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Study of fluctuations in the groundwater depth in 

Rohtak: A part of South-Western Haryana: A spatial 

temporal approach 

 
Sonu, Sanjay Kumar and Basanti Brar 

 
Abstract 
Haryana is primarily an agricultural commodity dominating state which mainly depends upon irrigation. 

The state has witnessed a drastic increase in agricultural production and irrigated area since its inception 

in the year 1970. The surface water resources in the state as well as in the country are scarce and now a 

day’s approx. 50.4 per cent of the cultivated area is irrigated by natural groundwater resources. This 

phenomenal use of natural groundwater through large number of submersible pumps has caused severe 

decline in groundwater level, resulting in depletion of natural groundwater resources. Therefore, an 

understanding about the groundwater pattern, trends, development and accessibility are must for devising 

judicious management. Due to the fast growth in population and the connected land-use have led to a 

groundwater resources are overexploited in different region of the India. Haryana state has witnessed a 

stunning increase in agricultural production with continuous scarcity of groundwater because river water 

is not sufficient to meet the demands of household and agricultural practices; farmers are withdrawal 

groundwater through a large number of submersible pumps has increased from 0.02 million in 1974 to 

0.93 million in 2021 showing alarming sign of over development. The main aim of this study has 

analyzed the variability in groundwater depth and to identify the groundwater serious zones, and explore 

the influences of climatic and anthropogenic factors based on secondary data sources pertaining to annual 

rainfall, area under irrigation, tubewells irrigated area, canals irrigated area, net irrigation demand of 

crops, technical stipulations of canals, number of wells, and groundwater level data of 204 pizeometric 

wells obtained from the Groundwater cell, Department of Agriculture, Government of Haryana with 

respect to seven community development block of district Rohtak during 1974-2021. The results 

indicated a mix of negative and positive trends in the groundwater depths. However, the positive were 

much more pronounced than negative ones. Significant increase in groundwater depth is found in 82.12% 

of observation wells as obtained through Mann-Kendall analysis at 95% confidence level. The average 

groundwater depth in the Rohtak district has ranged from 21.04 to 28.48 m with the mean of groundwater 

depth was found to be 24.26 m. The groundwater fluctuations in foremost part of the district may be 

considered to indiscriminate recharge and abstraction for irrigation purpose and fluctuation in rainfall 

trend. Additionally, both climatic and anthropogenic factors have led to groundwater fluctuation in the 

study area. The research will be ready to lend a hand for planners and policy makers in the direction of 

judicious use of groundwater resources in the Rohtak district. 

 

Keywords: Economy, overexploited, spatially and temporally, trend, anthropogenic and climatic factors, 

development, serious zones 

 

Introduction 

Water is the most primary substance to the existence of Life. Water scarcity in many part of 

globe has become a frequent problem because 40.2% of earth surface is covered by arid and 

semiarid zones (Oki and Kanae, 2006) [16]. Groundwater is a very important freshwater 

resource to meet the growing stress of several sections of economy apart from the 

requirements of growing inhabitants. Groundwater is the vital components of the hydrological 

cycle and it may be distinct as water occupying all the voids within a geologic stratum (Goyal 

and Chaudhary, 2010) [9] and hypothetical surface to which groundwater rises in an open hole 

under its ordinary potential is known as water table. Over one-third of the earth is freshwater 

demand is accomplished through natural water resources (Moreaux and Reynaud 2006) [14]. As 

a result, it has been exploited irresponsibly across continents over the years as a free resource 

with no proprietorship (Qureshi et al. 2010) [19]. An unnecessary extraction of water below the 

surface levels has exceeded the natural recharge, in that way triggering drastic declines in 

groundwater depth (Chawla et al. 2010; Machiwal and Jha 2014; Patle et al. 2016; Bierkens et 

al., 2019) [5, 13, 17, 3]. Depleting groundwater levels has frequent adverse impacts.  
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Most unswervingly, groundwater depletion threatens 

sustainable aquifer development (Zektser et al. 2005; 

Chaudhuri and Ale 2014) [28, 4]. The Socio-economic problems 

possibly will also arise on account of groundwater 

development because groundwater extraction by rich farmers 

from deep wells causes water paucity for the small farmers by 

drying up their petty wells (Llamas and Santos 2005). India is 

amid the principal consumer of groundwater resources in the 

globe, and it consumes higher than total groundwater 

withdrawal of the China (Bhanja et al. 2017) [2]. Most of 

household water requirements of countryside and town 

dwellers in India are satisfied with natural water resources 

(Chinnasamy and Agoramoorthy 2015) [7]. Besides, greater 

than 60% of total groundwater is utilized in the agricultural 

sector. The rate of groundwater withdrawal in India have 

increased largely during the last fifty years, with increase in 

number of tubewell sets from 6.4 million in 1974 to more than 

24 million in 2021. This growth has resulted in the overuse of 

natural groundwater resources, which is reflected in the fact 

that ‘‘heavily exploited or black blocks ’’ have risen to the 

tune of 1071 in 2011 (CGWB 2012). Theannual withdrawal 

rate and availability of groundwater indicate declining yields 

and lower groundwater levels in India, even in more 

productive underground areas (Garg and Hassan 2007; Jeelani 

2008; Tiwari et al. 2009; Mukherjee et al. 2015) [8, 12, 25, 15]. 

Recently, the Gravity Recovery and Climate Experiment 

Satellite Mission reported a sharp decline in groundwater 

depths due to over-exploitation in many northwestern blocks 

of India. The introduction of the rice-wheat farming system, 

the use of modern mining methods and the availability of 

cheap or free electricity have promoted uncontrolled use of 

groundwater (Rodell et al. 2009; Patle et al. 2015) [18, 20]. 

Similarly, increasing competition among consumers 

especially in the agricultural, industrial and domestic sectors 

has led to a dramatic decline in groundwater levels in recent 

decades. In the Indian subcontinent, Haryana state occupies 

about 1.42% of the country’s total geographical area. Only 

about 2.5% of the land is cultivated, and its contribution to 

Indian food production is estimated at 7%. Following its 

construction in 1966, the agricultural sector has been 

prioritized and this has resulted in an increase in cropped area 

from 4.6 to 6.9 M ha between 1966 and 2021. The state has 

recorded a growth of fourfold and sevenfold in area under 

wheat and rice cultivation, respectively, from 1974 to 2021. In 

addition, a double increase (1.3-3.0 M ha) in the net irrigated 

area has been observed, resulting in an increase in food 

production from 2.6 million to 19.1 million tons in the 

duration of forty seven years. In addition, the number of water 

pumping sets has grown thirtyfold from 0.02 million in 1974 

to 0.93 million in 2021. Therefore, the share of tubewell 

irrigated area to total irrigated area has increased from 38.9% 

in 1974 to 62.2% in 2021 (Singh and Amrita 2015) [24]. This 

dramatic growth in the agricultural sector over the past forty 

seven years has had a devastating effect on state water 

resources. Therefore, understanding the long-term trends, 

patterns and behaviors of groundwater is essential to 

designing sound management systems for sustainable use. 

Globally, few researches had been undertaken on 

spatiotemporal changes in groundwater depths, due to be 

short of a network of groundwater depth monitoring wells. 

Almedeij and Al-Ruwaih (2006) [1] conducted an experiment 

to observed the trends and behavior of groundwater depth in 

Kuwaits residential areas and found the big fluxes in behavior 

of groundwater levels depths. Hoque et al. (2007) [11] and 

Shamsudduha et al. (2009) [22] examined spatiotemporal 

patterns of groundwater stage fluxes and tendencies in Dhaka 

and the Ganges-Brahmaputra-Meghna Delta. Ribeiro et al. 

(2015) [22] evaluated piezometric developments inside the 

alluvial aquifers of the Elqui river basin in central Chile, an 

area characterized by intense agricultural activities. The above 

review indicates that trend and pattern analysis, both spatially 

and temporally, of groundwater depth has not been researched 

up to now under rice-wheat farming system in Rohtak district. 

For that reason, the present study has been undertaken with 

the following research objectives- to study the spatial and 

temporal trends in groundwater depths for pre- and post-

monsoon of 1974-2021; and 2. to explore the influences of 

maximum and minimum temperature, rainfall, number of tube 

wells, total irrigated area, tubewell irrigated area, canal 

irrigated area and area under rice and wheat cultivation on 

groundwater depth in the Rohtak district in state of Haryana 

in northwest India.  

 

Material and Methods  

Study Area  

Haryana state, is situated in northwest of India is one of the 

smallest states in India, and it extends between 27°39' to 

30°35' N latitude and between 74°28' and 77°36' E longitude. 

The total geographical area of the Rohtak district is 1670 sq. 

km accounting about 3.77 per cent of the total of 44,212 sq. 

km area of the Haryana state. It lies between 28°40' to 29°05' 

North latitude and between 76°13' and 76°51' East longitude. 

The total geographical area of the Rohtak district is 1745 sq. 

km accounting about 3.9 per cent of the total area of the state 

(Figure 1). The district comprised of 146 village and five 

blocks viz. Kalanaur, Lakhan-Majra, Meham, Rohtak and 

Sampla. In the eastern part of Rohtak district, the area is even 

while some area is uneven and also suffers from water 

ponding and prone to water logging during Monsoon season. 

In general, geo-morphologically the district region consist of 

flat and level plain terrain and the topography values lie in 

between 215 to 222 above mean sea level. Its slope is north 

east to south west is of the order of 19cm/km. In this district 

different type of soil is available such as fine to medium 

textured, loamy sand, clay loam and sandy loam and this is 

also classified as sierozem and brown (solemnized). 

According to census 2011, it had a population of 1056907 

which had observed abrupt growth during 2001-2011. The 

literacy rate and density of population in the district are 

respectively 80% and 373 per sq.km. Approx. 27.4% of the 

population lives in urban area and remaining 72.6% 

population leaves in rural area. Jawahar Lal Nehru feeders, 

Bhalaut, Bhiwani sub branch, Kahnaur distributary are major 

rivers of the district and flows in direct response to 

precipitation. The climate of Rohtak district can be labeled as 

subtropical monsoon, dry winter and mild, hot humid and hot 

summer which is mainly parched with very cold winter and 

hot summer except three months of south west monsoon from 

July to September, the humid air of oceanic origin invade into 

the district and cause cloudiness, humidity and monsoon 

rainfall. The chilly weather season prevails from January to 

the first week of March followed by the summer season (hot 

weather condition) which prevails up to the June. The normal 

annual rainfall of the district is 592 mm which is unevenly 

distributed over the area 23 days. The south west monsoon, 

sets in from end of June and withdraws in last week of 

September, contributed about 84% of annual rainfall. July and 

August are the damp months. Rest 16% rainfall is received 
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during non-monsoon period in the wake of western 

disturbances and thunder storms. The mean maximum (May 

to June) and mean minimum temperature (January) occur in 

the district are 40.5℃ and 7℃ respectively. The prone to 

water logging are major problem in this district.  

 

Data Acquistion and Methodology  

This study is mainly based on secondary data, which have 

been gathered for the period of forty seven years (1974-2021) 

from the Haryana Groundwater Cell, Department of 

Agriculture and Farmer welfares, Government of Haryana, 

Panchkula. It records the groundwater depth biannually 

during pre-monsoon and post-monsoon seasons. Data of a 

five community development (CD) blocks for pre- and post-

monsoon groundwater levelhave been procured for scrutiny 

and interpretation to examine the trends and dynamics pattern 

of groundwater level. Additionally, ancillary data relating to 

the factors affecting the depths of groundwater (canal-

irrigated area, tube-well irrigated area, area under rice 

cultivation, number of tube wells, maximum temperature, 

minimum temperature and amount of annual rainfall) have 

been collected from l974 to 2021 from the Department of 

Economic and Statistical Analysis, Panchkula, Haryana, and 

India Meteorological Department, Chandigarh. The details of 

the methodology adopted for examining the trend and 

homogeneity in the groundwater level series are as discussed 

below. Collateral data pertaining to other agricultural 

practices electric connections and irrigation have been 

collected for the period same from the published literature and 

Haryana Vidyut Prasaran Nigam Limited, Panchkula. The 

location of groundwater monitoring districts, blocks and wells 

are shown in Figure 2. 

 

 
 

Fig 1: Geographic boundary location of my study area (Rohtak district) 

 

 
 

Fig 2: Geographic location of observation wells where we got secondary data for analysis south-western Haryana in which my study area is lies 

below the Sonipat district
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Results  

Spatial variability 

Block wise average and spatial variations of groundwater 

depth from 1974 to 2021 

Spatial variations of groundwater level at breaks of ten years 

from 1974 to 2021 have been found (Fig. 3 to Fig. 8). 

Comparison of 1974, 1984, 1995, 2004, 2014, 2021 maps 

revealed a spatially non-uniform groundwater depth incline or 

decline. Whereas a regular incline were seen in approx. 76% 

of the area, the depth of groundwater were found fluctuating 

in a shallow range of 2-30m. The average groundwater level 

map for the Rohtak district was prepared by using Arc-GIS 

10.3 for the year 1974 to 2021. By using different tools of 

ArcGIS 10.3, blockwise area under different groundwater 

levels, i.e.,0-2, 2-5, 5-10, 10-20 and 20-30m was calculated 

and is shown in Table 7. During 1974, in Rohtak district, 

lowest (1.36 m) and highest (26.91 m) groundwater depth was 

recorded in Rohtak and Lakhan Majra block, respectively (In 

Fig. 3 and Table 1). 

During 1984, in Rohtak district, lowest (0.96 m) and highest 

(22.80 m) groundwater level was recorded in Rohtak and 

Lakhan Majrablock, respectively (In Fig. 4 and Table 2). 

During 1994, in Rohtak district, lowest (1.04 m) and highest 

(15.45 m) groundwater level was recorded in Rohtak and 

Lakhan Majrablock, respectively (In Fig. 5 and Table 3). 

During 2004, in Rohtak district, lowest (1.36 m) and highest 

(19.38 m) groundwater level was recorded in Rohtak and 

Lakhan Majra block, respectively (In Fig. 6 and Table 4). 

During 2014, in Rohtak district, lowest (0.64 m) and highest 

(19.68 m) groundwater level was recorded in Rohtak and 

Rohtak block, respectively (In Fig. 7 and Table 5). During 

2021, in Rohtak district, lowest (-0.14 m) and highest (40.23 

m) groundwater level was recorded in Rohtak and Meham 

block, respectively (In Fig. 8 and Table 6). 

 

Block-wise groundwater average water depth (m), its 

range and standard deviation from the 1974 to 2021 

The overall groundwater level (m) of Rohtak district inclined 

from 6.60 m in 1974 to 5.85 m in 2021. This observation is 

quite opposite with a recent study based on Gravity Recovery 

and Climate Experiment (GRACE), which has delineated an 

average decline of 0.3 m in groundwater level in Northern 

India (Rodell et al., 2009) [20]. The average groundwater level 

fluctuations in each block at sequential intervals of ten years 

are given in Table 8. In Rohtak district, groundwater depth 

was decreased upto year 1984 but afterword its depth was 

increased upto year 1994. In next five year span (1999 to 

2004) groundwater depth was increased but afterword its 

depth was decreased. On the basis of trend line, inclining 

trend of groundwater level was observed but it not much 

significant as the value of R2 is very less (0.4081). The 

groundwater draft in the Rohtak district is estimated to exceed 

a 30763 ham (Table 10), and shows the moderate volumi- 

nous use of groundwater resource in the state Haryana.  

 
Table 1: Block-wise average groundwater depth (m), its range and standard deviation for the year 1974 

 

Name of district Name of block Average water table depth 
Range of water table 

Standard deviation of water table depth 
Minimum Maximum 

Rohtak Kalanaur 5.46 1.94 10.37 2.97 

 
LakhanMajra 11.60 3.04 26.91 10.31 

 
Meham 8.46 2.14 21.75 6.18 

 
Rohtak 2.99 1.36 4.70 0.86 

 
Sampla 4.51 3.02 6.25 0.93 

 

Table 2: Block-wise average groundwater water depth (m), its range and standard deviation for the year 1984 
 

Name of district Name of block Average water table depth 
Range of water table 

Standard deviation of water table depth 
Minimum Maximum 

Rohtak Kalanaur 4.32 2.85 8.14 1.37 

 
LakhanMajra 12.16 3.18 22.80 7.13 

 
Meham 4.79 2.15 17.29 3.93 

 
Rohtak 3.45 0.96 7.02 1.23 

 
Sampla 6.17 2.55 15.43 3.43 

 

Table 3: Block-wise average groundwater water depth, its range and standard deviation for the year 1994 

Name of district Name of block Average water table depth 
Range of water table 

Standard deviation of water table depth 
Minimum Maximum 

Rohtak Kalanaur 5.07 1.64 8.30 2.05 

 
LakhanMajra 8.98 2.81 15.45 4.64 

 
Meham 5.68 1.45 15.42 3.81 

 
Rohtak 3.21 1.04 10.12 1.66 

 
Sampla 6.65 3.98 13.43 2.65 

 

Table 4: Block-wise average groundwater water depth, its range and standard deviation for the year 2004 
 

Name of district Name of block Average water table depth 
Range of water table 

Standard deviation of water table depth 
Minimum Maximum 

Rohtak Kalanaur 4.86 2.09 10.94 2.16 

 
LakhanMajra 11.83 3.84 19.68 5.96 

 
Meham 6.99 1.91 19.29 4.85 

 
Rohtak 4.57 1.36 10.90 1.87 

 
Sampla 11.68 2.24 23.05 7.77 
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Table 5: Block-wise average groundwater water depth, its range and standard deviation for the year 2014 
 

Name of district Name of block Average water table depth 
Range of water table 

Standard deviation of water table depth 
Minimum Maximum 

Rohtak Kalanaur 3.51 0.77 13.78 3.46 

 
LakhanMajra 2.62 0.80 8.60 2.17 

 
Meham 4.14 0.90 18.93 3.94 

 
Rohtak 7.04 0.64 19.68 5.98 

 
Sampla 4.67 1.25 8.13 1.91 

 

Table 6: Block-wise average groundwater water depth, its range and standard deviation for the year 2021 
 

Name of district Name of block Average water table depth 
Range of water table 

Standard deviation of water table depth 
Minimum Maximum 

Rohtak Kalanaur 4.27 1.12 13.67 3.80 

 
LakhanMajra 2.88 1.23 6.90 1.65 

 
Meham 12.46 1.80 40.23 12.31 

 
Rohtak 4.93 -0.14 19.10 3.55 

 
Sampla 4.72 1.50 11.94 3.32 

 
Table 7: Classification of Area (000 ha) under different groundwater 

levels (m) from 1974 to 2021 
 

Groundwater Depth 1974 1984 1994 2004 2014 2021 

0 - 2 m 0.8 0.4 1.8 0.7 31.7 16.9 

2 - 5 m 93.2 116.9 103.3 110.8 111.5 125.3 

5- 10 m 58.3 39.4 51.0 51.3 22.3 22.6 

10- 20 m 14.2 9.6 10.9 4.0 1.4 2.1 

20- 30 m 0.5 0.6     

Total 167 167 167 167 167 167 

 

Table 8: Block-wise average groundwater depth 
 

Sr. no. Block Average annual groundwater depth (m) 

  1974 1984 1995 2004 2014 2021 

1 Kalanaur 5.46 4.32 5.07 4.86 3.51 4.27 

2 LakhanMajra 11.60 12.16 8.98 11.83 2.62 2.88 

3 Meham 8.46 4.79 5.68 6.99 4,14 12.46 

4 Rohtak 2.99 3.45 3.21 4.57 7.04 4.93 

5 Sampla 4.51 6.17 6.65 11.68 4.67 4.72 

 District Average 6.60 6.18 5.92 7.99 4.40 5.85 

Table 9: Number of villages under different groundwater depths (m) from 1974 to 2021 
 

Groundwater Depth 1974 1984 1994 2004 2014 2021 

0 - 2 m 1 0 2 1 28 15 

2 - 5 m 81 102 90 97 97 110 

5- 10 m 51 34 45 45 19 20 

10- 20 m 12 8 10 3 1 2 

20- 30 m 0 1 0 0 0 0 

Total 444 444 444 444 444 444 

 

 
  

Fig 3: Spatial variation of groundwater level in 1974 
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Fig 4: Spatial variation of groundwater level in 1984 

 

 
 

Fig 5: Spatial variation of groundwater level in 1994 

 

 
 

Fig 6: Spatial variation of groundwater level in 2004 
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Fig 7: Spatial variation of groundwater level in 2014 

 

 
 

Fig 8: Spatial variation of groundwater level in 2021 

 
Table 10: Net groundwater available, net groundwater draft and annual deficit in the Rohtak district 

 

Assessment 

District 

Net Annual 

Groundwater 

Availability (Ham) 

Existing Gross 

Groundwater Draft for 

Irrigation (Ham) 

Existing Gross 

Groundwater Draft for 

all uses (Ham) 

Net GW availability for 

future irrigation 

development (Ham) 

Stage of 

Groundwater 

Development 

Rohtak 45017 28446 30743 13909 688 

 

The land customs were classified in three category such as:  

(i) Agriculture land (ii) Built-up land (iii) Barren  

After the analysis of data from 1974 to 2021we decided that 

the barren and uncultivated land area has been increased by 

approx. 2% over the Rohtak district from 2004-2020 (Table 

11), indicating quick urbanization over Rohtak district and 

similarly observed incline rate in ground water level may also 

be attributed to excessive rainfall. 

 
Table 11: Classification of area by land use at five year interval in Rohtak district for the study period 1974-2021 

 

Classification of area (000 ha.) 1974 1984 1994 2004 2014 2020 

Total Area according to village papers 385 380 351 167 167 167 

Forest 8 9 8 
   

Barren and uncultivated land 2 3 3 2 5 5 

Current fallow 8 12 4 4 5 4 

Net area sown 327 318 300 143 137 137 
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Spatial and Temporal Variations of Groundwater level 

Fluctuation of Rohtak district 

The average groundwater level fluctuation (cm) was 

calculated (Table 12) by taking 1974 as reference year, i.e., 

1974-1984, 1974-1994, 1974-2004, 1974-2014 and 1974-

2021 for Rohtak districts. To imagine the spatial variability of 

the groundwater level fluctuation from 1974 to 1984, 1974-

1994, 1974-2004, 1974-2014 and 1974-2021, maps were 

prepared by using Arc-GIS 10.3 for the Rohtak district, as 

shown in Fig. 9. By using different Arc GIS 10.3 tools, area 

under different groundwater fluctuation range from year 

1974-2021 was calculated and is presented in Table 13. 

Additionally per year fluctuation and percent area under 

different groundwater fluctuation range was calculated from 

the year 1974 to 2021. 

The analysis revealed that maximum fluctuation depth and 

minimum groundwater fluctuation depth in 1974_2021 years 

were 24 m and -10 m, respectively. The mean groundwater 

level fluctuation in the Rohtak district in those years was 

0.014m. The average annual groundwater level fluctuations in 

each blocks at successive breaks of ten years were also 

calculated and an average incline of 14.8 cm per year was 

observed during the study period of 1974 to 2021 in the 

Rohtak district. 

 
Table 12: Groundwater level fluctuation (cm) of Rohtak district by 1974 as reference year 

 

Year 1974-1984 1974-1994 1974-2004 1974-2014 1974-2021 

Rohtak 326 -44 -283.8 217.6 109.4 

+ve represent rise in groundwater and -ve sign represent decline groundwater 

 

 
 

Fig 9: Groundwater level fluctuation map from 1974_2021 

 
Table 13: Percent area under different fluctuation range from year 1974-2021 

 

Range of fluctuation (m) Average fluctuation (m) Per year fluctuation (m/year) Area (000 ha) Percent area S.D 

-10 to 0 -5 -0.11 0.026 4.59 31.31 

0 to 2 1 0.02 1.49 5.36 2.11 

2 to 5 3.5 0.07 7.653 8.22 16.70 

5 to 10 7.5 0.16 95.27 15.21 149.30 

10 to 20 15 0.32 43.401 27.55 51.20 

20 to 24 22 0.47 19.06 21.94 17.76 

 

Groundwater depth trends for Rohtak district from 1974 

to 2021  

In Rohtak district, groundwater depth was decreased upto 

year 1984 but afterword its depth was increased upto year 

1994. In next five year span (1999 to 2004) groundwater 

depth was increased but afterword its depth was decreased. 

On the basis of trend line, inclining trend of groundwater 

level was observed but it not much significant as the value of 

R2 is very less (0.1081). 

 

 
 

Fig 10: The trend of Groundwater level from1974 to 2021 
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Seasonal Effect on Groundwater Depth 

Available data on groundwater level is being generally taken 

two times in a year, i.e., Pre and Post-monsoon season 

because groundwater level is mostly affected by recharge of 

rainfall water and in the study area 85.4% of rainfall occurs 

during the monsoon season. So, it is significant to study the 

seasonal effect. Accordingly, annual maps were prepared for 

both season pre and post-monsoon by using the available data 

at each observation well from the year 2001 to 2021, yet are 

not presented here. By averaging the before and after 

monsoon data of groundwater level at each observation well 

individually for the forty seven years, the groundwater level 

map was prepared to study the season fluctuation in Rohtak 

district, are represented in Fig. 11 & Fig. 12. 

 

 
 

Fig 11: Average groundwater depths during pre -monsoon season for the period 1974-2021 

 

 
 

Fig 12: Average groundwater depths during post-monsoon season for the period 1974-2021 

 

Discussion 

Spatial and temporal variation of groundwater level 

The spatial variation maps of groundwater level at an interval 

of ten years for the duration of forty seven year was prepared 

as shown in Fig.3 to Fig. 8. On comparison of 1974, 1984, 

1995, 2004, 2014 and 2021 maps, it was observed that 

groundwater level incline was not uniform. Although a incline 

was recorded in 40% part of Rohtak district, which mainly 

constituting Sampla block, During the study duration of forty 

seven year, among the 200 observation wells, the maximum 

value of groundwater depth varied from 26.93 m in year 1974 

to 40.2 m in year 2021, whereas, its minimum value varied 

from 1.06 m in year 1974 to -0.14 m in year 2021 (Table 1 to 

Table 6). The average value of groundwater depth varied from 

6.68 m in year 1974 to 5.82 m in year 2021 (Table 8). 

 

Area change under different groundwater level 

Aperusal of the results found that area under 2-10 m (prone to 

water logging) depth of groundwater has decreased from 

90.7% (1974) to 88.5% (2021), and also, the area under 

groundwater level of 10-30 m (safe limit) has also reduced 

from 8% (1974) to 1.2% (2021) during the study period of 47 

years. Also the area under 0-2m groundwater level, exposed 

to water logged, increased from 0.40% to 10.3% during the 

study period (Table 14).  

 

https://www.thepharmajournal.com/


 

~ 127 ~ 

The Pharma Innovation Journal https://www.thepharmajournal.com 

Spatial variation of groundwater level fluctuation under 

different layers 

By add the value of area lying in different years (Tables 14) 

under different groundwater depths, i.e., 0-2, 2-5, 5-10, 10-20 

and 20-30 m. was prepared to calculate the area under 

different depth during the Rohtak district. A graph was also 

plotted to observe the variation in area under different levels 

of the Rohtak district. During 2021, 16900 ha area was 

estimated in the range of 0-2m, which is not very less (10.3%) 

as compared to total area of study area but this area is a matter 

of grave concern because it reflects the problem of water 

ponding condition. During 2021, in 2-10m groundwater level, 

147900 ha area was calculated but declining trend in its value 

was found on comparing to area under this category of 

preceding years. It is still very large area (88.5%) and it lies 

under the class of prone to water logging, needs attention of 

the policy maker and planners. During 2021, in 10-30m 

groundwater depth, 2100 ha area was estimated and again 

declining trend in its value was estimated on comparing to 

area under this category of previous years. This category lies 

in the safe limit and don’t require any kind of concern. This 

type of area is easily assessable through maps (Fig. 8) and 

appropriate measures can be taken place by the planners. 

 
Table 14: Area (000 ha) under different groundwater depths (m) for the period 1974 to 2021 

 

Range 1974 1984 1994 2004 2014 2021 

0 - 2 m 0.8 0.4 1.8 0.7 31.7 16.9 

2 - 10 m 151.5 156.3 154.3 162.1 133.8 147.9 

10 - 30 m 14.7 10.2 10.9 4 1.4 2.1 

 

Figure 9 are demonstrating the spatial variation of 

groundwater under different groundwater level fluctuation 

range for different duration, i.e., 1974-1984, 1974-1994, 

1974-2004, 1974-2014 and 1974-2021. From year 1974-2021, 

the average fluctuation was ranging from - 5 m (-ve means 

decline) and 22 m, which was calculated on the basis of 200 

pizeometric wells lying in the study area. In falling trend of 

groundwater depth, minimum area (56.3%, Table 13) was 

recorded in the range of 5 to 10 m, whereas on rising side, 

maximum area (0.01%) was recorded in the range of - 10 to 0 

m. To study the pre and post monsoon seasonal effect on 

groundwater level, maps were prepared before and after the 

monsoon season by using the available data at each 

observation well from the 1974-2021. 

 

Overall declining and rising trend of groundwater level  

The average groundwater fluctuations in Rohtak district at 10, 

20, 30, 40 and 47 years intervals with reference to base year 

1974 was computed. Average incline of 1.4 cm per annum 

was observed during the study period of forty seven year in 

the study area (Fig. 9 and Fig. 13). The relationship between 

maximum groundwater depth, minimum groundwater depth, 

average groundwater depth and rainfall (mm) was presented 

in Fig. 15. 

 

 
 

Fig 13: Average five year interval rise/fall (cm) in groundwater levels in different block of Rohtak district for the study period 1974-2021 
 

Major Factors Affected the Groundwater Level in Rohtak 

district 

Impact of natural and anthropogenic factors on 

groundwater Level 

Understanding of spatial and temporal variation and trends of 

groundwater level is important for sustainable development of 

water resources. Some anthropogenic and climatic variables 

(area under rice cultivation, area irrigated by tubewells, area 

irrigated by canal and number of tube wells and rainfall) were 

studied in relation to groundwater depth. Rodell et al., (2009) 

[20] has investigated the groundwater restoration trends are due 

to less area irrigated by tubewells in India. Weakest 

correlation between groundwater depth and climatic was 

obtained by Chen et al., (2004) [6]. This weak relationship can 

be attributed to greater uncertainties of climatic variable data 

because climatic observatories are fewer in number and 

irregularly distributed than the groundwater level monitoring 

stations. 

These rising groundwater levels in the Rohtak district can be 

accredited to natural central depression or bowl-shaped 

topography of the study area. Earlier, Singh et al., (2010) [10] 

proved that topography plays crucial role in controlling 

groundwater movement in the area. 

 

Average Annual Rainfall (mm) 

Annual rainfall (mm) and groundwater depth (m) were plotted 

against the time (year) for the year duration of forty seven 

year from 1974 to 2021, which indicates the positive response 

to occurrence of annual rainfall (Fig. 15). Height of different 

line are reflecting the rainfall depth and their decreasing 

height is imitating the declining trend in annual rainfall during 

and groundwater level inversely increased during this period, 

thus, contributed bad impact on the groundwater depth 

besides other factors. According to a study conducted by 
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Varadaraj, 2006, occurrence of good amount of rainfall assists 

in improving groundwater level by enhancing recharge and 

reducing pressure on groundwater usage. 

 

Impact of number of tubewells on groundwater level 

The most conspicuous rising groundwater level trends and 

patterns with greater positive fluctuations over the study 

period (1974-2021) are in Rohtak district (Figs. 10 and 13). 

Groundwater levels have depends significantly in these 

regions by affecting most of the water-related activities 

(especially food production) leading to socioeconomic stress 

in the region and also number of tubewells has been increased 

during the same time period (Fig. 20), i.e., from 0.007 million 

(1974) to 0.065 million (2021). The main reason of incline 

trends of groundwater depth, farmers are not interested to 

adopt for submersible pumps to extract groundwater from 

deeper depths (Goyalet al., 2010a) [10] 

 

 
 

Fig 14: Annual rainfall (mm) in Rohtak district for the study period 1974-2021 
 

 
 

Fig 15: Relationship between Minimum groundwater depth, maximum groundwater depth, average groundwater depth (m) and average annual 

rainfall (cm) of Rohtak district from 1974 to 2021 

 

Impact of cropping pattern on groundwater level 

The general decline in groundwater depth in some area of the 

Rohtak district may be due to increased cultivation of 

different crops (Figs. 16 and 17), especially more water 

consuming agricultural crop like sugarcane and paddy. In 

Rohtak district, area under rice cultivation has been increased 

from 1.1% (1974) to 29.3% (2021), i.e., from 2 thousand 

hectare in 1974 to 49 thousand hectare in 2021. Besides this, 

cultivation of two paddy crops also being practiced during the 

last 15 year, which further increase the problem in certain 

areas. As the transplantation timing of one well known variety 

(saathi) is from last week of April to 4rd week of May (before 

the onset of monsoon), more dependence on groundwater 

other than surface water and rainfall, resulted further decline 

in groundwater depth. Despite imposition of ban on early 

variety of rice like Saathi, its cultivation in certain remote 

areas is increasing continuously and goes on unchecked 

(Yadav et al., 2008) [27]. The plantation of Rice crop is 

necessary in district like Rohtak. 

 

Impact of irrigated area, percent sown area and source of 

irrigation water on groundwater level 

Irrigated area in Rohtak district has been decreased from 

170000 ha in year 1974 to 127000 ha in year 2021, which 

reflects 25.29% decrease in the irrigated area (Fig. 19). As 

well as percent to net area sown is also decreased from 

327000 ha to 137000 ha in the Rohtak district (Fig. 19). It is 

already quoted that share of submersible pumps irrigated area 

to the total irrigated area has increased from 21.1 per cent in 

1974 to 40.9 per cent in 2021. Tubewell irrigated area is also 

increased from 37000 ha in year 1974 to 52000 ha in year 

2021. Conversely, Canal irrigated area was 123000 ha in year 

1974, which was increased to 137000 ha in year 1994 but it 

was further decreased 75000 ha in 2021, which is very less as 

in year 1974. This increase in irrigated area, percent sown 

area and tube well irrigated are directly affects the 

groundwater depth, as shown in Figs. 16 and 17. The fertilizer 

consumption is also rapidly increased from 10006 tonne 

(1974) to 71000 tonne (2021) in Fig. 18. 
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Fig 16: Relationship between % to rice area in state, % to sugarcane area in state, Net area irrigated % to net area sown (000 ha) and average 

groundwater level (m) of Rohtak district from 1974 to 2021 
 

 
 

Fig 17: Relationship between Total crop area (000 ha), Total fruit and vegetables and average groundwater level (m) of Rohtak district from 

1974 to 2021 

 

 
 

Fig 18: Relationship between Total Fertilizer consumption (in tonnes) and average groundwater depth (m) of Rohtak district from 1974 to 2021 
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Fig 19: Relationship between Area irrigated by minor sources and average groundwater depth (m) of Rohtak district from 1974 to 2021 

 

 
 

Fig 20: Relationship between Number of tubewells and average groundwater depth (m) of Rohtak district from 1974 to 2021 

 

Summary and Conclusion 

The average groundwater depth in Rohtak district ranged 

between 6.52 to 5.82 m from the during the study period 

1974-2021. The average annual groundwater level inclining at 

the rate of approximately 1.70 cm/year during the period of 

forty seven year from 1974-2021 in Rohtak district. The 

maximum value of groundwater depth varied from 26.93 m in 

year 1974 to 40.2 m in year 2021, whereas, its minimum 

value varied from 1.06 m in year 1974 to -0.14 m in year 

2021. The average value of groundwater depth varied from 

6.68 m in year 1974 to 5.82 m in year 2021 in Rohtak district. 

The area under 2-10 m (prone to water logging) depth of 

groundwater has decreased from 90.7% (1974) to 88.5% 

(2021), and also, the area under groundwater level of 10-30 m 

(safe limit) has also reduced from 8% (1974) to 1.2% (2021) 

during the study period of 47 years. Also the area under 0-2m 

groundwater level, exposed to water logged, increased from 

0.40% to 10.3% during the study period. Maximum, 

minimum and mean annual rainfall of 84.4 cm (1984), 11.5 

cm (2004) and 35.9 cm, respectively was observed during the 

study period of 1974 to 2021. Number of tubewells has been 

increased from .0090 million (1974) to 0.027million (2021) in 

the Rohtak district. In study area, percent area under rice 

cultivation has been increased from 1.1% (1974) to 29.3% 

(2021) and corresponding area has increased from 2 to 49 

thousand ha. Irrigated area in study area has been increased 

from 170000 ha in year 1974 to 127000 ha in year 2021. 

Tubewell irrigated area is increased from 37000 ha in year 

1974 to 52000 ha in year 2021. Canal irrigated area was 

123000 ha in year 1974, which was increased to 137000 ha in 

year 1994 but it was further decreased 75000 ha in 2021, 

which is very less as in year 1974. 

Present study found a significant increase and decrease in 

ground water depth in different villages over Rohtak district. 

The incline of groundwater depth shows coherent variability 

with annual rainfall. Current study highlight that Rohtak and 
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Lakhan Majra block of study area is affected by severe 

depletion in ground water depth and rate of ground water 

depletion has been accelerated during last decade due to a 

several reasons as discussed in the current study. Water 

management techniques is essential to overcome the severe 

problems related to depleted ground water level. This includes 

increasing groundwater use efficiency, apply modern 

irrigation policy, water rules and regulation, recycling of 

different wastewater, artificial recharge wells and rural 

awareness camps and program. An integrated approach 

involving dairy/piggery farming, conjunctive use of other 

resource of water and poor quality groundwater could also 

overcome the pressure on fresh water use.  
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