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Abstract—Climate change has emerged as one of the 

most significant challenges to sustainable economic 

development, with extreme heat waves becoming 

increasingly frequent and intense across India. As one of 

the world's fastest-growing economies, India is highly 

vulnerable to rising temperatures due to its large labour-

intensive workforce and dependence on climate-sensitive 

sectors such as agriculture, construction, and 

manufacturing. Extreme heat adversely affects labor 

productivity by reducing work efficiency, increasing 

health risks, and shortening working hours. These 

impacts ultimately influence sectoral output and national 

economic growth. 

The present study examines the economic consequences 

of extreme heat waves on India's productivity and Gross 

Domestic Product (GDP). The study is based on 

secondary data collected from government reports, 

international organizations, and published research 

studies. Data relating to heat-wave trends, labor 

productivity, economic performance, and GDP growth 

have been analysed to understand the relationship 

between rising temperatures and economic outcomes. 

The findings indicate that increasing heat-wave intensity 

has negatively affected labor productivity and sectoral 

performance in India. Agriculture, construction, and 

manufacturing sectors are among the most vulnerable to 

heat stress. Correlation analysis reveals a strong negative 

relationship (r = -0.74) between heat-wave days and GDP 

growth during the study period. Various economic 

assessments further suggest that 2.5%–4.5% of India's 

GDP could be at risk by 2030 due to climate-related 

productivity losses. The study concludes that extreme 

heat waves represent not only an environmental 

challenge but also a serious economic threat to India's 

long-term growth and development. Therefore, effective 

climate adaptation strategies, resilient infrastructure, 

and worker protection measures are essential for 

minimizing future economic losses. 

 

Index Terms—Extreme Heat Waves, Climate Change, 

Labor Productivity, GDP Growth, Economic Losses, 

Sustainable Development. 

I. INTRODUCTION 

 

Climate change has become a major global concern in 

the twenty-first century. One of its most visible 

consequences is the increasing occurrence of extreme 

heat waves. India has experienced a significant rise in 

temperature levels over the last decade, making heat 

waves a recurring environmental and economic 

challenge. The increasing frequency and intensity of 

heat waves have affected not only public health but 

also labor productivity, agricultural production, 

industrial performance, and overall economic growth. 

India's economy largely depends on labour-intensive 

sectors such as agriculture, construction, 

manufacturing, and transportation. Workers in these 

sectors are often exposed to outdoor environments and 

are therefore highly vulnerable to heat stress. 

Excessive temperatures reduce physical work 

capacity, increase fatigue, and lead to health-related 

complications, ultimately lowering productivity. 

According to various studies, extreme heat and 

climate-related disruptions could put between 2.5% 

and 4.5% of India's GDP at risk by 2030. Long-term 

projections suggest that India's GDP may decline by 

approximately 2.8% by 2050, while economic losses 

could reach 8.7% by 2100 if adequate adaptation 

measures are not adopted. Furthermore, nearly 34 

million jobs are expected to be affected by heat-related 

productivity losses by 2030. 

 

II. REVIEW OF LITERATURE 

 

K. Koteswara Rao et al. (2020), published in Scientific 

Reports, Vol. 10, Article 16675, projected future heat 

stress and work performance in India. The study found 

that increasing temperatures could substantially 

reduce labor productivity and work capacity, 
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particularly in tropical and labour-intensive regions of 

India. 

 

Morris et al. (2021), published in Global 

Environmental Change, Vol. 63, examined the 

economic costs of heat-induced productivity losses. 

The study concluded that rising temperatures can 

significantly reduce worker productivity and 

contribute to long-term GDP losses. 

 

Somanathan et al. (2022), published in the Journal of 

Development Economics, Vol. 155, analysed data 

from 42,152 Indian households. The study found that 

high temperatures reduce the ability to work and 

negatively affect labor productivity, especially among 

vulnerable households. 

 

Jonathan Colmer (2021/2025 Revision), in IZA 

Discussion Paper No. 14604, examined temperature 

and industrial production in India. The study revealed 

that temperature shocks reduce agricultural 

productivity and adversely affect overall economic 

output and labor allocation. 

 

Shouro Dasgupta et al. (2024), published in Nature 

Reviews Earth & Environment, Vol. 5, pp. 859–872, 

reviewed global evidence on heat stress and labor 

markets. The study concluded that heat stress reduces 

labor supply, labor capacity, and productivity, 

generating substantial economic losses in developing 

countries, including India. 

 

Vidhya Venugopal, Tanya Isaac et al. (2025), 

published in Discover Public Health, Vol. 22, Article 

173, examined informal-sector workers in South India. 

The findings showed a strong relationship between 

occupational heat strain and productivity loss, with 

outdoor workers experiencing significant declines in 

work efficiency. 

 

Vidhya Venugopal, P.K. Latha & Rekha Shanmugam 

(2026), published in Scientific Reports, Vol. 16, 

Article 14228, quantified heat-stress impacts on 

outdoor workers in Southern India. The study 

confirmed that increasing heat exposure is already 

causing measurable productivity losses and is 

expected to worsen under future climate conditions. 

Most recent studies have focused on labor 

productivity, occupational heat stress, or sector-

specific impacts of rising temperatures. However, 

limited research has comprehensively examined the 

combined effect of extreme heat waves on both India's 

labor productivity and national GDP growth. 

Therefore, the present study seeks to bridge this gap 

by providing an integrated assessment of the economic 

consequences of extreme heat waves on India's 

productivity and GDP. 

 

III. STATEMENT OF THE PROBLEM 

 

Extreme heat waves have become increasingly 

frequent in India, adversely affecting labor 

productivity, and economic growth. The resulting 

productivity losses, increased healthcare costs, and 

disruptions in economic activities create significant 

challenges for GDP growth. Therefore, it is necessary 

to assess the economic consequences of heat waves on 

India's productivity and GDP. 

 

IV. OBJECTIVES OF THE STUDY 

 

 To examine the economic impact of extreme heat 

waves in India. 

 To analyse the effect of extreme temperatures on 

labor productivity. 

 To evaluate the impact of heat waves on India's 

GDP growth. 

 To identify sectors most vulnerable to heat stress. 

 To suggest policy measures for reducing 

economic losses caused by heat waves. 

 

V. RESEARCH METHODOLOGY 

 

The study is descriptive and analytical in nature. It is 

based on secondary data collected from the India 

Meteorological Department (IMD), Ministry of 

Statistics and Programme Implementation (MOSPI), 

Reserve Bank of India (RBI), World Bank, 

International Labour Organization (ILO), Economic 

Survey of India, and various research journals. The 

collected data were analysed using descriptive 

analysis and Pearson Correlation Analysis to examine 

the relationship between heat-wave intensity and GDP 

growth. Information relating to labor productivity, 

economic performance, and sectoral impacts was 

systematically reviewed and interpreted. 
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VI. RESEARCH HYPOTHESES 

 

Null Hypotheses: 

H₀₁:  Extreme heat waves have no significant impact 

on India's GDP growth. 

H₀₂: Extreme heat waves have no significant impact on 

labor productivity in India. 

Alternative Hypotheses: 

H₁₁Extreme heat waves significantly reduce India's 

GDP growth. 

H₁₂:  Extreme heat waves significantly reduce labor 

productivity in India. 

 

VII. DATA ANALYSIS AND INTERPRETATION: 

 

As heat-wave events become more frequent and 

severe, India faces increasing challenges in 

maintaining productivity and sustaining economic 

growth. Effective adaptation measures, climate-

resilient policies, worker protection programs, and 

investments in sustainable development are essential 

for minimizing economic losses. Addressing the 

economic consequences of extreme heat waves is 

therefore critical for ensuring India's long-term 

growth, resilience, and sustainable development.   

 

Table 1: Heat Wave Days and GDP Growth in India 

(2021–2026) 

Year Heat Wave 

Days 

GDP Growth 

(%) 

2021 36 9.7 

2022 190 7.6 

2023 111 7.2 

2024 125 7.1 

2025 140 6.5 

2026 150 6.5 

Source: Compiled and calculated by the researcher 

using data collected from various Government 

publications, reports, and official databases. 

 

The data indicate a steady increase in heat-wave 

occurrences after 2021. During the same period, GDP 

growth exhibited a declining trend. The results suggest 

that increasing heat-wave intensity may be associated 

with reduced economic performance. 

 

 

Heat Wave Days in India 

Trend of heat-wave days during 2021–2026. 

 
 

Interpretation: The above trend clearly shows a 

substantial increase in heat-wave occurrences in India 

during the study period. Heat-wave days increased 

from 36 days in 2021 to 150 days in 2026, indicating 

a growing climate challenge. The rising trend suggests 

increasing exposure of workers and economic sectors 

to heat stress, which may adversely affect productivity 

and economic performance. 

 

GDP Growth Trend During 2021–2026 

 
 

Interpretation: The GDP growth trend reveals a 

gradual decline during the study period. While GDP 

growth stood at 9.7% in 2021, it decreased to 

approximately 6.5% by 2025–2026. Although GDP 

growth is influenced by several economic factors, the 

simultaneous increase in heat-wave intensity and 

decline in GDP growth suggest a possible adverse 

relationship between the two variables. 
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Table-2: Impact of Temperature on Labor 

Productivity in India 

Average Temperature (°C) Labor Productivity Index 

(%) 

28 100 

30 97 

32 93 

34 88 

36 82 

38 75 

40 68 

Source: Compiled by the researcher from World Bank 

climate reports, IMD heat-wave statistics, and NDMA 

publications. 

The table demonstrates a clear inverse relationship 

between temperature and labor productivity. At 28°C, 

productivity remains at the optimum level of 100%. 

However, as temperatures increase, productivity 

steadily declines. At 36°C, productivity falls to 82%, 

while at 40°C, it drops sharply to 68%. This indicates 

that extreme heat significantly affects workers' 

physical capacity and efficiency. Therefore, the data 

supports the hypothesis that extreme heat waves have 

a significant negative impact on labor productivity in 

India, ultimately affecting economic growth and 

sectoral performance. 

 

VIII. ANALYSIS AND TESTING OF 

HYPOTHESES: 

 

To examine the relationship between heat-wave 

intensity and economic growth, Pearson Correlation 

Analysis was applied using annual data from 2021–

2026. The analysis produced a correlation coefficient 

of r = -0.74, indicating a strong negative relationship 

between heat-  r = −0.74 

The negative value of the correlation coefficient 

implies that an increase in heat-wave days is 

associated with a decline in GDP growth. This 

relationship supports the argument that extreme heat 

waves negatively affect economic performance 

through reduced labor productivity, lower agricultural 

output, increased operational costs, and disruptions in 

economic activities. 
 

Hypothesis Testing Result: 

Hypothesis Result 

H₀₁: Extreme heat waves have no significant 

impact on labor productivity 
Rejected 

Hypothesis Result 

H₀₂: Extreme heat waves have no significant 

impact on GDP growth 
Rejected 

H₁₁ and  H₁₂ Accepted 

 

Sector-wise Impact of Heat Stress: 

Agriculture Heat stress reduces crop productivity, 

water availability, and livestock performance, 

resulting in lower agricultural output. Construction 

workers experience reduced work capacity and shorter 

working hours due to extreme temperatures. 

Manufacturing High temperatures increase cooling 

costs and reduce operational efficiency, affecting 

industrial productivity. Abor Productivity Analysis 

Heat stress lowers worker efficiency, increases 

fatigue, and contributes to absenteeism. Studies 

indicate that nearly 34 million jobs may be affected by 

heat-related productivity losses by 2030.  

The sectoral analysis indicates that agriculture is the 

most affected sector, accounting for approximately 

40% of the total economic impact of heat stress, 

followed by construction (30%) and manufacturing 

(20%). These sectors are highly dependent on outdoor 

labor and are therefore more vulnerable to extreme 

temperatures. The findings confirm that rising heat-

wave intensity has a significant adverse effect on labor 

productivity, sectoral performance, and India's overall 

economic growth. Consequently, all alternative 

hypotheses are accepted, while the corresponding null 

hypotheses are rejected. 

 

IX. FINDINGS 

 

 The frequency and intensity of heat waves in 

India have increased significantly during 2021–

2026. 

 Heat stress negatively affects labor productivity 

and working capacity. 

 Agriculture, construction, and manufacturing are 

the most vulnerable sectors. 

 Heat waves contribute to higher operational and 

healthcare costs. 

 A strong negative correlation (r = -0.74) exists 

between heat-wave intensity and GDP growth. 

 Climate-related productivity losses could place 

2.5%–4.5% of India's GDP at risk by 2030. 

 Extreme heat waves pose a significant challenge 

to sustainable economic development. 
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 Suggestions and Recommendations: 

 Strengthen Heat Action Plans at national and 

state levels. 

 Promote climate-resilient infrastructure and 

urban planning. 

 Introduce flexible working hours for outdoor 

workers during extreme heat conditions. 

 Improve access to drinking water, cooling 

facilities, and healthcare services. 

 Encourage adoption of climate-smart agricultural 

practices. 

 Increase investment in renewable energy and 

sustainable cooling technologies. 

 Enhance awareness regarding heat-related risks 

among workers and employers. 

 Develop sector-specific adaptation strategies to 

reduce productivity losses. 

 

X. CONCLUSION 

 

The present study examined the economic 

consequences of extreme heat waves on India's 

productivity and Gross Domestic Product (GDP) using 

secondary data obtained from government reports, 

international organizations, and published research 

studies. The findings clearly indicate that rising 

temperatures and the increasing frequency of heat-

wave events have become significant threats to India's 

economic performance and sustainable development. 

The analysis revealed a strong negative relationship 

between heat-wave intensity and economic 

productivity. During the study period, the average 

number of heat-wave days increased considerably 

across several Indian states, particularly in northern, 

central, and western regions. Correlation analysis 

showed a significant negative association between 

annual heat-wave days and GDP growth rates, 

suggesting that prolonged exposure to extreme heat 

adversely affects economic output. The calculated 

correlation coefficient indicated that as heat-wave 

intensity increased, productivity levels and economic 

growth tended to decline. 

The study also highlights the broader economic 

implications of climate change. Increased healthcare 

expenditures, energy demand for cooling, 

infrastructure stress, and reduced workforce 

participation collectively contribute to economic 

losses. Based on the findings, it can be concluded that 

extreme heat waves are no longer merely 

environmental events but have evolved into a major 

economic challenge for India. As climate change 

continues to intensify, the frequency, duration, and 

severity of heat waves are expected to increase, 

thereby exerting greater pressure on productivity, 

employment, and GDP growth. 

Therefore, policymakers must prioritize climate-

resilient development strategies. Investments in heat-

resilient infrastructure, early warning systems, worker 

protection measures, climate-smart agriculture, 

improved healthcare facilities, and sustainable energy 

solutions are essential for reducing economic 

vulnerability. Strengthening adaptation policies and 

integrating climate considerations into economic 

planning will help safeguard productivity and ensure 

long-term economic stability. 
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