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INFRASTRUCTURE RESILIENCE AND ARTIFICIAL 

INTELLIGENCE IN ADDRESSING GLOBAL CLIMATE 
CHALLENGES ACROSS ECONOMIC SEGMENTS 

 
Introduction. Global climate change represents a multidimensional 

challenge that increasingly affects economic systems, social stability, and 
ecological security. The vulnerability of economic segments – such as energy, 
transport, agriculture, and industry – is directly linked to the resilience of their 
infrastructures and the degree of technological adaptation. Artificial 
intelligence (AI) is becoming a key transformative instrument in mitigating 
climate threats by optimizing resource use, predicting risks, and supporting 
evidence-based policy decisions. This paper explores the intersection between 
infrastructure resilience and AI-driven climate responses within different 
economic sectors, emphasizing the potential for systemic adaptation and 
sustainable development [1]. 

The intensification of global climate change has led to unprecedented 
disruptions in natural and economic systems [2]. Floods, heatwaves, wildfires, 
and droughts now cause substantial losses to infrastructure, supply chains, and 
human settlements. These impacts vary across economic segments, revealing 
inequalities in adaptive capacity and access to innovation [3]. Infrastructure 
resilience – the ability of physical and institutional systems to absorb, recover, 
and adapt to shocks – has emerged as a strategic priority of climate governance. 
At the same time, artificial intelligence (AI) technologies are revolutionizing 
climate analytics, predictive modeling, and early warning systems, creating 
new opportunities for cross-sectoral sustainability [4]. 

Main part. Each economic segment experiences climate threats differently: 
– Energy sector: faces increased risks from extreme weather events that 

disrupt production and transmission. Renewable infrastructure requires 
intelligent forecasting to ensure stability. 

– Transport sector: vulnerable to sea-level rise, road degradation, and 
extreme temperature fluctuations. AI-enabled monitoring supports predictive 
maintenance and reduces emissions. 
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– Agriculture: suffers from droughts and soil degradation. AI-driven data 
systems improve irrigation management, crop planning, and climate adaptation 
strategies. 

– Industry: faces pressure to decarbonize while maintaining 
competitiveness. Intelligent manufacturing and green infrastructure 
investments enhance resilience. 

– Urban systems: concentration of people and infrastructure amplifies 
risks. Smart city solutions based on AI improve waste management, energy 
efficiency, and climate monitoring. 

This segmentation highlights that climate resilience must be both sector-
specific and systemically integrated. Resilient infrastructure represents the 
foundation of climate security [5; 6]. It ensures continuity of critical  
services – energy, water, communication, and mobility – during and after 
climate events. However, traditional approaches to infrastructure planning  
are insufficient in a rapidly changing climate. Future-oriented infrastructure 
must be [7; 8]: 

1. Modular and adaptive – capable of evolving with technological and 
environmental conditions; 

2. Digitally integrated – combining sensors, AI, and big data to predict 
vulnerabilities; 

3. Environmentally sustainable – minimizing ecological footprint and 
maximizing ecosystem services. 

Such transformation requires coordinated investment, governance 
innovation, and knowledge transfer across borders [8]. AI contributes to 
climate resilience through several core functions: predictive modeling: 
simulating the impacts of climate scenarios on different economic segments; 
decision support systems: optimizing infrastructure investments and disaster 
response; automation and efficiency: improving energy use, logistics, and 
industrial production; risk communication: facilitating rapid information flows 
to policy-makers and citizens. 

AI also enables climate intelligence networks – systems that combine 
satellite data, machine learning, and local knowledge to enhance monitoring 
and adaptive planning. Nevertheless, the integration of AI into climate policy 
raises ethical, security, and equity concerns. Ensuring transparent algorithms 
and inclusive data access remains essential [9]. Climate-resilient development 
must align infrastructure investment with technological innovation and social 
inclusion. Key policy directions include: integrating AI-driven risk assessment 
into national infrastructure planning; establishing global data-sharing 
frameworks for climate modeling; promoting public–private partnerships for 
green innovation; supporting education and workforce reskilling for AI and 
climate resilience; encouraging international cooperation to reduce technology 
gaps among economic regions (Tab. 1). 
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Table 1 
Comparative Analysis of Economic Segments: Climate Threats, 

Infrastructure Resilience, and AI Integration 

Economic 
Segment 

Major Climate 
Threats 

Infrastructure 
Vulnerability 

AI 
Application 

Potential 

Examples  
of AI-Based 

Solutions 

Energy 

Extreme 
weather events, 
heatwaves, 
disruption of 
renewable 
generation 

High – due to 
centralized grids 
and aging 
transmission 
systems 

Very high 

Smart grids,  
AI-based demand 
forecasting, 
optimization of 
renewable energy 
mix 

Transport 

Floods, sea-level 
rise, temperature 
extremes 
damaging roads 
and rail 

High – critical 
dependence on 
continuous 
physical 
networks 

High 

Predictive 
maintenance,  
AI-driven traffic 
management, 
emission 
optimization 

Agriculture 

Droughts, soil 
erosion, crop 
failure, pest 
outbreaks 

Medium to  
high – climate-
sensitive 
production 
systems 

Very high 

Precision 
agriculture, AI 
irrigation control, 
crop disease 
detection 

Industry and 
Manufacturing 

Energy price 
volatility, supply 
chain 
disruptions, 
emissions 
constraints 

Medium – 
dependent on 
energy and 
logistics stability 

High 

Predictive analytics 
for production 
efficiency, waste 
reduction 
algorithms 

Urban 
Systems and 
Housing 

Heatwaves, 
floods, air 
pollution, 
infrastructure 
overload 

Very high – 
dense population 
and complex 
service interde-
pendencies 

High 

Smart city 
platforms,  
AI-driven waste 
and water 
management, urban 
climate modeling 

Finance and 
Insurance 

Market 
instability, 
climate-related 
asset 
devaluation 

Medium – 
indirect exposure 
through 
investment 
portfolios 

Very high 

AI-based climate 
risk assessment, 
automated 
underwriting, 
predictive loss 
modeling 

Health and 
Social 
Services 

Heat-related 
illnesses, 
epidemics, 
infrastructure 
damage 

Medium – 
dependent on 
local 
preparedness and 
logistics 

Moderate 

AI health 
surveillance, 
epidemic 
prediction, resource 
allocation models 

Source: constructed by [1; 4; 5; 8; 9; 10] 
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The comparative analysis reveals that infrastructure vulnerability remains 
highest in energy, transport, and urban systems, where physical assets are 
exposed to direct climate impacts. At the same time, AI adoption potential is 
strongest in agriculture, finance, and energy – sectors where predictive 
modeling and real-time analytics can significantly reduce risk and enhance 
efficiency. Integrating AI into infrastructure governance across all economic 
segments enables dynamic adaptation, reduces uncertainty, and supports the 
transition toward sustainable, data-driven climate resilience. 

Conclusions. Infrastructure resilience and artificial intelligence represent 
interdependent pillars of climate adaptation across economic segments. 
Together, they create pathways toward sustainability, efficiency, and social 
well-being in an era of accelerating global climate risks. The conducted 
analysis confirms that climate change is no longer a sectoral or environmental 
issue alone – it has become a systemic challenge that affects all dimensions of 
economic activity and human security. The differentiated exposure of 
economic segments to climate threats demonstrates the necessity of adopting 
a multi-level, interdisciplinary approach that combines technological 
innovation, infrastructure modernization, and effective governance. 
Infrastructure resilience emerges as the central determinant of economic 
stability under climate stress. Energy grids, transport networks, urban systems, 
and agricultural supply chains are all facing growing risks from extreme 
weather, resource scarcity, and cumulative degradation. However, 
infrastructure is also a powerful platform for transformation: when intelligently 
designed and digitally connected, it becomes a mechanism of adaptation rather 
than vulnerability. 

Artificial intelligence is rapidly evolving into a strategic instrument of 
climate governance. Its capacity to process massive data streams, model 
complex interactions, and support real-time decision-making enables 
policymakers and industries to anticipate threats, allocate resources efficiently, 
and reduce losses. AI-driven climate modeling, predictive maintenance, and 
smart city systems already demonstrate measurable benefits in emission 
reduction and disaster prevention. Yet, the technological potential of AI must 
be balanced by ethical oversight, data transparency, and inclusiveness to avoid 
reinforcing global asymmetries in knowledge and resources. In sum, the 
synergy between infrastructure resilience and artificial intelligence represents 
not only a response to climate threats but also a foundation for a new model of 
sustainable development – one that transforms crisis management into 
proactive adaptation and turns vulnerability into opportunity. By aligning 
technological intelligence with ecological awareness and social responsibility, 
societies can build a resilient future where economic growth and climate 
security reinforce each other rather than compete. 

 



 

42 
 

References: 
1. Elnoshokaty, M. M. F., Fekry, A. A., Eldessuky, R. H. (2024). The Role of Smart 

Infrastructure in Strengthening Cities’ Resilience to Climate Change. International Journal 
of Intelligent Systems and Applications in Engineering, 12 (23 s), 2760. 
https://ijisae.org/index.php/IJISAE/article/view/7459 ijisae.org. 

2. Yakymchuk A., Baran-Zglobicka B. (2023). Natural Economic Values of National 
Parks in Development of Territorial Communities. Scientific Papers of Silesian University 
of Technology. 2023. № 180. P. 753–772. ISSN 1641-3466. URL: http://surl.li/odnbf. 

3. Yakymchuk A. et al.: Public Administration and Economic Aspects of Ukraine’s 
Nature Conservation in Comparison with Poland. In: Kantola J., Nazir S., Salminen V. (eds) 
Advances in Human Factors, Business Management and Leadership. AHFE 2020. Advances 
in Intelligent Systems and Computing, vol 1209. Springer, Cham (2020). 

4. Srivastava, A., Maity, R. (2023). Assessing the Potential of AI–ML in Urban Climate 
Change Adaptation and Sustainable Development. Sustainability, 15 (23), Article 16461. 
https://doi.org/10.3390/su152316461 MDPI. 

5. Yakymchuk A., Valyukh A. and oth. (2020). Public Administration and Economic 
Aspects of Ukraine’s Nature Conservation in Comparison with Poland. In: Kantola J., Nazir 
S., Salminen V. (eds) Advances in Human Factors, Business Management and Leadership. 
AHFE 2020. Advances in Intelligent Systems and Computing, vol 1209. Springer, Cham. 
Online 978-3-030-50791-6. Scopus.  

6. Bibri, S. E., Alexandre, A., Sharifi, A., Krogstie, J. (2023). Environmentally 
sustainable smart cities and their converging AI, IoT, and big data technologies and 
solutions: An integrated approach to an extensive literature review. Energy Informatics, 
6 (1), 9. https://doi.org/10.1186/s42162-023-00259-2 SpringerOpen+1. 

7. PNG Department of Information and Communications Technology  
(DICT) (2023). Government Stack. https://www.digital.gov.pg/index.php/digital-
infrastructure/government-stack/ 

8. Li, Y., Antwi-Afari, M. F., Anwer, S., Mehmood, I., Umer, W., Mohandes, S. R., 
Wuni, I. Y., Abdul-Rahman, M., Li, H. (2024). Artificial Intelligence in Net-Zero Carbon 
Emissions for Sustainable Building Projects: A Systematic Literature and Science Mapping 
Review. Buildings, 14 (9), 2752. https://doi.org/10.3390/buildings14092752 MDPI. 

9. Kesavan, H., Choudhary, S., Khan, S., Samhita R., & Sharma, A. (2024).  
AI Based Urban Resilience Planning: Opportunities and Challenges. Journal  
of Environmental & Earth Sciences, 6 (2), 200–214. https://doi.org/10.30564/ 
jees.v6i2.6681 journals.bilpubgroup.com. 

10.Al Alim, M., Hore, S. (2024). Climate change impact on infrastructure resilience: A 
chemical and geotechnical perspective on soft clay soils. Community & Ecology, 2 (2). 
https://doi.org/10.59429/ce.v2i2.8888 ojs.as-pub.com. 
  


