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PREFACE 

The Narmada River, often referred to as the lifeline of central and western India, holds 

unparalleled significance for the region's water resources, ecosystems, and communities. Its 

hydrological complexity, combined with its ecological and cultural heritage, underscores the 

critical need for its preservation and sustainable management. In the face of mounting 

challenges such as climatic variability, groundwater depletion, and increasing anthropogenic 

pressures, a comprehensive understanding of the Narmada River Basin's hydrology is more 

important than ever. 

 

This report, centered on the hydrological characteristics of the Narmada River Basin, is an 

effort to provide an in-depth analysis of key parameters such as streamflow, water levels, 

groundwater trends, and climatic variations. Drawing on extensive data collection and 

advanced methodologies, it presents a spatial and temporal perspective on the basin's water 

resources and their interdependencies. From rainfall patterns to groundwater recharge 

dynamics, this report aims to uncover critical insights into the factors shaping the basin's 

hydrological profile. 

 

The findings and recommendations presented in this report are intended to serve as a guiding 

framework for policymakers, researchers, and practitioners committed to sustainable water 

management in the Narmada Basin. By identifying trends and challenges, it aspires to inform 

climate-resilient strategies, enhance water resource planning, and support the development 

of policies that balance ecological preservation with socioeconomic progress. 

 

We are deeply grateful to all individuals, organizations, and institutions that contributed to 

the preparation of this report. Their dedication, expertise, and support have been instrumental 

in shaping this study. It is our hope that this report will inspire collaborative efforts and 

meaningful action toward the long-term health and sustainability of the Narmada River and 

its basin. 

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  

India's vibrant and diverse landscapes are intricately linked to its remarkable river systems, 

which span from the towering Himalayas to the coastal ranges of the Western and Eastern 

Ghats. These rivers are vital, providing life-sustaining water for agriculture, drinking, and 

energy production while shaping the countryôs terrain and supporting its ecosystems. They 

also hold immense cultural and spiritual importance, making them central to Indiaôs 

traditions and economy.  

Among these, the Narmada River stands out as a westward-flowing marvel and the fifth-

longest river in the country. Flowing primarily through Madhya Pradesh and Gujarat, it is 

often referred to as the ñLifelineò of these states for its crucial contributions to irrigation, 

drinking water, and hydropower. The river is revered in Hindu mythology, with numerous 

temples and sacred sites along its banks, underscoring its spiritual significance.   

Originating from the Amarkantak Plateau in Madhya Pradesh, Narmada River 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 Hydrology 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 Hydrology research and water resource 

management. 
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Figure 1: Geographical location map 

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. km approximately 3% of Indiaôs total geographical area. 

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. 
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Figure 2: Drainage area of the Narmada River with its three segments 

 

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. 
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Figure 3: Tributaries of Upper Narmada River segment 

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 
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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.  

 

Figure 5: Tributaries of Lower Narmada River segment 

 

1.2 REPORT OBJECTIVES 

The objective of this hydrological data report is to provide a comprehensive analysis of the 

Narmada River Basin's hydrological and climatic characteristics, addressing the critical need 

for understanding the basinôs water resource dynamics in the face of climatic variability and 

increasing human demands. By examining key hydrological parameters such as streamflow, 

water levels, and groundwater, alongside climatic variables like rainfall, temperature, 

evapotranspiration, evaporation, and wind speed, this report aims to offer a detailed account 

of the spatial and temporal variations influencing the basin. 
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The report consolidates data from diverse, reliable sources and applies rigorous 

methodological frameworks to ensure accuracy and relevance. Through its detailed analysis, 

it highlights trends, patterns, and interdependencies among these parameters, enabling a 

deeper understanding of the regionôs water balance and hydrological processes. 

This report aspires to serve as a foundational resource for researchers, policymakers, and 

planners engaged in river basin management. By addressing key challenges such as seasonal 

water scarcity, groundwater depletion, and the impacts of climate variability, it aims to 

inform sustainable water resource management strategies, support the development of 

climate-resilient policies, and promote the sustainable development of the basin. 

This report sets the stage for a comprehensive analysis of the Hydro climatology associated 

with the Narmada River.  

Chapter 1: Introduction  

This chapter introduces the Narmada River Basin, emphasizing its geographical, 

hydrological, and ecological significance. It provides a detailed overview of the basin's 

sub-divisions, key physiographic features, and the challenges posed by anthropogenic and 

climatic pressures. 

Chapter 2: Data Acquisition and Methodology 

The methodologies employed in this study are discussed, with a focus on data acquisition 

from reliable sources such as India-WRIS, CWC records, and CAMELS-India datasets. 

The chapter outlines the framework used for processing and analyzing hydrological and 

climatic data to ensure accuracy and consistency. 

Chapter 3: Digital Elevation Model (DEM) Data 

This chapter highlights the importance of high-resolution DEMs in hydrological studies. It 

describes the characteristics of the ALOS PALSAR 12.5m DEM used in the report and its 

applications in watershed delineation, drainage network extraction, and flood risk 

assessment. 

Chapter 4: Streamflow and Water Level Data 

The chapter presents detailed analyses of time-series streamflow and water level data from 

key gauging stations across the basin. By examining variations across stations across 

Narmada river basin, the chapter provides insights into flow dynamics and seasonal 

patterns. 
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Chapter 5: Climatic Data Analysis 

This chapter explores the spatial and temporal variations of key climatic parameters in the 

Narmada River Basin. It analyzes yearly and monsoon rainfall trends, seasonal and annual 

temperature patterns, and their impacts on hydrological processes. Temporal variations in 

evapotranspiration and evaporation are examined for their role in the basin's water balance, 

while wind speed trends are assessed for their influence on evaporation rates. Together, 

these insights highlight the interplay between climate and water resources in the basin. 

Chapter 6: Groundwater Data 

The chapter focuses on the spatial and temporal variations in groundwater levels within the 

basin, including seasonal recharge patterns and long-term trends. By analyzing data from 

monitoring stations in the upper, middle, and lower basins, the chapter identifies stress 

areas and highlights the need for sustainable groundwater management practices. 

Chapter 7: Conclusion and Recommendations 

This concluding chapter synthesizes the findings and provides recommendations for 

sustainable management of the Narmada River Basin. It emphasizes the integration of 

hydrological data with policy frameworks and advocates for adaptive strategies to mitigate 

the impacts of climate variability and anthropogenic pressures. 
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Chapter 2: Data Acquisition and Methodology 

2.1 DATA SOURCES 

Accurate and comprehensive data acquisition is essential for analyzing the hydrological 

characteristics of the Narmada River Basin. This study utilized multiple authoritative sources 

to ensure the reliability and robustness of the dataset: 

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

platform, developed by the Ministry of Jal Shakti, provided detailed hydrological 

data, including river basin shape files, dam and canal information, and tributary 

details. This platform forms the backbone of the spatial and hydrological datasets 

used in this study. 

Source: https://indiawris.gov.in/wris 

2. ASF DAAC (2010): High-resolution digital elevation models (DEMs) were sourced 

from the Advanced Land Observing Satellite (ALOS) PALSAR dataset. The 

radiometrically terrain-corrected 12.5m DEM was essential for watershed 

delineation, drainage network extraction, and hydrological modeling. 

Source: https://doi.org/10.5067/Z97HFCNKR6VA 

3. CAMELS -India Dataset: The CAMELS-India dataset, as described by Mangukiya 

et al. (2024), provided hydrometeorological time series and catchment attributes for 

472 catchments in Peninsular India. This dataset was instrumental in analyzing 

climatic variability and water resource trends. 

4. Central Ground Water Board (CGWB) Reports: Groundwater-related data, 

including spatial and temporal variations in groundwater levels, were obtained from 

the CGWB. These reports provided insights into seasonal groundwater recharge 

patterns and trends in groundwater resource availability. 

Source: https://cgwb.gov.in 

https://indiawris.gov.in/wris
https://doi.org/10.5067/Z97HFCNKR6VA
https://cgwb.gov.in/
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Figure 6: Groundwater Monitoring Locations in the Narmada River Basin 

5. Central Water Commission (CWC) Data: The CWC provided essential discharge 

and water level data for various monitoring stations across the Narmada River Basin. 

These data were critical for assessing flow dynamics, seasonal patterns, and 

hydrological trends. The location and details of CWC monitoring stations were also 

integrated into the analysis. 

Table 1: Central Water Commission (CWC) Monitoring Sites 

CWC Site 

Name 

Type 

of Site 
River Name Latitude  Longitude 

Gauge 

ID  
District  

River 

Basin 

Parasatola G Phen 22.5289 80.9917 12001 Mandla 
Upper 

Narmada 

Bamni GDSQ Banjar 22.4842 80.3781 12002 Mandla 
Upper 

Narmada 

Barangi GD Machak 22.2206 76.9439 12003 Harda 
Middle 

Narmada 

Barginagar GQ Narmada 22.9403 79.9231 12004 Jabalpur 
Upper 

Narmada 

Barmanghat GDSQ Narmada 23.0308 79.0156 12005 Narsingpur 
Upper 

Narmada 

Barwah GD Choral 22.2461 76.0517 12006 Khargone 
Middle 

Narmada 

Belkheri GDQ Sher 22.9278 79.3397 12007 Narsingpur 
Upper 

Narmada 

Bhamgarh GD 
Chhota 

Tawa 
21.8433 76.5044 12008 Khandwa 

Middle 

Narmada 

Bharuch GD Narmada 21.6933 73.0053 12009 Bharuch 
Lower 

Narmada 
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CWC Site 

Name 

Type 

of Site 
River Name Latitude  Longitude 

Gauge 

ID  
District  

River 

Basin 

Chanwada GDSQ Orsang 22.05 73.4661 12010 Vadodara 
Lower 

Narmada 

Chargaon GD Saner 23.0556 79.5986 12011 Jabalpur 
Upper 

Narmada 

Charuwa GD Kalimachak 22.0739 76.9147 12012 Harda 
Middle 

Narmada 

Chhidgaon GDQ Ganjal 22.4058 77.3081 12013 Harda 
Middle 

Narmada 

Dahiwar GD Karam 22.2278 75.5183 12014 Dhar 
Middle 

Narmada 

Dholpur GD Sip 22.6094 77.2 12015 Sehore 
Middle 

Narmada 

Dhulsar GDQ Uri 22.2056 74.8519 12016 Dhar 
Middle 

Narmada 

Dindori GDQ Narmada 22.9478 81.0761 12017 Dindori 
Upper 

Narmada 

Dudhwas GD Datuni 22.4722 76.7872 12018 Dewas 
Middle 

Narmada 

Gadarwara GDSQ Shakkar 22.9228 78.7908 12019 Narsingpur 
Upper 

Narmada 

Gadasarai GD Chrkar 22.8264 81.3244 12020 Dindori 
Upper 

Narmada 

Garudeshwar GDSQ Narmada 21.8864 73.6544 12021 Narmada 
Lower 

Narmada 

Ghunghara GD Belkund 23.4892 80.1978 12022 Jabalpur 
Upper 

Narmada 

Gidha G Machrar 22.9086 81.1939 12023 Dindori 
Upper 

Narmada 

Gopalpura GD Maan 22.2583 75.1019 12024 Dhar 
Middle 

Narmada 

Gorakhpur GQ Narmada 22.77 81.4547 12025 Dindori 
Upper 

Narmada 

Handia GDSQ Narmada 22.4917 76.9936 12026 Harda 
Middle 

Narmada 

Hoshangabad GDSQ Narmada 22.7561 77.7328 12027 Hoshangabad 
Middle 

Narmada 

Indirasagar 

Dam 
G Narmada 22.2822 76.4706 12028 Khandwa 

Middle 

Narmada 

Khajuri GD Deb 21.9708 75.2581 12029 Barwani 
Middle 

Narmada 

Kogaon GDQ Kundi 22.1014 75.6842 12030 Khargone 
Middle 

Narmada 

Kotrai GD Silgi 22.9853 80.5961 12031 Dindori 
Upper 

Narmada 

Maalpur GQ Narmada 23.0589 80.8397 12032 Dindori 
Upper 

Narmada 

Matamar G Pariyat 23.225 80.025 12033 Jabalpur 
Upper 

Narmada 

Maheshwar GD Tenduni 22.9792 78.3208 12034 Raisen 
Upper 

Narmada 

Mandla GDQ Narmada 22.5992 80.3639 12035 Mandla 
Upper 

Narmada 

Mandleshwar GDSQ Narmada 22.1683 75.6608 12036 Khargone 
Middle 

Narmada 

Manot GDSQ Narmada 22.7358 80.5131 12037 Mandla 
Upper 

Narmada 
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CWC Site 

Name 

Type 

of Site 
River Name Latitude  Longitude 

Gauge 

ID  
District  

River 

Basin 

Matkuli GD Denva 22.5856 78.4592 12038 Hoshangabad 
Upper 

Narmada 

Mohgaon GDSQ Burhner 22.7658 80.6233 12039 Mandla 
Upper 

Narmada 

Mortakka GQ Narmada 22.2233 76.0411 12040 Khandwa 
Middle 

Narmada 

Mukki G Banjar 22.1506 80.665 12041 Balaghat 
Upper 

Narmada 

Panagar GD Dudhi 22.8369 78.6028 12042 Narsingpur 
Upper 

Narmada 

Patan GDQ Hiran 23.3111 79.6619 12043 Jabalpur 
Upper 

Narmada 

Pati GD Goi 21.9433 74.7447 12044 Badwani 
Middle 

Narmada 

Rajpipla G Karjan 21.8778 73.4967 12045 Narmada 
Lower 

Narmada 

Sandia GDSQ Narmada 22.9158 78.3475 12046 Hoshangabad 
Upper 

Narmada 

Satwadi GD Beda 21.9831 75.7036 12047 Khargone 
Middle 

Narmada 

Shahpur GD Machna 22.1953 77.8983 12048 Betul 
Upper 

Narmada 

Tawakathi GD Tawa 22.2006 77.9558 12049 Betul 
Upper 

Narmada 

Tawanagar G Tawa 22.5633 77.9761 12050 Hoshangabad 
Upper 

Narmada 

Thikri GD Borad 22.075 75.405 12051 Barwani 
Middle 

Narmada 

Veerpur G Kolar 22.9708 77.3461 12052 Sehore 
Middle 

Narmada 

 

The Central Water Commission (CWC) monitoring sites, as listed in Table 1, play a vital 

role in capturing the hydrological characteristics of the Narmada River Basin. Among 

these, 13 key stations have been selected for detailed analysis in this report. These 

stations include Belkheri, Bharuch, Garudeshwar, Ghunghara, Gorakhpur, 

Hoshangabad, Indirasagar Dam, Kotrai, Mukki, Patan, Pati, Tawanagar, and Veerpur. 

The selection of these stations ensures comprehensive spatial coverage, representing the 

upper, middle, and lower segments of the basin. 

As depicted in the accompanying figure, these stations are strategically distributed to 

monitor precipitation, evapotranspiration, and evaporation trends, along with other 

critical hydrological parameters. Their geographical spread and data reliability form the 

backbone of this study, enabling robust analysis of spatial and temporal variability within 

the basin. 
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Figure 7: Distribution of CWC Monitoring Sites Along the Narmada River Basin 

These data sources ensured a comprehensive understanding of the riverôs Hydrology 

characteristics and infrastructure. 

 

2.2 DATA COLLECTION PROCEDURES  

The methodology for data collection focused on leveraging existing datasets from reliable 

sources, minimizing the need for direct field measurements. The key steps included: 

1. Data Compilation from India -WRIS and CGWB: Hydrological and groundwater 

datasets were aggregated from the India-WRIS portal and CGWB reports, covering 

spatial and temporal dimensions. 

2. DEM Acquisition and Processing: The ALOS PALSAR 12.5m DEM data were 

downloaded from ASF DAAC and processed for terrain correction and hydrological 

analysis. 
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3. Discharge and Water Level Data from CWC: Time-series data on discharge and 

water levels were obtained from CWC monitoring stations, providing critical insights 

into river flow and seasonal hydrological variations. 

4. Validation Against Historical Records: Data from different sources were cross-

verified for consistency and accuracy. Historical records from CGWB, India-WRIS, 

and CWC were used for temporal trend analysis. 

 

2.3 METHODOLOGICAL FRAMEWORK  

The methodological framework integrates the collected data into a structured analysis 

process, ensuring accurate interpretation of hydrological and climatic parameters. 

1. Data Preprocessing: All datasets were standardized for spatial resolution, temporal 

coverage, and format compatibility. DEMs were processed for hydrological 

applications, including watershed and drainage analysis. 

2. Hydrological Analysis: Hydrological parameters such as streamflow, discharge, and 

groundwater levels were analyzed using time-series data. High-resolution DEMs 

were employed to model runoff patterns and delineate watersheds. 

3. Climatic and Groundwater Trends: Climatic data, including rainfall and 

temperature trends, were assessed for temporal variability. Groundwater levels were 

analyzed for seasonal and long-term changes, highlighting areas of recharge and 

depletion. 

4. Comparative Studies: Data from diverse sources were compared and consolidated 

to ensure reliability. For example, groundwater level trends from CGWB were cross-

referenced with India-WRIS records. 
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Chapter 3: Digital Elevation Model (DEM) Data 

3.1 INTRODUCTION  

Digital Elevation Models (DEMs) have become essential tools in hydrological studies, 

providing a digital representation of terrain elevation that enables detailed analyses of water 

flow and related processes. This chapter focuses on the Advanced Land Observing Satellite 

(ALOS) Phased Array type L-band Synthetic Aperture Radar (PALSAR) 12.5m DEM, a 

high-resolution dataset that offers valuable insights into the hydrological dynamics of the 

Narmada River Basin. 

3.2 IMPORTANCE OF HIGH -RESOLUTION DEM IN HYDROLOGICAL 

STUDIES 

High-resolution DEMs play a crucial role in hydrological studies by providing detailed 

topographic information that is essential for understanding water flow patterns, drainage 

networks, and watershed characteristics. The accuracy and resolution of a DEM significantly 

influence the accuracy of hydrological models and simulations. High-resolution DEMs, such 

as the ALOS PALSAR 12.5m DEM, enable more precise delineation of watersheds, 

identification of drainage patterns, and modeling of hydrological processes, leading to 

improved water resource management and flood risk assessment. 

3.3 CHARACTERISTICS OF THE DEM USED (RESOLUTION, ACCURACY, 

SOURCE) 

The DEM used in this study is the ALOS PALSAR 12.5m DEM, a high-resolution dataset 

acquired by the ALOS satellite. It has a spatial resolution of 12.5 meters, providing detailed 

elevation information. The accuracy of the ALOS PALSAR DEM is generally considered to 

be high, making it suitable for hydrological applications. The data was accessed from the 

Alaska Satellite Facility (ASF) Distributed Active Archive Center (DAAC). 
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Figure 8: ALOS PALSAR 12.5m DEM of the Narmada River Basin 

Figure 8 shows the ALOS PALSAR 12.5m DEM of the Narmada River Basin, which 

provides detailed elevation information for hydrological analysis. 

3.4 APPLICATIONS IN HYDROLOGICAL ANALYSIS  

The ALOS PALSAR 12.5m DEM has numerous applications in hydrological analysis: 

¶ Watershed Delineation: The DEM can be used to accurately delineate watersheds and 

identify drainage networks. 

¶ Drainage Network Extraction: The DEM enables the extraction of drainage networks, 

including streams, rivers, and their tributaries. 

¶ Hydrological Modeling:  The DEM can be used as input for hydrological models to 

simulate water flow, runoff, and other hydrological processes. 

¶ Flood Risk Assessment: The DEM can be used to assess flood risk by identifying 

floodplains and simulating flood inundation scenarios. 

¶ Water Resource Management: The DEM can be used to support water resource 

management decisions, such as the placement of dams and reservoirs.  
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Chapter 4: Streamflow and Water Level Data 

4.1 INTRODUCTION  

This section presents a detailed analysis of streamflow and water level data collected from 

various gauging stations across the Narmada River Basin. These data provide critical insights 

into the hydrological dynamics of the river and its tributaries, reflecting seasonal patterns, 

spatial variability, and the impact of infrastructural developments. The analysis in this 

section is essential for understanding water resource availability, predicting hydrological 

extremes, and planning sustainable management strategies. 

The monitoring stations selected for this study represent the upper, middle, and lower 

segments of the Narmada Basin. Each station captures unique characteristics influenced by 

physiography, climatic conditions, and anthropogenic factors. This section emphasizes the 

importance of long-term data for identifying trends and planning future interventions. 

4.2 DATA COLLECTION AND SOURCES  

The streamflow and water level data used in this section were sourced from the India Water 

Resources Information System (India-WRIS). These time-series datasets encompass 

multiple decades, allowing for comprehensive temporal and spatial analyses. Each 

monitoring station was selected based on its strategic location, ensuring representative 

coverage of the basin's hydrological diversity. 

4.3 ANALYSIS OF KEY STATIONS  

The analysis of key stations provides detailed insights into the hydrological characteristics 

of the Narmada River Basin. Each station has been carefully examined to understand its 

unique flow patterns, seasonal variations, and the implications of observed trends. By 

focusing on these stations, the study highlights the spatial and temporal diversity of 

hydrological processes across the basin. Below is the detailed analysis of the selected 

monitoring stations:  
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Barmanghat Station 

 

Figure 9: Time Series of Streamflow at Barmanghat Station (1980ï2023) 

 

Figure 10: Variation in Water Levels at Barmanghat Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Belkhedi Station 

 

Figure 11: Time Series of Streamflow at Belkhedi Station (1980ï2023) 

 

Figure 12: Variation in Water Levels at Belkhedi Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Dhulsar Station 

 

Figure 13: Time Series of Streamflow at Dhulsar Station (1980ï2023) 

 

Figure 14: Variation in Water Levels at Dhulsar Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Dindori  Station 

 

Figure 15: Time Series of Streamflow at Dindori Station (1980ï2023) 

 

Figure 16: Variation in Water Levels at Dindori Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/) 

https://indiawris.gov.in/wris/
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Mandla Station 

 

Figure 17: Time Series of Streamflow at Mandla Station (1980ï2023) 

 

Figure 18: Variation in Water Levels at Mandla Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/) 

https://indiawris.gov.in/wris/
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Handia Station 

 

Figure 19: Time Series of Streamflow at Handia Station (1980ï2023) 

 

Figure 20: Variation in Water Levels at Handia Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Hoshangabad Station 

 

Figure 21: Time Series of Streamflow at Hoshangabad Station (1980ï2023) 

 

Figure 22: Variation in Water Levels at Hoshangabad Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/) 

https://indiawris.gov.in/wris/
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Mandleshwar Station 

 

Figure 23: Time Series of Streamflow at Mandleshwar Station (1980ï2023) 

 

Figure 24: Variation in Water Levels at Mandleshwar Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Patan Station 

 

Figure 25: Time Series of Streamflow at Patan Station (1980ï2023) 

 

Figure 26: Variation in Water Levels at Patan Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Pati Station 

 

Figure 27: Time Series of Streamflow at Pati Station (1980ï2023) 

 

Figure 28: Variation in Water Levels at Pati Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/)  

https://indiawris.gov.in/wris/
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Sandia Station 

 

Figure 29: Time Series of Streamflow at Sandia Station (1980ï2023) 

 

Figure 30: Variation in Water Levels at Sandia Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/) 

https://indiawris.gov.in/wris/
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Shakkar Station 

 

Figure 31: Time Series of Streamflow at Shakkar Station (1980ï2023) 

 

Figure 32: Variation in Water Levels at Shakkar Station (1980-2023) 

Source: India Water Resources Information System (https://indiawris.gov.in/wris/) 

https://indiawris.gov.in/wris/


Narmada River Basin Hydrology Data Report 

29 

 

The streamflow and water level data analyzed in this section reveal the dynamic hydrological 

nature of the Narmada River Basin. Spatial variability, influenced by climatic and 

anthropogenic factors, underscores the need for targeted water management strategies. These 

findings serve as a foundation for developing adaptive policies and sustainable resource 

utilization plans. Future research could focus on integrating these datasets with real-time 

monitoring systems to enhance predictive capabilities and resource planning.  
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CHAPTER 5: Climatic Data Analysis 

5.1 INTRODUCTION  

This chapter delves deeper into the climatic characteristics of the Narmada River Basin, 

emphasizing the spatial and temporal variations in key parameters such as rainfall, 

temperature, evapotranspiration, and evaporation. Understanding these variations is 

essential for a comprehensive understanding of the hydrological processes within the basin, 

which is crucial for effective water resource management and planning.     

The chapter begins by examining the spatial patterns of rainfall across the basin, highlighting 

the areas that receive the highest and lowest amounts of precipitation. This spatial analysis 

helps to identify the regions that are most vulnerable to water scarcity or flooding.     

Next, the chapter investigates the temporal variations in rainfall and other climate parameters 

at a specific station within the basin. This temporal analysis reveals how these parameters 

have changed over time, providing insights into long-term climate trends and their potential 

impacts on the basin's hydrology.     

The chapter also explores evapotranspiration and evaporation, two important processes that 

affect the water balance of the basin. Evapotranspiration is the process by which water is 

transferred from the land to the atmosphere by evaporation from the soil and transpiration 

from plants. Evaporation is the process by which water changes from a liquid to a gas or 

vapor. By examining the temporal variations in these processes, the chapter helps to 

understand how the basin's water resources are affected by climate variability and change.     

Overall, this chapter provides a detailed analysis of the climatic data for the Narmada River 

Basin. The findings of this chapter are crucial for informing water resource management 

decisions and for developing strategies to adapt to climate change. 

5.2 DATA SOURCES 

The analysis presented in this chapter is based on climatic data collected from various 

sources, including the India Water Resource Information System (India-WRIS) and the 

CAMELS-INDIA dataset. The India-WRIS website provides comprehensive hydrological 

data for various river basins in India, including the Narmada River Basin. The CAMELS-
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INDIA dataset offers hydrometeorological time series and catchment attributes for numerous 

catchments in India, including those within the Narmada River Basin.    

The climatic variables used in this analysis primarily include rainfall, temperature, 

evapotranspiration, and evaporation. These variables were selected for their relevance in 

understanding the hydrological processes and water balance within the Narmada River 

Basin. The data collected from these sources have been carefully evaluated and processed to 

ensure accuracy and reliability in the subsequent analysis. 

5.3 SPATIAL VARIATION OF RAINFALL  

This section analyzes 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.    

The spatial variation of rainfall is illustrated in Figure 33 and Figure 34. Figure 33 depicts 

the annual average rainfall distribution, while Figure 34 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.  

5.3.1 Yearly Precipitation 

 

Figure 33: Annual Average Rainfall in the Narmada River Basin. 

As depicted in Figure 33, the annual average rainfall distribution in the Narmada River Basin 

exhibits significant spatial variability. 
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5.3.2 Monsoon Precipitation 

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

Basin is shown in Figure 34. 

 

Figure 34: Monsoon Annual Average Rainfall in the Narmada River Basin 

 

Figure 34 illustrates the spatial variability of monsoon rainfall in the Narmada River Basin, 

highlighting the areas that receive significant rainfall during the monsoon season. 

5.4 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 

 

5.4.1 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 35 to Figure 47 illustrate annual precipitation trends at key 

stations, including Patan, Belkheri, Bharuch, Garudeshwar, and others. 
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Figure 35: Annual Precipitation (mm) at Belkheri Station (1980-2020) 

 

 

 

Figure 36: Annual Precipitation (mm) at Patan Station (1980-2020) 
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Figure 37: Annual Precipitation (mm) at Bharuch Station (1980-2020) 

 

 

Figure 38: Annual Precipitation (mm) at Garudeshwar Station (1980-2020) 
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Figure 39: Annual Precipitation (mm) at Ghunghara Station (1980-2020) 

 

 

Figure 40: Annual Precipitation (mm) at Gorakhpur Station (1980-2020) 
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Figure 41: Annual Precipitation (mm) at Hoshangabad Station (1980-2020) 

 

 

Figure 42: Annual Precipitation (mm) at Indirasagar Dam Station (1980-2020) 
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Figure 43: Annual Precipitation (mm) at Kotrai Station (1980-2020) 

 

 

Figure 44: Annual Precipitation (mm) at Mukki Station (1980-2020) 
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Figure 45: Annual Precipitation (mm) at Pati Station (1980-2020) 

 

 

Figure 46: Annual Precipitation (mm) at Tawanagar Station (1980-2020) 
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Figure 47: Annual Precipitation (mm) at Veerpur Station (1980-2020) 

 

These trends reveal notable fluctuations in yearly rainfall, reflecting the impact of 

regional climatic changes and variability. Stations such as Patan exhibit pronounced year-

to-year variability, with precipitation values ranging from approximately 600 mm to nearly 

1800 mm. The data highlight the importance of temporal analysis in understanding shifts in 

hydrological patterns, which can be critical for water resource management in the basin. 

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. 

 

5.4.2 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 48 to Figure 60 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. 
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Figure 48: Monsoon Precipitation(mm) at Belkheri Station (1980-2020) 

 

Figure 49: Monsoon Precipitation(mm) at Bharuch Station (1980-2020) 
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Figure 50: Monsoon Precipitation(mm) at Garudeshwar Station (1980-2020) 

 

Figure 51: Monsoon Precipitation(mm) at Ghunghara Station (1980-2020) 
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Figure 52: Monsoon Precipitation(mm) at Gorakhpur Station (1980-2020) 

 

Figure 53: Monsoon Precipitation(mm) at Hoshangabad Station (1980-2020) 
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Figure 54: Monsoon Precipitation(mm) at Indirasagar Dam Station (1980-2020) 

 

Figure 55: Monsoon Precipitation(mm) at Kotrai Station (1980-2020) 
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Figure 56: Monsoon Precipitation(mm) at Mukki Station (1980-2020) 

 

Figure 57: Monsoon Precipitation(mm) at Patan Station (1980-2020) 


































































































