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1. ABSTRACT 

Understanding the spatial variation of groundwater levels is essential for effective water 
resource management. Accurate monitoring can help to predict water availability, manage 
supply during droughts, and prevent issues such as over-extraction and contamination. An 
attempt is made to analyse the spatial variation of ground water levels across three watersheds. 
The watersheds under consideration are Hebbal valley, KC valley and Vrishabhavathi valley 
in Bangalore, Karnataka. The ground water level spatial distribution maps of Hebbal, KC 
valley and Vrishabhavathi valley are prepared for 3 decades. GIS software and interpolation 
methods are used for the preparation of maps. From the maps it can be drawn that the ground 
water levels are depleting drastically. The drastic withdrawal is seen in each decade. 
Understanding the spatial variation of groundwater resources can help in developing targeted 
strategies for groundwater management, thereby safeguarding this vital resource for future 
generations. 

  

 

2. INTRODUCTION 

Groundwater, found in aquifers beneath the Earth's surface, is one of the most critical 
natural resources. It plays a vital role in sustaining ecosystems, supporting agriculture, and 
providing drinking water for millions of people worldwide. This invisible resource is often 
overlooked, yet its importance cannot be overstated. The depletion of groundwater is a growing 
concern globally. Over-extraction for agricultural, industrial, and domestic purposes, coupled 
with prolonged droughts and reduced recharge rates, has led to significant declines in 
groundwater levels. To mitigate the impacts of groundwater depletion, recharge is essential. 
Recharge involves replenishing groundwater by allowing water to percolate back into the 
aquifers. This can be achieved through natural processes or human interventions. Groundwater 
availability and quality vary significantly across different regions due to geological, climatic, 
and anthropogenic factors. 

Groundwater is a critical resource for drinking water, agriculture, and industrial activities. 
The spatial variation of groundwater levels refers to the differences in the elevation of 
groundwater across different geographic areas. These variations can be influenced by a range 
of factors including geological formations, climate conditions, land use, and human activities. 

The type of rock and soil in an area significantly influences groundwater levels. Permeable 
materials like sand and gravel allow water to move more freely, leading to higher groundwater 
levels, whereas impermeable materials like clay can restrict water flow, resulting in lower 
groundwater levels. Aquifers, which are underground layers of water-bearing permeable rock, 
play a crucial role in determining the availability and movement of groundwater. Precipitation 
and evaporation rates are critical in determining groundwater recharge. Regions with high 
rainfall generally experience higher groundwater levels due to increased recharge, while arid 
regions often have lower groundwater levels due to limited recharge and higher rates of 
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evaporation. The physical features of the landscape, including elevation and slope, affect the 
distribution of groundwater. Water tends to accumulate in low-lying areas, leading to higher 
groundwater levels, whereas elevated areas may have lower levels due to drainage and runoff. 
Human activities such as agriculture, urban development, and deforestation can significantly 
alter the natural flow and recharge of groundwater. For instance, irrigation can raise 
groundwater levels locally, while over-extraction for agriculture or urban use can lead to a 
decline. Vegetation also impacts groundwater levels, as plants absorb water from the soil, 
reducing the amount available for groundwater recharge. Groundwater extraction for 
agricultural, industrial, and domestic use can create significant spatial variation in groundwater 
levels. In areas where groundwater is heavily exploited, levels can drop significantly, leading 
to problems such as land subsidence and reduced water quality. Conversely, areas with limited 
extraction may maintain higher groundwater levels. 

Understanding the spatial variation of groundwater levels is essential for effective water 
resource management. Accurate monitoring can help predict water availability, manage supply 
during droughts, and prevent issues such as over-extraction and contamination. In regions 
where groundwater is the primary source of water, managing these variations is critical to 
ensuring sustainable water supplies. Modern techniques such as remote sensing, Geographic 
Information Systems (GIS), and advanced modelling tools have improved the ability to map 
and analyse groundwater levels. These tools enable better prediction and management of 
groundwater resources by providing detailed spatial data that can be used to identify trends, 
plan water usage, and mitigate potential risks. 

An attempt is made to analyse the spatial variation of ground water levels across three 
watersheds. The watersheds under consideration are Hebbal valley, KC valley and 
Vrishabhavathi valley situated between latitude 12°58'33"N and 13°11'44"N, 12°50'06"N and 
13°00'53"N and 12°44'40"N and 13°02'23"N and longitude 77°31'42"E and 77°46'12"E, 
77°33'53"E and 77°46'54"E and 77°23'38"E and 77°35'40"E respectively. These watersheds 
having a tropical savanna climate with distinct wet and dry seasons. In general, all the three 
watersheds having a flat geological and geomorphological setting, built on large igneous rocks. 

 

3. METHODOLOGY 

 

The spatial distribution maps are prepared using CGWB water depth data for the years 
1991, 2001, 2011 and 2021. GIS software is used for the preparation of maps. Interpolation 
method is used for the preparation of maps. IDW (Inverse Distance Weighting) interpolation 
is a spatial interpolation technique used in geographical information systems (GIS) to estimate 
unknown values at specific locations based on known values from surrounding points. This 
method assumes that the influence of known points diminishes with distance, meaning closer 
points have a more significant impact on the estimated value than those farther away. 

The spatial distribution maps of Hebbal, KC valley and Vrishabhavathi valley for the year 
1991, 2001, 2011 and 2021 are prepared.  The prepared maps are shown below. From the maps 
it can be drawn that the ground water levels are depleting drastically. The drastic withdrawal 
is seen in each decade.  
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Fig 1 & 2: Ground water level map of Hebbal Valley of the year 1991and 2001 

  

  
Fig 3 & 4:  Ground water level map of Hebbal Valley of the year 2011 and 2021 
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Figure 5 & 6: Ground water level map of KC Valley of the year 1991 and 2001 

                

        Figure 7 & 8: Ground water level map of KC Valley of the year 2011 and 2021 
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Figure 9 & 10: Ground water level map of Vrishabhavathi Valley of the year 1991 and 2001 

         

Figure 11 & 12: Ground water level map of Vrishabhavathi Valley of the year 2011 and 2021 
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4. RESULTS & CONCLUSIONS 

The maps of Hebbal valley showing that about 10 m depletion is happening in 1st decade 
and the depth became double in the next decade both showing withdrawal. In the 3rd decade 
the depth is deceased indicating the ground water level has come up meaning recharge. The 
water level map of KC valley showing that the 1st decade having 5m depletion and by 2nd 
decade it got doubled and also in 3rd decade the levels are reducing further indicating always 
in withdrawal of groundwater. The maps of Vrishabhavathi Valley showing a different pattern 
of Spatial distribution of ground water over the 3 decades. In the 1st decade water levels are 
decreasing indicating recharge and in the next decade it is increasing indicating withdrawal 
followed by a decrease in the next decade indicating again recharge. 

Groundwater is an indispensable resource that requires careful management and 
conservation. Addressing its depletion through recharge initiatives and sustainable practices is 
crucial for ensuring long-term water security. Understanding the spatial variation of 
groundwater resources can help in developing targeted strategies for groundwater 
management, thereby safeguarding this vital resource for future generations. 

 In conclusion, the spatial variation of groundwater levels is a complex and dynamic 
phenomenon influenced by natural and human factors. Effective management requires 
continuous monitoring, understanding the underlying causes of variation, and implementing 
strategies to balance use and recharge to sustain this vital resource. 

 

5. ACKNOWLEDGEMENT 

 The author is grateful to CSIR (Counsil of Science and Industrial Research) for 

funding the fellowship for the research. 

 

6. REFERENCES 

 

 B. Anand, D. Karunanidhi, T. Subramani, K. Srinivasamoorthy and M. Suresh, 2019. 

Long-term trend detection and spatiotemporal analysis of groundwater levels using 

GIS techniques in Lower Bhavani River basin, Tamil Nadu, India, Environment, 

Development and Sustainability, doi.10.1007/s10668-019-00318-3 

 Dewashish Kumar and Shakeel Ahmed, 2003. Seasonal behaviour of spatial variability 

of groundwater level in a granitic aquifer in monsoon climate, Current Science, Vol. 

84, No. 2, pp. 188-196. 

 Du Jun, Yang Peiling, Li Yunkai, Ren Shumei, Zhang Jianguo, Hou Zhiqiang and Li 

Xianyue, 2010. Analysis of spatial and temporal variations of groundwater level and 

its salinity in hetao irrigation district, Transactions of the Chinese society of 

Agricultural Engineering, Volume 26, Number 7, pp.26-31(6). 

 Hussain M.M, Bari,S.H, Tarif M.E, Rahman M.T.U and Hoque M.A, 2016.  ‘Temporal 

and spatial variation of groundwater level in Mymensingh district, Bangladesh’, Int. J. 

Hydrology Science and Technology, Vol. 6, No. 2, pp.188–197. 

ISSN NO : 1869-9391

PAGE NO: 114

GIS SCIENCE JOURNAL

VOLUME 11, ISSUE 9, 2024

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research



 J. P. Dash, A. Sarangi and D. K. Singh, 2010. Spatial Variability of Groundwater Depth 

and quality parameters in the National Capital Territory of Delhi, Environmental 

Management 45:640–650. 

 Lijuan Chen and Qi Feng, 2013. Geostatistical analysis of temporal and spatial 

variations in groundwater levels and quality in the Minqinoasis, Northwest China, 

Environ Earth Science, DOI 10.1007/s12665-013-2220-7. 

 N. Subba Rao1 · A. Dinakar1 · B. Karuna Kumari2 · D. Karunanidhi3 · T. Kamalesh, 

2020. Seasonal and Spatial Variation of Groundwater Quality Vulnerable 

Zones of Yellareddygudem Watershed, Nalgonda District, Telangana 

State, India, Archives of Environmental Contamination and Toxicology, 

doi.10.1007/s00244-020-00783-2 

 Partha Pratim Adikary. Ch. Jyotiprava Dash, 2014. Comparison of deterministic and 

stochastic methods to predict spatial variation of groundwater depth, Applied Water 

Sciences, DOI 10.1007/s13201-014-0249-8 

 Ping Wang, Yichi Zhang, Jingjie Yu, Guobin Fu and Fei Ao, 2011. Vegetation 

dynamics induced by groundwater fluctuations in the lower Heihe River Basin, north 

western China, Journal of Plant Ecology, Volume 4, Number 1-2, Pages77–90. 

 Rasool Zamani-Ahmadmahmoodi, Samira Bayati, Khodayar Abdollahi, Nasrin 

Gharahi, Ali Raeisi Isa-Abadi, Atefeh Chamani, 2023. Investigating spatial and 

temporal trend of groundwater quality in relation to water balance in 2007–2017: a 

case study of Chaharmahal va Bakhtiari Province, Iran, Applied Water Science, Vol. 

13:191 

 Seyed Hamid Ahmadi and Abbas Sedghamiz, 2007. Geostatistical Analysis of Spatial 

and temporal variations of groundwater level, Environ Monit Assess 129:277–294. 

 Wout M van Dijk, Alexander L Densmore, Christopher R Jackson, Jonathan D Mackay, 

Suneel K Joshi, Rajiv Sinha, Shashank Shekhar and Sanjeev Gupta, 2019. Spatial 

variation of groundwater response to multiple drivers in a depleting alluvial aquifer 

system northwestern India, Progress in Physical Geography XX(X), 

1–26. 

 YAN Jinfeng, CHEN Xi, LUO Geping and GUO Quanjun, 2006. Temporal and spatial 

variability response of groundwater level to land use/land cover change in oases of 

arid areas, Chinese Science Bulletin Vol. 51 Supp. I 51—59 

 Yash Shah, Sazina Bhimani, Hemashri Thacker, Akshay Jyoti Borah, Yogendrasinh 

Jadeja, Mahesh Thakkar, Gaurav Chauhan, Girish Ch Kothyari, Ajay Kumar Taloor, 

2022. Spatial variations and trend analysis of groundwater salinity along coastal 

aquifers of Mundra-Kachchh over a decade—using thematic maps and GIS mapping, 

Applied Water Science 12: 243 

ISSN NO : 1869-9391

PAGE NO: 115

GIS SCIENCE JOURNAL

VOLUME 11, ISSUE 9, 2024

International Journal of Pure Science ISSN NO: 1169-9398ISSN NO : 1844-8135International Journal of Pure Science Research


