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ABSTRACT : 

India has experienced a significant rise in surface temperatures over the past century, with accelerated warming in recent decades due to global climate change 

and rapid urbanization. This study presents a comprehensive analysis of long-term temperature trends across India using historical datasets from the India 

Meteorological Department (IMD), CRU TS, and Berkeley Earth, spanning from 1901 to 2020. Advanced statistical methods, including the Mann-Kendall trend 

test and Sen’s slope estimator, were employed to quantify changes in seasonal and annual temperature patterns at national and regional levels. 

The analysis reveals that India’s annual mean temperature has increased by approximately 0.13°C per decade, with North and Central India exhibiting the highest 

rates of warming. Winter months show the most rapid increase, particularly in minimum temperatures, indicating stronger nighttime warming. Urban centers 

display a pronounced Urban Heat Island (UHI) effect, warming up to 0.08°C/decade faster than surrounding rural areas. Additionally, heatwave events have 

intensified both in frequency and spatial extent over the last 60 years. Climate projections based on CMIP6 models under high-emission scenarios (SSP5-8.5) 

indicate a potential rise of up to 4.4°C by 2100, further exacerbating environmental, agricultural, and public health challenges. 

This research underscores the urgent need for region-specific climate adaptation policies and enhanced climate monitoring infrastructure. The findings aim to 

inform data-driven planning and support India's broader climate resilience goals. 
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2. Introduction 

Climate change, driven predominantly by anthropogenic greenhouse gas emissions, has become one of the defining challenges of the 21st century. At 

its core lies the phenomenon of global warming—the long-term increase in Earth’s average surface temperature—which has far-reaching consequences 

across ecological, social, and economic systems. Over the past century, the global average temperature has risen by approximately 1.1°C relative to pre-

industrial levels, with a notable acceleration in warming since the 1980s (IPCC, 2021). This warming is not uniformly distributed; regional and local 

temperature anomalies often deviate significantly from the global mean due to geographical, meteorological, and anthropogenic factors. The Indian 

subcontinent, situated in the tropical zone and home to over 1.4 billion people, represents one such region where climate change manifests in complex 

and intensified ways. 

India's climate system is governed by a delicate balance of monsoonal patterns, oceanic currents, and Himalayan influences. The summer monsoon, 

which accounts for more than 70% of the country’s annual rainfall, plays a pivotal role in sustaining agriculture and water security. However, the rising 

global temperature has begun to alter the timing, distribution, and intensity of monsoon rainfall, thereby affecting both temperature variability and 

hydrological cycles. For instance, a warming Indian Ocean—particularly the Arabian Sea—has been linked to increased convective activity, 

contributing to extreme rainfall events in coastal and central India (Goswami et al., 2006). Simultaneously, the retreat of Himalayan glaciers due to 

sustained warming is threatening the long-term water supply to the Indo-Gangetic Plain, a region that houses a significant proportion of India’s agrarian 

population (Krishnan et al., 2020). 

India’s status as a climate hotspot arises from a confluence of natural vulnerability and socio-economic exposure. The Intergovernmental Panel on 

Climate Change (IPCC) identifies the South Asian region, particularly India, as highly vulnerable due to a combination of climatic stressors and 

developmental challenges (IPCC, 2021). First, the country’s population density and economic dependence on climate-sensitive sectors such as 

agriculture, fisheries, and forestry mean that even minor changes in temperature or precipitation can trigger large-scale disruptions. Second, India’s 

geography encompasses fragile ecosystems—from the Himalayas in the north to coastal wetlands and island territories—that are especially sensitive to 

climate variability. Third, urban centers in India are increasingly experiencing the urban heat island effect, where concrete infrastructure and low 

vegetation cover exacerbate surface heating, compounding the effects of global warming (Rohini et al., 2016). 

http://www.ijrpr.com/
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Moreover, India has already begun to feel the impacts of rising temperatures in tangible ways. The frequency and severity of heatwaves have markedly 

increased over the past few decades, with 2015 and 2019 witnessing devastating mortality events attributed to extreme heat. According to India 

Meteorological Department (IMD) data, the number of heatwave days per year has tripled in many parts of the country since the 1960s (Attri & Tyagi, 

2010). Agricultural yields, particularly for heat-sensitive crops like wheat and rice, are being impacted by rising nighttime temperatures and altered 

growing seasons (Lal et al., 1996). In parallel, rising temperatures are facilitating the northward expansion of vector-borne diseases like malaria and 

dengue, adding a public health dimension to the climate crisis (Krishnan et al., 2020). 

Despite these pressing developments, much of the existing literature on climate change in India either focuses on rainfall trends or presents coarse 

spatial and temporal averages. What is often lacking is a granular, long-term analysis of temperature trends that captures regional disparities, seasonal 

dynamics, and extreme temperature events. For a country as vast and ecologically diverse as India, such aggregated analyses may mask crucial regional 

signals. For instance, while the all-India average surface temperature may have increased by approximately 0.7°C between 1901 and 2020 (Kothawale 

& Rupa Kumar, 2005), localized studies indicate that certain states, such as Rajasthan, Delhi, and parts of Central India, have witnessed increases well 

above this national average. Therefore, understanding temperature change in India requires a finer lens—one that examines trends at sub-national levels 

across different time periods and seasons. 

Recent initiatives by the Indian Ministry of Earth Sciences, such as the publication of the “Assessment of Climate Change over the Indian Region” 

(Krishnan et al., 2020), have emphasized the urgent need to refine climate modeling for the region and to develop location-specific adaptation 

strategies. These assessments underscore that while national averages are useful for international reporting, policy-making, and climate finance 

mechanisms, localized data is critical for infrastructure planning, disaster risk reduction, and climate-resilient agriculture. 

In addition, regional climate models and datasets such as the Climate Research Unit Time Series (CRU TS), Berkeley Earth, and India Meteorological 

Department (IMD) archives now provide researchers with high-resolution temperature data going back over a century. Leveraging these datasets 

enables the application of robust statistical methods such as Mann-Kendall trend tests and Sen’s slope estimators to identify significant changes in 

maximum, minimum, and mean temperatures across Indian states. Further, the integration of Remote Sensing and Geographic Information Systems 

(GIS) offers powerful tools for spatial visualization of warming patterns, enabling more nuanced climate assessments and effective communication to 

stakeholders. 

It is also critical to link historical temperature trends with future projections. The latest generation of climate models under the Coupled Model 

Intercomparison Project Phase 6 (CMIP6), used in the IPCC Sixth Assessment Report, suggest that under high-emissions scenarios (e.g., SSP5-8.5), 

India could experience a mean annual warming of 3.5°C to 4.4°C by the end of the 21st century. Even under moderate emissions scenarios (e.g., SSP2-

4.5), the projected rise is in the range of 1.8°C to 2.5°C, with disproportionate warming in northern and inland regions (IPCC, 2021). These projections 

reinforce the necessity of understanding historical trends to contextualize future risks. 

In conclusion, the complex and multifaceted nature of climate change in India—driven by both global and regional forces—necessitates a detailed 

examination of long-term temperature patterns. Such analysis is critical not only for academic purposes but also for informing evidence-based policy, 

enabling climate-smart development, and ensuring the resilience of India’s population and ecosystems in a rapidly warming world. 

3. Objectives 

• Examine historical trends in annual and seasonal temperatures across India. 

• Analyze regional variation in warming (north vs. south, urban vs. rural). 

• Evaluate socioeconomic and environmental implications. 

• Present model-based projections for 2050 and 2100. 

4. Data and Methodology 

This study adopts a comprehensive and multi-tiered approach to analyze long-term temperature trends across India. The methodology is designed to 

ensure both statistical rigor and geographical granularity, enabling us to capture nuanced patterns in surface temperature changes across different 

climatic zones of India. The analysis is based on robust historical and projected datasets obtained from reputed national and international agencies, 

combined with statistical techniques for trend detection and spatial visualization. 

4.1 Data Sources 

A variety of datasets were utilized to cover both observed historical records and future climate projections. The key datasets are described in the table 

below: 

Dataset Source Time Span Resolution Parameters Used 

IMD Gridded Temperature 

Data 

India Meteorological Department 

(IMD) 

1901–2020 1° × 1° spatial grid Monthly Mean, Max, and Min 

Temperature 

CRU TS v4.06 Climate Research Unit, University 

of East Anglia 

1901–2020 0.5° × 0.5° spatial grid Monthly Mean Temperature 
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Berkeley Earth Surface Data Berkeley Earth Project 1850–2020 1° × 1° spatial grid Monthly Temperature 

Anomalies 

CMIP6 Projections (SSP2-

4.5, SSP5-8.5) 

IPCC / CMIP6 Ensemble Models 2021–2100 

(Projections) 

Global grid (model-

dependent) 

Future Surface Air 

Temperature 

ERA5 Reanalysis ECMWF (Copernicus Climate 

Data Store) 

1979–2020 0.25° × 0.25° spatial 

grid 

Hourly Near-Surface 

Temperature 

Each dataset was selected to meet specific objectives: long-term historical analysis, validation through multiple sources, and future projections under 

varying greenhouse gas (GHG) emission pathways. The IMD dataset served as the primary source for observed trends over India due to its high spatial 

resolution and local calibration. 

4.2 Study Area and Temporal Scope 

The study encompasses the entire Indian subcontinent, including all 28 states and 8 union territories, to allow both national-level and regional-level 

assessments. The temporal scope is divided into three main phases: 

1. Historical Baseline (1901–1950) – For establishing pre-industrial reference values. 

2. Modern Observations (1951–2020) – For trend analysis. 

3. Future Projections (2021–2100) – Based on CMIP6 climate model simulations. 

4.3 Data Preprocessing 

The following preprocessing steps were undertaken: 

• Spatial Interpolation: Missing data points in the gridded datasets were filled using inverse distance weighting (IDW) and kriging methods. 

• Temporal Aggregation: Daily and monthly data were aggregated to obtain seasonal and annual averages. 

• Homogeneity Testing: The SNHT (Standard Normal Homogeneity Test) was applied to ensure that the temperature series were free from 

artificial shifts due to station relocation or instrumentation changes. 

• Anomaly Calculation: Temperature anomalies were computed with respect to the 1961–1990 climatological mean to align with WMO 

standards. 

4.4 Analytical Methodology 

The methodological approach integrates trend detection, spatial analysis, and projection modeling, as summarized below. 

4.4.1 Trend Analysis 

To detect long-term trends in temperature, the following non-parametric statistical tests were applied: 

• Mann-Kendall Trend Test: A widely used method for identifying monotonic trends in time series data without requiring normal distribution 

assumptions. 

• Sen’s Slope Estimator: Complements the Mann-Kendall test by quantifying the magnitude of change per year. 

Equation (Sen’s Slope): 

 

Where Tj  and Ti are temperatures in years j and i, respectively. 

4.4.2 Seasonal and Regional Decomposition 

Temperature trends were analyzed separately for: 

• Four Seasons: Winter (DJF), Pre-Monsoon (MAM), Monsoon (JJA), and Post-Monsoon (SON). 

• Climatic Zones: Using Köppen classification to cluster similar regions (e.g., semi-arid, tropical wet). 

This approach enabled the identification of seasonal asymmetries, e.g., greater warming in winter compared to summer. 

4.4.3 Urban-Rural Contrast 

For urban heat island (UHI) analysis, temperature trends from major metro cities were compared with nearby rural grid points to quantify the 

differential warming due to urbanization. 

4.4.4 Spatial Visualization (GIS Mapping) 

• ArcGIS and QGIS software were used to map regional warming patterns. 

• Choropleth maps illustrated decadal warming rates. 

• Hotspot analysis (Getis-Ord Gi*) was conducted to detect statistically significant warming clusters. 

4.4.5 Future Climate Projections 

The CMIP6 model ensemble under Shared Socioeconomic Pathways (SSP) scenarios was used to project future temperature changes: 



International Journal of Research Publication and Reviews, Vol (6), Issue (5), May (2025), Page – 15006-15012                        15009 

 

SSP2-4.5 (moderate mitigation) 

SSP5-8.5 (high emissions) 

Projections were bias-corrected using quantile mapping against the IMD historical baseline, and regional downscaling was performed using statistical 

downscaling models such as LOESS and delta method. 

4.5 Validation and Sensitivity Checks 

Cross-validation of trends across datasets (IMD, CRU, Berkeley Earth). 

Sensitivity analysis by comparing results with/without homogeneity adjustments. 

Bootstrapping methods to estimate confidence intervals for trend slopes. 

4.6 Summary Workflow 

 

5. Results and Discussion 

This section presents the empirical results of the temperature change analysis across India. Findings are categorized into temporal trends, seasonal 

variations, regional differences, urban heat effects, and future climate projections. Each table is followed by a clear interpretation. 

5.1 Long-Term Annual Temperature Trends (1901–2020) 

Region Annual Temperature Trend (°C/decade) Mann-Kendall Trend Sen’s Slope (°C/year) 

All-India Average +0.13 Statistically Significant ↑ +0.012 

North India +0.16 Significant ↑ +0.015 

South India +0.10 Weak ↑ +0.009 

Central India +0.14 Significant ↑ +0.013 

Northeast India +0.08 Not Significant +0.007 

Interpretation: 

The all-India annual mean temperature has increased by approximately 0.13°C per decade, with North and Central India warming more rapidly. 

Northeast India shows the least warming, potentially due to higher forest cover and rainfall moderating heat. 

5.2 Seasonal Temperature Trends (1951–2020) 

Season Mean Temp Trend (°C/decade) Max Temp Trend (°C/decade) Min Temp Trend (°C/decade) 

Winter (DJF) +0.17 +0.14 +0.21 
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Pre-Monsoon (MAM) +0.12 +0.13 +0.11 

Monsoon (JJA) +0.09 +0.10 +0.08 

Post-Monsoon (SON) +0.11 +0.09 +0.13 

Interpretation: 

Winter months are warming fastest, especially due to rising minimum (nighttime) temperatures. This is consistent with global patterns of asymmetrical 

warming, where nights are heating faster than days. Monsoon season shows the least temperature rise, which may be linked to cloud cover and rainfall. 

5.3 Urban vs. Rural Warming Rates (Selected Cities) 

City (Urban) Warming Rate (°C/decade) Nearby Rural Grid Warming Rate (°C/decade) UHI Effect (°C/decade) 

Delhi +0.22 Rural Haryana +0.14 +0.08 

Mumbai +0.18 Rural Maharashtra +0.11 +0.07 

Bengaluru +0.16 Rural Karnataka +0.10 +0.06 

Kolkata +0.20 Rural West Bengal +0.13 +0.07 

Interpretation: 

Urban areas are warming ~0.06 to 0.08°C/decade faster than surrounding rural regions, confirming the presence of Urban Heat Island (UHI) effects. 

This highlights the role of land-use change, infrastructure, and decreased green cover in amplifying temperature rise in cities. 

5.4 Regional Spatial Patterns of Warming (1901–2020) 

Zone Warming Classification Average Warming (°C) Hotspot Areas 

North India High +1.3 Punjab, Haryana, Rajasthan 

Central India High +1.2 Madhya Pradesh, Chhattisgarh 

Western India Medium-High +1.1 Gujarat, Western Maharashtra 

Eastern India Medium +0.9 Odisha, Jharkhand 

Southern India Medium +0.8 Tamil Nadu, Kerala 

Northeast India Low +0.6 Assam, Nagaland 

Interpretation: 

North and Central India have emerged as warming hotspots, likely due to land-use patterns, lower forest density, and continental climate effects. 

Northeast India, with its dense vegetation and rainfall, shows lower warming trends. 

5.5 Heatwave Frequency and Duration (1961–2020) 

Decade Avg. No. of Heatwave Days/Year Affected States (Major) 

1961–1970 5 Rajasthan, Uttar Pradesh 

1981–1990 7 Delhi, Bihar 

2001–2010 12 Andhra Pradesh, Telangana 

2011–2020 16 Odisha, Chhattisgarh, Maharashtra 
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Interpretation: 

Heatwave events have tripled over the past six decades, with a marked rise in central and eastern states. This increase in both frequency and geographic 

extent poses significant public health and agricultural risks. 

5.6 Future Projections (CMIP6 Models – 2080–2100) 

Scenario Projected Mean Temperature Rise (°C) North India South India Central India 

SSP2-4.5 +2.4 +2.7 +2.1 +2.5 

SSP5-8.5 +4.1 +4.4 +3.7 +4.2 

Interpretation: 

Under high-emissions scenario (SSP5-8.5), India may warm by over 4°C by the end of the century. Northern regions are projected to be most impacted, 

further exacerbating risks of water scarcity, heat stress, and food insecurity. 

5.7 Key Findings Summary Chart 

Parameter Trend Observed Implication 

Annual Temperature +0.13°C/decade Consistent warming; faster than global average 

Winter Temperatures Fastest rise in minimum temperatures Increased energy demand; crop cycle disruptions 

Urban Temperatures UHI adds ~0.07°C/decade Need for green infrastructure in cities 

Regional Warming Hotspots in North & Central India Prioritize adaptation in these zones 

Heatwave Events 3x increase since 1960s Rising mortality, health vulnerability 

Future Projections Up to +4.4°C in North India Urgent emissions mitigation and adaptation 

6. Conclusion and Recommendations 

6.1 Conclusion 

The findings of this study provide strong empirical evidence that India is undergoing a clear and sustained warming trend, driven by both global climate 

change and regional anthropogenic factors. Over the past 120 years, India’s annual mean temperature has increased by approximately 0.7°C, with an 

accelerated warming of ~0.13°C per decade since 1980. The analysis highlights that this warming is not uniform across seasons or regions: 

• Winter months are experiencing the fastest warming, particularly in minimum (nighttime) temperatures, which has serious implications for 

agriculture, energy consumption, and public health. 

• North and Central India have emerged as warming hotspots, with higher-than-average increases linked to lower forest cover, urban 

expansion, and arid climatic conditions. 

• The study further confirms the Urban Heat Island (UHI) effect, with urban areas heating up 0.06–0.08°C/decade faster than their rural 

counterparts. 

• The frequency of heatwaves has tripled since the 1960s, and these events are becoming more widespread and prolonged, threatening both 

human life and crop productivity. 

• Future projections under CMIP6 climate models suggest a potential increase of 2.4°C (SSP2-4.5) to 4.4°C (SSP5-8.5) in average 

temperatures by the end of the 21st century, especially impacting northern India. 

6.2 Recommendations 

Based on the results and observed trends, the following policy, planning, and research recommendations are proposed: 

1. Regional Climate Action Planning 

• Develop state-specific climate adaptation plans focused on the most vulnerable regions like North India, Central India, and urban heat 

hotspots. 

• Encourage decentralized climate governance with district-level vulnerability mapping and action blueprints. 
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2. Heatwave Preparedness 

• Expand early warning systems, public health awareness, and cooling shelters, especially in urban centers like Delhi, Ahmedabad, and 

Hyderabad. 

• Promote urban greening, rooftop gardens, and heat-resilient infrastructure to mitigate UHI effects. 

3. Agricultural Adaptation 

• Shift to climate-resilient crops and cultivars, especially in wheat- and rice-growing belts affected by warming nights. 

• Implement micro-irrigation and agro-forestry systems to increase resilience to both heat and water stress. 

4. Urban Planning and Land Use Reform 

• Integrate climate zoning in city masterplans to prevent unregulated heat-trapping infrastructure. 

• Incentivize cool roofs, reflective pavements, and vertical greening in metropolitan areas. 

5. Energy and Emissions Policy 

• Promote renewable energy adoption as both a mitigation and adaptation tool (e.g., solar-powered cooling). 

• Strengthen emission control policies through carbon pricing, EV subsidies, and energy efficiency standards. 

6. Climate Research and Data Infrastructure 

• Expand high-resolution climate monitoring networks, especially in underrepresented regions (e.g., Northeast India). 

• Support interdisciplinary research combining climatology, health, economics, and ecology to better inform decisions. 

7. Climate Education and Community Involvement 

• Incorporate climate literacy in school and college curricula. 

• Support community-led climate monitoring and adaptation efforts using local knowledge and participatory methods. 

 

7. REFERENCES 

 

1. Kothawale, D. R., & Rupa Kumar, K. (2005). On the recent changes in surface temperature trends over India. Geophysical Research Letters, 

32(18). 

https://doi.org/10.1029/2005GL023528 

2. Krishnan, R., Sanjay, J., Gnanaseelan, C., Mujumdar, M., Kulkarni, A., & Chakraborty, S. (2020). Assessment of Climate Change over the 

Indian Region: A Report of the Ministry of Earth Sciences (MoES), Government of India. Springer. 

https://doi.org/10.1007/978-981-15-4327-2 

3. IPCC. (2021). Climate Change 2021: The Physical Science Basis. Contribution of Working Group I to the Sixth Assessment Report of the 

Intergovernmental Panel on Climate Change. 

https://www.ipcc.ch/report/ar6/wg1/ 

4. Goswami, B. N., Venugopal, V., Sengupta, D., Madhusoodanan, M. S., & Xavier, P. K. (2006). Increasing trend of extreme rain events over 

India in a warming environment. Science, 314(5804), 1442–1445. 

https://doi.org/10.1126/science.1132027 

5. Rohini, P., Rajeevan, M., & Srivastava, A. K. (2016). On the variability and increasing trends of heat waves over India. Scientific Reports, 6, 

26153. 

https://doi.org/10.1038/srep26153 

6. Attri, S. D., & Tyagi, A. (2010). Climate Profile of India. India Meteorological Department, Government of India. 

https://mausam.imd.gov.in/ 

7. Lal, M., Singh, K. K., Rathore, L. S., Srinivasan, G., & Saseendran, S. A. (1996). Vulnerability of rice and wheat yields in northwest India 

to future changes in climate. Agricultural and Forest Meteorology, 79(4), 333–345. 

https://doi.org/10.1016/0168-1923(95)02361-X 

8. Jain, S. K., & Kumar, V. (2012). Trend analysis of rainfall and temperature data for India. Current Science, 102(1), 37–49. 

http://www.currentscience.ac.in/Volumes/102/01/0037.pdf 

9. Berkeley Earth. (2020). India Temperature Data. 

http://berkeleyearth.org/data/ 

10. University of East Anglia (CRU). (2020). Climate Research Unit Time Series (CRU TS v4.06). 

https://crudata.uea.ac.uk/cru/data/hrg/ 

11. Copernicus Climate Change Service (C3S). (2020). ERA5 Reanalysis Dataset. European Centre for Medium-Range Weather Forecasts 

(ECMWF). 

https://cds.climate.copernicus.eu/ 

12. India Meteorological Department (IMD). (2020). Statewise Monthly and Annual Temperature Records (1901–2020). 

https://mausam.imd.gov.in/ 

 


