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ABSTRACT 
In this paper, four cities of India having different geographical structures, climate, and hydrological components were selected.  And an area of 500 square meters from each city has been studied. A Mathematical model with three-dimensional components of hydraulic conductivity, hydraulic head in the aquifer, and other factors was adopted in which additional components of artificial recharge were added. The model is numerically solved with the help of C++ software and the graphs were plotted to depict the status of groundwater level after the artificial recharge. It was found that during the study period from 2014 to 2021, the increase of groundwater level in Bhopal was 9 meters, for Jaipur was 6 meters, for Dehradun was 6.5 meters, and for Bangalore was 5 meters.      
Keywords: Hydraulic conductivity, Groundwater, Artificial recharge, Flow rate, Rainwater harvesting.
INTRODUCTION
The water that exists underground in a saturated zone beneath the surface of the earth in rock and soil pore spaces and in the fractures of rock formation is known as groundwater. It is also called subsurface water to distinguish from surface water found in large bodies e.g. oceans or lakes and rivers that flow over land. Surface waters are linked with subsurface waters through the hydrologic cycle (the continuous circulation of water in the Earth-atmosphere system). The upper surface of the saturated zone is referred to as the water table.
India’s total annual replenishable groundwater resource is about 436 billion cubic meters (BCM) as per the Central Ground Water Board (CGWB) report (2020). Net annual groundwater availability is 398 BCM out of which India withdraws 245 BCM every year. Furthermore, around 39% of wells show declining groundwater levels. In India, 1114 aquifers out of the nation’s total 6965 assessment units have been classified as “overexploited” resulting from the depletion of groundwater resources over time, leading to a reduction in groundwater levels. Although statutory bodies such as Central Ground Water Board & Central Water Commission exist for policy-making towards sustainable development and management of ground/surface water resources. In this situation, artificial recharge of the groundwater can take an important role in increasing groundwater levels.
In recent years, the availability of water has been low in areas with low rainfall that is why people in these areas mainly rely on underground water for their farming and domestic purposes. Consequently, it becomes necessary to artificially recharge depleted ground waters to improve this situation. The term artificial groundwater recharge refers to the procedure whereby water from above the surface is introduced into the saturated zone of an aquifer either directly or indirectly.
Artificially charging groundwater aims at increasing the quantity of groundwater stored in reservoirs by altering how surface waters generally move through certain techniques. The main objective of artificial recharging of groundwater is to reinstate aquifer supplies exhausted by excessive abstraction of groundwater. Konikow (1996) stated that mathematically boundary conditions include the shape and orientation as well as the value of a dependent variable or its derivative normal to any boundary wall. For applications involving groundwater models, three types are typically found associated with these specific conditions:
(i)	specify value
(ii)	specify flux
(iii)	value-dependent flux.
 Kumar (2002) discussed that groundwater systems can be studied using mathematical models. In general, mathematical models are employed in simulating the flow of groundwater and sometimes that of solutes and heat. Predictive simulations provide approximation based on the quality and uncertainty of input data, with models being used as predictive tools. However, field monitoring is considered critical in verifying the model predictions. The popular way to eliminate or minimize modelling errors is through application of sound hydrogeological judgement as well as investigating the result of simulations from non-physical model. Holmén et al (2003) have used key characteristics of local regions in the model to study groundwater flow in the selected region. Ślesicki (2009) discussed that understanding processes affecting substance penetration into their watersheds and thus developing ways to measure these processes is very necessary to prevent further deterioration of groundwater quality. Bhattacharya (2010) stated that most artificial recharge projects aim to deliver water into the saturated zone. The superficiality of a recharge structure necessitates intermittent maintenance due to sedimentation, chemical precipitation, and organic matter build-up which progressively reduce its infiltration capacity. A successful program or management of an artificial recharge project should consider a few things such as water management objectives, economics, off-site effects, water routing capabilities among other factors. Optimization techniques are supposed to find the best way of achieving an objective given some constraints. The fusion between predictive ground-water flow models and optimization techniques or simulation optimization model enables to manage both flow system and physical/economic constraints established by resource managers. AL-Fatlawi (2011) discussed that building a model is aimed at deriving useful information about groundwater resources of unconfined aquifers. By simulating various conditions through the models, alternative pumping strategies for aquifers are proposed. Wu and  Zeng (2013) have employed Monte Carlo technique to analyse the uncertainty existing in the groundwater flow. Hashemi et al. (2013) stated that aside from natural recharge into the groundwater, water may be stored either in a reservoir upstream from a dam or artificially infiltrated into an underground aquifer. Because evaporation rates from the surface are high in arid areas and construction costs for storage dams are prohibitive, artificial recharge of water into an underground aquifer is often a viable solution to water scarcity problems. Thus, underground storage is being increasingly used as an alternative for overcoming seasonal groundwater deficiency. Artificial recharge is a balancing process for recuperation of ground waters through floodwater spreading systems and injection wells.
Pathak et al. (2014) discussed that: Groundwater which is extracted from deep geological formations called aquifers through pumping wells forms an important part of many water resource systems – where it sustains spring discharge, river baseflow, lakes and wetlands. El Alfy (2014) stated that it is important to note that there are measurable effects of global warming on precipitation. Unlike in temperature, the effect of this change in precipitation is not uniform worldwide. Precipitation increases in areas where it has been low, and vice versa. Kumar  (2015) discussed that Groundwater-flow modelling also makes it possible to examine issues related to water quality that cannot be analysed directly through field measurements only; albeit with considerable limitations. This means, instead of just analysing it in the context of a decision support system for groundwater management purposes, one can also think about whether the model is suitable for study or policy development use . As described below for particular data sets, given two hydrogeologic settings with similar degrees of geological complexity but different degrees of parameter uncertainty, both could have reasonable calibration fits if modeler ignores the underlying “true” physics or chemistry. Singh  (2016) stated that some groundwater resources can contribute little to the base flow while others contribute much more to stream flow throughout the year during wet seasons. The unpredictable uncertainty that occurs due to natural variability and randomness in systems and processes being modelled arises due to ignorance concerning system being modelled among other reasons and these possibilities should be quantified. However, technological uncertainty can be reduced by using a better grid-generation technique and high-performance computing for model calibration. Karim and Ali  (2017) observed that artificial recharge of ground water by recharge wells referred to as “aquifer re-injection” is the most credible water resource. This is an act of infusing or reinjecting water into the earth’s surface at specific points, through special recharge wells. The water is then pumped from the ground to a point where it can be injected back into the aquifer, but it may sometimes be necessary to pre-treat this water before recharge to minimize the likelihood of well clogging. Nayak et. al (2017) discussed that it is advised to consider the following points in relation to groundwater resources development in Bina River basin.
(i).  Future groundwater resource development plans in Bina River basin ought to strike balance between groundwater recharge and targeted abstraction rates for sustainable use of the resource within the catchment.
(ii). Excessive pumping rates should be avoided such that the Bina town groundwater levels are not depleted beyond what is available downstream to avoid drying up of wells.
Anuprienko and Kapyrin (2018) developed a mathematical model for groundwater flow under unknown condition that uses Richard’s equation and pseudo-unsaturated approach. The water retention is approximated by introducing constitutive relationships based on some assumptions about the flow under unconfirmed conditions to mimic the flow in saturated, partially saturated, and unsaturated zones. The GeRa software is used to realize the model numerically, using finite volume methods with unstructured grids for discretization.
Pathak et. al (2018) noted that large scale transient groundwater models are developed for analysing regional flow systems, simulating changes in water budget components and optimizing groundwater development scenarios. A ground water model is a simplified version of the actual system which mimics approximately its ground water flow and response relations. It further helps comprehend how water systems change when stressed or subjected to varying environments. Modelling of groundwater basins requires large sets of data on the hydrogeological framework, hydraulic parameters, hydrological stresses, and measured groundwater heads. Arumugam et. al (2020) discussed that Groundwater replication is a critical task in groundwater management system. Accurate simulations of groundwater provide information necessary to manage the resources of groundwater. A simulation model for groundwater, as modular three-dimensional model of ground water flow like (MODFLOW) was developed by United States Geological Survey. The groundwater modeling is some kind of diplomat scale model of condition of an aquifer which helps in predicting hydrological changes effect such as abstraction of groundwater for irrigation and industrial development affecting yield of local aquifer. Racshanov and Daliev (2020) developed a mathematical model  to study the process of change in groundwater level over time, using a system of non-linear partial differential equations with corresponding initial and boundary conditions considering external sources. A conservative numerical algorithm was developed for computer experiments. The created mathematical apparatus can significantly reduce the volume of full-scale research and minimize expensive and resource intensive experimental work. Fuentes et al. (2020) suggested that artificial recharge through wells can be as one of the methods of controlling the progressive lowering of water table. Field measurements provide an opportunity to control the amount of water entering the aquifer . However, constructing these wells is expensive in some areas and most models only simulate a well that has a homogeneous profile with restricted base equations. Artificial recharge can save surplus water for use during periods of deficit. Abraham et al. (2021) observed the quality improvement due to formation’s filtering mechanism. There are social and economic issues which limit the damming of water possibility today while surface storage has its faults like huge evaporation losses and sediment build-up, potential structural failure, adverse environmental/ecological and socio-economic implications. A prerequisite for effective groundwater management is quantification of the spatial and temporal distribution of groundwater recharge. Kumar et. al (2022) discussed that India is undergoing recurring water stress problems of both extreme shortfall (droughts) and excess (floods) due to climate change and poor water resources governance. There has been increasing demand for sectoral water resources occasioned by population increase, industrial manufacturing, as well as agricultural production; this trend has put vast stress on freshwater resource management. In addition, unequal access to water resources over space and time, global warming consequences, and haphazard city planning are further stressing resource management. Most urban centres are facing severe scarcity problems, with reliance on groundwater among them being notable fact according to a survey conducted by Tata Institute of Social Sciences (TISS). Consequently, there are decreasing water table levels in major cities due to excessive amounts withdrawn from underground sources. Additionally, 39 million ha area in India is under irrigation supply from groundwater. Afrifa et .al (2022) have reviewed existing research on modeling groundwater level changes using machine learning (ML) and mathematical model (MM), which is one of those few systematic reviews that has combined ML and MM techniques for predicting groundwater level changes. Pongnu  and Pochai (2022) showed that water flows through porous media from areas of higher hydraulic head to areas of lower hydraulic head through simulations. For each area which is closer to a landfill, flow velocities are greater than those farther from it. Thus, area having high groundwater pollutant concentration has greater velocity flow and the area with high hydraulic conductivity, the flow rate increases. El-Rawy  et. al (2022) have noted that Groundwater has an important role in managing water resources, as the demand for groundwater for municipal, agricultural, and industrial use has been continuously increased. Groundwater modeling can be used to examine the quantity and quality of groundwater in aquifer-aquitard systems in view of the environment and climate change as well as human activities. Waldowski et. al (2023) stated that recharge is the main driver of regional groundwater flow as per this model. Recharge of groundwater consists of storage changes and flux across the water table which are related to hydraulic gradients. The recharge rate is a critical parameter for aquifer-scale groundwater flows. Hence its accurate estimation is indispensable for quantitative and qualitative ground water studies too. In time as well as space, however, periods of high rainfall or snowmelt with subsequent infiltration into the subsurface induce recharge events e.g., following long dry spells or droughts frequently seen during rainy seasons or because of irrigation practices etc. Inferredly it should be remembered that this replenishing begins at the point where soils hold water (vadose zone) and ends below when they hold more (phreatic zone). These two zones are characterized by their distinct flow processes as well as uses unlike those governing ground flows.
MATHEMATICAL MODEL
The artificial rainwater harvesting system consists of three parts.
(i). Rainwater Collecting
(ii). Rainwater Cleaning and Storing
(iii). Rainwater Using
Rainwater harvesting is the gathering and keeping of rainwater as opposed to letting it run off. Rainwater received from a roof-like surface can be channelled into a tank, cistern, deep pit, aquifer, or reservoir that’s been percolated so that it seeps down and recharges the ground water. Alternatively, the harvested water could be stored for longer periods or be used in recharging groundwater.
From rooftops, rainwater collection is directed to reservoir via fitted channels.
(i). Gutters: Guttering is needed at the edge of the roof to collect rainwater that runs off its surface. These are usually metallic or plastic drainages sloped slightly toward pipes on them.
(ii).  Downpipes: These are vertical tubes attached to gutters and can also be referred to as downspouts or drainpipes carrying off collected rain from the rooftop downwards into a reservoir or tank for storage.
(iii). Filters and Screens are often installed along the gutter system and downpipes to prevent debris like leaves and dirt etc. So only clean water gets in here thanks to these sieves.
The collected rain water finally goes into a storage tank or reservoir where it will remain until future use. This water can be now transferred to wells or even can be used for various purposes like drinking water, watering plants and other related activities, etc.
With the help of the above parameters groundwater level can be estimated with the general partial-dimensional equation with natural recharge as well as artificial recharge. Various researchers calculated groundwater levels with different methods but no one calculated groundwater level with natural recharge with artificial recharge. In this paper, we added one of the most important terms, which increases groundwater level at the optimum stage that is artificial recharge with natural recharge. 
		(I)
Where h is the hydraulic head in the aquifer [L].
 and  are the hydraulic conductivity in x, y, and z directions respectively [L].
S is the specific storage [].
Q is the flow rate of the Natural sink [].
k is the hydraulic conductivity [L].
A is the cross-sectional area through which the fluid flows [.
t is the time [T].
 is the length between hydraulic heads [L].
Q = Precipitation Rate * Area of cities taken for Artificial Recharge * 0.0162 ().
METHODOLOGY 
Equation (I) is numerically solved with the help of C++ software and simulated data values are plotted with the help of MS Excel software.  In addition to the natural recharge, in this study, artificial recharge has been used and the simulated results are compared with recorded data from four cities that is Bhopal, Jaipur, Dehradun, and Bangalore. Each city has a different type of soil structure, different types of hydraulic conductivity mean different percolation rates.  Bhopal has a soil type of sandstone whose hydraulic conductivity (0.518 m/day) means moderate percolation rate, Jaipur has a soil type of sandy loam whose hydraulic conductivity(0.00025 m/day) means quite slow percolation rate, Dehradun has a soil type of clayey loam whose hydraulic conductivity (0.0432 m/day) means slow percolation rate and   Bangalore has soil type of clayey loam whose hydraulic conductivity (0.0432 m/day) means slow percolation rate.
RESULTS
Due to varying values of ,  and other parameters of the model, there has been a change in the volume of the groundwater, which resultant in the increase or decrease of the depth in the groundwater level during the corresponding years.  
Recorded data on groundwater levels for the four different cities have been analyzed from 2014 to 2021, and simulated results for flow rate and depths were plotted for these cities.   
(i). Bhopal district, which covers about 2772 square km area is in the central part of Madhya Pradesh. It is located between North latitude of 23°05′ and 23°54′ and East longitude of 77°10′ and 77°40′. The city has earned several names including City of Lakes or Tiger Capital because it shares its boundaries with many natural lakes or Tigers.
It can be observed that most parts of the district are covered by black cotton soils formed from weathering basaltic rocks with three-fourths coverage while the other section comprises yellowish-red mixed soils derived from sandstone and shale.
	TABLE-1

	Year
	Wells
analysed
	Normal rainfall
(mm)
	Actual rainfall
(mm)
	Flow  rate
(m3/day)
	Increase after artificial recharge
(meters)
	Depth after artificial recharge
(meters)
	Depth
(meters)

	2014
	23
	998.6
	705.4
	5.75
	6.48
	21.48
	15

	2015
	23
	998.6
	998.4
	8.1
	8.83
	22.83
	15

	2016
	24
	998.6
	1464.1
	11.9
	12.63
	25.63
	13

	2017
	25
	998.6
	636
	5.18
	5.91
	17.91
	12

	2018
	24
	998.6
	806.2
	6.56
	7.29
	19.29
	12

	2019
	24
	998.6
	1756.5
	14.25
	14.98
	26.98
	12

	2020
	27
	998.6
	1249.4
	10.12
	10.85
	23.12
	13

	2021
	27
	998.6
	962.4
	7.77
	8.5
	21.77
	14



For Bhopal due to the highest actual rainfall during 2019, resultant in the highest flow rate as shown in figure 1 as well as table 1, and this in turn provided the highest groundwater depth in that year, thus the artificial recharge has caused the relative increase of groundwater depth by 9 meters in 2019 and compared 2017, which is shown in figure 2. 



Figure-1, Flow Rate Variation of Bhopal












Figure-2 Ground Water Depth Before  and After  Artificial Recharge

(ii) Jaipur is within a latitude of 26°55'10.63"Nand a longitude of75°47'16.12"E; situated in the north-eastern part of Rajasthan, India. It occupies an area measuring 11061.44 square kilometres. Smoothed down by thousands, even millions, years of weather events punctuated by torrential downpours during monsoon season each year, Jaipur faces long hot summers and short mild winters typical of monsoonal climates. The average precipitation for the city is over 625mm per annum with most rain falling between July – August due to southwest monsoon winds.
The majority of areas are alluvial sandy loam in texture, especially towards the east half. However, the western half consists mostly of desert soil types represented by Sierozem soils.



	TABLE-2

	Year
	Wells analysed
	Normal rainfall
(mm)
	Actual rainfall
(mm)
	Flow  rate
(m3/day)
	Increase after artificial recharge
	Depth 
after 
artificial recharge
(meters)
	Depth
(meters)

	2014
	34
	526.8
	541.7
	4.37
	4.78
	33.86
	29.08

	2015
	36
	526.8
	440.3
	3.56
	3.97
	33.31
	29.34

	2016
	36
	526.8
	567
	4.61
	4.93
	37.51
	32.58

	2017
	81
	526.8
	524.6
	4.21
	4.53
	37
	32.47

	2018
	100
	526.8
	536.6
	5.37
	5.69
	37.92
	32.23

	2019
	105
	526.8
	744.2
	5.99
	6.31
	39.18
	32.87

	2020
	105
	526.8
	622.6
	5.02
	5.34
	37.67
	32.33

	2021
	103
	526.8
	715
	5.75
	6.07
	38.14
	32.06


For Jaipur the actual rainfall was highest during 2019 which is resultant in the highest flow rate of  5.99 m3/day, which is displayed in Figure 3 and Table 2. Thus the highest depth of 39.18 meters was observed after artificial recharge in 2019, which showed a relative increase of 5.87 meters as compared to 2015.


Figure-3, Flow Rate Variation in Jaipur
After using the artificial recharge method, the depth of groundwater increases which depends partially on flow rate and actual rainfall as well as shown in Figure-4.












Figure-4, Ground Water Depth Before and After Artificial Recharge

(iii). Two of the most powerful rivers of India, Ganga from the east and Yamuna from the west, surround Dehradun, which is the capital city of Uttarakhand. Its coordinates are between 2958'N and 312'N and longitudes 77 34'E and 78 18’ E. Dehradun had different soil texture varying from sandy loam to sandy clay loam.

	TABLE-3

	Year
	Wells analysed
	Normal rainfall
(mm)
	Actual rainfall
(mm)
	Flow  rate
(m3/day)
	Increase 
after 
artificial recharge
(meters)
	Depth 
after 
artificial recharge
(meters)
	Depth
(meters)

	2014
	37
	2073.3
	1705.7
	13.77
	14.04
	25.15
	11.11

	2015
	52
	2073.3
	1582.7
	12.79
	13.13
	25.7
	12.57

	2016
	49
	2073.3
	1343.3
	10.85
	11.11
	21.94
	10.83

	2017
	48
	2073.3
	1651.37
	13.37
	13.59
	24.57
	10.98

	2018
	49
	2073.3
	1886.1
	15.3
	15.53
	25.59
	10.06

	2019
	47
	2073.3
	1092
	8.82
	9.11
	20.27
	11.16

	2020
	44
	2073.3
	1370.97
	11.09
	11.28
	20.5
	9.22

	2021
	52
	2073.3
	2171.69
	17.58
	17.77
	27.02
	9.25


The climate of Dehradun is moderate but there is a lot of urbanization after 2000 in Dehradun, which has an adverse effect on global warming that increases the temperature due to which rainfall increases and decreases as shown in Table 3. In Dehradun, the highest actual rainfall was recorded during 2021, which resulted in the highest depth of groundwater 27.2 meters during that season, which was 6.5 meters higher than in 2019. The change in actual rainfall also affected the flow rate which is shown in figure 5. The comparison in the depth of groundwater before and after artificial recharge is shown in Figure 6. 


Figure-5, Flow Rate of Dehradun



Figure-6, Ground Water Depth Before and After Artificial Recharge

(iv) In South Indian state of Karnataka in its southeast lies Bangalore. It stands at 12.97° N 77.56° E and has a land area of 2190 square kilometres (850 sq. mi). A landlocked city, Bangalore is situated in Mysore Plateau’s heartland. Bangalore possesses a tropical savanna climate with wet and dry seasons being distinct due to deforestation the temperature has gone up and during 2016 the highest temperature of 40 degrees centigrade was recorded. The actual rainfall was fluctuated, which is resultant in varying flow rates as shown in Figure 7.



	TABLE-4

	Year
	Wells analysed
	Normal rainfall
(mm)
	Actual rainfall
(mm)
	Flow  rate
(m3/day)
	Increase 
after 
artificial recharge
(meters)
	Depth 
after 
artificial recharge
(meters)
	Depth
(meters)

	2014
	10
	803
	796
	6.48
	6.81
	42.94
	36.13

	2015
	19
	896
	1124
	9.07
	9.31
	43.66
	34.35

	2016
	22
	803
	558
	4.53
	4.86
	42.96
	30.1

	2017
	22
	803
	1112
	8.99
	9.4
	42.98
	33.58

	2018
	22
	803
	867
	7.04
	7.31
	38.35
	31.04

	2019
	20
	846
	830
	6.72
	7.06
	39.26
	32.2

	2020
	17
	846
	1200
	9.72
	10.07
	42.47
	32.4

	2021
	17
	846
	1146
	9.31
	9.56
	40.18
	30.62



Bangalore experienced some heavy rains which caused severe flooding in certain areas thereby closing many organizations for over two days at times.  However, the excessive rainwater could not be stored to raise groundwater levels. In Bangalore, the highest actual rainfall was reported during 2020, but the highest value of groundwater depth of 43.66 meters after the recharge has been shown for 2015, which is about 5 meters higher as compared to 2018.      



Figure-7, Flow Rate of Bangalore
According to Table 4, rainfall had decreased in 2016 due to deforestation, which caused a decrease in the flow rate. However, with the increase in the rainfall during 2017, there was a big increase in the flow rate that year but during subsequent years of 2018 and 2019, the conditions reversed. The groundwater depth before and after recharge is shown in Figure 8. 


Figure-8 Ground Water Before and After Artificial Recharge

DISCUSSION
In the cities that were chosen for the study, the percolation rate has been slow to quite slow, hence artificial rainwater harvesting becomes necessary to increase groundwater levels. In the study, the changes have been observed over an area of approximately 500 square meters. Flow rate changed due to changes in the actual rainfall during the corresponding years. The increase in the actual rainfall produced additional water which resulted in the increase of the depth of the groundwater after artificial recharge. The highest increase in the groundwater level for Bhopal has been by 9 meters during 2019 as compared to 2017. For Jaipur, this increase has been by 6 meters in 2019 from 2015. At Dehradun, the highest increase of about 6.5 meters in the groundwater level is shown during  2021 with respect to 2019. For  Bangalore, the highest change of 5 meters in the groundwater level has been reported during 2015 in comparison to 2018. The changes in the groundwater level of the cities can be due to the type of soil, land terrain, and the actual rainfall during the study period 2014 to 2021, as well as deforestation and increasing population in the cities.    
Kumar (2002) used mathematical models in simulating the flow of groundwater along with flow of solutes and heat while considering the quantity and uncertainty of input data. Holmén et. al (2003) used key characteristics of local regions, like our study in the model to study groundwater flow for the chosen region. Bhattacharya (2010) noted that sedimentation, chemical precipitation and organic matter built up in the recharge structure reduces its infiltration capacity. Nayak et. al (2017) studied groundwater resource development in the Bina River basin and advised to avoid excessive pumping rates, as that wells do not dry up.
Arumugam et. al (2020) emphasized groundwater replication in a critical tank in the groundwater management system. Racshanov and Daliev (2020) used a system of nonlinear partial differential equations with corresponding initial and boundary conditions to study the process of change in ground level over time. In our study, an additional parameter of artificial recharge is used with partial differential equations. Afrifa et. al (2022) have used Machine learning and Mathematical modelling techniques for predicting groundwater level changes. Waldowski et al. (2023) showed that recharge of groundwater in linked with storage changes and flux across the water table which are related to hydraulic gradients. In our model, the hydraulic conductivity has been considered to check its influence on flow at different cities.        
CONCLUSION
The ever-increasing population of the cities, and deforestation to provide adequate infrastructure for people, more water is needed for consumption, in addition to the agricultural use in the surrounding region. This results in a decrease in the groundwater levels and therefore warrants artificial recharge. It was found that actual rainfall had a small impact on groundwater level but it increased due to the technique of artificial recharge. Hence this process needs to be extended further.
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