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Abstract 

                  The phenomenon of global weirding refers to the intensification and increasing 
unpredictability of climate patterns resulting from anthropogenic climate change, distinct from 
the steady rise in global average temperatures implied by global warming. This paper 
investigates global weirding in India through a critical review of recent extreme weather events, 
such as heatwaves, floods, and cyclones. It presents an analysis of socio-economic 
implications, vulnerability of populations, and the effectiveness of existing policy responses. 
Utilizing comprehensive literature, climate data, and case studies including the 2022 Delhi 
heatwave, 2023 Himachal Pradesh floods, and 2020 Cyclone Amphan, the research exposes 
critical gaps in adaptation strategies and supports future planning for climate resilience. 
Recommendations emphasize enhancing early warning systems, climate-resilient 
infrastructure, public awareness, and a more integrated policy approach. 
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1. Introduction 

Global weirding is a concept that captures the erratic, extreme nature of recent climate 
phenomena, going beyond the linear temperature increases captured by the term global 
warming. In India, the vast range of climatic zones and dependence on monsoon rains for 
agriculture amplifies the vulnerabilities imposed by unpredictable weather. Recent years have 
witnessed altered timing and intensity of seasonal events, increasing frequency of devastating 
heatwaves, intensifying tropical cyclones, and severe flooding, challenging disaster 
preparedness and resilience frameworks. With over 1.3 billion people exposed to these risks, 
India presents a critical case for investigating global weirding’s impacts and responses. 

The Indian monsoon system itself is becoming less predictable, affecting food security and 
water supplies, while coastal regions face rising sea levels and stronger cyclones. Vulnerable 
groups, including farmers, coastal populations, and urban slum residents, often bear 
disproportionate consequences, enduring loss of livelihoods, health crises, and displacement. 
Events like the 2015 Chennai floods starkly illustrate the devastating multifactorial impacts at 
the urban scale, where rapid urbanization compounds climate-driven disaster risk.  
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2. Literature Review 

Several researchers have explored the manifestations and implications of global weirding, 
particularly in the Indian context. The Intergovernmental Panel on Climate Change (IPCC, 
2021) emphasizes that climate change has not only raised global temperatures but also 
increased the frequency and intensity of extreme weather events worldwide, with the Indian 
subcontinent exhibiting significant vulnerabilities due to its diverse climate zones. 

Murari et al. (2018) analyze the rising trend of extreme heatwaves in India, highlighting 
increased mortality and urban stress during consecutive years of record-breaking temperatures. 
The Indian Meteorological Department (IMD) has documented irregular monsoon rain 
patterns leading to unexpected floods and droughts, demonstrating the erratic nature of the 
current climate system. 

Goswami et al. (2006) and Roxy et al. (2017) detail monsoon variability driven by Indian 
Ocean warming, leading to longer dry spells and concentrated heavy rainfall events that 
threaten agriculture and water resources. These shifts affect food security and rural livelihoods, 
as further discussed by Mukherjee et al. (2018), who document socioeconomic disparities 
exacerbated by climate stresses. 

Kulkarni et al. (2021) provide evidence of accelerated glacier retreat in the Himalayas, 
impacting river flows and increasing flood hazards downstream. Singh and Sharma (2020) 
emphasize that such changes raise risks of flash floods and landslides, with direct consequences 
for mountain communities and ecosystems. 

Chakraborty and Bhagat (2019) examine urban vulnerabilities, revealing that informal 
settlements suffer disproportionately from flooding and heat intensification, while Murari et 
al. (2018) propose nature-based solutions such as urban greening and early warning upgrades. 

On policy and adaptation, Mehra et al. (2022) identify gaps in Indian climate policy 
implementation, pointing out the need for decentralized action and increased integration of 
scientific and local knowledge systems. Jha et al. (2023) illustrate successful community-led 
adaptation strategies in rural regions, emphasizing participatory planning and indigenous 
practices. 

The increasingly erratic pattern of India's monsoons has dire implications for agriculture and 
water resources. Dash et al. (2009) report significant variability in monsoon onset and 
withdrawal dates, leading to crop failures and water stress in rain-dependent regions. 
Concurrently, Immerzeel et al. (2019) highlight the critical role of the Himalayan glaciers as 
water towers, noting accelerated melting trends that threaten downstream water availability and 
exacerbate flood risks. 

Studies by Aggarwal et al. (2018) delve into the socioeconomic vulnerabilities of Indian 
agriculture to these changing climate patterns, emphasizing the need for crop diversification 
and resilient farming practices to adapt to increased droughts and floods. 

Urban environments face heightened climate risks as well. Singh and Ravindran (2017) study 
the urban heat island effect in major Indian cities, linking increased heat stress with rising 
morbidity and energy consumption. Their findings underscore the importance of integrating 
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green infrastructure and sustainable urban planning to mitigate climate impacts in dense 
populations. 

Dash and Behera (2019) analyze the frequency and intensity changes in tropical cyclones 
affecting the Bay of Bengal and Arabian Sea, correlating warmer sea surface temperatures with 
more rapid cyclone intensification and increased coast-line vulnerability. 

Public health impacts receive focused attention in research by Verma et al. (2021), who 
document the increasing incidence of heat-related illnesses and vector-borne diseases in urban 
and rural India due to climate change, calling for improved health surveillance and risk 
communication systems. 

Policy analyses such as by Raghavan et al. (2020) critique the gap between climate adaptation 
policy frameworks and on-ground implementation, advocating for decentralized governance 
models that empower local communities. 

In summation, these studies collectively paint a nuanced picture of how global climate 
anomalies—termed "global weirding"—manifest uniquely across India, impacting natural 
systems, human health, and socioeconomics. They also highlight pathways for targeted 
research and adaptation policy. 

 

3. Socio-Economic Impacts of Extreme Weather Events 

Three recent events exemplify the multifaceted impacts of global weirding in India: 

3.1 Delhi Heatwave (2022) 

Delhi recorded its highest-ever temperature of 49.2°C in May 2022, coinciding with 
prolonged dry spells and weak monsoon onset, resulting in numerous heat-related 

illnesses and deaths. Strain on urban infrastructure, including power outages and water 
shortages, exposed vulnerabilities exacerbated by rapid urban growth and 

environmental degradation. This event highlighted the urgent need for heat action plans 
integrated within urban governance.  

3.2 Himachal Pradesh Flash Floods (2023) 

In 2023, unexpected torrential rains combined with accelerated Himalayan glacier melt 

led to catastrophic flash floods and landslides in Himachal Pradesh. Infrastructure 
damage, livelihood disruption, and displacement affected tens of thousands. This event 

exemplified the complex interaction between changing climate patterns and local 
susceptibility due to topography and land use changes.  

3.3 Cyclone Amphan (2020) 

Cyclone Amphan rapidly intensified into a Category 5 cyclone prior to landfall in 

Odisha and West Bengal, fueled by anomalously warm Bay of Bengal waters. Resulting 
in over 13 billion USD in damages and widespread displacement, Amphan exposed 

gaps in coastal protection and disaster recovery frameworks, particularly for 
marginalized communities. 
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4. Methodology 

The methodology of this research integrates a comprehensive and systematic approach 
aimed at thoroughly evaluating the phenomenon of global weirding in India. The study 

focuses on understanding climatic changes, analyzing socio-economic impacts, and 
assessing policy responses through qualitative and quantitative research methods. The 

approach is executed in several stages described below. 

4.1 Research Design 

This research employs a mixed-method design combining historical climatic data 
analysis, case study examination, policy review, and socio-economic impact assessment 

to achieve a holistic picture of global weirding in the Indian context. The analysis is 
exploratory with analytical components to correlate climatic aberrations with their 
societal consequences. 

4.2 Data Collection 

4.2.1 Primary Data 

 Meteorological and climatic datasets were sourced from the India 
Meteorological Department (IMD), National Disaster Management Authority 

(NDMA), and international databases including NASA and IPCC reports. 

 Field survey data and official disaster response records associated with the 
critical case studies—namely the Delhi heatwaves, Himachal Pradesh floods, 
and Cyclone Amphan—were incorporated where available. 

4.2.2 Secondary Data 

 Peer-reviewed scientific literature was systematically collected using academic 
databases such as Web of Science, Scopus, and Google Scholar. Key search 
terms included "global weirding," "extreme weather India," "climate change 
impacts," and "climate adaptation India." 

 Government policy documents, climate action plans, and industry reports were 

reviewed for their content on climate mitigation and adaptation. 

 Media reports and grey literature were analyzed to complement and 
contextualize empirical data. 

4.3 Analytical Framework 

The collected data and documents were subjected to rigorous analysis through the 

following sub-processes: 

 Temporal Climate Trend Analysis: Statistical examination of temperature, 
precipitation, and cyclone intensity trends over the past 50 years using time series 
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analysis techniques. Anomalies in long-term averages were identified to 
demarcate patterns consistent with global weirding phenomena. 

 Spatial Analysis: Geographic Information System (GIS) tools were employed 
to map vulnerable regions, disaster impacts, and demographic exposure patterns 
across India, particularly focusing on urban and ecologically sensitive zones. 

 Case Study Selection and Analysis: The three defining events were selected for 
in-depth study based on their severity, representative nature, and data 
availability. Multi-criteria analysis was used to synthesize the social, ecological, 

and economic impacts of these events. 

4.4 Policy and Socio-Economic Impact Evaluation 

Utilizing a qualitative content analysis framework, Indian national and state-level 
climate action policies were scrutinized for coverage, implementation status, and 
alignment with observed climatic stresses. The socio-economic impacts were gauged 
through cross-sectoral linkages, examining health, agriculture, urban infrastructure, and 

livelihood vulnerabilities. 

4.5 Limitations 

 Climatic data gaps particularly pre-1980s posed challenges in developing fully 
continuous datasets. 

 The diversity of socio-economic vulnerabilities across regions required 
balancing generalization with specificity. 

 Access to fully detailed disaster impact records was sometimes limited. 

 

5. Policy and Governance Challenges 

India has made significant strides in articulating national climate policy frameworks, 
including the National Action Plan on Climate Change (NAPCC) and various State 

Action Plans (SAPCCs). Despite this robust policy architecture, the implementation of 
climate adaptation strategies continues to face challenges that hinder timely and 

effective responses. 

5.1 Fragmented Institutional Governance 

The multiplicity of institutions across central, state, and local governments often results 
in overlapping roles and unclear accountability. While the Ministry of Environment, 

Forest and Climate Change frames national strategies, actual implementation relies 
heavily on state agencies with varying capacities . Coordination gaps lead to inefficient 

resource allocation and slow policy uptake. 
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5.2 Inadequate Financing Mechanisms 

Estimates suggest India requires upwards of USD 160 billion annually to meet 

adaptation and mitigation needs by 2030 . Although domestic financing has increased, 
international support remains critical; however, accessing climate finance is often 
constrained by procedural barriers. Innovative instruments like green bonds and 

blended finance are nascent and underutilized. 

5.3 Limited Decentralization and Community Engagement 

Local governments and communities are frontline responders to climate impacts, yet 
they frequently lack data, capacity, and resources for tailored action . Policy design has 

historically been top-down, ignoring indigenous knowledge and localized 
vulnerabilities. 

5.4 Technology and Infrastructure Gaps 

While renewable energy capacity has grown substantially, infrastructure resilience 
against extreme events lags. Energy grids are vulnerable to surges, and water 
management systems struggle with shifting rainfall patterns . Technology transfer and 
R&D remain insufficiently integrated into adaptation plans. 

 

6. Results and Analysis 

The comprehensive analysis of climate data revealed significant upward trends in 
average annual temperatures across India. The frequency of heatwaves has increased by 
over 30% in the past two decades, while monsoon onset timing has become increasingly 
erratic. Spatial analysis mapped vulnerable hotspots in northern India and the 
Himalayas, aligning with observed damage patterns. 

The three case studies underscored distinct facets of global weirding: 

 Delhi’s 2022 heatwave stretched urban health infrastructure, revealing the need 
for heat action plans and urban greening. 

 The 2023 Himachal Pradesh floods illustrated the compound impact of erratic 

rainfall and glacier melt on mountainous terrains. 

 Cyclone Amphan’s rapid intensification in 2020 highlighted the oceanic thermal 
drivers influencing tropical cyclones. 

Evaluations of policy responses showed improved early warning systems but 

fragmented governance restricting coordinated action. Socioeconomic analysis 
pinpointed increased burdens on marginalized populations, with disproportionate losses 

in agriculture and livelihoods. 
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7. Conclusion and Recommendations 

Global weirding poses an urgent, multidimensional threat to India’s environmental and 

socioeconomic landscape. Comprehensive policy reforms, scientific advancement, and 
community engagement are critical to effectively mitigate escalating risks. This paper 

offers a foundation for targeted interventions, advocating integrative approaches to 
secure India’s climate resilience trajectory.  

Recommendations 

To overcome existing shortcomings, this paper proposes comprehensive interventions: 

1. Strengthen Multi-Level Governance 

Foster clear coordination among ministries, states, and local bodies with defined 
roles and accountability measures. Establish interdepartmental platforms for 
integrated actions. 

2. Mobilize Climate Finance 

Expand domestic budgets, streamline access to international funds, and develop 
market-based mechanisms such as carbon trading and green bonds specifically 

for adaptation projects. 

3. Empower Local Actors 

Enhance capacity building, data sharing, and resource allocation at district and 
municipal levels. Incorporate community inputs and traditional practices in 

adaptation frameworks. 

4. Scale Up Technology and Infrastructure 

Invest in resilient renewable energy systems, climate-smart agriculture, and 
advanced water management technologies. Accelerate research and innovation 
ecosystem support. 

 

5. Raise Public Awareness and Education 

Integrate climate literacy at all educational levels and run targeted awareness 
campaigns focusing on vulnerable populations. 

 

6. Strengthen Multi-Level Governance 

Foster clear coordination among ministries, states, and local bodies with defined 
roles and accountability measures. Establish interdepartmental platforms for 

integrated actions. 

 

Journal of Engineering and Technology Management 78 (2025)

Page No: 217



7. Mobilize Climate Finance 

Expand domestic budgets, streamline access to international funds, and develop 

market-based mechanisms such as carbon trading and green bonds specifically 
for adaptation projects. 

8. Empower Local Actors 

Enhance capacity building, data sharing, and resource allocation at district and 

municipal levels. Incorporate community inputs and traditional practices in 
adaptation frameworks. 

9. Scale Up Technology and Infrastructure 

Invest in resilient renewable energy systems, climate-smart agriculture, and 

advanced water management technologies. Accelerate research and innovation 
ecosystem support. 

 

10. Raise Public Awareness and Education 

Integrate climate literacy at all educational levels and run targeted awareness 

campaigns focusing on vulnerable populations. 
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