Critical Evaluation of Bidding and Pricing Strategies in Oil and Gas Lease Auctions

ABSTRACT
Oil and gas lease auctions are critical to upstream petroleum industry development, shaping access to exploration rights and generating substantial revenue for host government and contractor. In Nigeria, these auctions operate under conditions of uncertainty, regulatory complexity, volatile global oil prices and with the influence of global geopolitics. This study critically evaluates bidding strategies employed by firms in Nigeria’s upstream sector, guided by Game Theory and Auction Theory. A descriptive survey design was adopted, with data collected from regulators, indigenous oil companies, international oil companies, and service providers to capture diverse perspectives on auction practices. Findings reveal that conservative bidding dominates, reflecting risk‑averse tendencies driven by capital intensity, geological uncertainty, and macroeconomic volatility. Over 70% of surveyed firms reported adopting cautious strategies, while joint ventures emerged as a preferred mechanism to share risks and mitigate the “winner’s curse.” Auction design and government policies strongly influence outcomes, with transparency tools such as digital procurement platforms improving confidence but not fully eliminating uncertainty. Comparative analysis shows Nigeria’s auctions remain less competitive than global benchmarks, largely due to regulatory unpredictability and limited access to reliable geological data. The study concludes that while risk aversion and collaboration define current bidding strategies, reforms hold the potential to reshape behavior. Improved regulatory clarity, stronger geological data disclosure, and integration of risk management frameworks can enhance efficiency and competitiveness. This study provides insights into application of petroleum economics principles to auction design, influencing strategic decision‑making and offering actionable insights for policymakers, regulators, and industry leaders seeking to strengthen Nigeria’s upstream oil and gas sector in a globally competitive environment.
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1. Introduction
The oil and gas industry occupies a central position in the global economy, serving as a critical driver of growth, energy security, and technological innovation. Its influence is so profound that it is often described as the backbone of international development (Gylych & Muhammed, 2016). Among its segments, the upstream domain comprising exploration, drilling, and production demands particular attention due to its capital intensity, operational complexity, and competitive nature. With oil supplying approximately 53% of the world’s energy requirements (Nlerum, 2010), nations are compelled to secure production capabilities or ensure uninterrupted access to petroleum flows, often through aggressive policy and investment strategies. A key mechanism for allocating hydrocarbon reserves in the upstream sector is the lease auction system, where firms bid competitively for access to hydrocarbon-rich acreage. These auctions are not only instruments of resource allocation but also significant sources of public revenue, with their effectiveness depending on transparent and systematic evaluation processes that ensure fairness, optimize resource utilization, and attract competent operators (Naiyeju, Ogedengbe, & Aderoba, 2013).  

Despite their importance, bidding outcomes in Nigeria’s upstream petroleum sector are frequently undermined by non-standardized evaluation processes, uncertainty in geological data, and exposure to the “winner’s curse.” Existing studies have examined auction efficiency and policy frameworks, yet limited attention has been given to how firms internally develop bidding strategies under uncertainty. This gap underscores the need to investigate firm-level strategic behavior within Nigeria’s evolving regulatory environment. Accordingly, this study seeks to determine the extent to which auction design influences bidding behavior using regression analysis, assess the impact of oil price volatility and geological uncertainty on bidding strategies, evaluate the role of joint ventures and alliances in mitigating risk exposure, and examine how digital procurement tools contribute to transparency and efficiency in lease auctions.  

The significance of this study lies in its contribution to academic literature by applying Game Theory and Auction Theory to Nigeria’s upstream sector, offering insights into firm-level bidding strategies under uncertainty. For industry practitioners, the findings provide guidance on risk management, strategic alliances, and digital procurement adoption, while policymakers benefit from evidence-based recommendations to enhance regulatory transparency, improve geological data provision, and strengthen auction competitiveness. The scope of the study is limited to Nigeria’s upstream oil and gas lease auctions, focusing on bidding strategies among regulators, indigenous and international operators, and service firms. Limitations include time constraints in data collection, potential respondent bias in survey responses, and reliance on secondary data that may not fully capture real-time market dynamics. These constraints highlight the need for cautious interpretation of results while reinforcing the relevance of the study to ongoing reforms in Nigeria’s petroleum sector.  

Oil and gas lease auctions involve complex decisions, especially when companies compete for valuable resources. To understand how firms behave, Game Theory provides a useful analytical framework. Pioneered by John von Neumann and Oskar Morgenstern (Theory of Games and Economic Behaviour, 1944), Game Theory focuses on situations where the outcome for each firm depends not only on its own choices but also on the choices made by others. This makes it especially relevant for competitive bidding, where firms must anticipate rival strategies. In oil and gas lease auctions, each company seeks to win the lease by submitting a strong bid, but they also know that competitors are attempting the same. This creates a non-cooperative game, where each firm acts independently to maximize its own benefit. To succeed, firms must estimate the value of the lease and predict how much their competitors might bid (Nowak & Sigmund, 2004).  

Nash (1951) expanded Game Theory by introducing the concept of Nash Equilibrium, which describes a condition under which no bidder can improve its outcome by changing its strategy alone, assuming other firms maintain theirs. This principle helps explain why firms often settle on specific bidding approaches in sealed-bid auctions, where companies submit their bids without knowing what others are offering. This is because of the limited information and uncertainty such as unclear geological data or unpredictable oil prices; firms may end up overbidding. This leads to what economists call the “winner’s curse,” where the winning bid turns out to exceed the actual value of the lease. A useful example from Game Theory is the prisoner’s dilemma, which shows how individually rational decisions can lead to poor collective outcomes. In auctions, this occurs when firms overbid out of fear of losing, even though more cautious bidding might benefit all participants (Kuhn, 2019).  

By applying Game Theory, this study clarifies how firms in Nigeria’s upstream sector formulate bidding strategies, anticipate competitive responses, and manage risk in high-stakes auction processes. Ogedengbe (2013) addressed the problem of poor bid evaluation systems in Nigeria’s oil and gas sector by proposing standardized bid evaluation models, introducing quantitative methods such as weighted averages, goal programming, and value analysis to improve fairness and efficiency. Elumelu (2007) compared Nigeria’s lease system with that of the United States, noting that Nigeria’s centralized system often leads to delays and unclear bidding processes, while the U.S. model of private ownership and market-driven contracts allows more flexibility. Arps (1965) pioneered quantitative approaches to sealed bidding using historical bid data to forecast optimal bid levels, a model that remains relevant in offshore bidding strategies.  

Wang Jian (2021) advanced the discourse on bidding strategies by situating them within the broader context of international oil and gas licensing rounds. His work underscores the necessity for firms to align corporate objectives with the specific institutional and regulatory frameworks of host countries. Drawing on Brazil’s 14th licensing rounds as an illustrative case, Wang developed a multidimensional approach that integrates geological success probabilities, commercial viability assessments, and competitor behavior into the bidding calculus. Omorodion et al. (2022) explored electronic procurement tools in Nigeria’s upstream sector, finding that digital tools enhance transparency and efficiency, although electronic auctioning had a weaker statistical impact.  

Despite these contributions, several research gaps remain. Most existing studies either focus on macro-level policy or regulatory evaluation, with limited attention to how firms internally develop bidding strategies under uncertainty. There is also a lack of empirical research linking Nigeria’s Petroleum Industry Act (2021) to firm-level bidding behavior. Furthermore, while electronic procurement tools are increasingly adopted, their strategic implications for auction competitiveness are not well understood. This research addresses these gaps by examining how firms in Nigeria formulate bidding strategies in response to auction design, market volatility, and competitive dynamics. 

2. Methodology
2.1 Research Design
This study adopts a descriptive survey design, a methodological choice well-suited to capturing the perceptions, strategies, and decision-making processes of firms engaged in oil and gas lease auctions. In petroleum economics, where uncertainty and strategic interaction dominate, surveys provide a structured means of eliciting insights from industry practitioners who operate within complex regulatory and market environments. The descriptive design allows for both quantitative and qualitative interrogation of bidding behaviour, ensuring that the analysis reflects the realities of Nigeria’s upstream sector rather than abstract theoretical assumptions.  

2.2 Population and Sampling Techniques
The population of interest comprises professionals directly involved in lease auctions and upstream petroleum operations. This includes regulatory officials within the Nigerian Upstream Petroleum Regulatory Commission (NUPRC), managers and economists from indigenous and international oil companies, and procurement and strategy specialists from oilfield service firms. Given the heterogeneity of this population, a purposive sampling technique was employed to ensure that respondents possessed the requisite expertise and practical exposure to bidding processes. To enhance representativeness, stratification was applied across three categories regulators, operators, and service providers thereby capturing perspectives from both policy and practice. The sample size was determined using statistical adequacy principles, balancing feasibility with the need for robust inferential analysis.  

2.3 Data Collection Methods
Primary data were collected through structured questionnaires designed to elicit both factual information and attitudinal responses. The instrument was divided into sections addressing the demographic and professional background of respondents, the types of bidding strategies employed, perceptions of auction design and regulatory frameworks, responses to uncertainty such as oil price volatility and geological data gaps, and competitive dynamics among firms. The questionnaire was pre-tested with a small group of industry professionals to ensure clarity, relevance, and reliability, with adjustments made to refine question wording and eliminate ambiguity. In addition, secondary data were sourced from regulatory reports, auction guidelines, and prior empirical studies, providing a triangulated basis for analysis.  

2.4 Data Analysis Techniques
Collected data were subjected to both descriptive and inferential statistical analysis. Descriptive statistics, including frequency distributions, mean scores, and relative importance indices were used to summarize respondent views and identify dominant bidding strategies. Inferential techniques, particularly regression analysis were employed to test relationships between auction design, market conditions, and bidding behaviour. Comparative analysis was conducted to benchmark findings against prior studies, thereby situating Nigeria’s experience within broader global trends in petroleum economics. This analytical framework ensures that the study not only describes prevailing practices but also explains the causal linkages between institutional design, market uncertainty, and firm-level strategy.  

2.5 Ethical Considerations
Ethical integrity was maintained throughout the research process. Participation was voluntary, and respondents were assured of confidentiality and anonymity. The study adhered to established ethical standards in social science research, ensuring that data collection and analysis were conducted with transparency, respect, and accountability.  

3. Result and Discussion
3.1 Presentation of Collected Data
[bookmark: _Hlk138163810]The data for this research were obtained through structured questionnaires administered to professionals across regulatory agencies, indigenous and international oil companies, and service firms operating within Nigeria’s upstream petroleum sector. Out of the distributed questionnaires, a significant proportion were returned and deemed valid for analysis, yielding a satisfactory response rate.

Table 3.1: analysis of the distribution and Collection of Questionnaires
	S/N
	Respondents (Organizations/Firms)
	Questionnaires Administered
	Questionnaires Returned
	Percentage Returned

	1
	Nigerian Upstream Petroleum Regulatory Commission (NUPRC)
	15
	11
	73.3%

	2
	International Oil Companies (IOCs) operating in Nigeria
	4
	2
	50%

	3
	Indigenous Oil & Gas Firms
	12
	8
	66.7%

	4
	Consultancy and Engineering Firms in Upstream Sector
	8
	7
	87.5%

	
	Total
	39
	28
	71.7%


Source: Researcher’s Field Survey, 2025

Table 3.1 indicates that a total of 39 questionnaires were disseminated among principal stakeholders within Nigeria’s upstream oil and gas sector, of which 28 were duly completed and returned. This represents an overall response rate of 72%, a figure that may be considered satisfactory given the specialized nature of the population under research.
The Nigerian Upstream Petroleum Regulatory Commission (NUPRC) demonstrated particularly strong engagement, returning 11 of the 15 questionnaires distributed (73.3%). Indigenous oil and gas firms accounted for 8 of 12 responses (66.7%), while consultancy and engineering firms exhibited the highest level of participation, with 7 of 8 questionnaires returned (87.5%), underscoring their evident willingness to contribute technical perspectives. By contrast, international oil companies recorded the lowest response rate, with only 2 of 4 questionnaires completed (50%), a result plausibly attributable to confidentiality considerations.
Taken together, these figures provide a credible and sufficiently representative dataset for the analysis of bidding strategies and auction practices in Nigeria’s upstream petroleum sector. The distribution of responses across regulatory, indigenous, technical, and international stakeholders ensures that the sample captures diverse institutional perspectives, thereby enhancing the robustness of subsequent findings.
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Fig 3.1: Questionnaire response rate.	

Research Question 1: What types of bidding strategies are commonly employed by firms in oil and gas lease auctions? Table 3.2 explains this.

Table 3.2: Bidding Strategies as commonly deployed by firms in oil and gas lease auctions

	Variables
	4
	3
	2
	1
	∑X
	∑FX
	Mean
	RII

	Our firm often adopts aggressive bidding (high upfront offers) in lease auctions.
	12
	8
	4
	4
	28
	56
	2.00
	0.50

	We frequently use conservative bidding (low-risk, cautious offers) in auctions.
	0
	1
	14
	13
	28
	96
	3.43
	0.86

	Joint ventures or collusive alliances are commonly employed to strengthen our bids.
	0
	1
	14
	13
	28
	96
	3.43
	0.86

	Our bidding approach is often speculative, based on anticipated future oil price movements.
	12
	10
	4
	2
	28
	52
	1.86
	0.46

	Data-driven bidding, using geological and seismic analysis, plays a major role in our strategy.
	8
	11
	5
	4
	28
	61
	2.18
	0.54


(Source: Researchers field survey, 2025)

What types of bidding strategies are commonly employed by firms in oil and gas lease auctions? 
The evidence shows that firms in Nigeria’s upstream oil and gas lease auctions predominantly adopt conservative bidding and joint ventures, both recording the highest mean scores (3.43) and Relative Importance Index values (0.86). These approaches reflect a strong preference for risk minimization and collaboration, enabling firms to share financial commitments, pool resources, and reduce exposure to market volatility. This cautious stance highlights a deeply risk-averse culture shaped by the capital-intensive nature of the sector and its vulnerability to market fluctuations.  

In contrast, aggressive bidding (Mean = 2.00, RII = 0.50) and speculative bidding (Mean = 1.86, RII = 0.46) are less frequently employed, as firms remain reluctant to engage in high-risk tactics due to uncertainty in oil prices and the potential for the winner’s curse. Data-driven bidding (Mean = 2.18, RII = 0.54) shows moderate but growing adoption, suggesting that while geological and seismic analysis is increasingly valued, it remains complementary rather than central to decision-making. Limited confidence in data reliability and predictive accuracy may also constrain its wider use.  

Research Question 2: How do auction design and prevailing market conditions influence bidding behavior?
Table 3.4 summarizes respondents’ views on the extent to which auction design and market conditions shape bidding strategies in Nigeria’s upstream oil and gas lease auctions.

	Variables
	4
	3
	2
	1
	∑X
	∑FX
	Mean
	RII

	The auction format (sealed bid vs. open auction) strongly affects how our firm bids.
	0
	4
	11
	13
	28
	93
	3.32
	0.83

	Government regulations and policies significantly influence our bidding behavior.
	0
	0
	4
	24
	28
	108
	3.86
	0.96

	The level of market competition determines how aggressively we bid.
	0
	0
	2
	26
	28
	110
	3.93
	0.98

	Macroeconomic conditions (e.g., exchange rates, inflation) affect our bidding decisions.
	0
	0
	12
	16
	28
	100
	3.57
	0.89

	Availability of transparent information on auctions improves the fairness of our bids.
	0
	0
	14
	12
	26
	90
	3.46
	0.87


[bookmark: _Hlk214131825](Source: Researchers field survey, 2025)
The findings demonstrate that external institutional and market forces decisively shape bidding strategies in Nigeria’s upstream oil and gas lease auctions. Among these, government regulations and policies (Mean = 3.86, RII = 0.96) and market competition (Mean = 3.93, RII = 0.98) emerged as the most influential determinants. Regulatory frameworks establish compliance requirements and constrain bidding behaviour, while the intensity of rivalry compels firms to balance ambition with caution, directly influencing how aggressively they bid.  

Macroeconomic conditions such as exchange rate volatility and inflation (Mean = 3.57, RII = 0.89) also play a significant role, as firms remain highly sensitive to broader economic stability when committing capital. The auction format (sealed bid vs. open auction) exerts considerable influence (Mean = 3.32, RII = 0.83), shaping transparency and competitive dynamics by encouraging caution in sealed bids and tactical adjustments in open auctions. Transparency of auction information (Mean = 3.46, RII = 0.87) further enhances fairness and confidence, though its impact is less pronounced compared to regulation and competition.  

Research Question 3: In what ways does uncertainty, such as variability in geological data and fluctuations in oil prices, impact firms’ bidding decisions?
Table 3.4 presents the responses of 28 participants on how different forms of uncertainty influence bidding behaviour in Nigeria’s upstream oil and gas lease auctions.

	Variables
	4
	3
	2
	1
	∑X
	∑FX
	Mean
	RII

	Geological data uncertainty (e.g., reserve estimates) increases bidding risks.
	2
	1
	14
	11
	28
	90
	3.21
	0.80

	Fluctuations in global oil prices significantly influence our bidding strategy.
	0
	0
	2
	26
	28
	110
	3.93
	0.98

	Concerns about the winner’s curse make our firm more cautious in bidding.
	4
	5
	12
	7
	28
	78
	2.79
	0.70

	Regulatory unpredictability (e.g., delays, policy shifts) discourages aggressive bidding.
	0
	0
	15
	13
	28
	97
	3.46
	0.87

	We often rely on scenario planning and forecasting tools to manage bidding uncertainty.
	1
	3
	12
	12
	28
	91
	3.25
	0.81


(Source: Researchers field survey, 2025)

Research Question 3: In what ways does uncertainty, such as variability in geological data and fluctuations in oil prices, impact firms’ bidding decisions?

The findings demonstrate that uncertainty is a central determinant of bidding behaviour, compelling firms to balance risk against potential reward in Nigeria’s upstream oil and gas lease auctions. The most influential factor is oil price volatility, which recorded the highest mean score (3.93) and Relative Importance Index (0.98). Global price fluctuations directly shape firms’ willingness to commit capital, as profitability is tied to cyclical oil markets. Price instability often encourages conservative bidding or deters participation altogether, positioning oil prices as the dominant macroeconomic risk variable.  

Regulatory unpredictability also exerts a strong impact (Mean = 3.46, RII = 0.87). Delays in approvals or sudden policy shifts discourage aggressive bidding, reinforcing the importance of stable governance frameworks in sustaining competitive participation. Geological uncertainty, particularly variability in reserve estimates (Mean = 3.21, RII = 0.80), further increases bidding risks, as incomplete or unreliable data can lead to costly miscalculations.  

To manage these risks, firms moderately employ scenario planning and forecasting tools (Mean = 3.25, RII = 0.81). While predictive models help simulate market conditions and reduce exposure, reliance remains limited due to data reliability issues and resource constraints. Meanwhile, concerns about the winner’s curse (Mean = 2.79, RII = 0.70) reinforce psychological caution, as firms seek to avoid overpaying and suffering post-auction regret.  

Research Question 4: How do competitive dynamics and strategic interactions among participating firms shape bidding outcomes?
Table 3.5 presents the responses of 28 participants on the role of competitive dynamics and strategic interactions in shaping bidding outcomes within Nigeria’s upstream oil and gas lease auctions.

	Variables
	4
	3
	2
	1
	∑X
	∑FX
	Mean
	RII

	We actively monitor competitor behavior when deciding our bid levels.
	0
	0
	5
	23
	28
	107
	3.82
	0.96

	Price signaling (e.g., subtle bidding cues) is often used in auctions.
	0
	2
	13
	13
	28
	95
	3.39
	0.85

	Collusion or informal coordination among firms influences bidding outcomes.
	2
	6
	13
	7
	28
	81
	2.89
	0.72

	Reputation and track record in previous auctions affect our competitors’ strategies.
	4
	4
	12
	8
	28
	80
	2.86
	0.71

	Game-theoretic reasoning (anticipating rivals’ responses) is part of our bidding approach.
	5
	5
	12
	6
	28
	75
	2.68
	0.67


(Source: Researchers field survey, 2025)
Research Question 4: How do competitive dynamics and strategic interactions among participating firms shape bidding outcomes?

The findings demonstrate that competitive dynamics and strategic interactions are central to shaping bidding outcomes in Nigeria’s upstream oil and gas lease auctions. The most influential factor is active monitoring of competitor behaviour, which recorded the highest mean score (3.82) and Relative Importance Index (0.96). This shows that firms closely track rivals’ actions to adjust their bid levels, making competitor surveillance a critical determinant of outcomes—even if respondents do not always overtly acknowledge it.  

Price signaling, involving subtle cues to influence rivals’ perceptions, also plays a notable role (Mean = 3.39, RII = 0.85). While not widespread, its presence indicates that some firms employ strategic communication to shape auction dynamics, though overt signaling remains limited. Collusion or informal coordination (Mean = 2.89, RII = 0.72) and reputation or track record (Mean = 2.86, RII = 0.71) exert moderate influence, suggesting that alliances and historical performance shape strategies but are not dominant drivers due to regulatory scrutiny and ethical considerations.  

The least relied upon factor is game-theoretic reasoning (Mean = 2.68, RII = 0.67), reflecting limited use of formal strategic modelling. Instead, most firms appear to depend on simpler heuristics or internal assessments rather than sophisticated competitive simulations.  

4.3 Conclusion and Recommendation

Nigeria’s upstream oil and gas lease auctions reveal a sector defined by cautious, collaborative, and risk-sensitive bidding strategies, shaped by capital intensity, geological uncertainty, and volatile global oil prices. Firms rely on conservative bids and joint ventures to mitigate financial exposure and avoid the “winner’s curse,” while external forces, government regulation, competition, macroeconomic conditions, and auction design further determine outcomes. Transparency enhances confidence, yet uncertainty persists, with oil price fluctuations, regulatory unpredictability, and data gaps exerting the greatest influence. Taken together, these dynamics underscore an auction environment where risk aversion and collaboration dominate, but where reforms such as the Petroleum Industry Act (2021) hold the potential to reshape bidding behavior. Future research should therefore assess whether these reforms have delivered greater transparency, efficiency, and competitiveness, marking a critical step toward strengthening Nigeria’s upstream oil and gas sector.  
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