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Abstract - Understanding the effects of intensive 
agricultural land use activities on water resources is 
essential for natural resource management and 
environmental improvement In Punjab the surface water 
has almost been fully exploited and additional demand is 
being met by tubewells. During the period 1983-84 to 2002-
03 the average rate of fall of water table was 18 cm per 
year.  For efficient utilization and management, there is a 
need to predict the water table behaviour. The statistical 
model is developed to predict the behaviour of water table 
based on area under paddy, wheat, total cropped area, 
rainfall and number of tubewells. The close agreement was 
achieved between observed and predicted water levels. 
Shifting of paddy by 20 per cent with maize, groundnut, 
pulses, vegetables and oilseeds crops help arresting the 
declining trend of water table.  
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1.INTRODUCTION  
 
Land use intensity is one of the most significant forms of 
land cover modification, and can have a major detrimental 
impact on terrestrial and aquatic ecosystems. Amongst the 
renewable natural resources groundwater commands a 
predominant position. About 70 per cent of the net 
irrigated area of Punjab is irrigated using groundwater. 
This has resulted in rapid pace of development of 
groundwater leading to groundwater depletion thereby 
creating declining water level conditions in about 77 per 
cent area of the state. Water table is declining at the rate of 
17 cm to 59 cm per year (Takshi and Chopra, 2004), in fact 

its excessive withdrawal for irrigation has raised the 
issue of sustainability of irrigated agriculture.  
Groundwater appears to be under threat of exhaustion 
from its current exploitable zone because of excessive 
withdrawal for irrigation in Punjab. Unless the existing 
level of groundwater exploitation is brought within safer 
limits, the present productivity gains may turn into 
irreversible decline in the near future.  

 
In Ludhiana district the tubewell irrigated area increased 
from 2.04 lakh ha  in 1969-70 to 2.97 lakh ha in 2002-03 
and accounts for 97 per cent of the net irrigated area 

(Anonymous 2003). This has been made possible due to 
increase in number of tubewells from 35,257 in 1969-70 
to 1,19,060 in 2002-03 which has resulted in over 
exploitation of groundwater.  
  
The excessive exploitation of groundwater in Ludhiana 
district is also associated with particular land use activity. 
Historically, wheat has been and continues to be, the 
dominant crop activity in the district. It continues to 
account for about 44 per cent of the cropped area of the 
district. The second major crop activity is rice. By 
displacing maize and groundnut, rice has consolidated its 
base in the last few decades. Consequently the share of 
land under rice crop in the district has increased from less 
than one per cent in 1969-70 to 40.4 per cent of total 
cropped area in 2002-03. Thus, there is a need to analyze 
the relationship between excessive exploitation of 
groundwater and cultivation of wheat and paddy crops in 
Ludhiana district. In this study a statistical model has been 
developed to predict water table behavior for district 

Ludhiana. 

 
MATERIALS AND METHODS 
 
Study Area 

 
The study has been carried out for district 

Ludhiana comprising eleven blocks namely Ludhiana, 
Mangat, Sidhwanbet, Jagaron, Sudhar, Pakhowal, Dehlon, 
Doraha, Khanna, Samarala and Machiwara. Information on 
area under paddy, wheat, total cropped area, rainfall and 
number of tubewell for 20 years (1983–2003) were used 
for development of statistical model for water table 
behaviour. Model is used to analyze the impact of land use 
activities for the district. 
 
Assessment of Water Resources 

 
From the daily records of the water released into 

the canal system, the annual releases of water during the 
period 1983-84 to 2002-03 were estimated. Water level 
records of observation points in Ludhiana district for the 
years 1983-84 to 2002-03 were collected from 
Groundwater Cell, Department of Agriculture and Water 
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Resources and Environment Directorate, Punjab and were 
used for analysis.  

 
The annual ground water recharge (June to May) 

for the period 1983-84 to 2002-03 has been estimated 
using following relationship: 

  

gtcwercercg QEPPQPP                     (1)                 

 
Where, 
Pg   = Total groundwater recharge, ha-m 
Perc = Recharge to groundwater from percolation of 
rainfall, ha-m 
Qper = Percolation of water through canal distribution 
system, ha-m 
Pc   = Percolation from canal irrigated areas, ha-m 
Pw    = Percolation of water from areas irrigated by wells, 
ha-m 

           Et    = Evaporation from shallow water table 
areas, ha-m 

Qg = Groundwater inflow/outflow from the area to 
neighboring areas, ha-m 

 
The value of 25 per cent of total rainfall as 

groundwater recharge has been used for the study (CGWB, 
1997). The seepage factor for seepage from unlined main 
canals, branches, distributaries, and minors has been 
assumed as 18 ha-m/day/106 sq. m. of the wetted area. 
For lined canals, seepage losses are taken as 20 per cent of 
above value. In order to account for deep percolation of 
water from canal irrigated area, the return flow factor for 
paddy area is taken as 0.6 and for non paddy area it is 
taken as 0.3. In order to account for deep percolation of 
water from canal irrigated area the return flow factor for 
paddy area is taken as 0.5 and for non paddy area it is 
taken as 0.3. The loss of ground water as direct 
evaporation is considered negligible due to very small 
water table area within 1.5 to 2.0m. Inflow/outflow was 
calculated from water balance studies.  

 
1) Water Balance of Ludhiana District 
 
The following form of water balance equation has been 
used for this study, 
                                 

gsmsgp SSSQQQEETIP  )()(   (2)                

Where, 
P   = Total precipitation over the area, ha-m 
I    = Irrigation water applied over the area from all 
sources, ha-m 
ET = Evapotranspiration, ha-m 
E   = Evaporation from bare soil, ha-m 
Qp = Quantity of groundwater pumped (draft), ha-m 
Qg = Outflow of groundwater across the basin boundaries, 
ha-m 

Qs = Surface run-off from the area, ha-m 
Sm= Change in soil moisture storage, ha-m 
Ss= Change in surface storage in distribution system, ha-
m 
Sg = Change in groundwater storage, ha-m 

By using Thiessen Polygon method the weighted 
average rainfall value for the study area was calculated 
from four raingauge stations namely Ludhiana, Jagraon, 
Samarala and Khanna for the period 1983-84 to 2002-03. 
From the daily canal water releases records, the monthly 
canal water releases were estimated. The monthly crop 
evapotranspiration of each crop has been computed using 
following relationship (Doorenbos and Pruitt, 1977 and 
Kaushal M P, 1988). 
                

 0ETKET ccrop                                           (3) 

   Where, 
ETcrop = Crop evapotranspiration, mm/day 
     Kc = Crop coefficient, a fraction 
   ET0 = Reference crop evapotranspiration, mm/day 
 
The groundwater draft is calculated from number of 
tubewells in the area and draft norms. The draft values 
were increased/decreased by 10 per cent whenever the 
annual rainfall was usually low/high. The surface runoff 
has been taken as 34 per cent of the annual rainfall. As the 
water balance is being considered on annual basis, it is 
assumed that there is no significant change in soil 
moisture storage. Change in surface water storage on an 
annual basis is considered to be negligible. The volume of 
storage/mining was computed by using an average value 
of 0.15 as specific yield. The groundwater inflow/outflow 
has been computed as a residual of water balance 
equation. The net change in groundwater storage was 
calculated as 
 
Net change in groundwater storage =Gross recharge to 
groundwater + groundwater inflow/outflow  –  
groundwater draft                  (4)  
  
Statistical Model to Predict Water Table Behaviour 
 
Regression analysis is one of the most popular statistical 
tools and it allows us to model complicated relations 
between variables. Twenty year data of area under paddy, 
wheat, total cropped area in thousand hectare, number of 
tubewells in hundred and rainfall in hundred mm for 
district Ludhiana were selected as the variables X1, X2, X3, 
X4 and X5 respectively. A multilinear regression analysis 
was carried out by using following equation 

 
2
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2
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2
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(5)   
 
Where Y is the dependent variable (Water table in metre) 
in analysis, while bo is the intercept; bi represents the 
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regression coefficients for the second order polynomial 
and Xi represents the levels of independent variables.  
 
RESULTS AND DISCUSSION 
 

 
Annual Water Balance of Study Area  
 
Depth of water table in year 1983 and rise or fall from 
1983-84 to 2002-03 was calculated and the average fall of 
water table was maximum in Sudhar block i.e. 0.32 m per 
year and the lowest fall of water level was 0.05 m per year 
in Doraha block. The average annual rainfall was found to 
vary between 212.36 mm to 1100.87 mm during the study 
period with an average value of 511.98 mm. The canal 
irrigation water applied over the area for the study period 
vary from 151.65 mm to 237.66 mm and tubewell water 
vary from 429.62 mm to 802.40 mm. The 
evapotranspiration for the district Ludhiana varied 
between 225454.95 ha-m to 284724.93 ha-m. Average 
value per unit area works out to be 661.67 mm. The 
annual ground water draft varied from 161837.85ha-m to 
287561.48 ha-m with an average value of 237049.78 ha-
m. Average value per unit area works out to be 629.28 
mm. The average annual surface runoff over these years 
was 65572.17 ha-m. The runoff varied from 37135.09 ha-
m to 140998.81 ha-m with an average value of 65572.17 
ha-m. Average value per unit area works out to be 174.07 
mm. The change in groundwater storage varied from  -
70827.13 ha-m to +96009.53 ha-m with an average value 
of –9926.05 ha-m. Average value per unit area works out 
to be -26.35 mm. The groundwater outflow has been 
estimated as the residual of water balance equation and its 
computation is given in Table 1. From this Table, it is 
observed that the groundwater outflow varied from a 
minimum value of –94529.10 ha-m (inflow) to a maximum 
of 12826.64 ha-m with an average of –39617.54 ha-m 
during the period of study. Average value per unit area 
works out to be -105.17 mm. The values for different 
recharge components (in mm of water) are tabulated in 
Table 2. By taking 25 percent of the annual rainfall the 
average annual rainfall recharge over the years 1983-84 to 
2002-03 works out to be 48217.6 ha-m. Average value per 
unit area works out to be 128 mm. The average annual 
recharge from canal network over the years 1983-84 to 
2002-03 works out to be 18104.20 ha-m. Average value 
per unit area works out to be 48.06 mm. The percolation 
from canal irrigated areas plus deep percolation from 
paddy fields varied between 20096.95 ha-m to 30855.50 
ha-m during the period 1983-84 to 2002-03 with an 
average value of 24636.18 ha-m. Average value per unit 
area works out to be 65.40 mm. The average annual 
recharge from tubewell irrigated areas during the years 
1983-84 to 2002-03 comes out to be 90901.48 ha-m. 
Average value per unit area works out to be 241.31 mm. 
Based on the computation of groundwater recharge, the 
percentage of groundwater recharge works out to be 
26.51 per cent, 9.96 per cent and 63.53 per cent by 

rainfall, canal seepage and return flow from irrigated 
areas respectively. The results of water balance study 
were checked by comparing observed and predicted 
annual rise/fall of water table and is given in Table 2. 
From the Table 2, it is observed that the trend of 
computed annual rise/fall in water table is matching and 
the values compare well with observed values of rise and 
fall with an average difference of 10 cm. 
 
Development of Model to Predict Water Table 
Behaviour in district Ludhiana 
 
The linear, exponential, power and multiple regression 
models were used to develop a model for water table 
behaviour in study area. The independent parameters 
were paddy, wheat, total cropped area, rainfall and 
number of tubewells and evapotranspiration. It was 
observed that out of all statistical models polynomial of 
degree two was having the higher correlation coefficient. 
The Table 3 shows the correlation matrix of independent 
parameters with water table. It was observed that the area 
under paddy, total cropped area and number of tubewells 
are most significant at 5% level of significance and they 
are the most dominant parameters contributing to 
declining water table in the study area. The correlation 
coefficient (R2), standard error and the F value are given in 
the Table 4. It was observed that R2 was maximum 
(0.9125) in Ludhiana block having standard error as 0.47 
where as it was minimum i.e. 0.65 in Dehlon block with 
the standard error of 0.90. The correlation coefficient (R2) 
was higher i.e. 0.93 for Ludhiana district with the standard 
error of 0.39. Using the multiple regression model water 
level for the year 2002-03 and 2003-04 was determined. 
The Fig.1 and 2 shows the graph of the predicted and 
observed water table for the year 2002-03 and 2003-04 
respectively for different blocks of Ludhiana district.  
 
Groundwater Management Strategies in District 
Ludhiana 

 
It has been observed that the water table is 

declining every year in district Ludhiana. If the same trend 
of cropping pattern continues, the water level will decline 
from 10.96 m in 2002-03 to 15.92 m in 2020-21 (Fig.3). 
Thus there is need to reduce the stress on the 
groundwater reservoir. This can be done by shifting the 
cropping pattern in such a way so as to reduce the area 
under crops having high water requirements thus helping 
to reduce the demand for irrigation. 
  
After analyzing the cropping pattern, it is observed that 
major crops of Ludhiana district in the Kharif season are 
Paddy, maize, groundnut, pulses, vegetables and oilseeds. 
The area under these crops in the study area for the year 
2003-04 is given in Table 5. The water requirement for the 
paddy is 124.40 cm, whereas the water requirement of 
maize, pulses, groundnut, vegetable and oilseeds for the 
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district Ludhiana was calculated as 29.12 cm, 29.06 cm, 
34.28 cm, 26.28 cm and 34.28 cm respectively. Since the 
paddy crop is having higher water requirement, different 
percentages of the area under paddy was shifted to the 
other crops viz., maize, groundnut, pulses, vegetables and 
oilseeds in the ratio of 1:1:1:1:1 and 3:1:1:1:1 respectively. 

 
Based on the blockwise area of these crops and 

using the water requirements of the crops, the reduction 
in draft values for 5 per cent, 10 per cent, 15 per cent, 20 
per cent, 25 per cent reduction of the paddy area were 
calculated. Table 6 shows the reduction in draft value for 
different blocks of the Ludhiana district. 
  
The values of rise/fall of water table in Ludhiana district 
with 5, 10, 15, 20 and 25 per cent reduction in paddy area 
are given in Table 7. The recharge from rainfall and canal 
network as well as groundwater outflow was taken as 
expected value, which was computed taking average of 
these values for the year 1983-84 to 2002-03. The 
groundwater draft was taken as increasing at the rate of 1 
per cent, 1.5 per cent and 2 per cent per year over the 
average value of draft for the year 1983-84 to 2002-03. 

 
Using the predicted water table from the water 

balance for the year 2002-03, the water table behaviour at 
5, 10, 15, 20 and 25 per cent reduction in area under 
paddy crop with increasing groundwater draft from 1, 1.5 
and 2 per cent for year 2003-04 to 2020-21 is carried out. 
The average water table in Ludhiana district was at 10.96 
m in year 2002-03. The analysis shows that by shifting 20 
per cent paddy area with other crops the water table is 
predicted to be 2.06 m at 1 per cent increase in 
groundwater draft (Fig.4), 5.50 m at 1.5 per cent (Fig.5) 
and 8.55 m at 2 per cent (Fig.6) in the year 2020-21. 
Figures clearly show that shifting of 20 per cent paddy 
area with maize, groundnut, pulses, vegetables and 
oilseeds would help in arresting the falling water table 
conditions in district Ludhiana. 

 

 
 

Fig. 1 Observed and predicted water table in district 
Ludhiana for the year 2002-03 

 

 
 

Fig.2 Observed and predicted water table in district 
Ludhiana for the year 2003-04 

 

 
 

Fig. 3 Water level behaviour in district Ludhiana for the 
year 2002-03 to 2020-21 without any change in cropping 

pattern 
 

 
 

Fig.4 Water table behaviour at 20% reduction in paddy 
area and increasing 1% groundwater draft 

 

0

2

4

6

8

10

12

14

16

18

20

Lu
dh

ia
na

M
an

gat

Sid
hw

an
be

t

Ja
gr

aon

Sud
ha

r

Pak
ho

w
al

D
eh

lo
n

D
or

ah
a

Kha
nn

a

Sam
ar

ala

M
ac

hi
w
ar

a

D
is
tt.

Lu
dh

ia
na

W
a
te

r 
ta

b
le

 i
n

 m

Observed

Predicted

0

2

4

6

8

10

12

14

16

18

20

Lu
dh

ia
na

M
an

gat

Sid
hw

an
be

t

Ja
gr

aon

Sud
ha

r

Pak
ho

w
al

D
eh

lo
n

D
or

ah
a

Kha
nn

a

Sam
ar

ala

M
ac

hi
w
ar

a

D
is
tt.

Lu
dh

ia
na

W
a
te

r 
ta

b
le

 i
n

 m

Observed

Predicted

8

10

12

14

16

18

20
02

-0
3

20
03

-0
4

20
04

-0
5

20
05

-0
6

20
06

-0
7

20
07

-0
8

20
08

-0
9

20
09

-1
0

20
10

-1
1

20
11

-1
2

20
12

-1
3

20
13

-1
4

20
14

-1
5

20
15

-1
6

20
16

-1
7

20
17

-1
8

20
18

-1
9

20
19

-2
0

20
20

-2
1

Year

W
a

te
r 

ta
b

le
 i
n

 m Water table

Water table behaviour at 20% reduction in paddy area and 1% increase 

in groundwater draft

0

2

4

6

8

10

12

20
02

-0
3

20
04

-0
5

20
06

-0
7

20
08

-0
9

20
10

-1
1

20
12

-1
3

20
14

-1
5

20
16

-1
7

20
18

-1
9

20
20

-2
1

Year

W
a

te
r 

ta
b

le
 i
n

 m

Water table



          International Research Journal of Engineering and Technology (IRJET)       e-ISSN: 2395-0056 

                Volume: 04 Issue: 08 | Aug -2017                     www.irjet.net                                                                 p-ISSN: 2395-0072 

 

© 2017, IRJET       |       Impact Factor value: 5.181       |       ISO 9001:2008 Certified Journal       |   Page 1867 
 

 
 

Fig.5 Water table behaviour at 20% reduction in paddy 
area and increasing 1.5% groundwater draft 

 

 
 

Fig.6 Water table behaviour at 20% reduction in paddy 
area and increasing 2% groundwater draft 
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3. CONCLUSIONS 
 
Land use/land cover management, particularly high-input 
agriculture, is considered to be an important source. It has 
been observed that the water table is declining every year 
in district Ludhiana. If the same trend of cropping pattern 
continues, the water level will decline from 10.96 m in 
2002-03 to 15.92 m in 2020-21 (Fig. 3). This can be done 

by shifting the cropping pattern in such a way so as to 
reduce the area under crops having high water 
requirements thus helping to reduce the demand for 
irrigation. The water table behaviour of the Ludhiana 
district indicates that there is a declining trend of water 
level and the average rate of fall of water table is 18 cm 
per year for the years 1983-84 to 2002-03. The 
groundwater recharge from rainfall, canal seepage and 
return flow from irrigated area was found to be 26.51 per 
cent, 9.96 per cent and 63.53 per cent respectively. 
Multiple regression model fits well to the data on water 
level verses area under paddy, wheat, total cropped area, 
number of tubewells and rainfall. The observed and 
predicted water levels for all the blocks of Ludhiana 
district has been found in close agreement with each 
other. The analysis shows that by shifting 20 per cent 
paddy area with other crops the water table is predicted to 
be 2.06 m at 1 per cent increase in groundwater draft, 5.50 
m at 1.5 per cent and 8.55 m at 2 per cent in the year 
2020-21. Figures clearly show that shifting of 20 per cent 
paddy area with maize, groundnut, pulses, vegetables and 
oilseeds would help in arresting the falling water table 
conditions in district Ludhiana. 
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