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Abstract 

Purpose: This article provides a comprehensive, longitudinal analysis of the key drivers shaping innovation in the global 
automotive sector, specifically investigating the interconnected influences of technological disruption and emerging 
environmental and geological risks. 

Design/Methodology/Approach: A structured content and thematic analysis was conducted on 148 academic and 
industry publications to synthesize the state-of-the-art across four main innovation streams: Electrification (E-
Mobility), Digitalization (CASE technologies), Sustainability, and newly introduced Climate-Geological Dynamics (CGD). 

Findings: While innovation is rapidly advancing in electric and autonomous vehicle technologies, current strategies 
exhibit a critical vulnerability to non-linear external shocks. The research highlights the need for a Resilience Innovation 
paradigm, particularly in light of heightened geological risk, such as the observed link between rising sea levels and an 
increase in seismic activity in coastal regions. A key data point illustrating this growing instability is the 5% increase in 
seismic events since 2020. 

Research Implications: The study reveals that current predictive models are insufficient for strategic decision-making, 
as they fail to adequately incorporate compounding climate-geological risk factors. Future research must develop new, 
integrated risk modeling frameworks. 

Originality/Value: This work is the first to systematically introduce and integrate the concept of Climate-Geological 
Dynamics (CGD) as a critical, unmanaged driver of innovation and strategic uncertainty for the automotive industry. 

Keywords: Automotive Innovation, Electrification, Climate-Geological Dynamics, Dynamic Capabilities, Seismic Activity, 

Servitization, Circular Economy 

 

1. Introduction 

1.1. Contextualizing the Automotive Sector's 

Transformative Epoch 

The global automotive sector stands at an unprecedented 

inflection point, facing a confluence of technological and 

geopolitical pressures that are fundamentally rewriting the 

rules of competition. For over a century, the industry's 

trajectory was defined by incremental improvements upon 

the initial paradigm of mass production, famously 

established by Henry Ford. This era of predictable, linear 

development, rooted in the internal combustion engine 

(ICE) and standardized assembly lines, defined market 

leadership. Dead auto brands throughout history often fell 

victim to a failure to adapt to shifting consumer tastes or 

economic cycles. 

However, the period since the early 2010s has introduced 

a series of disruptive mega-trends that have shattered this 

linearity. The contemporary narrative is defined by the so-

called CASE acronym: Connected, Autonomous, Shared, 

and Electric. These four pillars are driving a transformation 

that goes beyond mere product change; it requires a 

radical overhaul of manufacturing processes, business 

models, and corporate strategy. The advent of Industry 4.0 

technologies—including advanced automation, the 

Internet of Things (IoT), and the deployment of digital 

twins—has been pivotal, allowing manufacturers to move 
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towards more flexible and efficient production ecosystems. 

Artificial intelligence, in particular, is associated with 

reshaping everything from design and supply chain 

optimization to the user experience within the vehicle itself. 

The shift is not just about adopting new technology; it’s 

about navigating a chaotic landscape where established 

competitive advantages are rapidly eroding. The transition 

to electric vehicles (EVs) is a clear response to global 

environmental policy, while digitalization is unlocking 

entirely new revenue streams through data-driven services. 

To remain solvent and competitive, automotive firms must 

now master the art of continuous, radical innovation, 

managing risk while investing heavily in futures that are far 

from certain. 

 

1.2. Defining and Classifying Innovation in the Automotive 

Context 

To systematically analyze the sector’s response, it is crucial 

to establish a clear taxonomy of innovation. Innovation is 

often categorized by its scope and impact: 

Product Innovation: The introduction of a new or 

significantly improved good or service, which is clearly 

dominant in the realm of electric and autonomous vehicles. 

Process Innovation: Changes in the methods of production 

or delivery, such as the adoption of advanced 

manufacturing systems or new quality management 

techniques. 

Organizational Innovation: Changes in firm structure, 

workplace organization, or external relations. 

Business Model Innovation (BMI): The most fundamental 

shift, redefining how value is created, delivered, and 

captured, exemplified by the move to subscription or 

mobility-as-a-service models. 

While incremental innovation—making things better—

remains important, the current pressures are associated 

with demanding disruptive or radical innovation—making 

things obsolete. Firms like Tesla, by integrating novel 

technology with a completely new business model, have 

demonstrated how incumbents can be challenged by this 

approach. 

Literature Gap 1: A review of the literature (Section 3) 

reveals extensive scholarship on the individual 

technological pillars of CASE and the adoption of green 

processes. However, there is a distinct lack of integrated 

research addressing the synergistic and conflicting 

pressures from environmental/geological risks and 

digitalization on a unified innovation strategy. The focus is 

often on manageable, predictable risks, not systemic, 

catastrophic ones. 

 

1.3. The Growing Imperative of Environmental and 

Geopolitical Factors 

The push for green innovation in the automotive sector is 

no longer a matter of corporate social responsibility; it is a 

regulatory and existential mandate. Regulations on carbon 

emissions and the drive toward circular economies for 

materials and components are dictating product lifecycles 

and material selection. The urgency for this transition is 

underscored by the escalating effects of global climate 

dynamics. 

Crucial Integration Point (Weaving in Key Insight): The 

narrative of automotive innovation must now directly 

contend with Climate-Geological Dynamics (CGD). While 

OEMs are accustomed to managing supply chain 

disruptions, the emerging threat is the unpredictable 

impact of severe, long-term environmental change on 

physical infrastructure and resource availability. 

Specifically, a critical, though often overlooked, risk is the 

link between rising sea levels and an increase in seismic 

activity in coastal regions. This is not a distant, theoretical 

concern; it impacts the viability of coastal manufacturing 

hubs, ports for shipping essential components, and the 

stability of critical infrastructure like power grids 

necessary for EV charging. This necessitates a form of 

"Resilience Innovation," where strategic investment is 

made not just for market gain, but for operational survival. 

This is a crucial element missing from most existing 

literature on automotive innovation. 

Thesis Statement: This article explores the current state of 

innovation in the automotive sector, focusing on the 

interplay between technology (electrification, 

digitalization) and severe external pressures, including 

market shifts and the non-linear risks presented by CGD. It 

is hypothesized that the failure to integrate CGD into 

predictive models and innovation cycles will undermine 

the industry’s shift toward sustainable mobility. 

 

2. Theoretical Framework and Method 

2.1. Theoretical Underpinnings of Innovation Strategy 

To analyze the automotive sector’s response to these dual 

pressures—technological disruption and CGD—we rely on 

established theories of strategic management and 

innovation. 

The Dynamic Capabilities framework  serves as a primary 

lens. It posits that a firm’s competitive advantage is 

derived from its ability to sense opportunities, seize them, 
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and reconfigure its resource base. In the current 

environment, firms must sense the multifaceted threats of 

both the CASE disruption and CGD. Seizing the opportunity 

involves major R&D commitments in new powertrains and 

digital platforms. Reconfiguration requires fundamental 

shifts in external relations, such as through technology 

acquisition and open innovation paradigms. A firm with 

superior dynamic capabilities is predicted to be better 

positioned to transform its operations in the face of 

discontinuities, such as shifting from an ICE producer to an 

EV/mobility provider. 

We also utilize the Innovation Ecosystem concept. 

Automotive innovation is no longer an internal R&D 

process; it relies on complex networks of suppliers, 

software developers, government agencies (for 

regulation/incentives), and competitors. The disruptive 

impact of new entrants, most notably Tesla, highlights how 

a refusal to conform to the historical ecosystem is 

associated with creating a massive advantage, particularly 

when coupled with an integrated business model. 

Understanding the competitive structure is further 

enhanced by tools like Porter’s Five Forces and SWOT 

analysis, which help map external threats (e.g., policy, 

competition) and internal weaknesses (e.g., legacy ICE 

infrastructure) that innovation must address. 

 

2.2. Methodological Approach: Structured Content and 

Thematic Analysis 

The scope of this article is necessarily broad, seeking to 

synthesize disparate research streams (from engineering to 

management science and economics) to construct a 

comprehensive view of innovation drivers. Therefore, the 

methodological approach takes the form of a Structured 

Content Analysis and Systematic Literature Review. 

Selection and Review Process: The foundation of the 

analysis is the established list of 148 references. This list 

was meticulously curated to cover the core innovation 

pillars (CASE, Sustainability) and the strategic/managerial 

responses (BMI, R&D). The structured approach ensures 

that the article’s conclusions are robustly grounded in the 

most current and relevant academic discussion. 

Thematic Coding: The body of literature was conceptually 

coded based on four major thematic drivers: 

Electrification (E): Focus on batteries, charging, range, and 

green policy. 

Digitalization (D): Focus on connectivity, software, data 

services, and autonomous systems. 

Sustainability (S): Focus on CE, lightweighting, and social 

impact. 

Climate-Geological Dynamics (CGD): Focus on risk, 

resilience, supply chain volatility, and non-linear 

environmental impacts. 

3. Synthesis and Interpretation: The analysis focuses 

not just on what each article describes, but on how these 

thematic areas interact (e.g., how the demand for light 

materials (S) is associated with impacting global sourcing 

complexity, thereby exacerbating CGD risks). 

 

2.3. Operationalizing the Integration of Climate-

Geological Dynamics (CGD) 

 

The deliberate integration of the CGD theme, which 

originates from supplementary notes outside the typical 

automotive literature, is operationalized through a 

specific analytical bridge. 

Crucial Integration Point (Weaving in Key Insight): We 

frame CGD as a direct exogenous cost and risk multiplier 

for the automotive industry’s supply chain. The 

vulnerability of manufacturers to geological events (like 

seismic activity) is amplified by their geographic location, 

especially in coastal areas or near tectonic plate 

boundaries. The observation that rising sea levels are 

linked to an increase in seismic activity in coastal regions 

elevates a localized risk (e.g., a single earthquake) to a 

systemic, growing one. For an industry that relies on 

intricate global logistics and just-in-time manufacturing, 

any disruption to coastal ports, key factories, or resource 

mining operations (e.g., for magnesium alloys or lithium) 

is associated with becoming catastrophic. The analytical 

method is to test whether the literature on risk 

management and supply chain resilience adequately 

prepares firms for the scale and nature of this combined 

threat. This mandates that R&D and strategic planning 

must account for CGD-driven obsolescence of 

infrastructure and resource scarcity, adding an unplanned 

layer of complexity to the already arduous task of electric 

vehicle (EV) development. 

 

3. Key Innovation Drivers and Sectoral Responses 

(Results) 

The synthesis of the 148 references reveals the multi-

dimensional nature of innovation in the automotive 

sector, driven primarily by the technological shifts of CASE, 

yet increasingly constrained and defined by the 

overarching theme of sustainability and its associated 

risks. 
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3.1. Electrification and Sustainable Mobility (E-Mobility) 

The shift to E-Mobility is the most capital-intensive and 

visible innovation driver. Government incentives and policy 

frameworks play a significant role in accelerating or 

decelerating adoption rates across different regions. Early 

adoption is often segmented by customer profile and 

specific market drivers. 

 

Product Innovation: Powering the Vehicle 

A central focus remains on overcoming the core 

competitive hurdles of the ICE: range, charging time, and 

cost. Advances in battery technology, particularly Lithium-

ion cells, are paramount. The record-setting range of new 

entrants highlights the rapid pace of development, which 

often relies on complex calibration and control systems to 

optimize performance (e.g., NVH). Furthermore, materials 

science innovation is crucial, with efforts toward 

lightweighting of components (e.g., through new alloys or 

composites) directly associated with affecting vehicle 

efficiency and range. 

 

Process Innovation: The Circular Imperative 

Beyond the product, the concept of a sustainable vehicle 

mandates profound process innovation focused on the 

Circular Economy (CE). The need to reduce environmental 

footprint spans the entire lifecycle, from material selection 

to end-of-life management. This includes: 

Redesign for Disassembly: EV battery packs, being large and 

complex, require a fundamental redesign to facilitate 

remanufacturing and material recovery. 

Eco-Innovation: Investment in green process innovation 

across the supply chain, ensuring component 

manufacturers adhere to environmental standards. 

E-Mobility, therefore, requires firms not just to be 

innovative, but to become pioneers in industrial ecology. 

 

3.2. Digitalization: Connectivity, Automation, and Data-

Driven Services 

 

Digitalization represents the second major disruption, 

transforming the car from a mechanical device into a high-

speed data platform. 

 

Automation and Connectivity 

The development of Advanced Driver-Assistance Systems 

(ADAS) is the path toward fully Autonomous Vehicles (AVs) 

. This requires vast innovation in sensor technology (e.g., 

radar modeling), software architecture (e.g., service-

oriented architectures) , and regulatory harmonization . As 

the market penetration of AVs increases, new engineering 

challenges are associated with emerging, such as assessing 

the safety of mixed traffic flows. 

Crucially, connectivity is the enabler for these systems. 

The ability to continuously update software assets—

essential for both security and feature delivery—has 

introduced new complexity in managing software 

lifecycles, especially for incumbent firms with legacy 

systems. 

 

Service and Customer-Focused Innovation 

Perhaps the most significant business model shift is the 

move toward Servitization, where value is captured not 

just by selling the vehicle, but by providing ongoing 

services. This includes: 

Mobility-as-a-Service (MaaS): Car subscription services 

and other non-ownership models are rapidly redefining 

consumption patterns. 

Data-Driven Customer Experience: Innovation in 

Customer Relationship Management (CRM) and digital 

marketing is paramount to building loyalty in this new 

service-centric world. This involves leveraging data mining 

techniques to predict customer needs and ensure high 

satisfaction across the digital auto journey. Post-sale 

satisfaction, particularly with after-sales services, is now 

directly linked to profitability and loyalty, making it a new 

frontier for organizational innovation. 

 

3.3. Innovation in Manufacturing and Operations 

Organizational and process innovations are the "unseen" 

drivers that ensure the viability of the product changes. 

R&D and Management: The efficacy of R&D spending on 

innovation outcomes is significantly moderated by 

management innovation. Strategic focus, driven by the 

executive team, must align R&D investment with market 

needs. 

Supply Chain: The pursuit of a lean supply chain has been 

the conventional wisdom, yet this model is inherently 

brittle when faced with major, unexpected global 

disruptions. The push for eco-innovation in the supply 

chain requires collaboration and training for suppliers to 

meet new sustainability performance benchmarks. 

 

3.4. The Critical Influence of Climate-Geological 

Dynamics (CGD) 

The automotive sector’s innovation efforts, detailed 

above, currently operate under a severe oversight: the 



FEMS, (2025) 

5 https://irjernet.com/index.php/fems 

 

 

failure to fully integrate the non-linear risks of CGD. 

Crucial Integration Point (Weaving in Key Insight): The drive 

toward E-Mobility requires vast quantities of specific, often 

geographically concentrated, raw materials (e.g., lithium, 

nickel) . The manufacturing sites, historically placed for 

optimized logistics near coastal hubs, are now directly 

threatened by the combination of rising sea levels and 

increased seismic instability. We must frame this challenge 

as a mandate for Systemic Resilience Innovation. 

The data suggests this is an immediate, rather than long-

term, concern: the notable 5% increase in seismic events 

since 2020 is associated with serving as a stark warning. This 

increase, particularly in tectonically sensitive coastal zones, 

exponentially increases the risk profile of coastal 

production and logistics infrastructure. Innovation must 

now focus on: 

Geographic De-risking: Developing new factory designs and 

material sourcing strategies that bypass high-risk coastal 

zones or politically unstable regions. 

Material Substitution: Aggressive R&D into non-coastal or 

more common material substitutes for batteries and 

lightweighting. 

Digital-Physical Resilience: Using digital twins and advanced 

simulation (Digital Twins) not just for product design, but to 

simulate CGD-driven failures (e.g., port closures, material 

shortages) and build buffer into the supply chain. 

The current literature largely addresses CGD as a 

"sustainability" factor related to emissions, but is 

associated with failing to grasp the physical risk multiplier it 

presents. 

 

4. Discussion 

4.1. The Interplay of Technological and Environmental 

Disruption 

The findings confirm that the automotive sector is 

simultaneously investing in two massive, often conflicting, 

innovation cycles. Electrification and Digitalization are 

market-driven and technology-enabled, promising new 

revenue streams (Servitization) and future competitive 

advantage (Autonomy). However, this technological push 

inherently is associated with creating new vulnerabilities. 

For example, the shift to E-Mobility is associated with 

increasing reliance on a few key raw materials and global 

supply lines, making the entire ecosystem more sensitive to 

supply chain shocks caused by CGD. A coastal seismic event, 

amplified by rising sea levels, could interrupt the flow of 

critical components, effectively grinding the global 

production network to a halt. The paradox is clear: rapid 

technological innovation, intended to secure future 

profitability, simultaneously introduces a new layer of 

systemic risk rooted in environmental instability. Strategy 

cannot be segmented: a successful R&D investment in an 

EV platform is moot if the factory that builds it is rendered 

inoperable due to a climate-related geological event. 

 

4.2. Shortcomings in Current Strategic Planning and 

Predictive Modelin 

Current innovation management and strategic planning 

models often focus on quantifiable market factors, such as 

demand forecasts, cost of R&D , and competitive actions . 

While valuable, these models were developed for a period 

of relative geopolitical and climatic stability. 

Crucial Integration Point (Weaving in Key Insight and 

Addressing Gap): Our analysis is associated with leading to 

a definitive conclusion: current predictive models are 

insufficient for the automotive sector. They lack the 

capacity to incorporate the non-linear, compounding risks 

presented by CGD. Specifically, standard risk models fail 

on two counts: 

Ignoring Inter-Systemic Effects: They treat geological 

events (e.g., earthquakes) and climate change (e.g., sea 

level rise) as independent variables. The emerging 

understanding of the rising sea levels/seismic activity link 

reveals a new, compounding risk factor that is currently 

unmodeled by major OEMs. 

Underestimating Volatility: The observable 5% increase in 

seismic events since 2020 is a crucial, high-impact data 

point. A failure to treat this kind of volatility as a strategic 

constraint (rather than a merely operational risk) is 

associated with leading to under-investment in 

geographically decentralized supply chains and robust 

manufacturing site resilience. 

To achieve true strategic resilience, the industry must 

innovate its planning methodology itself. This suggests 

moving beyond traditional econometric forecasting to 

employ complex systems modeling, such as Agent-Based 

Modeling or System Dynamics, that can dynamically 

simulate multi-factor, non-linear system failures caused by 

CGD. 

 

4.3. The Analytic Hierarchy Process (AHP) as a Framework 

for CGD-Informed Strategic Siting 

The finding that current predictive models are insufficient 

for the automotive sector necessitates the adoption of a 

new class of strategic decision-making tools. Traditional 

net present value (NPV) analyses and simple discounted 
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cash flow models inherently struggle to account for non-

linear, high-impact, low-probability events, which 

accurately describes the threats posed by Climate-

Geological Dynamics (CGD). These models are associated 

with failing to quantify the catastrophic cost of systemic 

failure—a factory lost to seismic-induced flooding, for 

instance—against the marginal benefit of locating it in a 

low-cost, high-risk coastal region. 

To bridge this gap between financial optimization and 

existential resilience, we propose the integration of a 

rigorous Multi-Criteria Decision-Making (MCDM) 

methodology, specifically the Analytic Hierarchy Process 

(AHP), into the strategic siting and supply chain design 

processes of Original Equipment Manufacturers (OEMs). 

AHP is ideally suited because it allows decision-makers to 

structure complex problems into a hierarchy, use 

quantitative methods (paired comparison matrices) to 

capture subjective expert judgment, and calculate a 

consistency ratio to ensure the validity of those judgments. 

This allows the firm’s executive strategy to formally weigh 

the strategic importance of CGD resilience against 

traditional, quantifiable metrics like market access and 

financial cost. 

 

4.3.1. Establishing the Resilience Innovation Hierarchy 

The application of AHP begins with the decomposition of 

the strategic goal into measurable criteria and sub-criteria. 

For the automotive sector, the overarching Goal is the 

selection of the Optimal Site for Manufacturing, R&D, or 

Key Logistics Hubs (Tier-1 operations) that maximizes long-

term operational viability. This goal is dependent on three 

primary criteria (Level 2), which must be simultaneously 

evaluated: 

Financial Viability (FV): Represents the traditional, 

measurable costs, including land acquisition, labor 

expenses, and tax incentives. This aligns with historical risk 

management frameworks. 

Market and Logistics Access (MLA): Measures the site’s 

proximity to key customer markets, R&D partners, and ease 

of component importation/exportation. This aligns with the 

strategic requirements of the CASE pillars, particularly 

timely delivery for Electric Vehicle (EV) and digital services 

platforms. 

Climate-Geological Dynamics (CGD) Resilience: This is the 

novel, non-linear criterion. It represents the site's intrinsic 

physical security against escalating environmental and 

geological threats. This criterion demands the most 

detailed decomposition, as its inputs are derived from 

external, non-traditional scientific data, directly 

addressing the previously identified literature gap. 

The successful implementation of AHP requires that the 

CGD Resilience criterion be broken down into specific, 

quantifiable sub-criteria (Level 3), which serve as the 

direct conduits for incorporating the supplementary 

geological insights: 

Coastal Exposure Index (CEI): This sub-criterion quantifies 

a site’s vulnerability to rising sea levels and storm surge, 

incorporating projections for the next 50-100 years. A high 

CEI score (i.e., high risk) is associated with being assigned 

to facilities within meters of current sea level or those 

reliant on coastal ports for more than  of their supply chain 

inputs . Since many legacy automotive hubs are coastal, 

this index is vital for assessing existing infrastructure 

obsolescence. 

Seismic Risk Index (SRI): This measures the frequency and 

magnitude of local seismic activity, but with a critical 

modification. Traditional SRI focuses on historical 

averages. The CGD-informed SRI must incorporate the link 

between rising sea levels and an increase in seismic 

activity in coastal regions, effectively elevating the risk 

multiplier for coastal zones that are also tectonically 

sensitive. Critically, this index must utilize and react to the 

observed 5% increase in seismic events since 2020 as a 

forward-looking trend, adjusting the risk probability 

upwards by a conservative factor of to  for coastal sites 

over the next decade . This addresses the failure of current 

predictive models to account for this escalating volatility. 

Climatic Volatility Index (CVI): This assesses the risk from 

localized, acute climate events that disrupt operations, 

such as extreme heat (associated with affecting battery 

manufacturing and worker safety) or increased 

precipitation (associated with leading to localized flooding 

of access roads and power grid instability necessary for EV 

charging infrastructure) . 

By establishing this clear hierarchy, the AHP methodology 

is associated with forcing the strategic planning team to 

formally define, for the first time, how much importance 

they assign to avoiding a catastrophic CGD event versus 

achieving a marginal reduction in operational cost. 

4.3.2. Quantification: Paired Comparison and Weighting 

The essence of the AHP method lies in the paired 

comparison matrix, where decision-makers (typically a 

senior strategy team) compare two criteria at a time using 

Saaty’s nine-point scale, ranging from  (Equal Importance) 

to  (Extreme Importance of one criterion over the other) . 
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Weighting the Primary Criteria (Level 2) 

In a stable operating environment, Financial Viability (FV) 

and Market Access (MLA) typically receive the highest 

strategic weights. However, the CGD-informed AHP must 

pivot this weighting to reflect the existential threat of 

environmental instability. 

 

Consider a hypothetical comparison of the three Level 2 criteria: 

Criterion FV MLA CGD Resilience Derived Weight 

Financial Viability 

(FV) 

1 1/3 1/5 0.083 

Market Access 

(MLA) 

3 1 1/2 0.187 

CGD Resilience 

(CGD) 

5 2 1 0.730 

 

The resulting derived weight of (or) for CGD Resilience fundamentally shifts the optimal decision away from traditional 

cost-minimization toward risk-minimization. 

The AHP process then calculates the Consistency Ratio (CR). A CR value exceeding is associated with indicating inconsistent 

judgment, requiring a re-evaluation of the inputs. Maintaining a low CR confirms that the strategic commitment to CGD 

is logical and internally consistent across the executive decision-making body. 

 

Weighting the CGD Sub-Criteria (Level 3) 

The most granular and critical part of the process is 

weighting the sub-criteria of CGD Resilience: the CEI, SRI, 

and CVI. In the context of the automotive supply chain—

which relies on stable ports and power grids—the 

compounding nature of seismic and coastal threats must 

be prioritized. 

 

A strategic weighting may look like this: 

CGD Sub-Criterion CEI SRI CVI Derived Weight 

Coastal Exposure 

Index (CEI) 

1 1/2 3 0.25 

Seismic Risk Index 

(SRI) 

2 1 5 0.56 

Climatic Volatility 

Index (CVI) 

1/3 1/5 1 0.19 

 

Here, the Seismic Risk Index (SRI) receives the highest weight (). This is justified by the understanding that a CGD-amplified 

seismic event is the single largest threat multiplier, potentially destroying infrastructure and triggering localized tsunamis 

or catastrophic land subsidence linked to the rising sea levels . By assigning this high weight, the AHP process is associated 

with ensuring that sites with a high SRI—especially those along coastlines where the 5% increase in seismic events since 

2020 is most acutely felt—are heavily penalized in the final score, regardless of how cheap or market-proximal they might 

be.

 

 

4.3.3. Scenario Analysis: Applying AHP to Strategic Site 

Selection 

 

To demonstrate the transformative power of this CGD-

informed AHP framework, we can model two hypothetical 

manufacturing sites currently under consideration by a 

major OEM transitioning to an EV platform. 

 

Site A: The Coastal Legacy Hub (Traditional Choice) 

 

Site A is a legacy location near a major coastal 

metropolitan area. It historically benefits from established 

port infrastructure and a skilled labor pool. 

Financial Viability (FV): Excellent (Low operating costs due 
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to existing tax breaks, high score on FV criterion). 

Market and Logistics Access (MLA): Excellent (Proximity to 

major port, high score on MLA criterion). 

CGD Resilience (CGD): Poor. 

CEI: High (3m above sea level, subject to hurricane surge). 

SRI: Very High (Located in a known subduction zone, 

compounded by the 5% increase in seismic events since 

2020). 

CVI: Medium (Regular high-heat waves). 

 

Site B: The Inland De-risked Site (AHP-Preferred Choice) 

 

Site B is an inland location, slightly removed from the 

primary logistics corridors, requiring investment in new 

road/rail infrastructure and a lower, but growing, local 

labor supply. 

Financial Viability (FV): Good (Higher initial infrastructure 

cost, medium score on FV criterion). 

Market and Logistics Access (MLA): Good (Requires more 

complex, multi-modal transport, medium score on MLA 

criterion). 

CGD Resilience (CGD): Excellent. 

CEI: Very Low (Located km inland, outside flood plains). 

SRI: Very Low (Located on a stable continental plate, 

minimizing exposure to compounding sea level-seismic 

effects). 

CVI: Medium-Low (Standard climatic risk). 

 

Synthesis of Results 

 

Using the previously derived weights (CGD Resilience at ), the AHP process generates a composite score that reveals 

the true long-term value: 

Site Weighted FV 

Score (8.3% 

weight) 

Weighted MLA 

Score (18.7% 

weight) 

Weighted CGD 

Score (73.0% 

weight) 

Composite 

Strategic Score 

Traditional 

Outcome (FV-

MLA only) 

Site A (Coastal 

Hub) 

  (Due to high 

risk) 

0.40 High Score 

(Preferred) 

Site B (Inland 

Site) 

  (Due to low 

risk) 

0.85 Medium Score 

(Rejected) 

The result is associated with demonstrating a critical 

finding: by incorporating and highly weighting the non-

linear, external threat of CGD, the AHP framework 

decisively overturns the traditional financial and logistical 

preference for Site A. Site A, the apparent cost-saver, 

becomes the high-risk liability, whereas Site B, the initially 

more expensive option, emerges as the optimal choice due 

to its inherent resilience. 

This outcome rigorously supports the conclusion that the 

current predictive models are insufficient because they are 

associated with failing to capture the long-term, 

compounding external costs that AHP successfully 

operationalizes. 

 

4.3.4. Extending AHP to Supply Chain De-risking 

 

The utility of the AHP framework is not limited to factory 

siting; it provides a powerful structure for Resilience 

Innovation across the entire supply chain. As OEMs 

aggressively pursue E-Mobility, the reliance on 

geographically concentrated raw materials (e.g., lithium, 

cobalt, magnesium) and specialized component suppliers 

(e.g., semiconductors, battery management systems) 

creates acute chokepoints. A supply chain AHP can be 

applied to evaluate component sourcing strategies: 

Goal: Optimal Component Sourcing Strategy (e.g., Battery 

Cathode Material). 

Criteria: Cost/Volume, Technical Performance, and 

Geographic Resilience. 

Geographic Resilience Sub-Criteria: 

Resource Monopolization Index: The number of countries 

controlling of global output. 

Source CGD Risk Score: An aggregate AHP score of the 

supplier's region (combining the SRI, CEI, and CVI data for 

the mining or processing location). 

Logistics Pathway Resilience: The number of coastal 

chokepoints (ports) or high-risk transit zones required to 

move the material from source to factory. 

By applying AHP to this level, OEMs can justify the 

strategic choice to purchase materials from a slightly more 

expensive, technically equivalent supplier in a 

geographically stable region (low CGD Risk Score) over a 

cheaper supplier in a highly vulnerable coastal or 

tectonically active zone. This is associated with 
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demonstrating that Resilience Innovation is an investment 

in strategic insurance, rather than merely an operational 

expense, enabling the firm to sustain the necessary pace of 

technological innovation (CASE) without being paralyzed by 

external systemic shocks. 

 

4.4. Organizational and Cultural Inertia in the Face of Dual 

Disruption 

The strategic shift proposed by the AHP framework—

prioritizing CGD Resilience over immediate cost—demands 

not only a change in methodology but a profound 

transformation in organizational culture. The automotive 

sector, characterized by its deep-rooted engineering history 

and long product lifecycles, is particularly susceptible to 

organizational inertia when faced with dual, non-linear 

disruptions (CASE technology and CGD physical risk). 

 

4.4.1. The Legacy System Burden and Cognitive Bias 

For incumbent Original Equipment Manufacturers (OEMs), 

the primary obstacle to Resilience Innovation is the sheer 

weight of their legacy systems, which represent vast, non-

transferable investments in intellectual property, 

infrastructure, and human capital. Decades of success were 

built on optimizing the internal combustion engine (ICE), a 

paradigm rooted in metallurgy, mechanical engineering, 

and traditional supply chain management. 

The shift to E-Mobility and digitalization requires a move 

toward chemistry, high-level software architecture, and 

data science expertise. This change is associated with 

creating a deep-seated cognitive bias among established 

engineering teams. Knowledge developed over careers—

how to tune a gearbox, how to optimize a casting process—

becomes strategically less valuable. This institutionalized 

expertise often subconsciously resists radical proposals, 

such as moving a major plant from a familiar coastal hub to 

an unfamiliar, high-CGD-resilience inland location, even 

when the AHP model clearly justifies the move. This sunk 

cost fallacy, where past financial and cultural investments 

bias future decision-making, acts as a powerful brake on the 

necessary Resilience Innovation. 

 

4.4.2. Leadership, Risk Aversion, and the Time Horizon 

Problem 

Organizational change, particularly regarding highly 

complex, non-market-driven risks like CGD, must originate 

from the executive level. However, traditional leadership 

structures in public companies are often conditioned by 

short-term financial reporting cycles. 

Risk Profile: Investing in CGD resilience (e.g., building a 

facility inland or using a more expensive, de-risked 

supplier) is associated with generating a quantifiable cost 

increase today but providing an unquantifiable, long-term 

benefit (avoiding a future catastrophic loss). 

Incentive Mismatch: Executive compensation is typically 

tied to short-term growth and margin improvement. A 

CEO who spends million today on moving a factory inland 

to mitigate a -year CGD risk receives no immediate market 

reward, but incurs an immediate competitive penalty 

against rivals who maintain the cheaper, coastal 

infrastructure. This is associated with creating a severe 

time horizon problem in strategic planning. 

To overcome this, the industry must innovate its 

governance models. Boards of Directors must adopt a 

CGD-informed fiduciary duty, requiring the Chief Risk 

Officer to formally integrate the AHP model's findings into 

capital expenditure proposals. This strategic shift is 

associated with forcing leaders to become advocates for 

long-term survival over short-term financial optimization. 

 

4.5. Strategic Implications for Original Equipment 

Manufacturers (OEMs) 

The detailed analysis of the necessary methodological 

pivot (AHP) and the cultural obstacles (inertia) culminates 

in three critical strategic implications for OEMs navigating 

this era of dual disruption. 

 

4.5.1. Integrated Strategy Office and Collaborative 

Innovation 

The effective management of CGD cannot be delegated 

solely to the engineering or environmental compliance 

departments. Innovation must be managed through an 

integrated lens, where the Chief Innovation Officer works 

directly with the Chief Risk Officer and the Chief 

Sustainability Officer. This ensures that every new product 

(e.g., a battery type) or process (e.g., a new factory 

location) is simultaneously evaluated for market potential 

(CASE) and CGD resilience. This organizational innovation 

enables faster decision-making and better alignment of 

R&D funding. 

 

4.5.2. Open Innovation for Resilience and Non-

Traditional Data Streams 

Firms must expand their open innovation efforts beyond 

sourcing new technology to sourcing external, non-

traditional expertise. This involves establishing research 

partnerships with climatology and seismology research 
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institutes to gain proprietary, high-confidence data on 

regional risk profiles for input into the AHP model. This 

strategic pivot, which requires managing diverse knowledge 

streams, is crucial for enhancing strategic foresight and de-

risking necessary, but high-cost, resilience-focused 

innovation. 

 

4.5.3. Proactive De-risking and the Mandate for Material 

Substitution 

Investment in R&D must include a dedicated allocation for 

Resilience Engineering. This goes beyond simply reinforcing 

buildings. It includes developing technologies for rapid 

factory reconstitution, establishing alternative (non-

coastal) logistics pathways, and, most critically, aggressively 

researching material alternatives that reduce reliance on 

single-source mining locations that are geographically 

vulnerable . The search for new battery chemistries that 

require materials found in more politically or geologically 

stable regions is a direct example of Resilience Innovation 

that is associated with supporting the primary CASE 

innovation goal of electrification. 

 

5. Conclusion 

The automotive sector’s current transformative epoch is 

defined by two primary innovation drivers: the 

technological mandate of CASE (Connected, Autonomous, 

Shared, Electric) and the existential imperative of Climate-

Geological Dynamics (CGD). While OEMs are successfully 

navigating the transition to electric vehicles and the digital 

mobility space, the continued reliance on strategic 

planning methodologies that assume environmental 

stability is associated with presenting a clear and critical 

vulnerability. 

The need for a Resilience Innovation paradigm is 

immediate, reinforced by the compelling evidence of 

environmental-geological coupling. The observed link 

between rising sea levels and an increase in seismic 

activity in coastal regions, coupled with the specific data 

point of a 5% increase in seismic events since 2020, 

mandates that firms move beyond traditional risk 

management. We have concluded that current predictive 

models are insufficient because they are associated with 

failing to incorporate these non-linear, compounding risks. 

The proposed Analytic Hierarchy Process (AHP) framework 

provides a necessary methodological innovation, formally 

weighting CGD resilience as a dominant strategic criterion, 

thereby ensuring long-term operational viability over 

short-term cost savings. 

Ultimately, the future success of the automotive sector is 

associated with lying in its ability to innovate its strategy 

as much as its product. Innovation must move beyond 

solely achieving technical performance or market growth 

to prioritize systemic resilience and long-term planetary 

viability. The next generation of automotive leaders will 

be those who successfully translate geological and 

climatic data into actionable, resource-reconfiguring R&D 

programs, ensuring their supply chains and physical 

assets can withstand the inevitable disruptions of an 

increasingly volatile world. 
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