on the standard terms. Secondly, the 
evidence showed that few, if any, of the trade contractors had entered into 
contracts that were on the same terms. That in itself showed that the defendant 
did not have standard terms of which it dealt. It followed that the claimant had 
not dealt on the defendant’s standard terms of business for the purposes of s 3 
of the 1977 Act”. 

Based on the above cases, it could be inferred that, if the oilfield contract is freely 
negotiated or it is altered from the standard form contracts which have been produced by 
industry associations such as LOGIC and AIPN, then the principles in UCTA would no 
longer be applicable to the contract. This includes the exclusion of liability for breach of 
contract is not subject to reasonableness test as required under section 3 of the UCTA. 
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The principle of reasonableness test plays an important role to prevent a party with a 
dominant position to take advantage towards a weaker party by excluding his own 
liability in the event of breach of contract. It is argued that similar principle of 
reasonableness test should be adopted in Malaysia, in order to regulate the exclusions of 
liability for breach of contract. However, certain modifications should be made, for 
instance, to widen the application of reasonableness test to all oilfield contracts 
regardless whether or not it is ‘standard terms of business’. This is because, most of the 
oilfield contracts would involve some negotiation processes in the beginning, not to 
mention the unequal bargaining of the parties. It is understandable that it is quite 
superficial for the Malaysian Parliament to take the hustle and introduce new legislation 
such as UCTA, simply for a reason to accommodate the inequality of bargaining power 
between operators and contractors in regard to oilfield contracts. However, this should 
not be an excuse for not to rectifying the lacuna in law and defective legal practices. The 
Malaysian Parliament may take a realistic and practical approach to introduce some of 
the relevant principles in relation to exclusion clauses (as contains in the UCTA), such as 
principle of reasonableness test, by merging this principle in the existing relevant statute, 
such as Malaysian Contract Act 1950. This would not only be a potential solution in 
particular for oilfield contracts, but would also resolve the similar problem of inequality 
of bargaining power for other types of contracts, such as building contracts and other 
commercial contracts. It is perceived that such approach would ensure the entire law in 
the region of unfair contract terms especially pertaining to exclusion clauses could be 
improved in a consistent manner.24 

2.2 The concept of reasonableness test 

The UCTA requires an exclusion clause to restrict or extinguish any liability other than 
death and personal injury must be ‘fair and reasonable’ (Lawson, 2011). In BTE Auto 
Repairs v H & H Factors Ltd,25 Sir John Megaw said that these words might be 
tautologous, but it was his view that they were not to be interpreted in the same way. He 
noted that in George Mitchell (Chesterhall) Ltd v Finney Lock Seeds Ltd, the House of 
Lords made specific reference to what is ‘fair and reasonable’,26 though it has to be said 
that nothing was said to indicate that this was to do other than repeat the wording of the 
Act. Neill L.J., though, agreed with Sir John Megaw that the reasonableness test did 
require “the element of fairness as well as the element of reasonableness”. It is also the 
case that, in Omega Trust Fund v Wright Son & Pepper,27 the Court of Appeal made 
specific, separates, findings that a particular was both fair and reasonable. 

There are two elements to the reasonableness test under the UCTA. First, whether it 
is reasonable to incorporate the term taking into account the procedural aspects of 
reasonableness such as the rules of incorporation; and second, whether it is reasonable to 
rely on the exemption term.28 The two aspects of reasonableness enable the court to 
consider both formation issues and the contents or substance of the term. The common 
law was only able to deal with the former.28 UCTA gives the courts a stronger and more 
effective weapon to deal with exemption clauses than that wielded by the judges.28 A 
wider range of reasonableness factors can also be brought into play (Lawson, 1999). The 
courts determine reasonableness as question of fact. There is a wide discretion to 
determine the question, subject to guidance from the UCTA itself and the precedent of a  
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quarter of a century of case law.29 Reasonableness is really an attempt to legislate by 
persuasion rather than purely by regulation and the test of reasonableness is an objective 
one.29 

A number of factors may tend to indicate whether such clause is fair and reasonable 
in the context of oilfield contracts, namely: 

“(i) whether the parties were all engaged in the oil business and were not of unequal 
bargaining power, 

(ii) whether the exemption cause applies in favour of any operator not one particular 
party to the contract; 

(iii) the fact that the operator is not expected to make a profit or suffer a loss as a result of 
acting as operator; and 

(iv) the fact that the operator also has interest in the venture and will suffer its pro rata 
share of the loss of damage in its capacity as a party in the contract”.30 

To reiterate the point, reasonableness needs to be looked at in the context of each and 
every contract.30 

2.3 The impact of UCTA to indemnity and hold harmless clause 

The use of indemnity and hold harmless clause as a contractual provision in the oilfield 
contracts is an attempt by the parties to distribute risks arising from the transaction of the 
project. Indemnification is the right of one party who is legally responsible for a loss to 
shift that loss to another party (Stark, 2003). It has been held by the courts that 
commercial parties must be left free to decide how to allocate commercial risks.31 

In the case of Farstad Supply A/S (Respondent) v Enviroco Limited (Appellant),32 the 
Supreme Court declared that the indemnity and hold harmless clause in that case has a 
mixed quality. The clause may be operated as an ‘indemnity clause’ on some occasions 
as well as an ‘exclusion clause’ on others. In this case, an oilrig supply vessel Far 
Service (the vessel) was damaged by fire while berthed in Peterhead harbour on 7th of 
July 2002. She was owned by the pursuer, Farstad Supply AS (the owner), and was under 
charter to the third party, Asco UK Limited (Asco). Under clause 33(5) of the charter 
party, Farstad was to defend and hold harmless the charterers, its affiliates and 
customers, in respect of any loss or damage to the vessel or to other property of Farstad. 
Asco had engaged the defender Enviroco Limited (Enviroco) to clean out the oil tanks of 
the vessel. While Enviroco’s employees were cleaning the tanks, a fire occurred in the 
engine room causing substantial damage to the vessel and the death of an Enviroco’s 
employee.  

Farstad issued proceedings in Scotland claiming damages from Enviroco amounting 
to approximately £2.7 million in respect of losses allegedly suffered by Farstad as a 
consequence of the incident in 2002. Enviroco sought to rely on the mutual exception and 
indemnity clauses on the basis that it was an ‘Affiliate’ of Asco UK Ltd because each of 
them was a subsidiary of Asco. In this regard, Enviroco sought to rely on s.3 (2) of the 
Law Reform (Miscellaneous Provisions) (Scotland) Act 1940 and attempted to add Asco 
to be jointly responsible for the damages. The issue here is whether the operation of  
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clause 33(5) affected the interpretation of s.3 (2) of the Act. At first instance, Lord Hodge 
held that because of the provision in clause 33(5) of the charter party agreement, Asco 
could not be found liable and therefore Enviroco were not entitled to a contribution under 
the Act.33 In the Inner House,34 Lady Paton and Lord Carloway held in favour of 
Enviroco, ascertaining that Clause 33(5) was an indemnity clause and not an exclusion 
clause. It was held that Clause 33(5) operates to allocate the risk of liability in the event 
Asco were found liable and did not purposely to exclude liability. As a result, the 
indemnity provision will come into effect only if Asco were sued by Farstad and were 
held liable, and then it will be for Asco as the indemnified party to call upon Farstad to 
indemnify them so as to recover the loss. In this regard, Enviroco would only be required 
to pay damages attributable to their actual contribution to the loss and Farstad would 
receive reduced damages as a result of having entered into a freely negotiated contractual 
indemnity with Asco. On appeal, the Justices of Supreme Court held that the majority of 
the Inner House had erred. It was further held by Lord Mance that the language in Clause 
33(5) of the charter party agreement operates as a series of indemnities against third party 
exposure combined with exclusions of direct exposure to the other contracting party.35 In 
simple words, his Lordship explained that, on the facts of the case, clause 33(5) functions 
as an exclusion clause towards Asco, however, it functions as an indemnity clause 
towards Enviroco. 

As the indemnity and hold harmless clause has now been treated as an exclusion 
clause when it operates in the context of ‘direct exposure to the other contracting party’, 
hence, if the parties wish to rely upon an indemnity and hold harmless clause to regulate 
losses, they will have to demonstrate that the provision meet the requirements of UCTA. 
Any part of the clause which deals with the operator’s property or the property of the 
contractor, for instance, damage to property owned by that party or consequential loss 
suffered by it, the parties must ensure that such clause should have fulfilled the 
reasonableness test under Section 3 of UCTA (Gordon, 2011b). On the other hand, by 
virtue of Sections 2(1) and 16(1) of the UCTA, both sections require that any attempt by 
a party to restrict its liability for death or personal injury resulting from negligence will 
be ineffectual irrespective of negligence (Gordon, 2011b). However, it is vital to note 
that in so far as the clause pertains in particular to death or personal injury, it would seem 
that it should always be treated as an indemnification clause and not as an exclusion 
clause. As such, the indemnity and hold harmless clause does not trigger the prohibition 
on excluding liability for negligently-inflicted personal injury under sections 2(1) and 16 
(1) of the UCTA. Previously, UCTA had been overlooked by the oil and gas industry as 
the restrictions imposed upon the use of indemnity clauses apply only when the 
indemnifying party deals as a consumer (Gordon, 2011b). However, always assuming 
that the party has contracted on its standard terms, as indemnity, and hold harmless 
clauses would now appear to function as exclusion clauses, the various restrictions 
imposed by UCTA now need to be considered (Gordon, 2011b). Some significant key 
issues should be borne in mind while drafting such clauses, whereby the liability cannot 
be excluded or restricted in the case of other loss or injury, ‘except so far as the term or 
notice satisfies the requirement of reasonableness’. However, having said that, such 
requirements under UCTA do not extend their applicability in respect of indemnity 
clause, in the context of a party which falls under the category of indirect exposure to the 
other contracting party, as such clause continues to operate in its original function. It is  
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argued that the principle formulated by Lord Mance in Farstad does not seem to be a 
perfect solution to protect the contractor as such clause would be regarded as indemnity  
in the context of indirect exposure and UCTA does not extend its protection for an 
indemnity clause. Apparently, a party that has been taken advantage of by a stronger 
party might face indirect exposure just as easily as it might face direct exposure. 

3 Discussion and conclusion 

In Malaysia, the lack of law to regulate unfair contract terms in respect of risk allocation 
in particular for oilfield contracts should be seen as serious problem, as it entails the 
problem of inequality of bargaining power resulting from dominant position of the 
operators over the contractors. To date, there is no statutory restriction on contractual 
provisions purporting to exclude, limit or indemnify of one or both of the parties in 
relation to liability and indemnity. To solve the problem, it is argued that a specific legal 
mechanism should be adopted in Malaysia to protect and limit the liability of the 
contractors under the oilfield contracts particularly. The UCTA is seen as a useful 
statutory mechanism to control and regulate liability of the contracting parties relating to 
unfair contract terms which deals with the problem of substantive fairness and most 
significantly to ensure that exclusion clauses would only be applied to something which 
is just and reasonable. However, by adopting UCTA there are still few unresolved issues 
that need to be dealt with. For example, it is quite superficial for the parliament to pass an 
entire package of legislation, such as UCTA being mainly the reason to deal with the 
problem of unfair terms of risk allocation for oilfield contracts and also to address the 
concern of unequal bargaining between the operators and contractors. Therefore, it is 
suggested a realistic and practical approach should be taken in transplanting the relevant 
principles in relation to exclusion clauses (as contains in the UCTA) into Malaysian 
regime. For instance, principles of reasonableness test could be merged into the existing 
statute, such as Malaysian Contract Act 1950. Apart from providing way out to the 
problem experiencing by oilfield contracts, this would also resolve the related problem of 
inequality of bargaining power for other types of contracts, for examples, building 
contracts and other commercial contracts. 

The next unresolved issue entails with the decision of the Supreme Court in the case 
of Farstad. The decision formulated by Lord Mance in Farstad has both good and bad 
implications to the risk allocation provisions. It was held that clause 33(5) of the charter 
party agreement operates as a series of indemnities against third party exposure 
combined with exclusions of direct exposure to the other contracting party. In other 
words, clause 33(5) functions as an exclusion clause in the context of direct exposure to 
the other contracting party; however, it functions as an indemnity clause in the context of 
third party or a party that is facing indirect exposure towards the other contracting 
parties. The contractors, to protect themselves from indemnifying the operators’ risk that 
arising from direct exposure, they could rely on the above formula. However, this will 
not be the case for indirect exposure, as the clause is regarded as indemnity clause and 
UCTA does not extend its protection for an indemnity clause. Ostensibly, a party that has 
been taken advantage of by a stronger party might face indirect exposure just as easily as  
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it might face direct exposure. In a nutshell, therefore, it is concluded that the protection 
afforded by UCTA is too uneven to be relied upon and some other solutions are required 
to resolve the problem of imbalanced risk allocation provision between the operator and 
contractor for the oilfield contracts. 
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tanker MT Bunga Alpinia in Labuan on 26th July 2012 during methanol loading was an 
unfortunate incident that not only resulted in the loss of lives and damage to properties but 
also indirect economic losses due to disruption at the Patau-Patau Power Station (for further 
details see Luin, 2012). 

3 Piper Alpha is said to have occasioned a total insured loss of US$3.304 billion; See Hewitt 
(n5), 178. 

4 According to the Guardian, the Deepwater Horizon incident has led to the dip of BP profits by 
35% (see Milmo, 2012). 

5 Cameron (n1), 217. 

6 Cameron (n1), 217. For further details see (2011), ‘In Re: Oil Spill by the Oil Rig “Deepwater 
Horizon” in the Gulf of Mexico, on April 20, 2010: Memorandum in Support of Transocean’s 
Motion for Partial Summary Judgment against BP to Enforce BP’s Contractual Obligations, 
including BP’s Obligation to Defend, Indemnify and Hold Transocean Harmless against 
Pollution Claims’, United States District Court, Eastern District of Lousiana. 

7 Cameron (n1), 211. 

8 Cameron (n1), 212. 
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13 www.logic-oil.com 
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Abstract: The purpose of this study is to explore the purchase behaviour of 
consumers as it relates to the price and quality of remanufactured products. 
This study utilises the theoretical framework of the theory of reasoned action  
to analyse the following variables: two independent variables such as quality 
and price, one moderating variable such as purchase intention, one mediating 
variable such as income, and one dependent variable such as purchase 
behaviour. The research sample consisted of 451 participants. The data 
collection period took place over a four-week period at train stations and 
shopping malls in Shanghai, China. The results conclude that the purchase 
behaviour of consumers for remanufactured product is affected by their 
purchase intention. Also, the income of consumers moderates the effect 
between their purchase intention and purchase behaviour. Furthermore, price 
affects the purchase intention of consumers while quality does not affect their 
purchase intention as much as the product’s price. 
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1 Introduction 

During the late 1980s and 1990s, the term and practice of ‘green marketing’ or 
’sustainability marketing’ began to take hold as a way to conduct business more 
efficiently. Since then, green marketing has grown as a phenomenon to become more of a 
way of life on how businesses, government and people carry out their daily activities. 
Green marketing emphasises the production and use of products that are environmentally 
friendly and safe (Belz and Peattie, 2013; Ottman, 2011). Enviro News defines green 
products as “… those that have less of an impact on the environment or are less 
detrimental to human health than traditional equivalents” (Enviro News, 2013, para 1). 
Furthermore, “Green products might, typically, be formed or part-formed from recycled 
components, be manufactured in a more energy conservative way, or be supplied to the 
market with less packaging (or all three)” (Enviro News, 2013, para 1). In other words, 
green products are reused, renewed and recycled (Dahlstrom, 2011; Durif et al., 2010). 
Therefore, organisations and marketers should ask, ‘Who purchases green products? And 
‘Who are our green potential consumers?’ 

Regarding green products, the main problem is the conflict between the price and the 
quality of green products (Kotler and Keller, 2006; Kurtz and Boone, 2006). In general, 
consumers have a high willingness to purchase green products at premium price because 
they are environmentally friendly and safe, as well as having higher ethical and  
social responsibility standards (Essoussi and Linton, 2010). However, the quality of some 
green products is lower than that of non-green products making it hard to justify the 
premium price paid for these green products such as remanufactured products and energy 
efficiency products. As a result, the purchase intention of consumers will decline. 

One example of this is the remanufactured ink/toner cartridge. Its selling price is 
lower than the brand name cartridge. However, most consumers believe the quality  
of remanufactured toner cartridges is lower than a brand name toner cartridge. The reality 
is the quality of a remanufactured cartridge is about the same quality as the brand  
name toner cartridge. For instance, before remanufacturers refill a toner into an empty 
cartridge, they test all components of the empty cartridge. If they find there are any 
broken parts in the cartridge, they replace those parts with new parts. This is the primary 
reason for the selling price of remanufactured toner cartridges that is lower than the price 
of brand name toner cartridges in the aftermarket. On the Amazon website in China, the 
selling price of a Brother TN 2050 brand name toner cartridge was RMB 318 per unit 
(US$52.30) while the aftermarket price for the remanufactured toner cartridge was  
RMB 152.00 per unit (US$24.51) on 11 March 2013. The exchange rate US$ 1 equals to 
RMB 6.20. It means that the price of a Brother remanufactured toner cartridge was 
around 50% lower than the brand name cartridge. 

2 Purpose of the study 

The purpose of this study is to examine the correlation between the attitude of price, 
quality, and purchase behaviour utilising the theory of reasoned action model (Fishbein 
and Ajzen, 1975). To explore the correlation of the purchase intention of consumers and 
their ultimate purchase behaviour, this study utilises the market for remanufactured 
ink/toner cartridges. The independent variables are price and quality. Price is defined as 
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the consumer’s perception and attitude of the price for remanufactured ink/toner 
cartridges. Quality is defined as the consumer’s perception and attitude of the quality of 
remanufactured ink/toner cartridges. The mediating variable is income and it is defined 
as the consumer’s household monthly income. The moderating variable is purchase 
intention and it is defined as the consumer’s intent to purchase remanufactured ink/toner 
cartridges in the future. The dependent variable is purchase behaviour and it is defined as 
the consumer’s actual purchase experience of remanufactured ink/toner cartridges. 

3 Literature review 

Among the various behaviour models to use for this study, the theory of reasoned action 
model was chosen as the most appropriate. The theory of reasoned action model 
(Fishbein and Ajzen, 1975) consists of the following variables: (a) behaviour, (b) 
purchase intention, (c) attitude towards behaviour or action, and (d) subjective norm 
concerning behaviour. Furthermore, many academic researchers utilise the theory of 
reasoned action model to explore, analyse and illustrate what influence factors affect 
consumer’s intention resulting in a particular behaviour (Kurtz and Boone, 2006; Peter 
and Olson, 2008). In terms of the theory of reasoned action model, the theoretical 
framework of this study is shown in Figure 1. This study utilises price and quality as the 
independent variables, purchase intention as the moderating variable, income as the 
mediating variable, and purchase behaviour as the dependent variable.  

Figure 1 The theoretical framework of the study  

 

Consumers’ income is an index to describe the consumer’s purchasing ability (Kotler and 
Keller, 2006). Marketers adopt the index to recognise and determine the market 
environment for their products and/or services. Thus, marketers utilise this index to 
evaluate their target market and specific potential consumers. Concurrently, marketers 
can estimate their potential market to modify their strategic marketing plan (Kurtz  
and Boone, 2006). Kurtz and Boone (2006, p.300) conclude as “A common basis for 
segmenting the consumer market is income”. Consumers at different income levels tend 
to have quite different values, behaviours and lifestyles (Peter and Olson, 2008; Gong 
and Maddox, 2011; Kim and Trail, 2011). Furthermore, the consumer’s income affects 
their purchase behaviour in terms of the quantity, types and prices of product purchased 
(Williams, 2002). The research of Wong and Mo (2013) also concludes the income of 
consumers affects their purchase intention and resultant behaviour for a recycled product 
purchased in China. Thus, this study utilises income as a mediating variable to explore 
the correlation between purchase intention and behaviour of consumers.  
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Price is an extremely incentivising and sensitive factor influencing the intention of 
consumers to purchase. Based on Hewlett Packard’s colour laser printer in April 2012 on 
the website of Amazon.com, brand name toner cartridges were generally priced between 
US$60 and US$80, while remanufactured toner cartridges typically range between 
US$17 and US$35. So, how do consumers make a decision to purchase either a branded 
cartridge or remanufactured cartridge? Kotler and Keller (2006, p.434) pointed out that 
“purchase decisions are based on how consumers perceive prices and what they consider 
to be the current actual price”. Therefore, the function of a price in a market is to  
create value and revenue through (a) identifying organisation value-creation activities, 
(b) exploring and researching future value-creation, and (c) making a profit through an 
organisation’s activities (Silk, 2006). Kotler and Keller (2006) also conclude that 
“Consumers are price takers and accept prices at face value” (p.434), and “price has 
operated as the major determinant of buyer choice” (p.432). Consequently, the price is an 
important and complex factor that affects the purchase intention of consumers and the 
resultant purchase behaviour. 

For instance, consumers will reduce their purchase intention when a price becomes 
too high or is viewed as having an unreasonable price. Alternatively, when a price is low, 
consumers may refine a previously unacceptable quality view of a product (Lusk et al., 
2007; Kotler and Keller, 2006). The research of Ovchinnikov (2011) indicates that 
consumers believe that price is related to the quality of the product based on the 
observations made from studying consumer behaviour. The findings of Ovchinnikov 
(2011) conclude that when the price of product is low, the consumer will infer that the 
product is of a lower quality. Therefore, the consumer will not be willing to purchase the 
product. Therefore, this study is identifying price and quality as independent variables to 
explore the correlation with the purchase intention of the consumer. 

Quality indicates product quality, service quality or both. For consumers, a product 
with a high price is generally perceived as being a product or service of premium quality. 
The perception of quality is also affected by the products’ “packaging, distribution, 
advertising, and promotion” (Kotler and Keller, 2006, p.319). Research has shown that 
consumers believe price relates to product quality (Chowdhury and Biswas, 2011; Kotler 
and Keller, 2006). Dillon and Reif (2004) found that online purchase behaviour among 
young student consumers was affected by product perception (price and quality), and 
their online purchasing experience. Furthermore, the research of D’Souzea et al. (2007) 
concluded that the purchase intention of consumers is affected by the price and quality of 
products as well as the research of Ovchinnikov (2011). Regarding the price of new or 
recycled products, Essoussi and Linton (2010) conclude from their findings that the 
perceived functional risk a consumer may have is a factor that affects their purchase 
intention and willingness to pay for recycled products. Specifically, the materials of 
recycle products are from reused materials. As a result, their study concludes when a 
selling price has a different range, consumer will purchase recycled products rather than 
new products. 

Regarding the purchase intention of a consumer and the resultant behaviour, there is a 
time lag from the time the consumer generated an interest in purchasing a product to the 
actual purchase of the product (Peter and Olson, 2008). Purchase intention is defined as a 
consumer who has a plan to purchase a particular product, but the consumer has not acted 
on the intention to purchase. Purchase behaviour is defined as a behaviour that has been 
done in the past (Kotler and Keller, 2006; Kurtz and Boone, 2006; Peter and Olson, 
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2008). The research of Wong and Mo (2013) indicated that income affects the purchase 
intention of a consumer, which affects the purchase behaviour of the consumer for 
recycled products purchased in China. Therefore, this study utilises income as one 
moderating variable to examine the effect on the correlation between the purchase 
intention of consumers and the resultant behaviour. 

4 Research question and hypotheses 

The research question of this study is: Do the price and the quality of remanufactured 
ink/toner cartridges influence the purchase behaviour of consumers, mediating for the 
effects of their purchase intention? Furthermore, does the income moderate the 
correlation between the purchase intention and behaviour? Based on the research 
question, the following research hypotheses are posed: 

H1: The price influences consumers’ purchase intention. 

H2: The quality influences consumers’ purchase intention. 

H3: The purchase intention mediates the correlation between price and purchase behaviour. 

H4: The purchase intention mediates the correlation between quality and purchase 
behaviour. 

H5: The income moderates the correlation between purchase intention and purchase 
behaviour. 

5 Methodology 

This study explores the consumer’s opinion, attitudes and trends for remanufactured 
products purchases and utilises the survey design to describe the remanufactured 
products of consumers’ purchase behaviour (Creswell, 2009). In order to collect data, the 
study utilises the questionnaire to collect data from a population sample in Shanghai, 
China, via a convenient sampling method. The questionnaire was a self-reported survey 
instrument. The participants completed the questionnaire within 10 min and were asked 
to participate in a face-to-face interview. Thus, the data collection method utilises a 
cross-sectional approach at a single point in time rather than across time. The data 
collection took place at train stations and shopping malls during the daytime hours. The 
population sample consisted of people living and/or working in the city of Shanghai, 
China, with an age range between 18 and 55 years. 

The instrumentation of this study adopted a questionnaire which was divided into 
three parts. The first part of the questionnaire asked participants their opinions and 
attitudes about the price, quality and purchase intention of remanufactured ink/ 
toner cartridges. There were eight questions that were asked about both price and quality 
of a product. Nine questions were asked of the respondent regarding their purchase 
intention of remanufactured cartridges. To measure the respondents’ opinion and attitude 
pertaining to price, quality and purchase intention, the 5-point Likert scale was utilised 
with 1 indicating ‘strong disagree’ and 5 indicating ‘total agree’.  
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The second part of the questionnaire asked the participants of their purchase 
experience of remanufactured ink/toner cartridge. The answer was either a ‘yes’ or ‘no’. 
The third part of the questionnaire consisted of questions regarding demographic 
information of the participants such as age, gender and total family income per month. 
The age range was sub-divided into five sub-ranges. The total family income per month 
adopted the Chinese currency sign, RMB. The income range was also sub-divided into 
five sub-ranges. 

6 Data analysis and interpretation 

To test the validity and accuracy of the questionnaire, a pilot study was conducted to 
assess the usability and reliability of the survey instrument. The result of the reliability 
test indicated that all three variables were sufficiently reliable. Specifically, the alpha (α) 
coefficient for price was 0.83, quality was 0.855, and purchase intention was 0.926.  

The data collection period took place over a four-week via a convenience sampling at 
train stations and shopping malls in Shanghai. The population research sample composed 
of 451 participants, which consist of 45.9% females and 54.1% males. The percentage  
of the responders age is: (a) 34.1% were aged 18–25; (b) 49.9% were aged 26–35;  
(c) 13.1% were aged 36–45; (d) 2.7% were aged 46–55; and (e) .2% were aged 55 and 
above. The percentage of the responders’ total family income per month is as follows:  
(a) 5.3% were below RMB 2000; (b) 17.5% were between RMB 2001 and RMB 5000; 
(c) 18.4% were between RMB 5001 and RMB 8000; (d) 17.1% were between RMB 8001 
and RMB 10,000, and (e) 41% were RMB 10,001 or above. 

With regard to the participants’ purchase experience of remanufactured cartridges, 
84.5% of the responders answered ‘yes’ they had purchased remanufactured cartridges, 
and 15.5% of the responders answered ‘no’ they had not purchased remanufactured 
cartridges. Table 1 provides the overall minimum, maximum, mean and standard 
deviation for price, quality and purchase intention. The responder options were measured 
by the 5-point Likert scale, with 1 indicating ‘strong disagree’ and 5 indicating ‘total 
agree’. 

Table 1 Mean and standard deviation of price, quality and purchase intention 

Construct n Minimum Maximum Mean SD 

Price 451 1 5 3.920 0.590 

Quality 451 1 5 3.333 0.673 

Purchase Intention 451 1 5 3.647 0.644 

These coefficients of price, quality, purchase intention, and income are presented in 
Table 2. As it is observed, it does not have a multicollinerity issue for multiple regression 
and hierarchical regression model analysis to test hypotheses 1–5. There is no strong 
correlation between any two of these variables although these variables were statistically 
significant with each other. In general, the value of 0.4 and 0.8 are cutting points  
to describe the degree of correlation (either negative or positive value) for variables  
(Hair et al., 2006). The degree of correlation divides into three levels: weak, moderate 
and strong. From Table 2, one can observe that, although these variables have 
statistically significant correlation, the values are below 0.8 which means these variables 
do not have a multicollinerity problem because of moderate correlation. 
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Table 2 Correlation coefficients of price, quality, purchase intention and income 

 Price Quality Intention Income 

Price Pearson Correlation 1 0.501** 0.589** 0.234** 

Quality Pearson Correlation 0.501** 1 0.617** 0.177** 

Intention Pearson Correlation 0.589** 0.617** 1 0.307** 

Income Pearson Correlation 0.234** 0.177** 0.307** 1 

Note:  ** Correlation is significant at the 0.01 level (2-tailed). 

Table 3 presents the results of the multiple regression model analysis. As it is observed, 
price and quality influences the purchase intention of consumers. Furthermore, R2 value 
of 0.485 indicates that 48.5% of variations of purchase intention are explained by price 
and quality. Therefore, this research concludes the dependence of the purchase intention 
on price and quality, which can be expressed by the following regression model, where ε 
indicates a normally distributed random residual whose mean is 0. 

Purchase intention = 0.677 + 0.408  Price + 0.41  Quality + ε 
The research fails to reject hypotheses 1 and 2. 

Table 3 Regression results of hypotheses 1 and 2 

 b SE b (std. error) β 

Constant 0.677 0.152  

Price 0.408 0.043 0.374*** 

Quality 0.411 0.037 0.430*** 

Notes: Dependent variable: purchase behaviour. R2 = 0.485, Adjusted R2 = 0.483 
(p < 0.001), ***p < 0.001. 

Table 4 presents the results of the multiple regression model analysis. As it is observed, 
price and quality influences the purchase behaviour of consumers, mediated by their 
purchase intention. Furthermore, R2 value of 0.068 indicates that 6.8% of variations of 
purchase behaviour are explained by price. Therefore, this research concludes the 
dependence of the purchase behaviour on price, which can be expressed by the following 
regression model, where ε indicates a normally distributed random residual whose mean 
is 0.  

Purchase behaviour = 0.559 + 0.188  Intention – 0.086  Price + ε 
The research finding fails to reject hypothesis 3 and fails to accept hypothesis 4. 

Table 4 Regression results of hypotheses 3 and 4 

 b SE b β Tolerance VIF 

Step 1 

Constant 0.373 0.096    
Intention 0.129 0.026 0.230***   

Step 2 

Constant 0.559 0.118    
Intention 0.188 0.036 0.335*** 0.515 1.942 
Price –0.086 0.036 –0.139* 0.623 1.606 
Quality –0.020 0.032 –0.037 0.591 1.693 

Notes: Dependent variable: purchase behaviour. R2 = 0.053 for Step 1, R2 =0.068, 
Adjusted R2 = 0.062 for Step 2 (p < 0.05); *p < 0.05; ***p < 0.001. 
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Table 5 presents the results of the hierarchical regression model analysis. As it is 
observed, the purchase intention of consumers influences their purchase behaviour, 
moderated by income. Furthermore, R2 value of 0.085 indicates that 8.5% of variations of 
the purchase behaviour of consumers are explained by their purchase intention, which is 
moderated by income. Therefore, this research concludes the dependence of purchase 
behaviour on purchase intention, moderated by income, which can be expressed by the 
following regression model, where ε indicates a normally distributed random residual 
whose mean is 0.  

Purchase behaviour = 0.279 + 0.052  Income + 0.097  Intention + ε 
The research fails to reject hypothesis 5. 

Table 5 Regression results of hypothesis 5 

 b SE b β Tolerance VIF 

Step 1 

Constant 0.596 0.050    

Income 0.067 0.013 0.241***   

Step 2 

Constant 0.297 0.096    

Income 0.052 0.013 0.188*** 0.906 1.104 

Intention 0.097 0.027 0.173*** 0.906 1.104 

Notes: Dependent variable: purchase behaviour. R2 = 0.058 for Step 1, R2 = 0.085, 
Adjusted R2 = 0.081 for Step 2 (p < 0.001); ***p < .001. 

7 Conclusion 

This study provides the results in regard to the conflict of consumers’ purchase behaviour 
between the price and quality of remanufactured cartridges. The study also describes 
green consumers’ purchase behaviour in China. Based on the results of hypotheses 1–5,  
it concludes that the purchase behaviour of consumers is affected by their purchase 
intention. Furthermore, the income moderates the effect between purchase intention and 
purchase behaviour of consumers. Only purchase intention mediates the correlation 
between price and purchase behaviour. Although quality affects purchase intention of 
consumers, it does not affect the purchase behaviour of the consumer as much as the 
price of the remanufactured product. The result shows that quality affects purchase 
intention, but quality does not affect purchase behaviour that is moderated by income. In 
other words, when income as a factor is included as part of the theory of reasoned action 
model, the consumer will be influenced more by the product’s price than the quality of 
the remanufactured cartridge. 

First, the price of remanufactured products influences the purchase intention of 
consumers. In other words, price is one of important elements to affect the opinion and 
attitude of consumers’ consideration when they purchase a remanufactured product. 
When selling price is high, consumers may not purchase a remanufactured product 
according the result presented in Table 4. Therefore, the selling price of remanufactured 
product should be reasonable and acceptable in marketplace.  
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Second, the study results indicate that the quality of remanufactured product affects 
the purchase intention of the consumer, but it does not influence the consumers’ purchase 
behaviour. There may several reasons for this result: one is the income of consumers, 
second is the quality of remanufactured products, and the consumer’s perceived 
functional risk of remanufactured products. This perceived risk influences consumer’s 
perspective on quality of the product, which means that when consumers are going to 
purchase, they focus more on the selling price instead of the quality of remanufactured 
product because of their income (Tables 3 and 4).  

Finally, this study explored the relationship between the green consumer’s purchase 
behaviour and remanufactured ink/toner cartridges in China. This study looked at 
comparing price and quality when it comes to consumer purchases of remanufactured 
products. The study concludes that consumers emphasise more on price than the quality 
of the product due to their income constraints. Therefore, from the view of organisations 
and marketers, the selling price should be reasonable and acceptable to the consumer. 
From the view of academic researchers, further study could be done on other 
remanufactured products such as used clothing, furniture or home appliances and 
compare the differences among these products in order to explore and understand the 
purchase behaviour of consumers as it pertains to green products. 
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Abstract: This paper highlights the impact of the 1997–1998 Asian currency 
crisis and the 2008–2009 US global financial crisis on Malaysia’s exports. By 
using a quantitative approach, the findings pinpoint the types of Malaysia’s 
exports that were severely hit during these crises. The results of this study 
show that the Asian financial crisis did not affect Malaysia’s exports as  
badly as the global economic recession did. The novelty of this paper lies in 
using detailed information on Malaysia’s commodity exports based on SITC 
(Revisions 3 and 4) during the two crises. The practical utility of this study is 
that it offers policymakers an insight into the vulnerable types of exports 
during crises so that they would be able to make good strategic decisions to 
protect the performance of export sectors in the event of future crises. 

Keywords: Malaysia; trade; global financial crisis; commodity exports. 

Reference to this paper should be made as follows: Pouresmaeili, H. (2015) 
‘Malaysia’s commodity export performance during Asian currency crisis and 
US subprime mortgage crisis’, Int. J. Trade and Global Markets, Vol. 8,  
No. 1, pp.27–41. 

Biographical notes: Hamideh Pouresmaeili obtained her MBA in International 
Business from the Putra Business School (PBS) at the Universiti Putra 
Malaysia (UPM), in 2012. She is currently a PhD student at the  
PBS, UPM. Her research interests lie broadly within the following domains: 
international business management and policy, international trade and  
business policy, global financial crisis, crisis management and strategies of 
multinational enterprise, especially MNEs from emerging markets. 

This paper is a revised and expanded version of a paper entitled ‘Malaysia’s 
commodities exports performance during Asian currency crisis and the US 
subprime mortgage crisis’ presented at the ‘SIBR 2014 Conference on 
Interdisciplinary Business and Economics Research’, Kuala Lumpur, Malaysia, 
7–8 February 2014. 

 



   

 

   

   
 

   

   

 

   

   28 H. Pouresmaeili    
 

    
 
 

   

   
 

   

   

 

   

       
 

1 Introduction 

Given the rapid spread of technological development and globalisation, the challenges of 
financial crises present a serious concern for developing as well as developed countries. 
Financial crisis not only impacts its country of origin but also reverberates across the  
world and impacts, often negatively, in different degrees the economies of other nations. 
The 1997–1998 Asian financial crisis originated in Thailand but went on to negatively 
impact other Asian economies like Indonesia, South Korea, Philippines as well as 
Malaysia. This crisis rooted in poor corporate governance and heavy indebtedness in 
foreign-denominated loans. The world too felt the negative impact of the slowdown of 
the economies of the then Asian tigers. 

The US global economic meltdown started in mid-2007 with the collapse of the US 
housing bubble that had previously inflated on the back of indiscriminate subprime 
mortgages (Swinnen and Van Herck, 2009). This crisis spread rapidly across the world, 
like a tsunami, bringing in its wake economic decline to countries in varying severity. 

Among other sectors, economic crises affect adversely upon the international trade of 
a country. Imports decline given the economic recession within the country, while 
exports decline given the recession without. The more open the economy, the greater the 
export orientation of and dependence on natural resources for exports by a country and 
the greater the negative effects of an economic crisis. Given these factors, countries such 
as Kazakhstan, Russia, Ukraine, Japan and the East-Asian newly industrialising countries 
of Singapore, Hong Kong, Taiwan and South Korea were adversely affected during the 
global crises (WTO, 1997; Mayhew, 2010). 

Malaysia’s international trade had prospered during the past three decades before the 
onslaught of the Asian financial crisis and, subsequently, the US financial crisis. 
However, Malaysia, as a highly open economy and export-dependent country, was not 
immune to the downbeat impacts of the global economic turmoil and its external trade 
was particularly hit by these crises. Indeed, the IMF ranks Malaysia high in the list of 
countries severely affected by the Asian financial crisis (IMF, 1999). The main objective 
of this paper is to identify the impact of the crises on Malaysian exports and distinguish 
the types of exports that were particularly affected. The findings of this study will help 
policymakers pinpoint those exports that are vulnerable to financial crises and take 
appropriate action to cushion the impact on them. In the following section, the extant 
literature on countries’ commodity exports during the Asian crisis and the US global 
crisis are discussed. 

2 Literature review 

The severity of financial crisis and its adverse impacts on many economies lead many 
scholars to explore its causes and consequences on economy and economic development 
factors. For instance, several informative studies investigated the prologue, causes, 
propagations and outcomes of the currency crisis and credit crisis (Amiti and Weinstein, 
2011; Iacovone and Zavacka, 2009; Rose and Spiegel, 2011; Chor and Manova, 2012; 
McKibbin and Stoeckel, 2009b). 
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The Asian crisis originated in Thailand in the middle of 1997 mostly due to collapse 
of its currency value by 42% (Houben, 2012). As Mohamad (1999) commented, “The 
Asian miracle was shattered almost overnight and suddenly once fawning economists 
argued that all it really had been was a bubble over-inflated by corruption, cronyism and 
bad loans. Asia were not only impoverished but were blamed for impoverishing 
themselves.” Many economists believed that the main contributing factors of the Asian 
crisis are the overvalued local currencies (Houben, 2012), deep and hidden flaws of the 
financial system (Frankel, 1998) and boom of international lending and capital inflow, 
followed by a massive outflow (Radelet and Sachs, 2000; Khan et al., 2005). 

Besides, as Acharya and Richardson (2009) noted, the combination of a credit boom 
and housing bubble is the fundamental contributing factor of the US 2008–2009 global 
economic crisis. This credit crisis undermined the financial markets and impacted 
banking system. After that, under the negative and damaging impacts of credit crisis, 
many well-known banking businesses fell down (Malik et al., 2009). Therefore, with the 
collapsing the Lehman Brothers in September 2008, an unexpected wave of uncertainty 
gripped many banking system around the world, risk premium increased and caused them 
to avoid loaning each other (McKibbin and Stoeckel, 2009a). 

Multiple factors can originate an economic recession which would lead to a 
considerable decline in economic growth rates (Mishkin, 1992; Moon et al., 2011). There 
is a vast literature on the impact of financial crises on economies (Cecchetti et al., 2009; 
Das, 2012; Kainz, 2009; Kjær, 2011; Knoop, 2008; Moon et al., 2011; Shaw and Liu, 
2011; Gros and Alcidi, 2010) and trade (Alfaro and Chen, 2012; Cheung and Guichard, 
2009; Chor and Manova, 2012; Curran, 2009; Levchenko et al., 2010; Ma and Cheng, 
2003; Spehar, 2010; Athukorala and Kohpaiboon, 2009; Baldwin, 2009; Bernard et al., 
2009; Cahill, 2010). 

Based on extant literature, financial crises lead to crashing of the world trade and a 
severe, sudden and synchronised collapse due to global financial crisis (Baldwin, 2009; 
Jing, 2011). Generally, crises can be derived between vulnerable countries as well as 
crisis-stricken countries through a number of transmission channels, namely remittance, 
private capital flows and trade (Griffith-Jones and Ocampo, 2009; Te Velde et al., 2009; 
Jemio and Nina, 2010), increasing the business cost, changing the exchange rate and 
slowdown of foreign economy. In fact, some studies discussed the importance of trade in 
financial crises transmission (Forbes, 2000; Forbes, 2001; Glick and Rose, 1999; Dees 
and Di Mauro, 2010). Additionally, many economists noticed the role of trade in 
financial crises for two considerable reasons. Firstly, trade is considered one of the 
trigger factors of financial recessions. Secondly, crises can expand through trade 
channels among the countries even if they have strong fundamentals (Ma and Cheng, 
2003). Therefore, in this paper we consider trade channel as a transmission belt. 
Although, many studies discussed and investigated the impact of crises on economies and 
trade, the existing literature is lacking on the impact of financial crises on countries’ 
export performance, particularly Malaysia. 

2.1 Financial crises and export 

A crisis through affecting on export volume and value can impact the real economy 
(Maleki, 2010). Different economies based on their degree of openness react or would be 
impacted differently during the crises. Generally, the more a country’s economic 
development is dependent on export, the more troubles can be expected during economic 
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crises (UNCTAD, 2009; Di Mauro et al., 2010). The Asian and the global financial crises 
due to their main contributing factors had different impacts on countries’ exports. We 
discuss the extant literatures on countries’ commodity export performance during the 
crises in the following paragraphs. 

2.1.1 Export and Asian currency crisis 

The Asian crisis like other economic crises in Asia during the last decades can be traced 
to a set of interrelated issues and mainly had crucial intraregional reactions in terms  
of impact on the exports (Goldstein, 1998). Due to the intraregional export deals in  
Asia, the Thai currency crisis had outstanding effects on countries’ exports in the region 
(Das, 1999). The exports’ growth rate of some Asian crisis-stricken countries1 declined 
considerably during the 1997–1998 Asian crisis (Narjoko and Atje, 2007; Rosner, 2000; 
Jansen, 2001; Duttagupta and Spilimbergo, 2004; Barth and Dinmore, 1999; Wang and 
Whalley, 2010; Muhammad and Yaacob, 2008). In contrast to some scholars who argued 
that the Asian crisis had regional impacts (Glick and Rose, 1999), some studies argued 
that Thai currency crisis also had notable impacts on some countries outside of Asia such 
as the USA (Coughlin and Pollard, 2000; Schott, 2009; Bernard et al., 2009). For 
instance, Bernard et al., (2009) claimed that during the Asian crisis, the US external 
demands suffered and the countries’ exports declined. The US exports to the crisis-struck 
countries (Malaysia, Indonesia, Korea, the Philippines and Thailand) dropped by 5.6 and 
2.7 billion dollars during 1997 and 1998, respectively. 

2.1.2 Export and global financial crisis 

The adverse impacts of the global financial crisis on different countries’ trade as well as 
exports were investigated by quite a lot of studies. The US global financial crisis, as the 
severest economic downturn, impacted many countries severely compared to the 1997–
1998 Asian crisis (Chia, 2010). Some of the world’s top exporters2 experienced severest 
declines by up to 35% in their exports at the end of year 2008 mostly due to the global 
financial crisis (World Bank, 2009). As Khor and Sebastian (2009) and Bunda et al. 
(2011) stated, the export performance of many Asian countries such as Singapore, Hong 
Kong, Thailand, Korea, China, Vietnam and Malaysia was affected by the global crisis. 
Kawai (2009), Liu et al. (2009) and Yongding (2010) analysed the impact of the global 
crisis on China’ exports, Kumar and Vashisht (2009) and Kumar et al. (2009) examined 
India’ exports and Maleki (2010) and Davarpanah and Rahimi (2012) evaluated Iran’s 
non-oil exports. Maleki (2010) exemplified the export of several highly export-dependent 
developing countries during 2008–2009 and identified the effects on commodities crisis 
of several countries. 

Athukorala and Kohpaiboon (2009) claimed that the decline of Europe’s, Japan’s and 
US external demands, the major external markets of Asian countries for electronics and 
electrical, automobile and other durable products, caused a decrease in the exports of the 
East Asian countries during the global crisis. Likewise, Di Mauro et al. (2010) found that 
the intraregional trade in Europe declined by 16% and the extra-regional exports by 18%. 
They argue that the export volumes of manufactured goods and machinery and transport 
equipment dropped by 25% and the export of capital goods, intermediate goods and 
consumer goods (including cars and petrol) fell by 26%, 17% and 16%, respectively, 
during 2008. 
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Additionally, Malaysia, as an export-dependent country, was not immune to the 
adverse impacts of the US crisis. During early 2009, Malaysia’s export-oriented sectors 
plumped by 20%. Mineral’s export-oriented sectors experienced low growth rate and 
agriculture export performance collapsed quickly due mostly to the adverse impact of the  
decreasing prices (BNM, 2010). In fact, Malaysia’s economic growth is highly dependent 
on exports, especially exports of manufacturing products, and the major export sector is 
electronics and electrical sector. The E&E industry slowly faced slow down and 
collapsed by 17.2% in the last quarter of 2008, and during 2009, it experienced its 
sharpest exports decline by 22.8%, which led to a fall in world’s total export by 3% 
(Manetta, 2010; Mei, 2010). Table 1 illustrates some of the crises-affected commodities 
identified by the above studies. 

Table 1 Export sections, divisions and groups which were hit badly by the Asian and  
US crises 

Three worst-affected 
sections 

Highly affected divisions  
within three selected sections 

Highly affected commodity  
groups within worst-affected division 

SITC division 23: crude rubber SITC group 231 :natural rubber and 
natural gums 

SITC group 244: cork, natural, raw 
and waste 

SITC division 24: cork and wood 
SITC group 248: wood, simply 
worked and railway sleepers of wood 

SITC group 286: ores and 
concentrates of uranium or thorium 

SITC section 2:Crude 
Materials, Inedible 

SITC division 28:metalliferous  
ores and metal scrap SITC group 289: ores and 

concentrates of precious metal; waste 

SITC group333: petroleum oil,  
crude and crude oils obtained from 
bituminous mineral 

SITC division 33: petroleum, 
petroleum products and related 
materials SITC group334: Petroleum products, 

refined 

SITC group 342: liquefied propane 
and butane 

SITC section 3: 
mineral fuels, 
lubricants and  
related materials 

SITC division 34: gas, natural and 
manufactured SITC group 343: natural gas, whether 

or not liquefied 

SITC section 4: animal
and vegetable oils, fats 
and waxes 

SITC division 42: fixed vegetable 
fats and oils, crude, refined or 
fractionated 

SITC group 422:fixed vegetable  
fats and oils, crude, refined or 
fractionated, other than ‘soft’ 

Source: Author’s calculation 

In short, the adverse impacts of the US global economic slump were more widespread 
compared to the harsh impacts of the 1997–1998 Asian currency crisis. Wang and 
Whalley (2010) argued that exports of countries like Indonesia and Thailand, which 
experienced severest hit on their exports during the Asian crisis by 6.9% and 4.6%, 
respectively, contracted by 15% in 2009. However, some Asian countries, such as Korea, 
had better results in their exports during the global crisis compared to that during  
the Asian crisis. According to Liu (2011), countries with strong export dependency  
and opened to world international trade, especially East Asian NICs and Japan, were 
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affected badly during the US mortgage crisis. Malaysia was affected by both the crises. 
Malaysia’s export vulnerability during the US crisis was mostly because after the  
Asian crisis Malaysia became more export-dependent with less growth in foreign direct 
investment (Khoon and Hui, 2010; Zainal Abidin, 2011). 

2.2 Research hypotheses 

Based on the main objective of this study, we lay out the following hypotheses: 

Hypothesis 1: The average annual export value during the Asian financial crisis (1997–
1998) differs significantly from the average annual value during the pre-crisis period 
(1990–1996). 

Hypothesis 2: The average annual export value during the global financial crisis (2008–
2009) differs significantly from the average annual exports during the pre-crisis period 
(1999–2007). 

Hypothesis 3: The export value of each of the three worst-affected export sectors during 
the Asian financial crisis (1997–1998) differs significantly from their average values 
during the pre-crisis period (1990–1996). 

Hypothesis 4: The export value of each of the three worst-affected sectors during the 
global financial crisis (2008–2009) differs significantly from their respective values 
during the pre-crisis period (1999–2007). 

3 Methodology and data analysis 

A method of quantitative approach is performed in this study to identify the impact of the 
crises on Malaysia’s exports. The required data for this study include Malaysia’s annual 
export values of all export-oriented industries. Data were obtained from the Malaysian 
Department of Statistics, Ministry of International Trade and Industry (MITI) and  
Bank Negara Malaysia’s reports. The data are at the three-digit level of the Standard 
International Trade Classification (SITC, Revision 3) except for the period 2007–2010 
for which data were available only under SITC Revision 4. Due to incomplete data, 
Malaysia’s services exports (1990–2010) were excluded from the study. 

3.1 Data analysis 

Data were analysed under two different classifications, namely commodity section and 
commodity division and group (based on SITC Revisions 3 and 4). Two methods were 
applied to interpret the derived figures and graphs. First, a simple interpretation based on 
trends of export and, second, using inferential statistical test to compute the differences 
between average growth rates of Malaysia for the pre-Asian and global crises period and 
during the Asian and global crises. Based on the annual average export rates for the pre-
crises period, during the crises and the post-crises period, the magnitude of the exports’ 
decline was computed. Subsequently, the worst-affected export sectors were discerned. 
To support the objectives, the inferential statistical analysis was performed. The Mann–
Whitney U test (since the sample size is less than 30) was run. 
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4 Findings and discussion 

The results of this study were explained in two main parts, namely exports by commodity 
sections and exports by commodity divisions and groups. In the first part, Malaysia’s 
total export patterns during 1990–2010 and the impact of both the Asia and global 
financial crises on Malaysia’s total exports based on commodity sections are analysed. In 
the second part, relying on the results of the first part, the three crises-hit exports based 
on commodity divisions and groups are discussed. 

4.1 Analysis of Malaysia’s exports by commodity sections 

Based on the result of the statistical test (p = 0.04 and α = 0.05) for Malaysia’s exports 
during the Asian crisis, the means of average annual export during the Asian crisis 
(1997–1998) and in the pre-crisis period (1990–1996) were significantly different. The 
Asian crisis precipitated a depreciation of Malaysia’s currency and eventually a fixed-
exchange rate regime with currency controls at almost half the pre-crisis value vis-à-vis 
the US dollar. Since 76.2% of Malaysia’s exports were denominated in US dollars, it 
resulted in a boom for Malaysia’s total exports in almost all the export sections. 
Therefore, the first proposition is significantly accepted. 

On the impact of the global economic crisis upon Malaysia’s exports, the result of the 
test (p = 0.099 and α = 0.05) shows that there is a partial relationship (if α = 0.1) between 
the global crisis and Malaysia’s exports both during the crisis and in the pre-crisis period. 
Thus, the second hypothesis is not significantly accepted. However, it was found that 
Malaysia’s exports were badly affected during the global crisis and many export sections 
were severely hit. Therefore, the second hypothesis is numerically accepted. 

Although Malaysia’s gross export values increased during 1998 in terms of ringgit, it 
fell by 10.8% against US dollar due to a decline in the import of East Asian crisis-
affected countries. In 1998, the manufacturing section had an export growth of 27.8% 
compared to 12.7% in 1997. Additionally, due to an increase in the export prices of 
rubber, palm oil and palm kernel oil, the major key agricultural commodities had a 26.6% 
increase in their export growth compared to 3.3% in 1997. 

The export of machinery and transport equipment section comprising 3.2% of 
manufactured exports was not affected badly during the Asian crisis, but it faced a 
decline by 6.77% during the US economic shock. During the Asian crisis, the majority of 
sections had increasing rates of export growth, but during the global financial crisis, 
almost all the sections faced severe declines in their exports, which led to shrinking of 
Malaysia’s total exports by 22.8% (Treasury, 2007/2008). Weak external demands and 
rising commodity export prices were the two main driving factors for Malaysia’ export 
decline of some sectors during the Asian crisis. 

We calculated the annual average export growth rates for all of Malaysia’s 
commodity sections during the crisis and in the pre-crisis period based on the fact that 
inedible crude materials (Section 2), mineral fuels and lubricants (Section 3) and animal 
and vegetable oil and fat (Section 4) were the Malaysia’s exports that took the severest 
hit during both the crises.3 
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4.2 Analysis of Malaysia’s exports by commodity divisions and groups 

We analysed the three worst-affected export sections in more details based on their SITC 
commodity divisions and groups. 

4.2.1 Export of crude materials section (SITC section 2) 

The result of the statistical test (p = 0.04 and α = 0.05) shows there is a significant 
statistical difference between Malaysia’s exports of inedible crude materials in the pre-
Asian crisis period (1990–1996) and during the crisis (1997–1998). This result will 
contribute to the acceptance of the third hypothesis. The difference between the average 
export values before (1999–2007) and during the global crisis (2008–1009) (p ≈ 0.1) is 
partially significant. Therefore, the fourth hypothesis is accepted. 

Based on the trend of Malaysia’s exports by commodities within SITC section 2, the 
crude rubber (SITC division code 23), cork and wood (SITC division code 24) and 
metalliferous ores and metal scrap (SITC division code 28) experienced more decline 
compared to other divisions in SITC section 2. During the Asian crisis, only exports of 
crude rubber, cork and wood divisions decreased. Due to a slackening global demand, the 
export of cork and wood division had a sharper shrinkage against crude rubber during 
1997–1998. During the global crisis, export of natural rubber, underpinning the 
downtrend in the global automobile industry, lower production and decline in export 
prices, shrank by 57.5%. 

Exports of metalliferous ores and metal scrap (SITC division 28) shrank severely 
during the global crisis, but remained almost unchanged during the Asian crisis. Due to 
lower demands from some of Malaysia’s major export destinations, such as some of the 
OECD countries including the Netherlands, Germany, the UK and France, the exports of 
ores and concentrates of precious metal; waste (SITC group 289) shrank sharply by 
61.30% in 2009, while during the Asian crisis, the currency devaluation and weaker 
ringgit offset the negative impact of the crisis and raised the export of these commodities. 
Exports of ores and concentrates of uranium or thorium (SITC group 286) was affected 
severely and declined by 44.70% in 2009 compared to a sharp decline by 85.19% in 2008 
and 16.64% in 1998. 

4.2.2 Export of mineral fuels, lubricants and related material (SITC section 3) 

The difference between Malaysia‘s average exports of mineral fuels during the Asian 
crisis and in the pre-crisis period (1990–1996) is statistically significant (p = 0.04 and  
α = 0.05). Therefore, the third hypothesis for this section of exports is accepted. 

For the US crisis, the corresponding difference is partially significant (p = 0.59 and if 
α = 0.1). Malaysia’s export of mineral fuels during the global crisis differs partially with 
the average export of this commodity during the pre-crisis period. Therefore, the fourth 
hypothesis is partially accepted. 

In contrast to the steady level of export during the Asian crisis, the export of 
petroleum and petroleum products (SITC division 33) tumbled by 61.9% during the first 
seven months of 2008 and by 43.4% during the same period in 2009. Exports of 
petroleum oil, crude and crude oils obtained from bituminous mineral (SITC group 333) 
dipped by 41.83% in 2009 as against 2008 and it soared by 2.8% in 1998. In 2009, due to 
lower demand and decreasing export prices, exports of petroleum products (SITC group 
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334) had a significant decline by 33.45% for the whole year as against 2008. However, 
during the first half of 1998, the export of petroleum products increased slightly by 1.5% 
following the 1.5% increase in export earnings of refined petroleum products which 
accounted for more than 73.8% of Malaysia’s total exports of petroleum products. 

Malaysia’s export value of liquefied natural gas (SITC division 34) declined by 9.1% 
in 2009 and its export volume also dropped by 4.8% in 2009 compared to 0.9% in 2008. 
Unlike the 8.09% increase during the Asian crisis, the decline of external demand from 
major importer countries like Japan, the USA, Korea, China and Europe led to a sharp 
export slump of liquefied propane and butane (SITC group 342) by 42.88% during the 
global crisis. Natural gas’s export (SITC group 343) faced a decline due to lower 
production and lower global demand during the global crisis (Treasury, 2008/2009). In 
2008, following the 14.8% decline in productions of natural gas, its export dropped by 
55.7%. In 1998, export volume of liquefied natural gas decreased by 5.3% due to lower 
offtakes from some of the export destinations such as South Korea. 

4.2.3 Exports of animal and vegetable oils, fats and waxes (SITC section 4) 

Based on the results of the statistical test (p = 0.04 and α = 0.05), Malaysia’s average 
export of this section during the Asian crisis significantly differs from that during the 
pre-crisis period. Therefore, the third hypothesis is accepted. The corresponding 
difference during the global crisis is also statistically significant (p = 0.034 and α = 0.05). 
As such, the fourth hypothesis is statistically accepted too. Both fixed vegetable fats and 
oils (SITC division 42) and processed animal and vegetable fats and oils including waxes 
of animal or vegetable origin (SITC division 43) declined during the global crisis but 
increased during the Asian crisis. 

Malaysia’s exports of commodities within SITC division 41 (animal oils and fats) 
during the global crisis increased due to limited local demand and increasing external 
demands. Once the US crisis started and spread around the world, in 2009, the animal 
oils and fats exports of the top exporters4 were severely affected and decreased. 
Malaysia’s exports of this division increased to these countries as well as to the major 
importers such as China. In 1997, due to impact of ringgit depreciation, the exports of 
this division decreased. To the best of our knowledge, there is no available analysis for 
the decrease in exports of SITC division 41 during the Asian crisis. 

During 1997–1998, the exports of fixed vegetable fats and oils, crude (SITC division 
42, including SITC group 422) rose greatly. This increase was attributing to the increase 
of palm oil and palm kernel oil production. During the first half of 1998, palm oil’s 
export earnings increased strongly by 69.1% and similarly exports of palm kernel oil 
increased 63.1% due to the increase in the external demands, especially from China. On 
the other hand, underpinning to the lower export prices for palm oil per tonne as well as 
lower demands mainly from China, the USA and the Netherlands during the global crisis, 
the export earnings of palm oil declined by 29.2% in 2009 compared to 79.9% in 2008. 

Moreover, during 1997–1998, exports of SITC division 43 increased slightly due to 
impacts of ringgit depreciation. According to the UN Comtrade database, in 2008, 
Malaysia with 27.6% was the top exporter of animal and vegetable fats and oils, 
processed; waxes of animal or vegetable origin; inedible (SITC division 43) and its main 
external markets were Germany, UK and the Netherlands. Since the export demands of 
these countries were severely affected due to the global crisis, Malaysia’s exports of  
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SITC division 43 declined. Table 2 summarises the export commodities that have been 
impacted during the Asian and global crises under the three broad commodity sections 
that have been particularly hit by the crises. 

Table 2 Review of some extant literature on the impact of financial crises on countries’ 
commodity exports 

 

5 Managerial implication 

Based on above findings, it is evident that corresponding to weak currency and its impact 
on export prices, the overall export of Malaysia during the Asian crisis increased. 
Underpinning to the US crisis, Malaysia’s exports of almost all sectors declined from 
early 2008 to late 2009. The important issue to focus on is that, as can be seen from our 
findings, during the global crisis, the country’s primary commodities and largest export 
revenue earners were affected severely for which made the policymakers find out 
clarifications and develop adequate solutions. 

Petroleum oil and petroleum-related products, natural gas, palm oil (Muhammad et 
al., 1992) and natural rubber (Yusof, 1988) are considered Malaysia’s most important 
natural resources which have contributed to the country’s economic development and 
were affected during the crises. Sustainability of these vulnerable industries during the 
crises became a critical issue for Malaysia. Because of the important role that plays 
petroleum in the country’s revenue, many Malaysian economists are concerned about the 
country’s dependence on oil and petroleum. Besides, Malaysia through exports of natural  
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gas earns significant foreign exchange, which is necessary for its extensive economic 
development. Since the beginning of the global crisis, the price of palm oil increased and 
the demand of several of Malaysia’s major export markets such as the USA, Europe, 
China, India and Pakistan decreased. 

In order to gain higher economic performance during such a macroeconomic 
uncertainty, the country needs to implement various strategic policies. Even Malaysia’s 
policy so far was very successful, but the country should notice the different factors  
that threaten the country’s export status. One of these factors could be a crisis as an 
unexpected threat that affects the country’s situation or its close competitors. The 
findings of this study would be particularly relevant to Malaysian policy models and  
are expected to have significant implications for international marketing executives, 
strategic planners who are concerned with the country’s commodities export competitive 
advantage. Given globalisation and unexpected global market, our findings could be 
considered to develop better plans in case of future financial downturn. No international 
trade executives can be contented with obsolete information and statistics that come into 
sight after the fact. 

6 Concluding remarks and future works 

This study pinpointed the impact of the Asian crisis (1997–1998) and the global crisis 
(2008–2009) on Malaysia’s exports and identified the worst-affected commodities based 
on SITC classification. The results that we have found (mentioned earlier and shown in 
Table 1) confirm the findings of Khoon and Hui (2010) and Zainal Abidin and Rasiah 
(2010) and show that Malaysia’s export performance was badly hit, resulting in a 
considerable decline in exports of products and categories that Malaysia has been 
specialised to produce and export (e.g. petroleum, natural gas, palm oil, wood and natural 
rubber). 

Consistent with the literature, Malaysia’s mineral exports experienced low growth 
rate and agriculture exports collapsed rapidly underpinning the adverse impact of the 
decreasing export prices. Some other export commodities such as mineral (LNG and 
crude petroleum) and agricultures products (rubber) also experienced a decline during the 
global crisis.5 Besides, several export commodities such as rubber and timber, palm oil 
and petroleum which comprise one-third of Malaysia’s total exports suffered from rapid 
decline in their demand as palm oil and its related products as well as crude petroleum 
were severely hit. 

The findings made the government policymakers to contemplate on the vulnerability 
of these types of commodities during the crises and make the best strategic decision for 
the country’s export-oriented tendency, especially during uncertainties. This would make 
them able to define the factors that should be improved in order to facilitate the crises 
recovery and to offset the adverse impact of crisis on Malaysia’s export competitiveness. 
Future research should examine our hypothesis in different contexts. Besides, another 
study can be undertaken to examine the country’s FDI performance during the crises and 
even clarify whether this factor had any impacts on it by intensifying or improving the 
crisis. 
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Notes 

1 Including Thailand, Indonesia, South Korea, Philippine, Singapore, Hong Kong and Malaysia. 

2 World’s major exporting countries are China, Germany, the USA, Japan, France, the 
Netherlands, Italy, South Korea, the UK and Hong Kong, in the given order. 

3 It should be noted that the average export growth rate of SITC section 4 increased 
considerably during the Asian crisis, but it has been selected as one of the top adversely 
affected export sectors since the export growth rate of this section had a significant decline 
during 1998–1999. 

4 Based on the UN Comtrade database, the USA, Germany and France were the top exporters 
and Mexico, China and Russia were the top importers of animal oils and fats in 2008. 

5 Monthly External Trade Statistics reported by Malaysia Department of Statistics (2009). 
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Abstract: Gravity trade model continues to be coveted for analysis of 
determinants of trade flows despite its lack of theoretical foundations. The 
main aim of the paper is to assess the determinants of the flow of Nigeria’s 
exports using longitudinal data from 1999 to 2012. Extrapolating from the 
empirical literature, the paper constructs Nigeria’s gravity trade model 
comprising nine EU countries, BRICS countries, Canada, Japan and the USA. 
Results from POOL and panel regressions – fixed and random effects show 
that market size and price index of destination countries positively drive trade 
flows in Nigeria, while relative factor endowment, economic similarities and 
geographical distance negatively affect Nigeria’s trade flows. Furthermore, the 
paper found evidence in support of positive trade flows with the EU countries 
and negative trade flows with the BRICS countries and on account of cultural 
differences. Findings show that Nigeria’s exports follow Linder hypothesis. 
These have important implications for economic, socio-cultural and bilateral 
trade negotiations for better trade performance in Nigeria in the future. 
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1 Introduction 

Nigeria evolved from a relatively buoyant agricultural economy, with its major exports in 
the pre-1960s to early 1970s being non-oil agricultural produce, into a relatively rich, oil-
dominated economy. Over the years, the proportion of crude oil exports in total exports 
had increased remarkably to become the dominant export commodity. The collapse  
of world oil prices and the sharp decline in the country’s oil output resulting from a 
lowering of the country’s OPEC quota in the early 1980s and the worsening economic 
and financial conditions that followed prompted the government to introduce the 
Structural Adjustment Programme (SAP) in July 1986. SAP aimed to, among others, 
restructure and diversify the productive base of the economy so as to reduce dependency 
on the oil sector. 

Notwithstanding, crude oil exports continue to remain the dominant commodity that 
drives the economic fortune of the economy. Accordingly, the directional flow of 
Nigeria’s exports showed that prior to the 1970s, the UK was the main importer of 
Nigeria’s agricultural produce-dominated commodity exports. With the commercial 
exploitation of crude oil that became the major export commodity, the Americas, led by 
USA was the major importer of Nigeria’s crude oil followed by Western Europe, with 
France, Germany, the Netherlands and Italy as leading importers. However, the share of 
Africa in Nigeria’s trade remained significantly very low and unstable due to the non-
complementarities of goods (Mordi et al., 2010), and among Economic Community of 
West African States (ECOWAS) countries as well (Chete and Adewuyi, 2012). 

Meanwhile, the recent past downturn in the industrialised countries has created 
uncertainty about the oil export markets in those economies. In the wake of increasing 
bilateral and multilateral arrangements globally and the bid to increase exports to 
compensate for the likely fall in the demand for oil from the industrialised economies, 
Nigeria entered into various forms of trade negotiations at the bilateral level. For 
instance, Nigeria has concluded trade agreements with many countries, including South 
Africa, Cuba, Vietnam, Tunisia, the USA, Egypt, Algeria, Niger and Iran (Ukaoha et al., 
2012). The major aims of these agreements are the promotion of trade and socio-
economic and cultural relations among the bilateral and multilateral groupings. 

Against this backdrop, this paper examines the determinants of Nigeria’s bilateral 
trade flows to some of its major trading partners by adopting the gravity model approach 
for the period 1999–2012. The major trading partners considered include nine European 
Union (EU) member countries, five countries that formed the BRICS and three other 
industrialised countries: the USA, Canada and Japan. Evidence shows that about 90% of  
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Nigeria’s exports and 65% of its imports are directed to/from these countries in 2012. 
The paper utilises the static fixed and the dynamic (GMM-system) random effects panel 
data approach for the estimation of the model. The rest of the paper is organised into four 
sections. Following this section is Section 2, which reviews empirical studies and 
theoretical issues on the gravity trade model and presents stylised facts on the direction 
of Nigeria’s exports and some key external sector indicators. Section 3 describes the 
research methodology, measurement of variables and sources of data used. Results 
presentation and discussion occupy Section 4, while Section 5 offers conclusion. 

2 Literature review and theoretical issues 

The gravity model has demonstrated an excellent empirical robustness in describing trade 
flows in many countries, despite its often asserted lack of theoretical background (see 
Anderson and Wincoop, 2003). The model is analogous to Newton’s law of gravity, 
which states that the gravity between two objects is directly related to their masses and 
inversely related to the distance between them. In its most basic form, the gravity model 
in economics estimates the trade between two countries as a positive function of their 
economic sizes and a negative function of the distance between them (Ceglowski, 2006). 
The pioneering empirical models (Tinbergen, 1961; Poyhonen, 1963; Anderson, 1979; 
Anderson, 1991; Caves, 1981; Toh, 1982) also concur that geographical distance is an 
important determinant of gravity model, even though Brun et al. (2005) found declining 
elasticity of trade to distance among industrial countries. 

Empirical studies abound on application of gravity trade model in analysing bilateral 
trade. Yu and Zietlow (1995), for instance, assess the factors affecting the level of trade 
between 14 countries in the Asia-Pacific region. They indicate that the traditional gravity 
variables of market size and physical distance as well as political stability, cultural 
similarity, membership of the Association of Southeast Asian Nations (ASEAN) and 
being a newly industrialised country were the significant indicators of bilateral trade 
relationships in the pacific basin. Similarly, Le et al. (1996) also show that the traditional 
variables are the major determinants of bilateral trade between the 18 Asia-Pacific 
economies they considered. 

Karemera et al. (1999) investigate the determinants of trade flows in some selected 
commodity groups, also in the Pacific Rim. Their study applies reduced-form gravity 
model derived from a general equilibrium model. The study shows that traditional 
gravitational variables such as incomes of importing and exporting countries, exchange 
rates, prices of the traded commodity, distance between trade partners and membership in 
regional trade groups were the major determinants of trade flows in the Pacific region. 
The study also shows that membership in the ASEAN significantly increases trade 
creation among members as well as fosters trade diversion from members to non-
members. Stone and Jeon (2000) discover that distance between the trading partners is a 
significant resistance factor for trade among the Asia-Pacific economies. They also 
indicated that the formation of Asia-Pacific Economic Cooperation (APEC) has 
enhanced economic interdependence in trade in the region. Brun et al. (2005), however, 
find a decline in the elasticity of trade to distance when an augmented barrier to trade 
function is introduced, indicating that distance has died in bilateral trade. Utilising a 
panel data involving 130 countries over the period 1962–1996, the authors show that the  
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death of distance was shown to be largely confined to bilateral trade between rich 
countries. On the other hand, Anderson and Wincoop (2003) reveal that national borders 
reduce bilateral trade levels by plausible though substantial magnitudes. 

Kimura and Lee (2006) analyse the determinants of bilateral services trade as 
compared to those of bilateral goods trade in ten OECD countries and other economies 
trade. Findings suggest that the gravity equation performs better with international trade 
in services than with trade in goods. Also, geographical distance is consistently found to 
be more important for services trade than for goods trade. As in Yu and Zietlow (1995), 
Karemera et al. (1999) find that common membership in the same regional trade 
arrangement has a significant effect on trade. Results of an empirical study by Ceglowski 
(2006) also reveal that the standard gravity variables of economic size and geographical 
proximity, in addition to linguistic ties, are significant determinants of services trade in 
those countries. 

Applying the gravity model in the Gulf Cooperation Council (GCC) countries, 
Boughanmi (2008) found that the GCC countries’ trade is twice more with each other 
than would be predicted by the basic gravity model. In another development, Insel and 
Tekce (2011) found that GCC countries’ trade is related to the wealth of the partner 
countries, but not their distance, mainly due to the nature of their exports and imports, the 
characteristics of the region and development in transport facilities. Similarly, in Asia, 
Kien (2009) examines the determinants of trade flows of ASEAN Free Trade Area 
(AFTA) members. The study indicates that Gross Domestic Product (GDP), population, 
language and geographic distance explain export flows among the six ASEAN members 
studied. Kabir and Salim (2010) estimate factors that influence bilateral trade flows in the 
four founding members of BIMSTEC (Bangladesh, India, Sri Lanka and Thailand) with 
their key trading partners. Findings show that the gravity model successfully explains the 
pattern of trade in the bloc. 

Ekanayake et al. (2010) apply the augmented gravity model specification in Kabir 
and Salim (2010) to assess the effects of regional trade agreements on trade flows among 
19 Asian countries. They show that real GDP, population and distance between trading 
partners influence Asian exports. Kepaptsoglou et al. (2010) document an excellent 
review of early contributors to empirical literature on gravity models for a 10-year period 
(1999–2009). The review shows that while most of the empirical studies utilised panel 
and cross-sectional data, a number of estimation techniques were applied: Ordinary Least 
Squares (OLS), 2SLS, GLS, POOL regression, fixed and random effects, GMM, TOBIT 
and/or a combination of some of these techniques. Most recurring exogenous variables 
from the review include, among others, GDP, GDP per capita, distance, FTA, cultural 
similarities, population, common border, etc. 

Recently, Tripathi and Leitao (2013) examined India’s trade flows with 20 major 
trading partners using a gravity model for the period 1998–2012. The results reveal that 
gravity model explains the pattern of the bloc’s trade. Economic size, cultural proximity, 
common border and political globalisation had significant impact on India’s bilateral 
trade. Similarly, Yu et al. (2013) apply an extended gravity model for component trade in 
ACFTA (ASEAN and PRC), and results show that free trade agreement leads to a 
substantially higher and more pronounced bilateral trade flows between ASEAN and 
PRC than what a conventional gravity model would predict.  

Empirical studies on the Nigerian economy have been quite few. Aliyu (2008) and 
Adewuyi and Bankole (2012) apply the gravity model specification to evaluate Nigeria’s 
bilateral trade flows with India and China separately. Aliyu (2008) found that income 
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levels, exchange rates and index of openness are strong drivers of bilateral trade flows for 
India, but not for Nigeria. On the other hand, Adewuyi and Bankole (2012) show that the 
economic sizes and levels of tariffs of both China and Nigeria play a major role in 
promoting trade between them. The review concludes that the gravity model is very 
popular among researchers and has been extensively used for assessing trade policy 
implications over the last 40 years because of its considerable empirical robustness and 
explanatory power. 

2.1 Stylised facts on Nigeria’s external sector 

Nigeria is located in West African sub-region, bordering the Republic of Benin, 
Cameroun, Niger, Chad and a vast coastline of the Atlantic Ocean. It is a member of the 
West African Monetary Zone (WAMZ), ECOWAS, the African Union (AU) and the 
World Trade Organization (WTO). It has equally signed a number of bilateral trade 
agreements with a number of countries of the world. Belonging to these associations no 
doubt offers vast potentials for sub-regional, regional and global economic integration 
and cooperation for mutual benefits. Table 1 summarises the direction and value of 
Nigeria’s exports to its major trading partners. 

Table 1 Export flows between Nigeria and its trading partners 

COUNTRY
1999 2004 2006 2009 2012

Belgium 26.14                58.60               114.35 161.17 82.56
France 683.77              1,092.26          2,261.49 2,378.68 4,323.82
Germany 188.94              339.90             1,585.32 1,478.20 5,145.95
Italy 224.20              538.04             934.89 992.56 1,949.57
Netherlands 130.06              388.08             1,313.50 1,810.08 9,092.60
Portugal 291.86              773.61             881.14 1,600.83 1,083.35
Spain 876.49              2,327.02          4,325.29 3,566.12 8,256.74
Sweden 4.09                  26.96               2.64 152.35 990.61
United Kingdom 190.03              191.39             332.71 891.71 5,421.20
Total EU Countries 2,615.58 5,735.86 11,751.33 13,031.70 36,346.39

Brazil 738.20              3,499.34          3,943.10 4,765.94 8,012.21
Russia 4.23                  6.67                 1.47 4.54 22.99
India 2,264.30           50.02               4,807.56 5,158.93 12,163.62
China 165.90              420.52             252.50 816.57 1,151.05
South Africa 201.66              803.79             1,322.70 1,929.20 3,745.42
Total BRICS Countries 3,374.28 4,780.35 10,327.33 12,675.18 25,095.30

Canada 260.55              73.58               652.72 406.41 2,015.30
Japan 188.83              1,298.30          873.50 483.65 4,332.49
United States 4,219.73           15,556.55        26,326.64 17,943.00 17,748.55

Total 17 Major Trade Partners 10,658.97 27,444.64 49,931.53 44,539.94 85,538.03

Percentage Share
EU Countries 18.9 18.4 20.5 22.9 38.5
BRICS Countries 24.4 15.3 18.0 22.3 26.6
United States 30.5 49.9 45.8 31.6 18.8
All Countries 76.9 88.1 86.9 78.4 90.7

EXPORT FLOWS (In US$ Million)

 

Source: Direction of Trade Statistics (DOTS) 
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Traditionally, the UK prior to the 1970s was the main importer of Nigeria’s agricultural 
produce-dominated commodity exports. Later with the discovery of crude oil in 
commercial quantity, which became the major export commodity in volumes and values, 
the USA turned out as the major importer of Nigeria’s crude oil, followed by Western 
Europe. Evidences in Table 1 show that exports from Nigeria to its major trading blocs 
have been increasing quite steadily. Total export to the 17 countries, which was  
US$ 10,658.97 million in 1999, increased to US$ 49,931.53 million and US$ 85,538.03 
million in 2006 and 2012, respectively. The total exports to the 17 countries constituted 
about 90.7% of Nigeria’s total exports in 2012. Similarly, Nigeria’s exports to the nine 
EU countries increased from US$ 2615.58 million in 1999 to US$ 11,751.33 million and 
US$ 36,346.39 million, respectively, in 2006 and 2012. The largest trading partners in 
the EU countries in 2012 were the Netherlands, Spain, the UK and Germany. 

Nigeria’s export flows to the BRICS economies have also been increasing over the 
years, with India and Brazil remaining the largest importers of Nigeria’s crude oil during 
the period. Total exports to the BRICS economies rose to US$ 25,095.30 million, 
constituting about 26.6% of Nigeria’s total exports, from US$ 4780.35 million in 2004. 
The USA has been Nigeria’s largest importer among the 17 trading partners during the 
period. Nigeria’s exports to the USA constituted about 50% of its total exports in 2004, 
but declined steadily to 18.8% in 2012. 

Table 2 Nigeria’s external sector data 

Exports (FOB) Imports (CIF) Exchange Rates External Reserves
Year (US$ Million) (US$ Million) (N/US$ 1.00) (US$ Million)
1999 13,855.60                     8,587.80                    92.69                   5,424.60                    
2000 20,975.00                     8,721.30                    102.11                 9,386.10                    
2001 17,261.00                     11,585.80                  111.94                 10,267.10                  
2002 15,107.00                     7,547.00                    120.97                 7,681.10                    
2003 19,887.00                     10,853.40                  129.36                 7,467.78                    
2004 31,148.00                     14,164.00                  133.50                 16,955.02                  
2005 55,144.47                     21,313.88                  132.15                 28,279.06                  
2006 57,443.88                     26,760.07                  128.65                 42,298.11                  
2007 65,133.06                     37,576.00                  125.83                 51,333.15                  
2008 86,316.49                     44,561.52                  118.57                 53,000.36                  
2009 56,789.07                     34,647.49                  148.90                 42,382.49                  
2010 78,532.09                     51,088.21                  150.30                 32,339.25                  
2011 97,163.83                     67,094.09                  153.86                 32,639.78                  
2012 94,322.33                     58,152.13                  157.50                 43,830.42                  
2013 95,118.05                     56,453.49                  157.31                 42,847.31                   

Source: Central Bank of Nigeria Statistical Bulletin 

Evidences in Table 2, however, show that Nigeria’s total exports witnessed a decline 
between 2000 and 2002, in response to the decline in the international prices of crude oil 
during the period. Consequently, export promotion policies were adopted between 2002 
and 2007 to enhance the marketability of exports through product diversification, 
standardisation and quality improvement, strengthening and improving the institutional 
framework to provide better support services to exporters and providing export 
incentives. Accordingly, total exports rose from US$ 19,887.00 million in 2003 to US$ 
65,133.06 million in 2007. Total exports increased further to US$ 95,118.05 million in 
2013. 
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Nigeria’s total imports, which stood at US$ 8587.8 million in 1999, increased to  
US$ 14,164.0 million and US$ 44,561.52 million in 2004 and 2008, respectively. It, 
however, declined to US$ 34,647.49 million in 2009 reflecting the decline in oil prices 
and the subsequent reduction in total exports. It increased to US$56,453.49 million in 
2013. The upward trend in imports was largely attributable to the depreciation of the 
exchange rate of the naira vis-à-vis the US dollar and the increased tempo in economic 
activities, especially the deregulation of the communication and downstream oil sectors. 
The import structure indicated that capital goods and raw materials constituted the bulk 
of the total imports. 

Meanwhile, the exchange rate of the naira depreciated to N111.94/US dollar in 2001, 
from N92.69/US dollar in 1999. In spite of the reintroduction of the Dutch Auction 
System (DAS) in July 2002 to stem the depletion of external reserves and realign the 
naira exchange rate, the rate depreciated to N120.97/US dollar in 2002. However, the 
exchange rate appreciated between 2005 and 2008, largely reflecting the moderation in 
the demand pressure at the foreign exchange market. The rate, however, depreciated to 
N157.31/US dollar in 2013. Similarly, the level of Nigeria’s external reserves as at end 
1999 stood at US$ 5424.60 million, which almost doubled to US$ 10,267.10 million in 
2001. However, following severe pressure witnessed in the external sector, external 
reserves fell to US$ 7467.78 million in 2003, but rose to US$ 28,279.06 million and  
US$ 53,000.36 million in 2005 and 2008, respectively. It finally stood at US$ 42,847.31 
as at December 2013. It is clear from the above stylised fact that a more robust approach 
of analysing the flow of Nigeria’s exports is desirable. It is pertinent, for instance, to 
know what factors matter the most for sustained trade flows for Nigeria vis-à-vis its 
major trading partners. The model that is more readily available is the gravity trade 
model, which, over the years, has proved very useful in this regard. 

3 Research methodology 

Modelling of bilateral trade has developed over the last 40 years. Kepaptsoglou et al. 
(2010) argue that the gravity model is very popular among researchers and has been 
extensively used for assessing trade policy implications because of its considerable 
empirical robustness and explanatory power. Critiquing the gravity model, however, 
Bergstrand (1985) argues that despite the model’s consistently high statistical explanatory 
power, its use for predictive purposes has been inhibited owing to an absence of strong 
theoretical foundations. Filippini and Molini (2003) further opine that while the gravity 
model has often been characterised as ‘facts without theory’, consistency of its results 
with facts makes it very popular for practical applications. 

The OLS method has traditionally been the usual technique for estimating the 
coefficients of the gravity model specification in its log-linear form. While OLS is still 
implemented for analysing and evaluating policies according to Siliverstovs and 
Schumacher (2008), researchers have indicated methodological and modelling flaws in 
the development of the gravity models using OLS. In view of these, Peridy (2005) 
employs a variety of modelling techniques (OLS, fixed effects, random effects, HTM, 
GMM and ABB) and comes up with a number of comments by comparing their results. 
Similarly, Arellano and Bond (1991), Ahn and Schmidt (1992) and Keane and Runkle 
(1992) advocate the use of the GMM methodology for the estimation of dynamic panel 
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models or panel models with predetermined rather than exogenous right-hand variables. 
This paper utilises both the POOL regressions and GMM-based panel estimations. 

Early econometric approaches for modelling trade flows have focused on the gravity 
model specification, which is analogous to Newton’s law of gravity, which states that the 
gravity between two objects is directly related to their masses and inversely related to the 
distance them: 

 i j
ij

ij

Y Y
F G
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  (1) 

where Fij denotes the flow of trade from country i to country j. Yi and Yj are the 
economic sizes of the two countries, which is usually measured as the GDP, or per capita 
GDP. Dij measures the distance between countries where G is a gravitational constant. 
The above equation can be slightly modified to incorporate additional variables and 
expressed into a log-linear regression model as follows: 

0 1 2 3 4ln  ln ln – ln ln  ij i j ij ij ijx y y d            (2) 

Equation (2) depicts the relation between trade flows (which can be bilateral imports, 
exports or total trade) and explanatory variables which refer to the sizes of the trading 
partners’ economies (mass variables), their proximity (distance) and a vector of other 
factors, δij, believed to be promoting or discouraging trade between them. α0 and α1 – α4 
are elasticities. εij is the disturbance term, log(εij) is assumed to be iid with zero mean 
E(log(εij)) = 0, and a constant variance. Some of these variables identified in the literature 
include population; size similarity, originally motivated by Helpman (1987); GDP per 
capita, which according to Bergstrand (1985) serves as a proxy for the capital–
endowment ratio. In line with the above justifications from the literature, equation (2) is 
further slightly modified to include additional variables. This is specified in the next 
subsection. 

3.1 Specification of empirical model 

On the basis of the above theoretical and empirical views, the empirical model of this 
paper is specified as follows: 
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In equation (3), (i) and (j) denote the exporter country, Nigeria, and the importer 
countries, i.e. a total of 17 countries: Belgium, Brazil, Canada, China, France, Germany, 
India, Italy, Japan, the Netherlands, Portugal, Russia, South Africa, Spain, Sweden, the 
UK and the USA, while t denotes time. Exports data were sourced from IMF’s Direction 
of Trade Statistics (DOTS). Other variables are explained as follows: yi is the market size 
variable for Nigeria, which is the source of exports, and yj is the market size variable for 
the importer, which is the destination country is measured as respective country’s real 
GDP. Data were obtained from the International Financial Statistics (IFS). International  
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crude oil price and producer price index were used as measures of relative prices for local 
(i) and destination (j) countries; RFE indicates relative factor endowment, and SIM1 
stands for similarity index. The later two variables can be defined as follows: 

, , ,RFE  InPGDP – InPGDPij t i t j t  (4) 

 
 

 
 

2 2

,

ln GDPln GDP
SIM  ln 1

ln GDP GDP ln GDP GDP

ji
ij t

i j i j

                    

 (5) 

RFEij takes a minimum of zero if both countries exhibit equal GDP or production.2 The 
Linder hypothesis predicts that an increased difference between per capita GDP of source 
and destination countries will decrease trade of monopolistically competitive products 
under the assumption of differentiated tastes, and thus α5 < 0. The range of SIM is given 
by 0 < SIMij,t < 0.5, where 0.5 means ‘equal’ and zero implies ‘absolute divergence’ in 
country size. Krugman (1981) shows that the nature of trade depends on similarity of 
countries in terms of factor endowment (which supports the Linder hypothesis), and trade 
between countries increasingly becomes intra-industry as they become more similar. 

As a proxy for transportation cost, longer geographical distance implies a higher level 
of transportation cost and thus reduces trade flows (Bergstrand, 1985; Srivastava and 
Green, 1986). However, Nitsch (2000) proposed a more detailed method for calculating 
intra-country distances as a function of country size. In this paper, geographical distance 
between countries is estimated by airline distance in kilometres between major cities and 
data for this were obtained from www.happyzebra.com/distance-calculator. Population 
figures were obtained from the World Development Indicators (WDI) for destination 
countries only. For binary variables, cultural similarity according to Srivastava and Green 
(1986) is measured by a dummy variable, i.e. 1 if both countries share the same dominant 
religion and language, or 0 if otherwise. In this paper, all the dummy variables used 
assume a value of 1 for EU countries, BRICS countries and English as an official 
language, and a value of 0 if otherwise. 

4 Results presentation and analysis 

The above model was estimated using data spanning over a period of 14 years (1999–
2012). Results from preliminary investigations presented in Appendix A reveal that 
exports, market size and population have relatively higher log mean ranging between 
18.0 and 27.7. Others, with the exception of the binary variables, have moderate log 
mean of between 3.0 and 8.6. The series show evidence of both negative and positive 
skewness and in some few cases, the Kurtosis statistic is above 3, which suggest 
evidence of fat tails. Low probability values of Jarque–Bera statistic in most of the series 
refute the null hypothesis of normality in the distribution. 

Empirical results from the estimation of equation (3) are presented in Table 3. Results 
from POOL regression model were based on two-stage least square/instrumental variable 
method, while those from the panel FE and RE were based on panel GMM with cross-
section random effect in the latter. However, the impact of time invariant regressors, 
distance, trading bloc and language were dropped in the FE model but well  
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accommodated in the RE. Oddly, Wei and Frankel (1997) reject the inclusion of country-
pair dummies a priori on the basis that doing so would undermine their efforts at 
estimating the effects of variables that are constant over the sample period. 

Table 3 Regression estimates of gravity trade model for Nigeria 

POOL regression Panel regression 
Coefficient 

POOL FE RE 

Constant –24.48** 
(–2.521) 

–82.079 
(–0.793) 

–23.883 
(–0.803) 

lnyi – exporter’s GDP 1.838*** 
(4.827) 

1.841 
(1.391) 

1.858 
(1.496) 

lnyj – importers GDP 1.220*** 
(5.353) 

0.124 
(0.177) 

1.889** 
(2.147) 

lnpi – crude oil price –0.298** 
(–2.125) 

–0.264 
(–0.381) 

–0.292 
(–0.419) 

lnpj – producer price index 0.378*** 
(8.715) 

0.549 
(0.991) 

0.373*** 
(3.826) 

lnRFEij – relative factor endowment –0.793** 
(–2.534) 

–0.946* 
(–1.772) 

–0.799 
(–1.381) 

lnSIMij – similarities –2.516* 
(–1.947) 

–0.706 
(–0.285) 

–2.294** 
(–2.594) 

lnpopj – population 0.188 
(0.580) 

2.986 
(0.568) 

0.183 
(0.312) 

lndisij – geographical distance –3.882*** 
(–23.38) 

Dropped –3.911*** 
(–7.051) 

dum1eu – European Union 1.125*** 
(7.232) 

Dropped 1.231 
(1.479) 

dum2brics – BRICS –2.109*** 
(–9.983) 

Dropped –2.147*** 
(–3.379) 

dum3lan – language –4.201*** 
(–24.75) 

Dropped –4.223*** 
(–5.170) 

Adjusted R2 0.573 0.674 0.553 

DW 1.313 1.937 1.340 

Hausman’s test   0.00 [prob 1.00] 

Notes: Theoretical values of t are in parenthesis. 

  ***Significance at the 1% level. 

  **Significance at the 5% level. 

  *Significance at the 10% level. 

Source:  Researcher’s computation using Eviews version 7.0 

In line with expectation, market size elasticities of both the source and destination 
countries are consistent and statistically significant in the POOL and RE regressions. It is 
clear from the estimates, for instance, that a simultaneous 1% increase in real GDP of 
both countries will increase Nigeria’s exports by 1.8% and increase imports by 1.2–1.8% 
in the recipient country. This concurs with findings reported by empirical studies on  
positive and significant effect of market size on the importing and exporting countries’ 
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bilateral trade flows (Geraci and Prewo, 1977; Bergstrand 1985; Srivastava and Green, 
1986). Intuitively, it suggests that the market size of importing country is capable of 
absorbing its imports, while the market size of the exporting country is equally capable of 
manufacturing products needed by foreign customers. 

The price levels of nations affect trade activities (Brewer, 1985). A decrease in world 
crude oil price lowers production cost at industry level and is expected to increase 
exports, while a rise in the producer price index in the country of destination is trade  
promoting. Estimates of price elasticities in the POOL regression show robust and 
statistically significant coefficients and although only the importer’s price elasticity is 
significant in the RE model, the magnitude of the impact is virtually the same across the 
model. Furthermore, the absolute sum of the two price elasticities is less than unity, thus 
not fulfilling the Marshal–Lerner3 hypothesis for Balance of Payment (BOP) equilibrium 
condition. The elasticity of RFE measured in equation (4) is quite strong and bears  
the hypothesised sign in both POOL and FE regressions. Although this rejects the 
Heckscher–Ohlin–Samuelson (HOS) theorem, it, however, indicates that the Linder 
hypothesis successfully explains the pattern of Nigeria’s exports. Serlenga and Shin 
(2007) and Kabir and Salim (2010) found RFE to be positive and significant in the 
traditional FE, RE estimations, which in their own case favours the HOS theorem. 
Similarly, SIM elasticity measured in equation (5) is found to be both significant and 
correctly signed in POOL and RE regressions, which further supports the Linder 
hypothesis. According to the hypothesis, an increased difference between per capita GDP 
of source and destination countries will decrease trade of monopolistically competitive 
products under the assumption of differentiated tastes, and thus α6 < 0. 

Population is another indicator of market size (Brodzicki, 2009; Kien, 2009). Results 
from the three estimations, however, yield theoretically consistent but statistically 
insignificant elasticity of population. Kien (2009) reports negative coefficient for 
importer and exporter populations in his empirical studies. The sign of geographical 
distance elasticity is robust and statistically significant at the 1% level and bears 
hypothesised sign across. This supports Balassa (1966) and Balassa and Bauwens (1987), 
who found negative correlation between geographical distance and trade. Similarly, 
studies by Kien (2009), Shepotylo (2010) and Kabir and Salim (2010) report analogous 
findings on log of distance in their empirical studies on ASEAN free trade area, Ukraine 
and BIMSTEC countries, respectively. Comparably, a 1% increase in log of distance 
lowers trade by 3.88 (POOL) and 3.91 (random effect). 

On trading blocs, dummy elasticities show strong evidence of positive impact for EU 
membership on exports and a negative impact for BRICS countries. Although the former 
is in consonance with the hypothesised value, the latter, especially given the market size 
and level of industrial activities in the bloc, is anti-theoretical. On other qualitative 
coefficients, Frankel and Rose (1998) demonstrate the importance of culture, distance, 
language, religion, etc., in analysing bilateral trade flows. Balassa (1966) and Balassa and 
Bauwens (1987) found a positive sign for some of these factors. Accordingly, in Table 3, 
the coefficient of elasticity for language (cultural similarity) across the two estimations is 
robust, negatively signed and statistically significant at the 1% level. Lastly, results from 
robustness tests show that the adjusted R2 is strong and this suggests that the vector of 
exogenous variables account for over 55% variations in the level of exports. The DW 
statistic also suggests absence of serial correlation in the idiosyncratic random error, 
while the Hausman test accepts the hypothesis that random effect specification is better. 
The cross-section random effect tests yield high probabilities indicating significant 
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difference in the variances of FE and RE estimates. On the whole, the above results 
situate well within the body of empirical findings in the area. Thus, it is safe to conclude 
that the gravity trade model adequately explains the flow of bilateral trade between 
Nigeria and its trading partners. 

5 Conclusion 

The gravity trade model has been widely employed in the analysis of bilateral trade 
despite its lack of theoretical foundations. In the aftermath of the global financial crisis, 
Nigeria has pursued bilateral trade negotiations with a number of non-traditional trading 
partners. Evidences from stylised facts show significant improvements in the flow of 
export trade over the last one decade. In 2012 alone, for instance, about 75% of Nigeria’s 
exports and 65% of its imports were directed to/from Europe, the USA and Asia. This 
paper therefore assesses the determinants of Nigeria’s export trade using panel data from 
1999 to 2012 comprising nine EU countries, BRICS countries and three others: Canada, 
Japan and the USA. 

The results from empirical analysis demonstrate the relevance of gravity trade model 
in determining Nigeria’s export performance. Market size of both source and destination 
countries, export and import prices, relative factor endowment and similarities in 
economic structures exert significant effects on the gravity model. In particular, findings 
lend support to the famous Linder hypothesis. Generally, as these findings situate well 
within the body of empirical studies reported above, it unambiguously indicates the 
relevance of the gravity trade model in predicting the flow of Nigeria’s exports. 
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Notes 

1 Breuss and Egger (1999), Egger (2000), Egger (2002) and Serlenga and Shin (2007) define 
SIM as in equation (5) above. 

2 The Linder (1967) hypothesis implies that the greater the difference in per capita income 
between two countries, the lower the share of the bilateral intra-industry trade. Bergstrand 
(1985), for instance, shows that the gravity equation can explain the impact of differences of 
national and per capita income and capital-to-labour ratio on the degree of intra-industry trade 
between two countries. 

3 When the sum of price elasticities of demand for exports and imports in absolute terms is 
greater than unity, devaluation will improve the country’s BOP, i.e. ex + em > 1. 
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Appendix A: Summary of statistics 
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Performance evaluation of biotech crops in  
emerging markets: the case of India 
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Abstract: Several studies have found that biotechnology crops increase yield 
and reduce the use of pesticides. These studies failed to consider the long-run 
growth of the pest population as it becomes more resistant to both pesticide-
producing crops and the pesticides. There is evidence that biotechnology crops 
do not prevent pest density from growing and different types of new pests from 
emerging. The objective of this paper is to evaluate the performance of 
biotechnology crops in India, explicitly taking into account the pest density. 
Stochastic production function is used to capture the impacts of the inputs on 
the mean of the output and the effect of pest density on the variability of the output. 
Furthermore, comparative analysis is conducted between biotech and non-
biotech crops using the elasticities of the insecticides and human labour with 
respect to the yield. The results show that the presence of new pests has nullified 
the productivity gains from biotech seeds and the associated insecticides. 

Keywords: biotech crops; pest density; stochastic production function; India. 
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1 Introduction 

Biotechnology (BT) crops have been developed to substitute for conventional crops 
across the globe. They have been commercialised for more than two decades. Most BT  
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crops were designed by companies like Monsanto, Syngenta and others to produce 
natural insecticides that fight against pests. Eighteen developing countries, including 
India, adopted the technology over the period of 1996–2010 (James, 2010). In particular, 
India has been cultivating BT crops, mostly cotton and maize, since 2002. Previous 
studies that evaluated the performance of the technology have undertaken farmer-level 
analysis using survey data, and most results are quite similar in the sense that they 
conclude that productivity increased. According to the results of the studies provided in 
Table 1, biotechnology crops increase yield and reduce the use of pesticides. However, 
these studies did not take into consideration the dynamic evolution of pest density. Also, 
there are some sucking pests like aphids and jassids over which BT crops have no 
control, and farmers still need to increase the use of insecticides. This type of pests which 
increase in numbers as other more traditional pests are targeted by the GM crops can 
cause significant damage to BT crops. In Australia, pesticide use against bollworms has 
dropped, but farmers still spray their BT cotton fields with insecticides 4.6 times per 
year. Furthermore, in the state of Andhra Pradesh in India, farmers that grow BT crops 
increase the number of sprays against the secondary pest aphids more than farmers 
growing conventional crops. Even in the USA, where BT crops have been widely used, 
insecticide applications against bollworms have declined by half due to the introduction 
of BT crops, but total insecticide use has remained stable due to the increasing 
importance of the secondary pests (Benbrook, 2003). 

Table 1 The results of some studies on BT crops 

Countries Year and rate 
of adoption 

Author Findings 

1995(0.7%) 

1998 (3.6%) 

2000 (5.4 %) 
Argentina 

2001–2002 (5%) 

Qaim and De Janvry 
(2005) (IV estimates and 
quadratic specification of 
the yield function) 

Bt technology reduces 
applications rates of toxic 
chemicals by 50%, and  
increases the yield significantly 

1996–1997(8%) 
Australia 

2001–2002(30%)
James (2002) 

The average number of sprays 
required by Bt cotton is 40% less 
than that required y non-BT 

African countries  Mulwa et al. (2013) 

For producers, Bt cotton provides 
improved control of insects and 
weeds, reduced input costs such 
as labour and chemical 
application costs, increased 
yields, reduced exposure to 
chemical and increased incomes. 

Burkina Faso 2005 Vitale et al. (2008) 

Bt cotton increased yields by  
an average of 20% and reduced 
insecticide applications by  
two-thirds 

March 2002 

India 
2005 (25%) 

Kathage and Qaim (2012)

Bt has a positive net impact on 
cotton yield per acre. Ceteris 
paribus, Bt increases cotton  
yield by 126 kg per acre, which  
is equivalent to a 24% gain over 
mean yields on conventional 
cotton plots. 
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Table 1 The results of some studies on BT crops (continued) 

Countries Year and rate 
of adoption 

Author Findings 

Kenya 
62.7 % of land  
for Bt maize De Groote et al. (2011) 

Bt maize was designed against 
four major pests in Kenya. Ex 
ante economic impact of Bt maize 
in Kenya was assessed: economic 
surplus was calculated at $208 
million over 25 years of adoption. 

Pakistan 2010 Kouser and Qaim (2013) 

The total perceived health and 
environmental benefit is US$ 79 
per acre. Out of this, 47% is  
due to positive health effects, 
20% due to higher farmland 
biodiversity and 33% due to 
lower soil and groundwater 
contamination 

Bt cotton farms recorded average 
yields of 1133 kg/ha compared  
to 880 kg/ha for conventional 
cotton. South Africa  Finger et al. (2011) 

The cost of pesticides reduced by 
more than half. 

1996 (14%) 

USA 
2001 (34%)  

Edge et al. (2001) 

The findings after 5 years of 
commercial use on >2 × 106 ha 
globally indicate that Bt cotton 
provides an effective method for 
lepidopteron control that is safer 
to humans and the environment 
than conventional broad-spectrum 
insecticides, making Bt cotton a 
valuable new tool in integrated 
pest management. 

USA, Australia, 
China and India 

 Finger et al. (2011) 

The estimated yield increase due 
to Bt cotton adoption ranges from 
almost zero (USA, Australia and 
China) to about 50% in India. 

The strategies of integrated pest management, which includes the use of BT crops,  
were developed with little attention to the dynamics of pests or the role of predators, 
parasites and others biological control organisms. As a matter of fact, the combination of 
insecticide resistance and resurgence of the cotton bollworm, the cotton aphid and other 
pests has become a major threat to cotton production in China (Wu and Guo, 2005). 

The emergence of the secondary pests upon the use of BT crops do have some 
economic implications which should not be overlooked. For example, the production 
costs have increased for farmers because they have to spray additional insecticides due to 
the secondary pests. In addition, the technology is expensive for the impoverished 
farmers with little working capital because of the enforcement of the Intellectual Property 
Rights (IPRs). In other words, in addition to seed costs, seed companies charge farmers a 
technology fee. As a result, the seeds become more expensive for farmers who may end 
up bankrupt mostly in the presence of some uncertainty due to new emerging pests, 
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random weather conditions and even some market distortions. The proliferation of new 
pests will affect not only the output of biotech crops, but also farmers’ decision on 
whether to adopt the technology or not. Indeed, some studies show there is no economic 
benefit for farmers planting BT seeds compared with those who planted conventional 
seeds. Wang et al. (2008) suggest that the main reason for the eroding advantage of BT 
cotton was the increasing prevalence of the secondary pests for which BT was never 
designed to control and the higher cost of BT-cotton seeds. For example, from 1999 to 
2004, the quantity of pesticide used to control secondary pests increased several folds in 
four provinces which were the subjects of studies conducted in China. Similarly, the 
pesticide used to control secondary pests in 2004 dominates that for 2001 at all levels of 
use, thus suggesting that pesticide expenditures due to secondary pests have increased the 
cost of production Wang et al. (2008). Since the technology presents some risks which 
can affect farmers’ adoption decision, seed companies are also at risk because their seeds 
may no longer be attractive to farmers in the long run. Biotech seed companies should 
consider these negative externalities and come up with more advanced features which can 
overcome the secondary pests. 

The goal of this paper is to explicitly consider the presence of the secondary pests in 
order to provide a more accurate evaluation of the biotech seeds. Using a Just–Pope 
production function, we consider risky elements that affect yield variability. In general, 
farmers cannot accurately predict either the population growth of the pests that could 
attack their crops in the next generations or the rainfall that could favour the presence of 
pests. In many agricultural situations, both pest density and rainfall are very important 
variables Shankar et al. (2008). Considering the impact of new pests on biotech 
production, the results show that their presence has nullified the productivity gains from 
biotech seeds and the associated insecticides. 

2 Theoretical approach 

Following Qaim and De Janvry (2005) and Shankar et al. (2008), we use a Just–Pope 
production function to represent agricultural production: 

 ,ijt ijt ijtY Q X     (1) 
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where Y accounts for yield, X is an input vector and Z represents pest density. The 
subscripts i, j and t stand for state, crops and the time period, respectively. 

The coefficients  and α are related to the inputs and the pest density, respectively. 
Inserting equations (2) and (3) into (1), the model becomes 
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The effects of the inputs on the mean of the output are given by E(Yijt) = Q(Xijt, ) and  

the effects of the pest density on the output variance are portrayed by  V(Yijt) = h(Zijt) = 
exp{log(0)+ mmlog(Zijt)}, under the assumption that eijt is normally distributed with 
mean 0 and variance 1. 

Therefore, the error term ijt is normally distributed with mean 0 and variance  
hijt = exp{log(0)+ mmlog(Zijt)}, Q(Xijt, ) follows quadratic specification and h(Zijt) 
follows Cobb–Douglas specification, which assumes constant returns to scale.  
Equation (4) is estimated using the maximum likelihood method. Saha et al. (1997) use 
Monte Carlo experiments to show that the maximum likelihood method for a stochastic 
production functions provides unbiased and more efficient estimates than feasible 
generalised least square. 

3 Data description 

This study is conducted using the data from the Directorate of Economics and Statistics, 
an attached office of the Department of Agriculture and Cooperation that publishes 
statistics on diverse aspects of agriculture for policy formulation by the Government of 
India. The data set which is between 1996 and 2009 covers 19 states in India and seven 
crops: cotton, maize, wheat, paddy, urad, gram and Rapeseed and Mustard (R&M). Some 
states do not produce all the seven crops, and some crops were not produced during the 
entire period selected. For example, the state of Assam does not produce cotton, gram, 
maize or wheat, only produced urad between 2008 and 2009, and produced paddy and 
R&M between 1996 and 2009. Similarly, the state of Andhra Pradesh produces gram 
(from 2005 to 2006), cotton, maize, paddy and urad for the entire period, but does not 
produce wheat and R&M. The data set comprises the costs of insecticides, but for the 
production function we need the physical quantity of insecticide inputs. We thus use the 
cost share of insecticides relative to the total costs of cultivation as a proxy for quantity. 
For lack of data on capital, interest paid on working capital is used as proxy for input 
capital. In the context of this paper, we use the yield (Qtl/ha) as output of the seven 
crops. Cotton, wheat and maize are the major biotech crops in India (James, 2010). The 
inputs are seed (kg), fertilizer (kg nutrients), manure (Qtl), human labour (man hrs), 
animal labour (pair hrs), insecticides and capital. Figure 1 provides an idea of the 
different types of pests. It shows that BT crops (cotton, wheat and maize) endure a strong 
pressure from insects, while non-BT crops are usually attacked by fungi and weeds. 

Table 2 describes the data used for biotech crops (cotton, wheat and maize) and  
Table 3 provides the description of the data used for non-biotech crops (paddy, gram, 
urad and rapeseed & mustard). After deletion of the missing observations and the 
removal of the outliers, the number of observations came down to 111, 101 and 59 for 
cotton, wheat and maize, respectively. Among the biotech crops, cotton is extensively 
cultivated in India and as is described in Table 2, it is a human labour, insecticides and 
capital intensive crop. The cultivation of cotton costs more for farmers than that of wheat 
and maize. For example, on average the cultivation of cotton requires 763.69 manual 
hours of human labour, 79% of the total cost goes into the purchase of insecticides and an 
interest of Rs. 325.90 is paid on the working capital. Similarly, the cultivation of wheat 
on average requires 428.71 manual hours of human labour, 40% of the total cost is spent 
on insecticides and an interest of Rs. 245.53 is paid on working capital. Maize requires 
on average 579.80 manual hours, 20% of the total costs for insecticides and an interest of 
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Rs. 227.94 on the working capital. Table 3 describes the data used for the non-biotech 
crops (paddy, urad, gram and rapeseed & mustard). The numbers of observations are 171, 
66, 74 and 86 for paddy, urad, gram and rapeseed & mustard, respectively. 

Figure 1 Different types of pests per crops (see online version for colours) 

 

Source: Indian Department of Agriculture and Cooperation 

Table 2 Descriptive statistics: biotech crops in India 

Variables N Mean Std. dev Min Max 

Cotton 

Yield 111 12.55 8.00 2.53 46.47 

Seed 111 17.18 31.53 0.00 156.49 

Fertilizer 111 113.04 53.98 2.69 308.46 

Manure 111 13.08 12.78 0.00 61.34 

Human labour 111 763.69 273.74 184.87 1617.30 

Animal labour 111 52.693 40.75 0 .13 150.80 

Capital 111 325.90 142.35 24.28 728.83 

Insecticides 111 0.79 0.63 0.02 3.80 

Wheat 

Yield 101 27.87 10.67 5.05 48.34 

Seed 101 117.63 37.23 3.53 157.99 

Fertilizer 101 128.90 56.18 18.73 236.79 

Manure 101 9.76 16.38 0.00 83.58 

Human labour 101 428.71 137.14 163.56 802.06 

Animal labour 101 36.16 35.68 0.41 179.20 

Capital 101 245.53 82.41 71.04 405.94 

Insecticides 101 0.40 0.64 0.04 2.37 
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Table 2 Descriptive statistics: biotech crops in India (continued) 

Variables N Mean Std. dev Min Max 

Maize 

Yield 59 22.12 10.68 6.41 45.66 

Seed 59 26.38 18.63 1.56 117.32 

Fertilizer 59 105.84 57.19 24.39 258.54 

Manure 59 18.80 15.56 0.00 50.49 

Human labour 59 579.80 163.39 286.23 1267.40 

Animal labour 59 63.32 27.34 4.35 111.57 

Capital 59 227.94 148.26 49.40 694.83 

Insecticides 59 0.20 0.35 0.002 2.33 

Table 3 Descriptive statistics non- biotech crops in India 

Variables N Mean Std. dev Min Max 

Paddy 

Yield 171 34.09 12.58 2.19 70.53 

Seed 171 45.01 39.83 0.00 115.92 

Fertilizer 171 124.20 68.34 0.68 265.35 

Manure 171 19.58 15.61 0.00 80.42 

Human labour 171 823.19 253.12 121.71 1327.30 

Animal labour 171 79.23 72.753 0.40 259.37 

Capital 171 326.46 151.04 76.68 726.40 

Insecticides 171 0.70 0.84 0.001 3.62 

Urad 

Yield 66 4.93 2.08 2.16 12.94 

Seed 66 22.61 7.03 6.75 39.98 

Fertilizer 66 16.55 19.33 0.00 82.84 

Manure 66 2.15 3.16 0.00 19.80 

Human labour 66 346.94 88.86 94.20 578.73 

Animal labour 66 43.09 34.64 1.51 109.95 

Capital 66 152.97 144.01 49.14 716.84 

Insecticides 66 0.09 0.16 0.0006 0.91 

Gram 

Yield 74 9.52 2.91 5.05 19.90 

Seed 74 67.65 24.00 1.24 101.19 

Fertilizer 74 34.83 31.67 1.70 157.48 

Manure 74 1.89 8.95 0.00 73.83 

Human labour 74 327.85 128.65 185.18 801.91 

Animal labour 74 36.08 19.86 2.49 83.61 

Capital 74 177.10 94.13 59.65 555.61 

Insecticides 74 0.11 0.18 0.0002 0.95 
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Table 3 Descriptive statistics non- biotech crops in India (continued) 

Variables N Mean Std. dev Min Max 

Rapeseed & mustard 

Yield 86 14.10 11.25 4.33 68.01 

Seed 86 7.71 11.02 0.00 85.17 

Fertilizer 86 91.64 42.69 8.17 212.89 

Manure 86 6.90 9.18 0.00 45.31 

Human labour 86 438.17 151.48 229.47 999.87 

Animal labour 86 55.48 71.71 0.36 244.29 

Capital 86 203.09 110.10 57.95 593.56 

Insecticides 86 0.061 0.07 0.0003 0.36 

On average, human labour is more heavily used in the cultivation of paddy than on any 
other non-biotech crops. For example, 823.19 manual hours is dedicated to paddy 
compared to 327.85 manual hours devoted to the cultivation of gram. Insecticides 
accounts for 70% of the total cost and interests of Rs. 326.46 are paid on working capital 
for the cultivation of paddy. As for urad, gram and rapeseed & mustard, the cost share of 
insecticides is 0.9%, 11% and 0.61%, respectively. In sum, the cultivation of cotton is 
more expensive in India than that of other biotech crops. Among non-biotech crops, the 
cultivation of paddy is the most expensive. 

4 Estimation methods 

Equation (4) is estimated with the maximum likelihood method under heteroscedasticity 
following the three-step process described by Just and Pope (1979). Specifically, Harvey’s 
multiplicative heteroscedasticity is considered to estimate the model parameters.  

In the procedure, we define 1,T T
ijt ijtV Z    , where T

ijtZ  are the suspected variables causing 

heteroscedasticity. In the context of this paper, the pest density is specified as the main 
factor causing heteroscedasticity because it may affect the variability of the yield under 
the adoption of the agricultural biotechnology. Some other factors such as rainfall, 
agroecological factors and farmers’ education level could also affect the variability of the 
yield, but they are not considered in this paper due to lack of data. Furthermore, the 
emergence of the new pests is likely to be followed by additional applications of 
pesticides or insecticides that require additional human labour. As a result, we use the 
quadratic forms of insecticides and that of human labour as proxies for the unknown 
level of pest density. Therefore, in our model T

ijtZ  is defined as follows: 

 insectices squared, human labour squaredT
ijtZ   

5 Estimation results 

The estimation of the equation (4) was conducted for each of the seven crops separately 
because the contribution of the inputs to the yield and the agroecological conditions for 
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the crops are not identical across India. The estimation results of each crop are presented 
in Tables 4–10. Since the goal of this study is to evaluate the performance of biotech 
crops taking into account the presence of new pests, we are primarily interested in the 
estimates of insecticides, insecticides squared, human labour and human labour squared. 

Table 4 Estimation results: cotton 

Variable Estimated coef. Std. error t-ratio 

Mean equation 

Seed –0.29066 0.9359e–01 –3.106 

Fertiliser 0.29021e–01 0.2746e–01 1.057 

Manure 0.10500 0.6923e–01 1.517 

Human labour 0.38707e–02 0.9771e–02 0.3961 

Animal labour –0.69757e–01 0.2905e–01 –2.402 

Capital –0.23211e–01 0.1365e–01 –1.701 

Insecticides 5.0425 1.265 3.985 

Seed squared 0.27044e–02 0.6244e–03 4.331 

Fertiliser squared –0.54806e–04 0.7701e–04 –0.7117 

Manure squared –0.23080e–02 0.1212e–02 –1.904 

Human labour squared –0.20611e–05 0.4265e–05 –0.4833 

Animal labour squared 0.14101e–03 0.2202e–03 0.6405 

Capital squared 0.53386e–04 0.1663e–04 3.209 

Insecticides squared –1.5010 0.3899 –3.850 

Constant 10.350 4.692 2.206 

Variance equation 

Human labour squared –1.1558 0.1757 –6.580 

Insecticides squared –0.21893 0.8068e–01 –2.713 

Constant 17.395 2.311 7.529 

R2 0.6339 

Log-likelihood function –292.655 

Table 5 Estimation results: wheat 

Variable Coef. Std. error t-ratio 

Mean equation 

Seed 0.17615 0.5345e–01 3.295 

Fertilizer 0.17703 0.4904e–01 3.610 

Manure 0.34118 0.7422e–01 4.597 

Human labour 0.66168e–01 0.2373e–01 2.789 

Animal labour –0.83836e–01 0.3801e–01 –2.206 

Capital –0.12816e–01 0.2271e–01 –0.5642 

Insecticides 9.2862 2.544 3.651 

Seed squared 0.32071e–03 –0.3332e–03 –0.9624 
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Table 5 Estimation results: wheat (continued) 

Variable Coef. Std. error t-ratio 

Fertilizer squared –0.40069e–03 0.2001e–03 –2.002 

Manure squared –0.35215e–02 0.8967e–03 –3.927 

Human labour squared –0.64594e–04 0.2102e–04 –3.072 

Animal labour squared 0.20123e–03 0.1826e–03 1.102 

Capital squared 0.27535e–04 0.4497e–04 0.6122 

Insecticides squared –0.95707 1.264 –0.7570 

Constant –19.355 7.359 –2.630 

Variance equation 

Human labour squared –1.7494 0.2253 –7.763 

Insecticides squared –0.10943 0.3301e–01 –3.315 

Constant 22.861 2.664 8.580 

R2 0.8393 

Log-likelihood function –264.641 

In the mean equation, the coefficients are interpreted as the expected value of yield with 
respect to the variable inputs. For example, a positive sign on the estimated coefficients 
indicates an increase in the excepted value of the crop yield, and a negative sign on the 
estimated coefficients triggers a decrease in the expected value of the crop yield. For 
cotton (Table 4), the expected value of the yield increases by 5.0425 kg with a 1% 
increase in spending on insecticides. The negative coefficient of the insecticides squared 
variable is explained by the emergence of a new pest that has nullified the yield-
increasing characteristics of the insecticides. In other words, cotton yield experiences 
diminishing returns with the arrival of new pests despite the damage control 
characteristics of the insecticides. Similarly, the negative coefficient of human labour 
squared also shows diminishing returns in hours of labour spent on spraying insecticides. 
Unlike the coefficient of human labour, the coefficient of insecticides is highly 
significant. 

Table 6 Estimation results: maize 

Variable Coef. Std. error t-ratio 

Mean equation 

Seed 0.12230 0.1520 0.8047 

Fertilizer 0.18022 0.5478e–01 3.290 

Manure –0.13023 0.1796 –0.7252 

Human labour 0.68475e–01 0.2955e–01 2.317 

Animal labour –0.22665 0.9505e–01 –2.385 

Capital –0.97700e–02 0.2386e–01 –0.4096 

Insecticides –3.2416 5.693 –0.5694 

Seed squared –0.59176e–03 0.1235e–02 –0.4792 

Fertilizer squared –0.10903e–03 0.1954e–03 –0.5581 

Manure squared 0.27271e–02 0.3591e–02 0.7594 
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Table 6 Estimation results: maize (continued) 

Variable Coef. Std. error t-ratio 

Mean equation 

Human labour squared –0.54003e–04 0.2187e–04 –2.470 

Animal labour squared 0.16169e–02 0.8736e–03 1.851 

Capital squared 0.25934e–04 0.3017e–04 0.8596 

Insecticides squared 2.0264 3.015 0.6721 

Constant –9.9866 10.69 –0.9341 

Variance equation 

Human labour squared 0.99676 0.3488 2.858 

Insecticides squared –0.90357e–02 0.4574e–01 –0.1975 

Constant –9.9059 4.392 –2.255 

R2 0.8466 

Log-likelihood function –165.196 

Table 7 Estimation results: paddy 

Variable Coef. Std. error t-ratio 

Mean equation 

Seed –0.19637e–01 0.5200e–01 –0.3776 

Fertilizer 0.10464e–01 0.4657e–01 0.2247 

Manure 0.18718 0.8198e–01 2.283 

Human labour 0.63727e–01 0.1022e–01 6.238 

Animal labour –0.13911 0.3278e–01 –4.244 

Capital 0.58779e–01 0.1705e–01 3.447 

Insecticides 4.6177 2.222 2.078 

Seed squared 0.34276e–03 0.5050e–03 0.6788 

Fertilizer squared 0.26452e–03 0.1423e–03 1.859 

Manure squared –0.91656e–03 0.1267e–02 –0.7234 

Human labour squared –0.31437e–04 0.5899e–05 –5.329 

Animal labour squared 0.52031e–03 0.1068e–03 4.873 

Capital squared –0.86614e–04 0.2167e–04 –3.998 

Insecticides squared 0.41329 0.7484 0.5522 

Constant –11.942 4.716 –2.532 

Variance equation 

Human labour squared 0.10745 0.1478 0.7271 

Insecticides squared 0.12774 0.2596e–01 4.920 

Constant 2.2259 1.968 1.131 

R2 0.8075 

Log-likelihood function –522.395 
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Turning to the variability of the yield, human labour squared and insecticides squared, 
which are considered as proxies of the pest density, exhibit negative and significant 
impact on the variance of the yield. That is, additional applications of the insecticides and 
extra manual hours of work due to the presence of the new pests reduce the risk on yield. 
The risk-reducing effect could be coupled with the fact that biotech cotton seeds generate 
natural insecticides. Biotech wheat (Table 5) which is also a biotech crop experiences 
similar impacts of insecticides, insecticides squared, human labour and human labour 
squared on the yield in both the mean and the variance equations. Unlike cotton and 
wheat, maize (Table 6) shows a different yield pattern. For example, in the mean 
equation, the insecticides have an insignificant impact on the yield. Human labour has a 
positive and significant impact on the yield. In the variance equation, both variables have 
a risk-reducing impact on the yield and this is due again to the fact that maize is a biotech 
crop. The estimation results (Tables 7–9) from the mean equation for non-biotech crops 
(paddy, gram and urad) suggest that insecticides and insecticides squared have positive 
impact on the yield, unlike biotech crops. This result is compatible with the suggestion 
that these crops are not targeted by the secondary pests and once the primary pests are 
killed by the insecticides, additional applications of the insecticides can only contribute 
to an increase of the yield. However, these additional applications of the insecticides can 
also be harmful to the crops at certain points and they may even impede productivity 
(Lichtenberg, 1986). This fact may explain why the coefficients of the insecticides 
squared and human labour squared in the variance equation are positive for paddy. 
Additional use of the inputs can be risky for the yield. Human labour, exhibits 
diminishing returns to scale in the mean equation for paddy. The applications of the 
insecticides on urad increase yield by 5.00018 kg, and the coefficient on the insecticides 
squared in the mean equation is positive. That is, the insecticides increase the 
productivity of urad, a non-biotech crop, at an increasing rate in the absence of new 
pests. Similarly, the coefficients of human labour and human labour squared are positive 
in the mean equation. In the variance equation, the coefficient of the insecticides squared 
variable is not significant, and human labour squared has a significant risk-increasing 
effect. The results on urad are not surprising because this crop is not targeted by any 
major pests. In the case of rapeseed & mustard, insecticides and human labour have a 
diminishing positive effect on yield in the mean equation and a risk-increasing effect in 
the variance equation. 

Table 8 Estimation results: gram 

Variable Coef. Std. error t-ratio 

Mean equation 

Seed –0.42595 0.4852e–01 –8.779 

Fertilizer –0.19779e–01 0.2334e–01 –0.8476 

Manure –0.83036 0.7821e–01 –10.62 

Human labour 0.16128e–01 0.8033e–02 2.008 

Animal labour 0.52853e–02 0.3806e–01 0.1389 

Capital 0.37025e–02 0.7475e–02 0.4953 

Insecticides 2.6911 3.400 0.7914 

Seed squared 0.36428e–02 0.3828e–03 9.517 

Fertilizer squared 0.11935e–03 0.1258e–03 0.9489 
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Table 8 Estimation results: gram (continued) 

Variable Coef. Std. error t-ratio 

Mean equation 

Manure squared 0.12306e–01 0.1093e–02 11.25 

Human labour squared –0.20307e–04 0.8066e–05 –2.518 

Animal labour squared –0.71215e–04 0.4600e–03 –0.1548 

Capital squared 0.11355e–04 0.1056e–04 1.076 

Insecticides squared 1.9970 3.616 0.5523 

Constant 16.244 2.169 7.489 

Variance equation 

Human labour squared –1.3101 0.2639 –4.965 

Insecticides squared –0.96204e–01 0.4068e–01 –2.365 

Constant 15.084 3.039 4.963 

R2 0.7108 

Log-likelihood function –132.280 

Table 9 Estimation results: urad 

Variable Coef. Std. error t-ratio 

Mean equation 

Seed –0.32444 0.1638 –1.980 

Fertilizer –0.44943e–01 0.3149e–01 –1.427 

Manure –0.18465 0.1269 –1.455 

Human labour 0.26941e–02 0.7707e–02 0.3496 

Animal labour –0.40901e–01 0.2324e–01 –1.760 

Capital 0.10619e–01 0.5432e–02 1.955 

Insecticides 5.0018 2.379 2.103 

Seed squared 0.83973e–02 0.3258e–02 2.577 

Fertilizer squared 0.13992e–02 0.4695e–03 2.980 

Manure squared 0.73911e–02 0.8049e–02 0.9183 

Human labour squared 0.16335e–05 0.1262e–04 0.1294 

Animal labour squared 0.22352e–03 0.2076e–03 1.076 

Capital squared –0.11661e–04 0.6979e–05 –1.671 

Insecticides squared 0.89312 2.855 0.3128 

Constant 6.0029 2.125 2.825 

Variance equation 

Human labour squared 0.53898 0.3130 1.722 

Insecticides squared –0.61026e–02 0.4290e–01 –0.1422 

Constant –6.1227 3.530 –1.734 

R2 0.7074 

Log-likelihood function –99.8746 
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Table 10 Estimation results: rapeseed & mustard 

Variable Coef. Std. error t-ratio 

Mean equation 

Seed –0.29410e–01 0.2612 –0.1126 

Fertilizer 0.10813 0.2128e–01 5.082 

Manure 0.33716 0.7755e–01 4.348 

Human labour 0.94445e–01 0.1127e–01 8.380 

Animal labour –0.65112e–01 0.1109e–01 –5.871 

Capital –0.79434e–01 0.9448e–02 –8.407 

Insecticides 39.034 12.21 3.196 

Seed squared 0.19066e–02 0.3355e–02 0.5682 

Fertilizer squared –0.18093e–03 0.1078e–03 –1.678 

Manure squared –0.89593e–02 0.2134e–02 –4.199 

Human labour squared –0.11140e–03 0.1442e–04 –7.724 

Animal labour squared 0.18247e–03 0.5412e–04 3.372 

Capital squared 0.24118e–03 0.2781e–04 8.674 

Insecticides squared –154.06 46.17 –3.336 

Constant –8.3632 2.517 –3.323 

Variance equation 

Human labour squared 1.6723 0.2155 7.762 

Insecticides squared 0.49639e–04 0.4109e–05 12.08 

Constant –16.597 2.602 –6.379 

R2 0.6089 

Log-likelihood function –282.400 

6 Comparative analysis between biotech and non-biotech crops  
using the output elasticities 

Even though the yield of all the crops is measured in kilograms, it would be misleading 
to compare the productivity of insecticides in cotton to the productivity of insecticides in 
wheat despite the fact that both are biotech crops. The comparison of the productivity of 
the inputs will be even more misleading when it occurs between biotech and non-biotech 
crops. In order to overcome this comparability problem, output elasticities of insecticides 
and human labour are used. For biotech crops, we analyse cotton and wheat, since they 
are the major biotech crops in India and also more often targeted by the new pests. As for 
non-biotech crops, we choose urad, which is not targeted at all, and paddy, which is 
relatively targeted by the new pests. 

Figures 2 and 3 show the relationship between output elasticities of insecticides and 
insecticides, and output elasticities of human labour and human labour for cotton. Output 
elasticities of the insecticides are positive, which means that 1% increase in insecticides 
increase the yield when the cost share of the insecticides is between 0 and 1.7. Output 
elasticities of insecticides become negative when the cost share of the insecticides is 
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greater than 1.7. Similarly, output elasticity of human labour is zero at 199 manual hours 
of work, and it becomes negative beyond 200 manual hours of work. In other words, as 
the applications of the insecticides and the number of manual hours increase, the output 
elasticities of these inputs increase as well, but under the pressure of the pest density, 
they eventually become negative. Similar trend is found for wheat, which is also a major 
target for the sucking pests (see Figures 4 and 5). 

Figure 2 Output elasticities of insecticides: cotton (see online version for colours) 

 

Figure 3 Output elasticities of human labour: cotton (see online version for colours) 
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Figure 4 Output elasticities of insecticides: wheat (see online version for colours) 

 

Figure 5 Output elasticities of human labour: wheat (see online version for colours) 

 

For paddy, which is a non-biotech variety widely cultivated in India, the output 
elasticities of the insecticides increase and are positive as the applications of the 
insecticides increase albeit at a decreasing rate (Figure 6). In other words, the 
applications of the insecticides increase yield of a non-biotech crop which is not targeted 
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by the secondary pests. Output elasticities of human labour increase and are positive 
when human labour increases up to 1000 manual hours of work. They become negative 
after 1000 manual hours of work (Figure 7). For urad, which is not targeted by any pests, 
the output elasticities of the insecticides increase sharply as the applications of the 
insecticides increase (Figure 8). Also, output elasticities of human labour increase at an 
exponential rate as human labour increases (Figure 9). 

Figure 6 Output elasticities of insecticides: paddy (see online version for colours) 

 

Figure 7 Output elasticities of human labour: paddy (see online version for colours) 
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Figure 8 Output elasticities of insecticides: urad (see online version for colours) 

 

Figure 9 Output elasticities of human labour: urad (see online version for colours) 

 

7 Conclusion 

The results from the stochastic production function show that both biotech varieties and 
insecticides contribute to the increasing yield, while the insecticides experience 
diminishing returns on yield due to increasing pest density. Our results do confirm the 
results from previous studies in terms of yield increase of biotech seeds. The gains are 
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not linear, however. From the comparative analysis, we found that the yields of the non-
biotech crops are almost exempt from the threat of the emerging pests, and the use of 
insecticides consistently increased yield. The key point is that biotech seeds increase and 
reduce the use of some, but not all, pesticides. Specifically, our results suggest that the 
arrival of new pests undermines the other benefits of biotech crops. Previous studies of 
biotech crops that ignored the later arrival of new pests have, therefore, most likely 
overstated the gains from the new technologies. Considering these negatives externalities 
of the technology, we could recommend that the Indian government could provide more 
research support to the seed companies to come up with biotech seeds which can 
overcome new pests. Moreover, more agricultural subsidies should be provided to 
farmers to be able to acquire the biotech seeds at low prices. Also, we need to recognise 
that the future of the biotech seed companies is in jeopardy as long as crop losses are 
occurring due to emerging pests. 
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