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Abstract
The frequency of hazards in oil and gas supply chains is extremely high in certain regions. Despite growing calls for alternatives, certain oil and gas products continue to be necessary for economic growth and sustainability in developing countries. This study aims to develop a conceptual framework to understand the impact of internal stakeholders' perceptions of organisational safety culture on operational environmental risk management in the oil and gas supply chain. This study uses high reliability theory, failure mode and effect analysis, and risk-mitigation strategies to gain insight into risk perception among employees in the oil and gas supply chain and access relative importance. The study finds that organisational safety culture has a significant impact on stakeholder analysis of severity and risk mitigation strategies, but the ease of detection and frequency are insignificant. The findings show that human-caused environmental risk is perceived as the most important across different employee groups, and more integration is needed to ensure that stakeholders address an improved safety culture to facilitate the development of effective risk management strategies by improving detection and frequency analysis. This study highlights the need for a more comprehensive approach to safety culture and environmental risk management in the oil and gas industry, focusing on the importance of stakeholder analysis, risk mitigation strategies, and improved detection and frequency analysis.
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1.0 Introduction 
Many economies in the Global South still use industrial growth and productivity models that span the social, environmental, and economic dimensions (Cohen, 2020). Oil and gas (O&G) sources are vital to the global economy despite their environmental and social harm (Wan Ahmad et al., 2017). Because of its environmental impact, the oil and gas supply chain is a global concern (Chen et al., 2021; Gardas, 2019). Injury and death often arise from work teams, workplaces, equipment, and material interactions (Cezar-Vaz et al., 2012). Various safety management methods have been used to address these risks. Developing economies depend on oil and gas supply systems. Although renewable energy is required, constraints prevent its acceptance, making the oil and gas business the most profitable and significant (Sharma et al., 2023).

The oil and gas industry comprises five stages: exploration, extraction, refining, transportation, and marketing of oil and its byproducts (Homayoun et al. 2016). Such jobs are dangerous to the environment, workers, and communities, and accidents are likely to kill people. By 2050, developing countries will house more than 90% of the world's population (Mangla et al., 2018). This study examines how organisational safety culture affects oil and gas environmental risk management (Ojuola et al., 2020). The oil and gas industry is vital to global energy, economic growth, and environmental protection. Energy demand increases the pressure on the sector to prioritise environmental safety and risk management. This endeavour centres on organisational safety culture, which includes safety beliefs, attitudes, and behaviours (Biggs et al., 2013; Musonda, 2021). Understanding how safety culture affects environmental risk management is crucial to oil and gas safety and sustainability. Our study analyses the complex relationship between organisational safety culture and environmental risk management in the oil and gas industry. This study analyses the literature, empirical evidence, and industry best practices to determine how safety culture affects oil and gas operations' environmental risk identification, assessment, and mitigation. Understanding and connecting with the public helps environmental risk management. Laypeople have higher risk perceptions of radiation, nuclear power, and nuclear waste than professionals (Kajenthira et al., 2012). Employee risk perceptions of environmental risk elements in Nigerian oil and gas supply networks were examined. Using stakeholder feedback, we examined how organisational safety culture affects environmental risk management.

Oil and gas supply chain disruptions can be addressed by understanding how decision-making stakeholders perceive organisational safety, cultural risk, and environmental risk management. Decision-making is driven by stakeholder risk perceptions (Al Nahyan et al., 2021; Fleming, 1998; Jia, 2020; Karimi, 2021). In a supply chain, stakeholders can cooperate or clash (Hörisch, 2014; Hofmann et al., 2014). Top management commitment (Dubey et al., 2018; Wijethilake & Lama, 2019) and organisational safety culture (Agwu et al., 2019; Ambituuni et al., 2014; Biggs et al., 2013) significantly impact environmental risk management in the oil and gas industry. This study showed these relationships individually. Because of this contradiction, few studies have examined oil and gas supply chains (Ahmad et al., 2017; Ahmad & Rezaei, 2015; Florescu, 2019; Gardas, 2019). More research is needed on environmental risk management due to stakeholder disagreements, especially in the Global South, where oil and gas dependence is predicted to expand beyond Sustainable Development Goal 2030.This study investigates why some organisational safety and risk management methods succeed while others fail. Effective organisational support, identification and management of ignored economic and organisational elements, and safety and risk management programs help explain this phenomenon (Sadeh, 2022). Assessing oil and gas staff safety culture practices affects environmental risk management severity, frequency, ease of discovery, and risk-mitigation measures.


2.0 Theoretical Background
2.1 High Reliability Theory
High-reliability theory (HRT) states that high-risk businesses can attain and maintain high safety and dependability through specific practices, cultures, and leadership behaviours (Lekka & Sugden, 2011). The idea of organisational psychology has spread to healthcare, aviation, and nuclear power (Weick & Sctcliffe, 2015). Emergency rooms, aircraft carrier flight operations, and firefighting units are HRT benchmarks (Hartzel & Spangler, 2021). HRT studies how companies might excel in operational safety and dependability in complex, high-risk situations (Biedermann, Papatheodorou, Prowle, & Bulatovic, 2024). The theory emphasises five traits that high-reliability organisations (HROs) need to achieve ambitious, stable operational standards: preoccupation with failure, reluctance to simplify, sensitivity to operations, commitment to resilience, and deference to experts.
[bookmark: _GoBack]
There is growing research on HRO's applicability of HRO in healthcare, aviation, and nuclear power (Enya et al., 2019; Hartzel & Spangler, 2021; Howe et al., 2023; Pillay et al., 2020); however, few studies have examined its high reliability in oil and gas. This gap shows the lack of a coherent theory for HRO process design and implementation recommendations. There has not been much research on using HRT as a unified approach, because it is difficult to develop techniques that can be used in any industry to evaluate HRO applications (Dwyer et al., 2023). Natural disasters, political unrest, foreign conflicts, and other unanticipated crises have plagued institutions since civilisation began. During catastrophic catastrophes, organisational resilience requires an understanding of how functionality is preserved. High-reliability organising (HRO) promises to eliminate bureaucracy and improve safety without compromising performance (Harvey et al., 2019).

Few studies have explored high-reliability organisation theory in oil and gas (Lethcoe & Nbelski, 2020). Previous research has suggested that organisations are unreliable but may be transitioning to HROs (Glasmeier & William, 2022). Others say that the lack of a unified body of theory with clear instructions on how to design and implement HRO processes, along with the fact that it's hard to come up with methods that can be used across industries, might stop more research from being done on putting HRO theory into practise as a unified approach, leading to a lack of empirical studies. A lot of scientific and business papers have been influenced by HRO theory, but they use a subset of or change some of its elements and principles to fit different situations (Dwyer et al., 2023) It has been used to look at all the ways that the role affects the performance and longevity of an organization.HRO principles such as high tempo, operational decision-making, clear and repeated communication, an open organisational culture, knowledge sharing, and trust have been used to reduce risk and improve safety (Grabowski et al., 2023). Previous research has used it to diagnose organisational reliability states and improvement opportunities in the complex, high-risk, error-prone upstream sector of the offshore oil and gas industry (Alothman 2016).

2.2 Organisation Safety Culture 
Organisational safety culture includes safety principles, beliefs, attitudes, and practices. It shows how much an organisation values safety and integrates it into its operations, practices, and decision-making (Biggs et al., 2013; Clarke, 1998). Organisational safety culture is heavily influenced by national safety culture (Migueles & Zanini, 2024). Hofstede's six dimensions of national culture affect all organisational activities (Boscari, Bortolotti, & Netland, 2018), and research has shown that cultural dimensions affect organisational safety culture (Purang et al., 2018). Fostering a safety culture, in which everyone takes responsibility for working safely, requires an understanding of safety views and attitudes. Risk perception is crucial in a strong safety culture (Fleming et al. 1998).
To improve construction safety, researchers have recommended improving safety training, procedures, and monitoring (Waqar et al., 2020). Implementing a safety culture in the oil and gas supply chain requires a bottom-up approach that focuses on attitudes, beliefs, and controls, while allowing for local variance (Hudson, 2007).
Process safety management systems are inconsistent and inefficient, causing sustainability issues in oil and gas industries (Silvestre et al., 2017). The Nigerian oil and gas industry's safety culture might improve worker safety, as 54% of participants lack motivation and 55% prioritise task delivery over safety (Ehiaguina & Moda, 2020). Thus, an effective safety culture improves organisational safety (Alkhaledi et al., 2023).Due to its complexity, organisational safety culture is underdeveloped and confusing. For the cultural norms of acceptance of work, roles and rules, functional lines and limits of authority, accountability, and communication require tight support (Schulman, 2020).
Organisational safety culture improves safety performance, with a strong safety management system as a mediating factor (Otitolaiye et al., 2021). This culture is fair, accountable, transparent, and honest in reporting and learning, integrated into hazard awareness and risk management, and is informed and flexible (Sellers, 2011). Managers’ and employees' safety attitudes, knowledge management, and 'community of practice also influence it (Jarvis, Virovere, & Tint, 2014). Superior hazard recognition and risk severity understanding require a mature and good organisational safety culture (Mohamed, 2005).


2.3 Environmental Risk Management 
Environmental risk management involves the detection, assessment, and management of environment-related risks and uncertainties that can affect ecosystems, human health, and the environment. Environmental risks, vulnerabilities, and repercussions have been systematically analysed (Freise & Seuring, 2015). Given the lack of comprehensive data and the aggregation of risks from multiple environmental impacts, environmental risk management in the oil and gas supply chain is essential for understanding and reducing industrial risks (Mehul et al., 2021). Effective environmental risk management is becoming increasingly important because of the frequency of major environmental mishaps (Wang, Hu, & Zhao, 2013). To meet this need, our study uses failure mode effect analysis (FMEA) to find environmental risk sources in the oil and gas supply chain industry. It also includes a general risk response based on environmental risk assessment. Accident prevention and risk control require a strong environmental risk management system, especially with the increased emphasis on environmentally responsible supply chain management (Jaisree & Palani, 2024).

Unmanaged environmental concerns in the oil and gas industries can cause tragedies. Risk management can anticipate these hazards; however, inefficient implementation may have negative effects (Rodhi et al., 2018). Oil spills, pollution, habitat destruction, and greenhouse gas emissions threaten ecosystems and human health, and require strict regulations and proactive measures to mitigate their environmental impacts (Albu, 2018). The FMEA is a widely used reliability analysis technique; however, its conventional method has limitations that reduce its effectiveness (Liu et al., 2019). Failure Mode and Effects Analysis is a systematic and proactive method used to identify and prioritise potential failure modes in a system, process, product, or service and assess their effects on performance, reliability, safety, and quality (Zhu et al., 2020). Fuzzy logic is used to assess component/item failure mode risks more effectively and flexibly (Testik & Unlu, 2023). This methodology evaluates risk severity, frequency, and ease of detection, which are essential for supply chain risk management (Rajiv, Kumar, & Pradeep, 2005). Quantitative and qualitative analyses were used to assess the likelihood and potential consequences of the identified risks. Risk avoidance, transfer, reduction, and acceptance must be implemented to reduce supply chain impact (Nihlani, Byju, & Kaur Chhabda, 2023).

Failure Mode and Effects Analysis (FMEA) has been used with fuzzy topsis in the oil and gas industry (Kolios, Umofia, & Shafiee, 2017), but this study uses PLS-SEM to better understand environmental risk management components. High-reliability theory can examine how organisational safety culture affects employees' perceptions of environmental risk severity, frequency, and risk-mitigation measures. Researchers have stressed the relevance of safety culture in high-reliability organisations, particularly the influence of digital transformation (Jablonski & Jablonski, 2021). stressed the importance of management and operational actions in safe operations (Dekker & Wood, 2010) and the need to remove learning barriers in high-risk sociotechnical systems. 2010 (Pidgeon). The organisational and safety culture of several big hazard organisations is being changed to make them more reliable and safe (Lekka & Sugden, 2011). The traditional risk perspective probability supports the HRO theory despite alternatives (Khorsandi & Aven, 2014). Organisational safety culture is the consequence of employees' values, attitudes, and perceptions that prioritise safety over other aims (Badia, Navajas, & Losilla, 2020). Previous studies have revealed that organisational factors affect safety performance. This study used the high reliability organisations theory (HROT) to describe the Nigerian oil and gas supply chain safety culture (Lekka & Sugden, 2011). Safety culture covers the values, procedures, and work practices that help organisations avoid mistakes and avert disasters (Alibage, Jetter, Aminpour, Grey, & Scyphers, 2018).To access the organisation’s response, the FMEA and risk-mitigation strategies were determined. In our study, employees provided expert opinions on severity, frequency, detection ease, and risk mitigation measures to operationalise environmental risk management. These claims lead us to hypothesise the following. 

[bookmark: _Hlk160158882]H1: Organizational safety culture has a significant   and positive impact on risk-mitigation strategies, as it pertains to the environment.

H2: Organizational safety culture has a significant   and positive impact on employees’ perception of   environmental risk severity.
H3: Organisation safety culture has a significant   and positive impact on the employee perception to   environment risk frequency

H4: organisation safety culture has a significant   and positive impact on the employee perception to   environment risk ease of detection
H5, H6, and H7: ease of detection, severity and frequency have a significant and positive impact on the risk mitigation strategy


The conceptual framework in figure 2 depicts the relationship perceived by internal stakeholders as it pertains to environmental risk factors, and emphasises the significance of FMEA   in promoting a sustainable supply chain and addressing environmental risks, particularly those related to natural disasters.


 Organisation Safety culture
Ease of Detection
Frequency
Severity 
Risk Mitigation Strategy
H1
H2
H3
H4
H5
H6
H7
Environmental Risk Management
Figure 2: Conceptual framework for Environment risk Management





3.0 Research Methodology 
This study is explanatory and seeks to develop insights into the notion of environmental risk management process using failure mode effect analysis through a conceptual framework. It also applies well-established tools and techniques to come up with generalisable answers about how organisational safety culture impacts environmental risk management, albeit without the use of hypothesis testing. Owing to this methodological orientation, the research was designed using data collection methods for the analysis. The conceptual framework provided a structure for the formulation of the data collection and analysis processes of an empirical study to achieve the research objectives.

This study aimed to rate and characterise the organisational safety culture of oil and gas companies within the Nigerian environment and its impact on environmental risk management. The principal research question was directed at establishing the perception that stakeholders in the oil and gas supply chain behave in an unsafe manner, despite the existing rules, processes, and procedures in place. Therefore, quantitative data are required to examine the central proposition of the behaviour of oil and gas supply chain companies. The choice of a quantitative method is supported by Creswell (2009), who contends that the quantitative method is useful for testing theories and identifying variables in a study by utilising surveys and experiments with outputs being numerical or statistical in nature. The advantage of using a quantitative research method is that it allows for objective measures and numerical analysis of data, thereby facilitating the comparison, aggregation of data, generalisation, and deduction of relationships (Yilmaz 2013). Questionnaires (closed-ended questions) were used to obtain numeric data for statistical analysis to achieve the objectives of the study. The questionnaire, developed through a detailed literature review of relevant literature, contained questions on safety behaviour and culture using attributes of high-reliability organisations.

The questions were straightforward and presented no ambiguity. This paper is structured into two sections. The initial section gathered data on respondents’ demographic information, including their age group, gender, years of service/experience, and the position they held in the organisation. The second portion consisted of various statements pertaining to the level of agreement on a specific safety behaviour. The questionnaires were disseminated electronically and in hard copy to respondents in designated organisations via LinkedIn. Statistical analyses were performed using SPSS, PLS-SEM, SmartPLS, and FMEA to elucidate and gain a comprehensive understanding of the concepts.

4.0 Results Analysis 
Data from the questionnaire survey were analysed using the Statistical Package for the Social Sciences (SPSS), version 23 software, to generate descriptive and inferential statistical values, providing insights into the study's findings. The computed outputs included mean and standard deviation (SD) values, which were used to rank and discuss responses based on their mean values. The outcomes were presented both in tables and text within the 'Results' section, facilitating the interpretation of data aligned with the study objectives.

Reliability statistical analysis was performed for the 20 items to ensure suitability. The findings indicate that Cronbach’s alpha was 0.774 and would decrease when other factors were removed. The total explained variance was 19.5, indicating   suitability. The identification of key environmental risks was based on a literature review and insights from industry experts. Stakeholder opinions, collected from Nigerian oil and gas companies, informed the analysis, which employed Failure Mode Effect Analysis (FMEA). FMEA facilitates qualitative and quantitative analysis of severity, frequency, ease of detection, and risk response, prioritising concerns and addressing subjectivity and ambiguity in risk analysis. The questionnaire comprised five components with measurement items derived from prior research and tailored to suit the context of the study. After the initial pilot survey, slight adjustments were made to the measurement items.

This study focused on Nigerian oil and gas employees, primarily accessed through LinkedIn, a professional networking platform. A web-based survey yielded 265 valid questionnaires, reflecting a male demographic with a diverse educational background and professional experience. Stakeholder roles ranged from CEO/top management to frontline operations, spanning different company sizes, ownership structures, and industry sectors, including midstream, upstream, and downstream operations, as detailed in Table 1

Table 1:Respondent demographic
	 
	 
	 N=265

	Gender
	Male 
	206

	
	Female 
	59

	Education
	Not   More Than Secondary
	13

	
	University Graduate
	135

	
	Postgraduate
	109

	
	PhD
	8

	Experience
	Less Than 5
	87

	
	05-10 year
	69

	
	11-15 year
	69

	
	16-20
	22

	
	More Than 20
	18

	Internal Stakeholder Employee
	CEO/Top Management
	30

	
	Middle Management
	86

	
	Supervisor
	72

	
	Frontline Operation
	67

	
	Others
	10

	Company Size
	Medium Size
	96

	
	Large
	67

	
	Very Large
	60

	
	Government Owned
	31

	
	Other Specific
	9

	Supply Chain Segment
	Mid-Stream
	70

	
	Upstream
	80

	
	Down
	84




Measurement model
This study was conducted using data obtained from internal stakeholders of the organisation’s safety culture. Analysis data were obtained by administering the following measurement instruments: (1) a survey including five standardised scales given to oil and gas supply chain workers, and (2) three   perception anchored rating scales given to a representative sample of each severity, frequency, ease of detection, and risk mitigation strategy. The construct and its indices provide a comprehensive framework for understanding and addressing the safety culture within an organisation, assessing sustainability risks, and implementing corresponding mitigation strategies to promote safety and environmental stewardship.

	Indicator   Organisation Safety Culture                                                                                                             Authors

	OSC1
	Alert to errors or unexpected events
	(Enya et al., 2020; Pillay et al., 2020; Wan Ahmad, Rezaei, Tavasszy, et al., 2016)

	OSC2
	Decision making is extended as far as rationally possible
	

	OSC3
	Supported, protected, and encouraged to bring up problems 
	

	OSC4
	Sufficient expertise exists to see patterns of anomalies
	

	OSC5
	Safety concerns with adequate training, preventive response, and learning outcomes
	

	OSC6
	Clear understanding of stakeholder expertise to handle operations and problems
	

	OSC7
	Top management is committed to improving organisation safety culture
	

	OSC8
	Top management are knowledgeable about problems, perceptions, unwritten rules, traditions, beliefs in the safety culture
	(Wan Ahmad et al., 2016)

	Indicator      Sustainability Risk (Severity, Frequency And Ease Of Detection)

	ENV1
	Human-caused disaster: (oil spillage (pipeline or tanker), flaring, pollution (air, water, soil) etc.)
	(Abdel-Basset and Mohamed, 2020; Benabdallah et al., 2020; Elhuni, 2017; Giannakis and Papadopoulos, 2016; Rebs et al., 2018; Waligo et al., 2014;(Foroozesh et al., 2018) [1][2]

	ENV2
	Natural disasters (flood, drought, erosion, acid rain, earthquakes etc.)
	

	ENV3
	Waste management, Energy consumption
	

	 Indicator       Risk Mitigation Strategy

	ENV1
	Human-caused disaster: (oil spillage (pipeline or tanker), flaring, pollution (air, water, soil) etc.)
	(Gouda and Saranga, 2018; Hajmohammad and Shevchenko, 2020)
(Gouda and Saranga, 2018; Hajmohammad and Shevchenko, 2020)


	ENV2
	Natural disasters (flood, drought, erosion, acid rain, earthquakes etc.)
	

	ENV3
	Waste management, Energy consumption
	

	
	
	




The study used a number of tests, such as item loadings, average variance extracted (AVE), composite reliability (CR), and Cronbach's alpha (α) values, to check the model's construct validity and reliability.A common method of bias analysis was performed using the Harmon single-factor test in SPSS to ensure the reliability of most findings. The results indicated loadings on the common method factor, and a discrimination parameter of 13.9% suggested that the item had high discrimination ability. This suggests that the item was effective in distinguishing between individuals with varying levels of the latent trait being measured. A full collinearity test was also performed using SmartPLS 4.0.8.9, and the variance inflation factor (VIF). The VIF values were between 1.228 and 2.063, which is lower than the recommended level of 3.3 (Hair et al., 2013).The outer loadings were greater than 0.6, except for SRF2 and SRD3, which were approximately equal to 0.5, as listed in Table 2.
Table Construct Indicators
	 
	 
	
	VIF
	Cronbach's alpha
	Composite reliability 
	 (AVE)

	OSC
	OSC1
	0.69
	1.642
	0.859
	0.896
	0.504

	
	OSC2
	0.67
	1.613
	
	
	

	
	OSC3
	0.61
	1.408
	
	
	

	
	OSC4
	0.73
	1.701
	
	
	

	
	OSC5
	0.71
	1.812
	
	
	

	
	OSC6
	0.72
	1.898
	
	
	

	
	OSC7
	0.77
	2.063
	
	
	

	
	OSC8
	0.78
	1.922
	
	
	

	RMS
	RMS1
	0.71
	1.228
	0.568
	0.776
	0.536

	
	RMS2
	0.53
	1.280
	
	
	

	
	RMS3
	0.43
	1.181
	
	
	

	SRD
	SRD1
	0.99
	1.635
	0.678
	0.817
	0.603

	
	SRD2
	0.65
	1.492
	
	
	

	
	SRD3
	0.43
	1.283
	
	
	

	SRF
	SRF1
	0.68
	1.637
	0.721
	0.815
	0.599

	
	SRF2
	0.50
	1.653
	
	
	

	
	SRF3
	0.96
	1.368
	
	
	

	SRV
	SRV1
	0.88
	1.635
	0.718
	0.836
	0.633

	
	SRV2
	0.84
	1.625
	
	
	

	
	SRV3
	0.85
	1.331
	
	
	





A convergent validity test was performed at the beginning of the study. The loadings of the items, AVE, and composite reliability (CR) were analysed critically in this study. The results are presented in Table 3. The CR values ranged between 0.896 and 0.776, which is consistent with the value provided by (Hair et al. (2013). The constructs examined in this study also had good convergent validity, as shown by AVE values between 0.504 and 0.633 and factor loadings higher than 0.6 for each variable (Fornell and Larcker, 1981).After completing the convergent validity test, the discriminant validity test was performed. As indicated in the literature, Fornell and Larcker (1981) and heterotrain-to-monotrain (HTMT) utilised this test. The Fornell-Larcker criterion has been criticised by some scholars, who say that it is not fair to find a lack of discriminant validity in large research studies (Henseler et al., 2015).As shown in Table 4, the root mean square AVE of all constructs was higher than the intercorrelations between the latent constructs of the model. This means that the constructs were good at explaining the differences between things (Hair et al., 2012).The HTMT ratio was determined. Table 3 demonstrates that all variables were less than 0.85, validating the discriminant validity. In conclusion, the test results indicated that the survey had acceptable discriminant validity.

Table 3: Discriminant Validity-Fornell & Larker Criteria
	
	OSC
	RMS
	SRD
	SRF
	SRV

	OSC
	0.710
	
	
	
	

	RMS
	0.168
	0.732
	
	
	

	SRD
	-0.051
	0.298
	0.776
	
	

	SRF
	0.046
	0.061
	0.235
	0.774
	

	SRV
	0.367
	0.021
	-0.017
	0.193
	0.796



Table 4:Heterotriat-Monoratio(HTMT)
	
	OSC
	RMS
	SRD
	SRF
	SRV

	OSC
	
	
	
	
	

	RMS
	0.270
	
	
	
	

	SRD
	0.100
	0.448
	
	
	

	SRF
	0.090
	0.098
	0.337
	
	

	SRV
	0.433
	0.098
	0.085
	0.310
	






4.1 Structural Model Assessment
Following the assessment of the step measurement model, the next step is to evaluate the structural path for the path coefficient among the study constructs and their statistical significance. After confirming the reliability and validity of the questionnaires, we tested the hypotheses using bootstrapping. Our results indicate that perceived organisational safety culture (OSC) practices positively influence employees’ risk-mitigation strategies, supporting H1 (p < 0.004). Moreover, perceived OSC practices positively affected the severity experienced by employees, thus supporting H2 (p > 0.001). However, H3 and H4 were not supported, indicating that employees' organisational safety culture does not impact the frequency and ease of detection. Nevertheless, H5 is supported, suggesting a significant relationship between employees' ease of detection and their risk-mitigation strategy (p < 0.001). Conversely, H6 and H7 show that employee frequency and severity have no significant impact on the risk mitigation strategy.

Table 5:Direct Relationship
	Hypothesis
	Original (O)
	Standard deviation
	T statistics 
	P values
	result

	OSC -> RMS
	0.201
	0.070
	2.875
	0.004
	supported

	OSC -> SRD
	-0.051
	0.070
	0.728
	0.466
	Not supported

	OSC -> SRF
	0.046
	0.097
	0.471
	0.637
	Not supported

	OSC -> SRV
	0.367
	0.054
	6.844
	0.000
	supported

	SRD -> RMS
	0.310
	0.065
	4.784
	0.000
	supported

	SRF -> RMS
	-0.013
	0.107
	0.119
	0.905
	Not supported

	SRV -> RMS
	-0.045
	0.066
	0.688
	0.491
	Not supported



Table 6 shows the validity of higher-order constructs in the PLS-SEM model. Notably, the significantly positive outer weight (0.499) of the RMS in relation to the ERM suggests a strong association. Conversely, SRD exhibited a significantly negative association (-0.319) with ERM. However, SRF demonstrated a non-significant impact, while SRV displayed a highly significant positive relationship (0.827) with ERM. These findings underscore the nuanced relationships between lower-order constructs and their overarching concepts, which are crucial for refining theoretical frameworks within organisational research.
Table 6:Higher Order construct validity
	HOC
	 LOC
	 Outer Weight
	 
	t-statistic 
	 p-value
	 Outer Loading
	 VIF

	ERM
	RMS
	0.499
	0.128
	3.899
	0.000
	0.455
	1.052

	
	SRD
	-0.319
	0.124
	2.566
	0.010
	-0.192
	1.090

	
	SRF
	0.056
	0.142
	0.397
	0.691
	0.161
	1.083

	
	SRV
	0.827
	0.096
	8.581
	0.000
	0.850
	1.044




To evaluate the higher-order construct of environmental risk management, comprising RMS, SRD, SRF, and SRV, we employed a reflective-formative model. However, one of our outer weights was insignificant (0.691), and upon further examination, the outer loading remained insignificant at (0.161). Consequently, the frequency-analysis component can be omitted. Our findings indicate that organisational safety culture has a notable impact on environmental risk management and the relationship between various risk management factors and their impact on environmental risk management (ERM). The analysis reveals that risk management strategy (RMS) and stakeholder risk severity (SRV) have a positive influence on ERM, as indicated by their positive outer weights. Conversely, stakeholder risk detection (SRD) has a negative impact on ERM, as indicated by its negative outer weight.

The analysis also indicated that Stakeholder Risk Frequency (SRF) has a minimal impact on ERM, as indicated by its negligible outer weight. All t-statistics are found to be significant (p-value < 0.05), suggesting significant relationships between the lower-order and higher-order constructs. The outer loadings for the RMS and SRV were relatively high, indicating that they strongly contributed to the ERM. The VIF values were close to one, suggesting low multicollinearity among lower-order constructs. Based on this analysis, it can be concluded that risk management strategy and stakeholder risk severity play significant roles in environmental risk management, whereas stakeholder risk detection has a negative influence on ERM. Stakeholder risk frequency has a minimal impact on higher-order constructs. NFI measures the proportion of improvement in the model fit relative to the null model. Both the saturated and estimated models had an NFI of 0.876, indicating good fit. These values pertain to the path coefficients between OSC and Environmental Risk Management (ERM). The path coefficient (0.451) was compared with the sample mean (0.496) to determine the statistical significance. The t-test was used to evaluate the significance of the path coefficient, with a high T-statistic (9.721) indicating a strong significance (p <0.001).

Overall, the results indicate a good model that shows strong connections between environmental risk management (ERM) and organisational safety culture (OSC). This is demonstrated by the path coefficient's statistical significance; however, the interpretation should also consider the theoretical relevance and practical implications within the context of the study. Given the weakness attributed largely to the limitation in frequency and ease of detection perception amongst employees


5.0 Discussion of Result
This study builds on several recent studies that empirically examine FMEA as a means of assessing environmental risk, among other risk factors (Abdel-Basset & Mohamed, 2020; Benabdallah et al., 2020; Giannakis & Papadopoulos, 2016; Liu et al., 2019), to explore stakeholder risk perception. This is the first effort to assess how organisational safety culture decisions are perceived within the context of an oil and gas supply chain using FMEA and risk response strategy factors to operationalise the model. Previous studies have acknowledged that supply chain success relies heavily on proactive approaches to risk assessment and management. By identifying potential risks, evaluating their impact, and implementing robust risk management strategies, organisations can bolster the resilience of their supply chains and ensure uninterrupted operations even in challenging environments (Nihlani, Byju, & Kaur Chhabda, 2023). Researchers have also recognised that the main drivers of environmental risk management are stakeholder pressures and incentives (Freise & Seuring, 2015).

Researchers have conducted studies to evaluate the impact of organisational safety culture on stakeholder decision-making in the oil and gas industry. This study used partial least squares structural equation modelling (PLS-SEM) to validate assumptions about the relationship between safety culture and stakeholder decision-making. This study used Failure Mode and Effects Analysis (FMEA) and SmartPLS networks to incorporate environmental risk factors into the analysis. The study found that decision-makers can improve the accuracy of their results under high uncertainty in risk data. The findings can provide insights for accident prevention and reduction of catastrophic disasters in industry. This study also highlights the importance of FMEA in promoting a sustainable supply chain because environmental risks are often underestimated during evaluation.

Hypotheses 1 and 2 suggest that organisational safety culture has a significant and positive impact on risk-mitigation strategies and environmental risk severity, as it pertains to environmental risk management. Several empirical studies in the oil and gas sector have highlighted that high levels of concern regarding exploitation and environmental impacts increase health risks (Adekola et al., 2016; Simeon, n.d.). Previous research has emphasised the importance of understanding the workforce's risk perceptions and attitudes towards safety when developing a safety culture. Our preliminary results show that the organisational safety culture in the sector is positively and significantly influenced by the severity and risk response strategies related to environmental risk factors. There also seems to be a relationship between the ease of action and risk-mitigation strategy responses. However, organisational safety culture does not significantly affect the frequency and ease of detection of sustainability risk factors. This may suggest that insufficient attention has been paid to documenting frequent environmental risk factors, which can significantly impact decision-making. Additionally, efforts to identify and respond to risk factors have been inadequate, potentially owing to a weak correlation.

If organisational safety culture does not have a significant effect on how often and how easily sustainability risk factors can be found, this could mean that risk management strategies do not have enough oversight. This implies that organisations should prioritise identifying, documenting, and addressing sustainability-related risks. Insufficient attention may be paid to documenting environmental risk factors, emphasising the need for robust data collection and analysis procedures within organisations. Consequently, organisations should prioritise collecting and analysing data related to environmental risks to inform effective decision-making processes.

The three factors rated the lowest in building a company's safety culture, as stated by stakeholders, were OSC1, OSC2, and OSC3. OSC1 refers to stakeholders on guard against potentially catastrophic mistakes. OSC2 pertains to stakeholders receiving support, and is encouraged to voice concerns about supply chain issues. OSC3 refers to skilled personnel who can detect anomalies and anticipate problems. These factors may contribute to the difficulty in detecting and analysing the frequency. This is evident from stakeholders' downgrading of the frequency of natural disasters (SRF2) and ease of detection in waste management (SRD3) as well as their perceived lack of response to natural disasters in the context of energy conservation. This highlights the challenges in applying high reliability in a given context, as safety culture indicators reflect stakeholder perceptions.

This collection of papers furthers the understanding of high reliability organisation (HRO) theory within the oil and gas supply chain by examining various aspects of reliability, safety, and risk management. Alothman (2016) specifically investigates the application of the HRO model in the oil and gas industry, suggesting its use to enhance safety management practices. The HRO model's dual analytical paradigms provide a structured approach for evaluating and improving organizational reliability in high-risk environments (Alothman, 2016). The broader context of oil and gas supply chains reveals contradictions and interesting facts. Studies by Alothman (2016) and others emphasise the significance of resilience against external threats (Urciuoli et al., 2014), sustainability risks (Egila et al., 2023), and the bullwhip effect (Zhu et al., 2019) as well as the HRO model for safety in the oil and gas supply chain. These studies suggest that reliability in the industry is multifaceted, encompassing not only safety, but also sustainability, resilience, and supply chain dynamics. The integration of AI technologies, as discussed by Deif and Vivek (2022), can potentially influence the dynamics of HROs by providing new tools for managing risks and enhancing their reliability. This study offers a comprehensive view of the challenges and strategies to achieve high reliability in oil and gas supply chains. Alothman's (2016) focus on the HRO model contributes to the theory by demonstrating its practical application in managing safety within the industry. However, other studies highlight the importance of considering factors such as AI implementation (Deif & Vivek, 2022), supply chain resilience (Urciuoli et al., 2014), sustainability (Egila et al., 2023), and the bullwhip effect (Zhu et al., 2019) alongside HRO theory to fully understand and enhance reliability in this sector.

First, it validates a scale that operationalises the ‘mindful organising’ construct in a traditional high-reliability organisation (oil and gas supply chain), which has not been done before in a developing country context. Second, it offers evidence that a mindful organising scale can be validated in a new cultural context and adds to our understanding of mindful organising by distinguishing the perceptions of different stakeholders from a quantitative measure of mindful organising. This study investigates the impact of internal stakeholders' perceptions of organisational safety culture on operational environmental risk management in the oil and gas supply chain. The study shows that organisational safety culture significantly affects stakeholder analysis of severity and risk-mitigation strategies, whereas ease of detection and frequency are not significant factors. This study reveals that human-caused environmental risk is perceived as the most important factor across different employee groups, and enhanced stakeholder analysis is required to develop effective risk management strategies by improving detection and frequency analysis. This study emphasises the need for a comprehensive approach to safety culture and environmental risk management in the oil and gas industry, focusing on stakeholder analysis, risk-mitigation strategies, and improved detection and frequency analysis. The study also highlights the limitations of high-reliability organisation theory in certain contexts in which organisational safety culture is influenced by the prevailing national culture. Previous researchers have identified risk behaviour, risk management processes, and risk treatment as good determinants of overall risk management practices (Ahmad, 2014). The dimensions of organisational safety culture correlated significantly with the probability of impact and risk mitigation strategies among employees of oil platforms. However, poor organisational safety culture is one of the major factors influencing employees’ safety behaviour at work (Ehiaguina & Moda, 2020). The results of this study show a moderate awareness among oil and gas employees. Therefore, appropriate management policies should be implemented to improve the situation.

6.0 Conclusion
This study presents a conceptual framework for analysing the influence of organisational safety culture on environmental risk management within the oil and gas supply chain. Currently, there is a lack of high reliability in the oil and gas industry despite its similarity to nuclear energy, where high reliability was first applied, particularly in developing countries (Cantu et al., 2020). The results presented here may broaden researchers’ and oil and gas professionals’ awareness of influential organisational safety culture, enhancing their ability to perceive, understand, assess, and mitigate risks effectively, thereby achieving higher performance in strategic environmental risk management.
Previous studies have advocated that organisational safety culture is crucial to addressing environmental risk management (Biggs et al., 2013). This study examines the premise that industry-specific organisational safety culture strategies are more effective in addressing environmental risk management. Oil and gas supply chains in developing countries pose significant challenges and risks that demand comprehensive safety measures. Among the myriad risks inherent in this industry, it is one of the most hazardous, often resulting in injuries and fatalities ( de Oliveira, Leiras, & Ceryno, 2019). The root cause of these disasters is the widespread existence of a low-safety work environment in industry. However, measuring safety climate faces obstacles and inconsistencies. Despite the differences between workgroups, evaluating safety culture at a broader organisational level is crucial. Regulators from various industries have recently adopted a safety culture as a regulatory concept.
Our study aims to investigate stakeholder perceptions of top management’s commitment to assessing safety culture in the oil and gas supply chain, particularly in developing countries, with a focus on Nigeria. To this end, we distributed a carefully designed questionnaire to industry stakeholders. Upon analysis using high reliability theory, we utilised factor relative importance analysis techniques to capture the nuances of safety culture within the sector. Our study established an assessment of safety culture in the oil and gas supply chain, specifically in Nigeria. By identifying areas of strength and weakness in safety culture, this tool empowers stakeholders to create targeted strategies to improve safety practices, behaviours, and decisions. Our findings provide a roadmap for enhancing safety processes and ensuring the well-being of workers across oil and gas supply chains in developing countries. This study helps stakeholders and companies address existing environmental challenges by adopting the principles of the high reliability theory.
The findings of this study have practical implications for management. This can serve as a tool to motivate stakeholders to implement integrated environmental risk management in their supply chains. Managers must consider the interactions between risks, consequences, and strategies to identify the environmental risks emanating from within and outside their supply chains. The study sheds light on how internal stakeholders perceive environmental risk factors and highlights the role of the high reliability theory literature. Previous research has only examined FMEA, but this study goes further by exploring how stakeholders assess risk factors in the context of the model. This study can help developing countries with less capacity to handle complex hazards to better understand decision-making on environmental risk and trigger behavioural responses. Additionally, this study contributes to the understanding of the relationship between FMEA and stakeholder risk mitigation strategies, providing a new explanation for the varying impacts of internal stakeholders. These implications emphasise the importance of proactive risk management practices, such as prioritising environmental safety measures, enhancing attention to sustainability risks, streamlining response mechanisms, and improving data collection and analysis procedures within organisations. Our findings provide fresh insights into organisational safety culture and highlight several applicable strategies for practitioners, stressing the need for organisations to integrate safety culture and environmental risk management into their operational strategies to drive positive transformation for the greater good. We propose a framework that provides an overarching and comprehensive understanding to improve policymaking in the industry by providing valuable insights into the relationship between organisational safety culture, stakeholder perceptions, and environmental risk management within the oil and gas supply chain. This could lead to the implementation of new practises and procedures aimed at improving risk detection, frequency analysis, and response strategies, thereby fostering a culture of continuous improvement and resilience.
This study examines the oil and gas supply chain, which may limit its applicability to other industries or contexts. This study relies on stakeholders' subjective perceptions of organizational safety culture and environmental risk management. These perceptions can be influenced by bias and may vary among participants, leading to potential discrepancies in the assessment of safety culture and risk perceptions. To enhance the generalisability of the findings, a larger sample size and comparative analysis across different sectors and regions, such as nuclear power and Venezuela, would be beneficial. Furthermore, qualitative research methods such as interviews, focus groups, and case studies can provide a deeper understanding of the underlying factors influencing safety culture and risk management decision-making within organisations. These methods can uncover nuanced perspectives, organizational dynamics, and cultural influences that quantitative methods may overlook. Based on the findings of this study, risk-mitigation strategies were proposed for all identified environmental risk factors. The results show that stakeholders perceived varying levels of performance for different environmental risks. 
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