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Abstract 

Scholars and practitioners have long acknowledged the impact of climate change on businesses, 

operations, and supply chains. Nevertheless, there is still scant research on the role of Big Data 

and Analytics (BDA) in addressing these challenges but also opportunities created by Climate 

Change for operations and supply chains as they strive to become more sustainable. We address 

this gap in this opinion paper by identifying and discussing how these challenges and opportunities 

can be better pursued. We then propose thematic foci that future research on BDA and climate 

change could follow to facilitate the transition to a sustainable future.  

Keywords: Climate Change, Big Data, Big Data Analytics, sustainability, challenges, opportunities 

 

1. Introduction 

Over the last years, both scholars and practitioners have underlined the impact of climate change 

on businesses and the society. The world business council for sustainable development (WBCSD) 

(2004) has highlighted climate change as a risk for our society, whereas in a recent publication in 

2021, they have called for immediate action as big challenges such as climate change, biodiversity 

loss, and inequality have got worse. These issues, accentuated by the disruption caused by the 

COVID-19 pandemic have exposed our societal vulnerabilities, and posed a threat to our “long-

term stability and prosperity” (WBCSD, 2020: p. 16).  

Governments have responded to the challenge of climate change in different ways. In the UK for 

instance, the government has set measures so as to slash emissions by 78% by 2035 and reach net 

zero by 2050. The Paris Agreement, signed during the 21st Conference of the Parties included 

targets for developed countries on limiting global warming and huge investments to fight climate 

change and support sustainability. These included, for instance, to keep global temperatures below 

2.0C and aiming to 1.5C; limit the amount of greenhouse gases by human activity to the same 

levels that trees, soil and oceans can absorb naturally; and that each country sets its own emission-

reduction targets to be reviewed every five years (United Nations, 2015). At the same time, 

however, the USA, under the Trump administration, no matter if ranked second in the world in 

gas emissions, refused to sign the agreement, under claims of putting the US economy at risk 

(British Broadcasting Corporation, 2017). This decision was later taken back under Biden 

administration, who pledged to return the US to the Paris agreement and to cut carbon emissions 

by 50-52% below 2005 levels by the year 2030.  
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Literature on climate change has focused on the challenges and opportunities for organisations 

(Gasbarro et al., 2017; Seles et al., 2018). Challenges relate to the internal and external stakeholder 

pressures (e.g. Bottcher and Muller, 2015), the market (Lee et al., 2015) that monitor organisational 

actions to manage and tackle climate change, as well as regulatory and public pressures (Kolk and 

Levy, 2001). At the same time though, Seles et al. (2018) refer to the opportunities raised for 

organisations because of climate change, such as investing in research and development as change 

mitigation actions, which can lead to both environmental and financial performance. Forward 

thinking and transiting fast to a low carbon economy can have opportunities for future growth in 

both large and small and medium organisations.  

As organisations and supply chains strive to understand the opportunities and challenges of climate 

change, they are increasingly based on analytics-driven decisions. To this purpose, they are 

deploying big data analytics (BDA) (e.g. Grover et al., 2020; Kar and Dwivedi, 2020; Papadopoulos 

et al., 2017; 2021; Wamba et al., 2015; Wang et al., 2016). So far literature has investigated the role 

of BDA for supply chain resilience (Brandon-Jones et al., 2014), supply chain and organisational 

and operational performance (Waller and Fawcett, 2013; Gunasekaran et al., 2017), and social and 

environmental sustainability (Dubey et al., 2019). A recent paper by Mikalef et al. (2021) 

investigated how BDA can be leveraged to strengthen or impede capabilities related to value 

creation. 

Despite the popularity of BDA as a research topic, there is still scant research related to the role 

of BDA in addressing challenges and opportunities created by the impact of Climate Change on 

operations and supply chains. Such a focus is important as it has the potential to provide insights 

in the implementation of environmental practices (El-Kassar and Singh, 2018; Seles et al., 2018), 

going further than being/becoming sustainable. To address this gap, this paper (i) reviews the 

literature and highlights the importance of BDA for operations and supply chains in their quest to 

address challenges related to climate change; (ii) identifies future research directions. 

The paper is structured as follows: following a brief literature review on BDA, sustainability, and 

climate change, opportunities, and challenges for the application of BDA within operations and 

supply chains to address challenges related to climate change are presented. We conclude by 

discussing the limitations of our work and future research avenues. 

 

2. Big data analytics  

Over the last years there has been a plethora of researchers focusing on Big Data Analytics (e.g. 

Grover et al., 2020; Kar and Dwivedi, 2020; Papadopoulos et al., 2021; Wang et al., 2016; Wamba 

et al., 2015). Big data refers to unstructured data coming from various sources, inter alia, sensors, 

social media, photos, videos, GPS, mobile phone apps. Wamba et al. (2015) have defined Big Data 

in terms of the 3Vs, that is: ‘volume’, referring to the large amount of data that need to be 

processed and stored; ‘velocity’, referring to the speed by which the data is generated or the 

frequency by which it is delivered; and ‘variety’, referring to the different sources of data as well as 

its structured and unstructured nature. In later studies, ‘veracity’ has also been added, denoting the 

importance of quality in the data (Addo-Tenkorang and Helo, 2016; Wang et al., 2016); and ‘value’, 

referring to the importance of big data for creating value for companies and customers by 
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developing innovative products and services (Guenther et al., 2017; Hazen et al. 2018; 

Papadopoulos et al., 2017). Value, according to Guenther et al. (2017) may be social and economic: 

the former refers to the use of big data to improve social wellbeing in areas such as education, 

healthcare, and public safety and security (e.g. Newell and Marabelli, 2015). The latter term refers 

to the increase in profit and achievement of competitive advantage resulting from the use of big 

data. Still, for both types of value to be achieved, organisations need to incorporate big data but 

also the appropriate insights from business analytics -this led to the development of the term ‘big 

data and business analytics’ (BDBA). By analytics it is meant the application of quantitative 

methods such as statistics, econometrics, simulations, and other techniques that allow 

organisations to take faster and better-quality decisions.  

BDBA has gained prominence in the operations and supply chain literature (Waller and Fawcett, 

2013; Wamba et al., 2015; Wang et al., 2016; Mishra et al., 2018; Chehbi-Gamoura et al., 2020; 

Talwar et al., 2021), humanitarian supply chain management (Gupta et al., 2019; Papadopoulos et 

al. 2017; Dubey et al. 2018), organisational performance (Gunasekaran et al., 2017), supply chain 

resilience (Papadopoulos et al., 2017; Dennehy et al., 2021; Ivanov and Dolgui, 2020; Dubey et al, 

2021; Belhadi et al., 2021). In a recent paper, Chen et al. (2019) conducted a qualitative study to 

understand the impact of big data in the post-disruption stage investigating processes and factors 

for post-disruption management, whereas Dubey et al. (2019) investigated the role of external 

institutional pressures on the resources of the organization to build big data capabilities, skills and 

big data culture and subsequently improving cost and operational performance. In another study, 

Dubey and colleagues (Dubey et al., 2019a) have underlined the associations between data analytics 

capability, supply chain resilience and competitive advantage under the moderating effect of 

organisational flexibility. This is because the supply chain disruptions can be dealt with and risks 

mitigated using data from supply chain partners (Fan et al., 2016). Our brief review of the literature, 

however, reveals that most of the literature on BDBA is optimistic, stating the numerous benefits 

of BDBA in dealing with disruptions/risk in operations and supply chain, assisting in timely and 

informed decision making, and achieving sustainable competitive advantage.  In a recent paper, 

Talwar et al. (2021), in their systematic literature review of 116 articles in operations and supply 

chain management highlight challenges associated with the implementation of BDBA to achieve, 

inter alia, agility, coordination, visibility, alertness, customer insights, and sustainability within 

operations and supply chains. We focus on BDA, sustainability, and climate change in the 

following section. 

 

3. Big data analytics, sustainability, and climate change impact on operations and supply 

chains 

As organisations and states all over the world are coming to realise the impact of their operations 

and supply chains on climate change and long-term prosperity, they need to equally address 

economic, environmental, and social goals so that the needs of today and future are satisfied 

(Brutland, 1987). With regards to operations and supply chain management, sustainability has been 

studied, for instance, in terms of Corporate Social Responsibility (Maloni and Brown, 2006; Feng 

et al., 2017; Yadlapalli et al., 2020) and the impact of CSR orientation on performance (Liu et al., 

2021) in different contexts, such as Korea (Cho and Voss, 2011) and India (Nguyen et al., 2021). 

Reviews of the literature have suggested that a plethora of works has examined the economic, 



4 
 

social, and environmental pillars (Seuring et al., 2008; Giannakis and Papadopoulos, 2016; 

Schaltegger and Burritt, 2014; Kusi-Sarpong et al., 2019; Sarkis, 2021).  

Scholars have investigated the importance of BDBA for achieving sustainability; for instance, big 

data and resilience in supply chains (Papadopoulos et al., 2017), environmental performance (Song 

et al., 2017); big data and green innovation (El -Kassar and Singh, 2018); BDA and supply chain 

social risk mitigation (Mani et al., 2017). Researchers have also looked at the pillars of sustainability 

separately focusing on the role of BDA in environmental (e.g. Braganza et al., 2016; Wolfert et al., 

2017), social (Mani et al., 2017; 2021; Khan et al., 2021) and economic (Akter et al., 2016; Wamba 

et al., 2017; Gunasekaran et al., 2017; Dubey et al., 2019; 2020) pillar of sustainability.  

Literature is scant when directly discussing the role of BDA in transforming organisations and 

supply chains to deal with the repercussions of Climate Change. Most of the literature discusses 

sustainability, but as operations and supply chains strive to become more sustainable, they would 

need to acknowledge the wider challenge of climate change to achieve sustainable development. 

The existing literature on climate change and BDA has investigated the role of big data in selecting 

low carbon suppliers within the beef supply chain (Singh et al., 2018) and the impact of big data 

on environmental quality (Ang and Seng, 2016; Zhang et al., 2017; 2018; Yang et al., 2020). 

Literature has investigated the role of BDA in devising a cleaner production strategy for the 

sustainable development of manufacturing companies (Zhang et al., 2017), the application of BDA 

in urban environments including monitoring of air pollution, disaster management, and intelligent 

transportation (Ang and Seng, 2016) to mention a few applications. Therefore, apart from a few 

exceptions (e.g. Seles et al., 2018; Zhang et al., 2017; 2018), an explicit discussion of how could big 

data assist Climate Change is missing from the literature, which, on the impact of climate change 

in business operations and supply chains, has also been sparse (Alves et al. 2017; Lim-Camacho et 

al. 2017; Er-Kara et al., 2020). In a recent paper, Ghadge et al. (2020) argue that the impact of 

climate change on supply chains and operations, in terms of climate-related risks is lacking. Er-

Kara et al. (2020) have aimed to address this gap, proposing a threefold methodology due to the 

lack of studies, beginning with cognitive mapping, then identification of key climate change factors 

and most influenced supply chain performance dimensions, and proposing a system dynamics 

model supported by case scenarios to assess the implications of climate change on supply chain 

performance. Other conceptual developments were based on e.g., a diversification of extreme 

weather events (heatwave, cold wave, heavy precipitation, storm, and drought) and their impact 

on financial performance (Bergmann et al., 2016), and resource-related, that is, the impact of 

resource and raw materials’ scarcity and accessibility, regulations, and extra costs (Alves et al., 

2017). 

The review of the literature denotes a gap in terms of (i) understanding, both conceptually and 

empirically, the role of BDA in dealing with the challenges and opportunities arising from Climate 

Change for operations and supply chains; and (ii) how BDA can help promote sustainable 

development to cope with the wider impacts of Climate Change. In the next section, we outline 

thematic foci related to challenges and opportunities faced by operations and supply chains due to 

climate change issues and the role of BDA in dealing with these.  
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4. Challenges and opportunities faced by operations and supply chains due to climate 

change issues: the role of BDA 

Er-Kara et al. (2020), in their study on climate change risk and supply chain performance, 

underlined the importance of investigating the implications of climate change from an operations 

and SC perspective. They have identified challenges faced by business and supply chain operations 

due to climate change, namely: ‘supply problems of raw material resources’, ‘changes in customer 

behaviour and demand’, ‘relocation of production’, ‘changes in the efficiency and effectiveness of 

processes’, ‘changes in product quality’, ‘decrease in labour performance’, ‘damage or destruction 

of facilities’, ‘infrastructure and physical assets’, ‘Transportation problems’, ‘destruction of 

markets’, ‘extra costs’, ‘climate related mortality and morbidity’, ‘decreased financial performance, 

‘changes in regulations’, ‘damage to reputation of the company’, and ‘changes in energy 

consumption’ (p. 3). In Table 1 we are building on these challenges and their definitions to propose 

thematic foci for BDA in this context. 
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Table 1: BDA and challenges faced by operations and supply chains due to Climate Change (based on El-Kara et al., 2020) 

Challenges faced by 

operations and supply chains 

Description of issues Understanding the role of BDA in… (thematic 

foci) 

Supply problems of raw material 

resources 

Challenges in acquiring resources and raw materials, 

as well as deterioration in quality and quantity of raw 

materials with higher prices. 

 

-Reducing the uncertainty in demand for raw 

materials and supply chain dependability during 

sourcing process.  

-Forecasting the demand for raw materials in light of 

extreme conditions.  

 

Changes in customer behaviour 

and demand 

Challenges related to fluctuation of demand in 

products and services, as well as changes in market 

e.g. demand increase for environmentally friendly 

products.  

 

-Tracking frequently changing trends in customer 

behaviour and markets 

- Forecasting and speedy decision making on demand 

for product and services 

Relocation of production Shifting production to sustainable regions. 

 

-Providing data-driven timely and efficiently decision 

making in production process.  

 

Changes in the efficiency and 

effectiveness of processes 

The increase in the external temperature may impact 

negatively on performance and quality of 

products/services. 

 

-Enabling gathering and analysis of customer 

preference/market data as well as monitoring the 

acceptance of innovative products/services.  

-Enabling high-quality data for timely and efficient 

informed decision making. 

 

Changes in product quality  Decrease in quality of raw materials resulting in low 

quality products. 

 

-Forecasting and optimising supplier selection and 

decreasing the variability in quality of raw materials 

that result in low quality products 
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Decrease in labour performance Changes in climate resulting in reduction in 

productivity of labour (e.g. construction and farming 

industries). 

 

-Supporting real-time employee services and 

optimising employee performance 

-Analysing (historical) workforce data from extreme 

situations and tracking issues affecting productivity 

and wellbeing. 

-Informing decision making with regards to 

workforce wellbeing and taking measures to motivate 

staff for achieving higher productivity. 

 

Damage or destruction of 

facilities 

Extreme weather conditions resulting in destruction 

of facilities, transportation infrastructure, energy 

networks, and communication systems. 

 

 

-Capturing and analysing data regarding shifts in 

weather patterns, exposure to hazards, and expected 

effects of climate change, with a view to providing 

policies, regulations, and risk mitigation strategies to 

deal with adverse conditions. 

 

Transportation problems Extreme weather conditions resulting in destruction 

of transportation infrastructure, and delays in the 

delivery of products.  

 

Destruction of markets Human migration and loss of customers due to 

disasters related to climate change. 

 

-Analysing human digital traces from mobile devices, 

online services, and social networking sites, IoT data 

to answer questions related to migration flows, 

destination communities. 

-Building models to better understand migration and 

effects on the local and incoming population and 

devising strategies to deal with unexpected 

migrations and knock-on effects on wellbeing and 

planning destinations for growth, skills’ influx, 

healthcare, and participation in governance. 
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Extra costs Higher prices because of difficulties in acquiring 

resources, regulation costs (taxes, tariffs, 

environmental regulations), costs of related low-

carbon technologies, maintenance costs, cost of 

innovative solutions and smart technologies to adapt 

to climate change (e.g. monitoring weather data and 

predicting extreme events).  

 

-Integrating and analysing data on resources needed 

for implementation and integration of real-time 

monitoring technologies and costs related to analytics 

and storage technologies and efficient detection of 

change. 

 

Climate related mortality and 

morbidity  

Health problems and deaths of workers and 

customers, infections, and diseases.  

 

-Analysing data related to the decline and depletion 

of natural resources and the impact on health 

problems and deaths of workers to devise strategies, 

policies, and regulations for the wellbeing of workers 

and population. 

 

Decreased financial performance Reduction in profits because of higher operational 

costs and increase in commodity prices. 

 

-Analysing real-time data on financial performance 

and operational costs, as well as historical data on 

extreme situations and performance to early detect 

changes in performance and devise strategies to 

counteract such trends. 

 

Changes in regulations Severer environmental and disaster management 

regulations and controls. 

-Analysing data related to the impact of regulations’ 

change on performance and monitor organisational 

and product performance based on regulation 

change. 

 

Damage to reputation of the 

company 

Customer dissatisfaction resulting from lower quality 

final products and delays in their delivery. 

 

-Analysing data and devising algorithms that enable 

analysis of social networking data (social listening) to 

calculate reputation values and subsequently devising 
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strategies that monitor how companies interact with 

the external environment. 

 

Changes in energy consumption Fluctuations in energy demand for cooling and 

heating, electricity or alternative energy providers in 

office and storage. 

 

-Making sense of data to monitor energy 

consumption, achieve CO2 emission reductions and 

achieve/integrate with governmental targets for 

uptake of alternative energy sources. 

-Energy planning through assessing and mapping 

building energy performance to estimate space 

heating and cooling energy levels and future needs in 

anticipation of extreme changes in climate and 

weather conditions. 
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Related to the thematic foci (Table 1) is also the need to investigate the ‘dark side’ of the use of 

BDA for climate change. Past research on the adoption of technology has discussed the limitations 

of technology adoption and barriers to change, as well as commercial uncertainty and technological 

dynamism (Tarafdar et al., 2015; Gligor et al., 2021). Tarafdar et al. (2015) have argued that it is 

“quick and easy information access and flexible work patterns vs. addiction, misuse, overuse, 

overload and stress brought on by IT usage” (p. 270), what D’ Arcy et al. (2014) have named 

‘information overload’ and in our case, big data and BDA overload. More research would need to 

discuss the individual, technological, but also regulatory and governmental characteristics that 

influence the magnitude and directionality of data and analytics overload. This research could be 

guided by the framing of Tarafdar et al. (2015), where the unintended consequences of BDA could 

be studied in terms of the negative outcomes, mitigation mechanisms used, as well as the level of 

analysis (individual, organisational, societal). Understanding, hence, both the dark and bright side 

of BDA for Climate Change is crucial to an informed decision making facilitated by BDA and a 

key to a sustainable future. 

 

5. Conclusions 

The paper argued for the challenges and opportunities related to the application of BDA within 

operations and supply chains to address challenges and opportunities created by Climate Change. 

By looking at these challenges, we proposed thematic foci that we believe are and will be at the 

centre of interest by scholars in the foreseeable future. We did not focus on discussing different 

methodologies and theoretical lenses that could help researchers to understand the particularities 

of the Climate Change and operations/supply chain context as well as BDA. Hence, we 

acknowledge this as a limitation of our opinion paper. Nevertheless, by outlining the challenges 

and opportunities brought by Climate Change for operations and supply chains we believe we are 

providing useful food-for-thought to those who would like to further expand and explore more 

these opportunities.  
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