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PREFACE 

The Narmada River Basin, with its complex climatic regime and diverse physiographic 

characteristics, plays a pivotal role in sustaining ecosystems, agriculture, and livelihoods 

across central and western India. As climate variability intensifies and extreme weather 

events become more frequent, understanding the basinôs climatological behaviour has 

become more critical than ever for effective water resource planning and sustainable 

development. 

 

This report is a comprehensive effort to analyze and document the meteorological and 

climatological dynamics of the Narmada River Basin. Drawing upon long-term 

observational data, high-resolution reanalysis datasets, and climate model projections, the 

study offers detailed insights into key parameters such as rainfall, temperature, wind 

patterns, humidity, solar radiation, and drought characteristics. Special attention has been 

given to temporal trends, spatial variability, and the implications of future climate scenarios 

to better inform basin-level planning and risk management. 

 

Our objective has been to present a scientifically robust yet accessible reference that can 

support evidence-based decision-making for climate adaptation, agricultural planning, and 

water resource governance in the basin. The findings and analyses provided herein are 

intended to assist researchers, policymakers, planners, and stakeholders in addressing both 

present challenges and long-term climatic shifts. 

 

We are deeply grateful to the institutions, agencies, and individuals whose data, insights, and 

support have made this study possible. Their contributions have significantly enriched the 

quality and relevance of this work. It is our hope that this report will contribute meaningfully 

to ongoing and future efforts aimed at enhancing the climate resilience of the Narmada River 

Basin and securing the well-being of its people and ecosystems. 

Centre for Narmada River Basin  

Management and Studies (cNarmada)  

IIT Gandhinagar, IIT Indore 
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Chapter 1: Introduction  

1.1 BACKGROUND AND SIGNIFICANCE OF THE NARMADA RIVER  

The Narmada River, originating from the Amarkantak Plateau in Madhya Pradesh, is 

one of India's most significant west-flowing rivers, spanning approximately 1,312 kilometers 

before draining into the Arabian Sea. Its basin, covering 95,959.7 square kilometers, exhibits 

diverse geomorphological features, including steep gradients in the upper reaches, basaltic 

formations in the middle basin, and expansive alluvial plains downstream. 

The river's hydraulic profile is shaped by its unique physiography and tectonic settings, 

particularly the Narmada Rift Valley flanked by the Vindhya and Satpura ranges. This 

geological framework influences the flow regime, sediment dynamics, and discharge 

patterns, making the river a vital case study for hydraulic research and water resource 

management. Geographic location of basin is shown in Figure 1. 

 

Figure 1: Geographical location map 
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1.1.1 Geographic Profile of the Narmada River 

Originating from the Amarkantak Plateau in Madhya Pradesh, the Narmada River 

flows westward for 1,312 km before emptying into the Arabian Sea through the Gulf of 

Khambhat. Its basin extends from 21° 40' 12'' to 23° 41' 24'' N latitudes and 72° 48' 36'' to 

81° 45' 36'' E longitudes, covering 95,959.70 sq. kmðapproximately 3% of Indiaôs total 

geographical area as shown in Figure 2. The basinôs elongated shape spans 915.65 km from 

east to west and 236 km from north to south. 

The riverôs physiography is defined by three distinct zones: the upper, middle, and 

lower reaches. The upper Narmada flows through rugged and forested terrain, characterized 

by steep slopes and narrow valleys. Notable topographical features include the Kapildhara 

Falls near the riverôs origin and the Marble Rocks gorge at Bhedaghat near Jabalpur. The 

middle Narmada is marked by wider valleys and fertile plains, with prominent basaltic 

formations from ancient volcanic activity. This region is ideal for agriculture and supports 

several large irrigation projects. The lower Narmada basin transitions into the Gujarat plains, 

featuring alluvial deposits and a gentler gradient as it approaches the Arabian Sea. 

 

Figure 2: Drainage area of the Narmada River with its three segments 
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The Narmada Rift Valley, a tectonic feature, significantly influences the riverôs course. 

Flanked by the Vindhya Range to the north and the Satpura Range to the south, this valley 

provides a unique geological setting. The riverôs flow is further augmented by its 41 

tributaries, including the Tawa, Hiran, and Shakkar Rivers, which contribute to the 

hydraulics, hydrological and ecological diversity of the basin. 

1.1.2 Sub-Divisions of the Basin 

The Narmada River basin is divided into three sub-basins based on geomorphology, 

hydrology, and hydraulics, each with unique characteristics and challenges: 

Upper Narmada Sub-Basin: Extending from Amarkantak to Hoshangabad (~720 

km), this region encompasses the river's origin at the Amarkantak Plateau and its flow 

through rugged, forested terrain. The area is characterized by steep gradients and narrow 

valleys, making it ideal for hydropower projects such as the Bargi Dam. However, these 

steep slopes and high rainfall levels also make the sub-basin prone to soil erosion and 

sedimentation issues, affecting downstream water quality and reservoir capacity. 

 

Figure 3: Tributaries of Upper Narmada River segment 
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Middle Narmada Sub-Basin: Spanning Hoshangabad to Navagam (~485 km), the 

middle sub-basin is marked by wider valleys, fertile plains, and basaltic rock formations. 

This region supports extensive agricultural activity, thanks to irrigation systems fed by major 

projects like the Indira Sagar and Omkareshwar Dams. Despite its agricultural productivity, 

the middle Narmada faces challenges such as deforestation in the surrounding uplands, 

leading to increased siltation, and pollution from untreated urban and industrial effluents. 

 

Figure 4: Tributaries of the Middle Narmada River segment 

 

Lower Narmada Sub-Basin: Covering the area from Navagam to the Gulf of 

Khambhat (~145 km), the lower sub-basin transitions into the flat alluvial plains of Gujarat. 

Here, the river slows down, creating rich floodplains that support diverse ecosystems and 

fertile agricultural lands. This region includes the Sardar Sarovar Dam, a critical 

infrastructure for irrigation, water supply, and power generation. However, the lower 

Narmada is heavily impacted by industrial discharges, sand mining, and changes in sediment 

flow due to upstream damming, leading to coastal erosion near the riverôs mouth.  
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Figure 5: Tributaries of Lower Narmada River segment 

 

1.2 OVERVIEW OF CLIMATE IN THE NARMADA RIVER BASIN  

The Narmada River Basin lies predominantly in a humid tropical climate zone, with 

the Tropic of Cancer passing through its upper plains. While the climate is generally tropical, 

significant variations in temperature and precipitation occur across the basin. Seasonal 

changes bring distinct weather patterns, ranging from dry and cool winters to hot summers 

and intense monsoon rains. 

The basin experiences four well-defined seasons. The cold weather season extends 

from November to February, characterized by clear skies, cool temperatures, and dry 

conditions. Minimal precipitation occurs during this period, and nights are often 

accompanied by cold winds. The hot weather season, from March to mid-June, is typically 

dry, with May being the hottest month. This period sees a significant rise in daytime 

temperatures, particularly in the central plains. The southwest monsoon season begins in 

mid-June and lasts until early October, bringing the majority (85ï95%) of the annual 

precipitation. The weather remains humid and sometimes oppressive, especially in areas 
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close to the river. The post-monsoon season, spanning October and November, marks a 

transition from the wet monsoon months, contributing around 9% of the total annual rainfall. 

Rainfall distribution varies significantly across the basin. The upper hilly regions 

receive the highest precipitation, exceeding 1400 mm annually, with localized peaks up to 

1800 mm around Pachmarhi. Moving downstream, rainfall gradually decreases. In the upper 

plains (stretching from Jabalpur to Punasa Dam), annual rainfall reduces from 1400 mm to 

below 1000 mm. The lower plains, particularly around Barwani, represent the driest part of 

the basin, with annual rainfall falling below 650 mm. Interestingly, in the lower hilly areas, 

precipitation increases slightly again, exceeding 750 mm annually. 

The intensity of 24-hour rainfall events also shows spatial variation. The southern 

section of the upper Narmada basin experiences the most intense rainfall events, with 24-

hour totals reaching 360 mm. In contrast, the lower middle basin records less than 260 mm 

of rainfall in a 24-hour period. Overall, nearly 90% of the total rainfall occurs during the 

monsoon months from June to October, with July and August alone contributing around 60% 

of the total precipitation. 

Temperature patterns in the basin resemble those of Central India, with high seasonal 

variability. The hottest month is May, while January records the lowest temperatures. The 

upper basin generally experiences cooler temperatures compared to the middle and lower 

reaches. In contrast, the lower basin, due to its proximity to the Arabian Sea, maintains 

relatively moderate temperatures. Historical temperature data indicates that in the coldest 

month (January), the minimum temperature can drop to 10.87°C, while in the hottest month 

(May), maximum temperatures can reach 40.58°C. 

1.3 REPORT OBJECTIVES 

This report aims to provide a comprehensive understanding of the climatology and 

meteorology of the Narmada River Basin by analyzing historical climate trends, rainfall 

patterns, temperature variations, and drought characteristics. The study utilizes diverse 

datasets and methodologies to assess the basinôs climatic conditions and their implications. 

The key objectives of each chapter are outlined below: 

Chapter 1: Introduction ï This chapter introduces the geographic and climatic 

significance of the Narmada River Basin, along with its sub-divisions and climate profile. It 
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sets the foundation for understanding the basinôs meteorological conditions and the need for 

this study. 

Chapter 2: Data Acquisition and Methodology ï This chapter describes the sources of 

climate data, including rainfall and temperature records, and outlines the methodological 

framework used for analyzing historical trends and climate variability across the basin. 

Chapter 3: Climatic Characteristics ï This section presents an in-depth analysis of key 

climatic elements, including rainfall, temperature, wind, humidity, cloud cover, and solar 

radiation, which influence the hydrology and ecology of the basin. 

Chapter 4: GCM / RCM Data ï This chapter explores Global Climate Models (GCMs) 

and Regional Climate Models (RCMs) to assess future climate projections for the Narmada 

Basin, providing insights into potential climate change impacts. 

Chapter 5: Drought Characteristics ï This section examines the historical occurrence 

and spatial variability of droughts, using SPEI (Standardized Precipitation and 

Evapotranspiration Index) to assess long-term drought trends in the basin. 

Chapter 6: Conclusions and Recommendations ï The final chapter summarizes the key 

findings of the report and discusses their implications for water resource management and 

climate adaptation strategies. It also data applications. 

These objectives collectively contribute to a holistic understanding of the Narmada 

River Basinôs climate, helping in sustainable water management and climate resilience 

planning. 
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Chapter 2: Data Acquisition and Methodology 

2.1 DATA SOURCES 

The study on the climatologic and meteorologic characteristics of the Narmada River 

Basin relies on a diverse set of data sources that provide hydrological, meteorological, and 

climatic datasets. The key sources utilized in this research are outlined below: 

1. India Water Resources Information System (India-WRIS): The India-WRIS 

platform, developed by the Ministry of Jal Shakti, serves as a comprehensive repository of 

hydrological data. It provides detailed information, including river basin shape files, dam 

and canal details, and tributary characteristics. This platform forms the backbone of the 

spatial and hydrological datasets used in this study. 

Source: India-WRIS 

2. CAMELS-India Dataset: The CAMELS-India dataset, as described by (Nikunj K. 

Mangukiya, 2025), offers hydrometeorological time series and catchment attributes for 472 

catchments across Peninsular India. This dataset was instrumental in analysing climatic 

variability, hydrological patterns, and water resource trends within the Narmada River Basin. 

 

Figure 6 Narmada River Basin : CWC Monitoring Stations 

https://indiawris.gov.in/wris
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3. Central Water Commission (CWC) Data: The Central Water Commission 

(CWC) provided essential discharge and water level data for multiple monitoring stations 

across the Narmada River Basin as shown in Figure 6. These datasets were crucial for 

assessing flow dynamics, seasonal variations, and hydrological trends. The location and 

characteristics of the CWC monitoring stations were also integrated into the analysis to 

ensure comprehensive coverage of the river basinôs hydrology. 

4. ERA5 Climate Reanalysis Data: The ERA5 dataset, produced by the European 

Centre for Medium-Range Weather Forecasts (ECMWF), offers high-resolution climate 

reanalysis data. This dataset provides critical atmospheric variables such as temperature, 

wind speed, relative humidity, and solar radiation at monthly means. ERA5 data were 

extensively utilized to analyze historical climatic trends and variability within the Narmada 

River Basin. 

Source: ERA5 Climate Data 

5. GCM / RCM Data: This study employs a high-resolution, bias-corrected climate 

dataset specifically developed for South Asia using outputs from 13 General Circulation 

Models (GCMs) participating in the Coupled Model Intercomparison Project Phase 6 

(CMIP6). The dataset was generated by Mishra et al., (2020) using Empirical Quantile 

Mapping (EQM) as a statistical bias correction method. It provides daily precipitation, 

maximum temperature, and minimum temperature data at a 0.25° spatial resolution, covering 

both historical (1951ï2014) and future (2015ï2100) periods under four Shared 

Socioeconomic Pathways (SSPs): SSP126, SSP245, SSP370, and SSP585. 

6. Drought Atlas of India: The Drought Atlas of India provides valuable insights into 

historical drought occurrences and their spatial distributions across India. This dataset was 

essential for assessing drought characteristics within the Narmada River Basin and 

understanding long-term trends in water scarcity and climatic variability. 

Source: Drought Atlas of India 

These datasets collectively form the foundation for the climatological and 

meteorological analysis conducted in this study. By integrating multiple data sources, the 

study ensures a robust assessment of hydrological trends and climatic variability across the 

Narmada River Basin. 

https://cds.climate.copernicus.eu/datasets/reanalysis-era5-pressure-levels-monthly-means?tab=overview
https://www.nature.com/articles/s41597-023-02856-y
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2.2 METHODOLOGICAL FRAMEWORK  

The methodological framework adopted in this study involves a combination of data 

acquisition, spatial extraction and temporal aggregation. The overall objective is to analyze 

the climatological and meteorological characteristics of the Narmada River Basin using 

reliable datasets and systematic techniques. 

The steps followed in the methodology are outlined below: 

¶ Data Compilation and Preprocessing: Relevant datasets were compiled from 

various national and international sources including India-WRIS, CAMELS-India, 

CWC, ERA5, and the Drought Atlas of India. These datasets were assessed for 

quality, completeness, and suitability for climatological analysis. Basin-level spatial 

layers such as shapefiles were used to extract relevant data corresponding to the 

Narmada River Basin boundary. 

¶ Climatological Parameter Extraction: Key climate variables such as rainfall, 

temperature, wind speed, relative humidity, cloud cover, and solar radiation were 

extracted. For ERA5 data, monthly means at appropriate spatial resolution were 

considered. For observed datasets, station-wise data points within or adjacent to the 

basin boundary were compiled. 

¶ Temporal and Spatial Analysis: Monthly and annual statistics were computed to 

assess the variability and trends in climatic parameters. The temporal analysis 

focused on identifying patterns such as seasonal distribution, inter-annual variability, 

and long-term trends. Spatial analysis involved the mapping of basin-wide patterns 

using GIS tools. 

¶ GCM / RCM Data : The 13 GCMs included were selected based on the availability 

of daily data for all three variables across all required periods. The raw CMIP6 output 

initially provided at spatial resolutions ranging from 0.7° to over 2°ðwere regridded 

to 1° resolution using bilinear interpolation and then bias-corrected to 0.25° using 

observational gridded datasets. For India, gridded precipitation and temperature 

observations from the India Meteorological Department (IMD) were used, while for 

regions outside India, the dataset by Sheffield et al. (2006) was employed. The EQM-

based bias correction method adjusts model outputs by aligning their cumulative 

distribution functions (CDFs) with those of observations for a reference period. This 
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approach has demonstrated strong performance in correcting biases not only in the 

mean values but also in the extremes of temperature and precipitation, which is 

crucial for impact assessments involving climate extremes. Thus, in this study, 

climate projections are derived from 13 GCMs that participated in the Coupled 

Model Intercomparison Project Phase 6 (CMIP6). These models were selected based 

on the availability of daily data for three key climate variables: precipitation, 

maximum temperature, and minimum temperature. Each of the 13 GCMs provides 

climate data over a long period, covering: 

¶ Historical period: 1850ï2014 

¶ Future projections: 2015ï2100 

Future scenarios in CMIP6 are represented by four Shared Socioeconomic Pathways 

(SSPs), which reflect different levels of greenhouse gas emissions and radiative 

forcing by the end of the 21st century: 

¶ SSP1-2.6: A low-emission, sustainability-focused scenario 

¶ SSP2-4.5: A moderate, middle-of-the-road scenario 

¶ SSP3-7.0: A high-emission, regional rivalry scenario 

¶ SSP5-8.5: A high-emission, fossil fuel-intensive scenario 

 

¶ Drought Assessment Methodology: The assessment of drought conditions in the 

Narmada River Basin was carried out using the Standardized Precipitation and 

Evapotranspiration Index (SPEI) data provided in the Drought Atlas of India 

developed by Chuphal et al. (2024). This dataset includes pre-computed SPEI values 

at various timescales for the entire country, derived from high-resolution 

precipitation and temperature data. For this study, relevant SPEI data corresponding 

to the Narmada River Basin were extracted and analyzed to evaluate both temporal 

trends and spatial variations in drought severity and frequency. The analysis focused 

on identifying major historical drought events and regional disparities in drought 

impact across different sub-basins. 

¶ Visualization: Various statistical and spatial outputs were visualized through graphs, 

charts, and maps. These visual representations aid in interpreting the basin's climatic 
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conditions and provide an intuitive understanding of temporal changes and spatial 

heterogeneity. 

This framework ensures a consistent, replicable, and scientifically robust approach for 

analyzing the climatological dynamics of the Narmada River Basin. 
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Chapter 3: Climatic Characteristics 

3.1 GENERAL  

This chapter provides an overview of the key climatic characteristics of the Narmada 

River Basin, focusing on critical meteorological parameters such as rainfall, temperature, 

wind speed, relative humidity, cloud cover, and solar radiation. These variables are 

fundamental to understanding the hydrological behaviour and environmental dynamics of 

the basin. The analysis is based on long-term datasets, primarily covering the period from 

1980 to 2020, obtained from both ground-based stations and climate reanalysis products. 

The findings presented through spatial maps and time-series plots aim to support informed 

water resource planning, climate impact assessments, and adaptation strategies at the basin 

scale. 

3.2 RAINFALL  

This section analyses the spatial distribution of rainfall across the Narmada River 

Basin. Understanding the spatial patterns of rainfall is crucial for identifying areas with high 

and low precipitation, which can inform water resource management decisions.    

3.2.1 Spatial Variation of Rainfall  

The spatial variation of rainfall is illustrated in Figure 7 and Figure 8. Figure 7 depicts 

the annual average rainfall distribution, while Figure 8 shows the monsoon annual average 

rainfall distribution. These figures highlight the areas with high and low precipitation, 

providing valuable insights into the spatial variability of rainfall across the basin.  
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Figure 7: Annual Average Rainfall in the Narmada River Basin. 

As depicted in Figure 7, the annual average rainfall distribution in the Narmada River 

Basin exhibits significant spatial variability. 

The spatial distribution of monsoon annual average rainfall in the Narmada River 

Basin is shown in Figure 8. 

 

Figure 8: Monsoon Annual Average Rainfall in the Narmada River Basin 

 

Figure 8 illustrates the spatial variability of monsoon rainfall in the Narmada River 

Basin, highlighting the areas that receive significant rainfall during the monsoon season. 
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3.2.2 Temporal Variation of Rainfall  

This section examines the temporal variation of rainfall at ten selected sites within the 

Narmada River Basin. For each site, two figures are presented, showing: 

1. Yearly Precipitation 

2. Yearly Monsoon Precipitation 

 

1. Yearly Precipitation 

The analysis of yearly precipitation patterns at various stations across the Narmada 

River Basin over the period from 1980 to 2020 provides significant insights into temporal 

rainfall variability. Figure 9 to Figure 21 illustrate annual precipitation trends at key stations, 

including Patan, Belkheri, Bharuch, Garudeshwar, and others. 

 

 

 

Figure 9: Annual Precipitation (mm) at Belkheri Station (1980-2020) 
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Figure 10: Annual Precipitation (mm) at Patan Station (1980-2020) 

 

 

 

Figure 11: Annual Precipitation (mm) at Bharuch Station (1980-2020) 
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Figure 12: Annual Precipitation (mm) at Garudeshwar Station (1980-2020) 

 

 

 

Figure 13: Annual Precipitation (mm) at Ghunghara Station (1980-2020) 
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Figure 14: Annual Precipitation (mm) at Gorakhpur Station (1980-2020) 

 

 

 

Figure 15: Annual Precipitation (mm) at Hoshangabad Station (1980-2020) 
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Figure 16: Annual Precipitation (mm) at Indirasagar Dam Station (1980-2020) 

 

 

 

Figure 17: Annual Precipitation (mm) at Kotrai Station (1980-2020) 
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Figure 18: Annual Precipitation (mm) at Mukki Station (1980-2020) 

 

 

 

Figure 19: Annual Precipitation (mm) at Pati Station (1980-2020) 
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Figure 20: Annual Precipitation (mm) at Tawanagar Station (1980-2020) 

 

 

Figure 21: Annual Precipitation (mm) at Veerpur Station (1980-2020) 

 

The observed trends indicate significant fluctuations in annual rainfall, highlighting 

the influence of regional climatic variability and changing weather patterns. Stations like 

Patan demonstrate considerable year-to-year variation, with precipitation ranging from 

around 600 mm to nearly 1800 mm. Such variability underscores the need for detailed 

temporal analysis to better understand evolving hydrological patterns, which are crucial for 

effective water resource planning and management within the basin. Supplementary graphs 
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for additional stations are provided in Annexure I, offering a more comprehensive 

perspective on rainfall trends across the entire basin. All underlying data used in these 

analyses are included in the supplementary material. 

 

2. Monsoon Precipitation 

The monsoon season, contributing a significant portion of the annual rainfall, is pivotal 

to the hydrological regime of the Narmada River Basin. Figure 22 to Figure 34 showcase 

monsoon precipitation trends at the same stations, emphasizing the temporal distribution of 

rainfall during this critical period. 

The data underscore the reliance on monsoonal rainfall, with variations indicative of 

both inter-annual and intra-seasonal shifts. Such insights are vital for anticipating water 

availability and addressing potential challenges associated with extreme monsoon events, 

including flooding or drought conditions. 

 

Figure 22: Monsoon Precipitation(mm) at Belkheri Station (1980-2020) 
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Figure 23: Monsoon Precipitation(mm) at Bharuch Station (1980-2020) 

 

Figure 24: Monsoon Precipitation(mm) at Garudeshwar Station (1980-2020) 
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Figure 25: Monsoon Precipitation(mm) at Ghunghara Station (1980-2020) 

 

Figure 26: Monsoon Precipitation(mm) at Gorakhpur Station (1980-2020) 
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Figure 27: Monsoon Precipitation(mm) at Hoshangabad Station (1980-2020) 

 

Figure 28: Monsoon Precipitation(mm) at Indirasagar Dam Station (1980-2020) 
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Figure 29: Monsoon Precipitation(mm) at Kotrai Station (1980-2020) 

 

Figure 30: Monsoon Precipitation(mm) at Mukki Station (1980-2020) 
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Figure 31: Monsoon Precipitation(mm) at Patan Station (1980-2020) 

 

Figure 32: Monsoon Precipitation(mm) at Pati Station (1980-2020) 
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Figure 33: Monsoon Precipitation(mm) at Tawanagar Station (1980-2020) 

 

Figure 34: Monsoon Precipitation(mm) at Veerpur Station (1980-2020) 
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Additional graphs for other stations are included in the annexure I, providing a 

comprehensive view of basin-wide trends. All data used for these plots and additional 

analyses are provided in the supplementary material. 

3.3 TEMPERATURE  

The temporal variation of temperature in the Narmada River Basin from 1980 to 2020 

highlights critical insights into the regionôs changing climatic dynamics. Monthly 

temperature trends across several key stations, including Belkheri, Bharuch, Garudeshwar, 

Ghunghara, and others, reveal significant patterns of seasonal and annual variability. Figure 

35 to Figure 47 provide a visual representation of these trends. 

Seasonal peaks in temperature are observed during the summer months, with notable 

fluctuations between stations. For instance, Bharuch station, located in the lower basin near 

the coast, consistently records higher temperatures than upper-basin stations such as 

Belkheri, influenced by altitude and proximity to water bodies. 

The increasing temperature trend observed in most stations has important implications 

for hydrological and ecological systems. It points to rising evapotranspiration rates, which 

can impact water balance and agricultural productivity across the basin. 

 

 

Figure 35: Monthly Temperature (°C) trends at Belkheri Station (1980ï2020) 
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Figure 36: Monthly Temperature (°C) trends at Bharuch Station (1980ï2020) 

 

Figure 37: Monthly Temperature (°C) trends at Garudeshwar Station (1980ï2020) 
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Figure 38: Monthly Temperature (°C) trends at Ghunghara Station (1980ï2020) 

 

Figure 39: Monthly Temperature (°C) trends at Gorakhpur Station (1980ï2020) 
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Figure 40: Monthly Temperature (°C) trends at Hoshangabad Station (1980ï2020) 

 

Figure 41: Monthly Temperature (°C) trends at Indirasagar Dam Station (1980ï2020) 
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Figure 42: Monthly Temperature (°C) trends at Kotrai Station (1980ï2020) 

 

Figure 43: Monthly Temperature (°C) trends at Mukki Station (1980ï2020) 
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Figure 44: Monthly Temperature (°C) trends at Patan Station (1980ï2020) 

 

Figure 45: Monthly Temperature (°C) trends at Pati Station (1980ï2020) 
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Figure 46: Monthly Temperature (°C) trends at Tawanagar Station (1980ï2020) 

 

Figure 47: Monthly Temperature (°C) trends at Veerpur Station (1980ï2020) 
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Figure 48:Temporal Variation of Average Temperature (1951-2024) Over Narmada Basin (ERA5) 

  

 

Figure 49: Spatial Variation of Average Temperature (1951-2024) Over Narmada Basin (ERA5) 

The spatial variability in temperature trends across the basin underscores the influence 

of local geographical and climatic factors. Coastal regions like Bharuch not only exhibit 

higher average temperatures but also experience smaller seasonal variations compared to 

inland and higher-altitude stations. Such spatial differences emphasize the need for region-
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specific strategies to manage the impacts of rising temperatures on water resources and 

agriculture. Additional graphs for other stations are included in the annexure II , providing a 

comprehensive view of basin-wide trends. All data used for these plots and additional 

analyses are provided in the supplementary material. 

 

3.4 WIND  

Wind speed plays a critical role in various hydrological and environmental processes, 

affecting evaporation, surface water dynamics, and overall climatic behaviour. This section 

presents a comprehensive analysis of wind speed trends at multiple stations across the study 

region over the past four decades. The analysis utilizes both monthly average wind speed 

and annual average wind speed data to highlight temporal variations and long-term changes. 

3.4.1 Annual Wind Speed Trends 

Annual average wind speed are depicted for 6 stations (e.g.,Figure 50: Annual Average 

Wind Speed at Belkheri Station). The results indicate a noticeable decline in average wind 

speeds over the 40-year study period. At Belkheri Station, for example, the average wind 

speed decreased from approximately 2.95 m/s in the early 1980s to around 2.3 m/s by 2020. 

This reduction in wind speed may be attributed to changing climatic conditions, 

urbanization, or large-scale environmental shifts affecting wind dynamics. Such long-term 

trends are significant for assessing potential impacts on regional hydrology, including 

changes in evaporation rates and their implications for water resource management. 
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Figure 50: Daily Annual Average Wind Speed at Belkheri Station (1980ï2020) 

 

Figure 51: Daily Annual Average Wind Speed at Bharuch Station (1980ï2020) 
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Figure 52: Daily Annual Average Wind Speed at Garudeshwar Station (1980ï2020) 

 

Figure 53: Daily Annual Average Wind Speed at Ghunghara Station (1980ï2020) 
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Figure 54: Daily Annual Average Wind Speed at Gorakhpur Station (1980ï2020) 

 

Figure 55: Daily Annual Average Wind Speed at Hoshangabad Station (1980ï2020) 
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3.4.2 Monthly Wind Speed Trends 

Figures representing the monthly average wind speeds (e.g., Figure 56: Daily Average 

Wind Speed at Indirasagar Dam Station (1980ï2020)) show significant seasonal 

fluctuations. The wind tends to peak during Monsoon months. Conversely, wind speed 

reductions are observed in October, November, December, reflecting calmer atmospheric 

conditions typical of that period. Such seasonal variations are crucial for understanding the 

interplay between wind-driven evaporation and surface water availability. 

 

 

Figure 56: Daily Average Wind Speed at Indirasagar Dam Station (1980ï2020) 
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Figure 57: Daily Average Wind Speed at Kotrai Station (1980ï2020) 

 

Figure 58: Daily Average Wind Speed at Mukki Station (1980ï2020) 
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Figure 59: Daily Average Wind Speed at Patan Station (1980ï2020) 

 

Figure 60: Daily Average Wind Speed at Pati Station (1980ï2020) 
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Figure 61: Daily Average Wind Speed at Tawanagar Station (1980ï2020) 

 

Figure 62: Daily Average Wind Speed at Veerpur Station (1980ï2020) 

 



Narmada River Basin Climatologic / Meteorologic Data Report 

45 

 

While the complete wind speed dataset is available in the supplementary material, 

Annexure III  contains figures visualizing wind speed. 

Figure 63 presents the temporal variation of wind speed over the Narmada River Basin 

based on ERA5 data. The plot indicates noticeable seasonal fluctuations, with higher wind 

speeds observed during the pre-monsoon and early monsoon periods. A slight declining 

trend in wind speeds is evident in recent decades, which may be associated with increasing 

vegetation cover, urban expansion, or larger-scale climatic shifts. 

 

Figure 63: Temporal Variation of Wind Speed over Narmada Basin (ERA5)  

Figure 64 shows the spatial variation in average wind speed across the basin. It 

highlights that the lower and western parts of the basin, particularly areas closer to Gujarat 

and the Arabian Sea, experience relatively stronger winds, possibly influenced by regional 

topography and coastal proximity. Conversely, the central and upper sub-basins exhibit 

relatively calmer conditions due to forest cover and terrain shielding. These spatial 

differences in wind regime have implications for localized evaporation rates and 

microclimate conditions. 
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Figure 64: Spatial Variation of Wind Speed over Narmada Basin (ERA5) 

 

3.5 RELATIVE HUMIDITY  

Relative humidity (RH) is a measure of atmospheric moisture and a key indicator of 

atmospheric saturation. It influences plant transpiration, human thermal comfort, and cloud 

formation. High RH typically corresponds with increased cloudiness and potential 

precipitation, while low RH intensifies evaporation and can increase the risk of drought and 

wildfire. 

 

Figure 65 illustrates the temporal variation of RH across the Narmada Basin. The 

seasonal cycle is pronounced, with peak RH during the monsoon season (June to September) 

due to sustained moisture influx from the southwest monsoon. Drier conditions are recorded 

in the pre-monsoon months (MarchïMay), coinciding with rising temperatures and increased 

solar radiation. The interannual pattern remains relatively stable with no significant long-

term trend, suggesting that large-scale atmospheric moisture input has not undergone major 

shifts. 
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Figure 65: Temporal Variation of Relative Humidity over Narmada Basin (ERA5) 

 

Figure 66 provides the spatial distribution of mean RH. The coastal and downstream 

regions of the basin show persistently higher humidity levels, owing to their proximity to 

the sea and dense vegetation. In contrast, the central and eastern portions of the basin, 

especially those with less forest cover and higher elevation, exhibit comparatively lower RH 

values. This spatial heterogeneity in RH plays a vital role in influencing evapotranspiration 

rates and vegetation dynamics across different sub-basins. 
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Figure 66: Spatial Variation of Relative Humidity over Narmada Basin (ERA5) 

 

3.6 CLOUD COVER  

Cloud cover modulates Earthôs radiation balance by reflecting incoming solar radiation 

and trapping outgoing longwave radiation. It directly impacts surface temperatures, 

photosynthesis, and the hydrologic cycle by influencing precipitation formation. Persistent 

cloud cover can reduce solar radiation, suppress surface evaporation, and regulate diurnal 

temperature range. 

 

Figure 67 shows the temporal trend of cloud cover over the basin, with a clear 

monsoonal pattern marked by increased cloudiness from June to September. These months 

correspond to the period of highest rainfall and lowest solar radiation, confirming the strong 

link between cloud dynamics and monsoon activity. Post-monsoon and winter periods record 

much lower cloud cover, leading to increased radiation receipt and cooling during nights. 
















































































































































































































