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Abstract- The lumped version of HBV model was calibrated for areas comprising five adjacent catchments to which the district 

Dakshin Dinajpur is nested. With the calibrated parameter the model was applied to the district to simulate the components of 

hydrological system (e.g. runoff, actual evaporation, groundwater recharge etc.,) and subsequently multiple linear regression 

analysis was done to assess the impact of natural and human factors, if any, on each component with a view to having a 

comprehensive understanding of behavior of hydrologic system pertaining to the district. To substantiate the output of regression 

analysis Mann-Kendall test was applied to observe whether the trend in explanatory variables, if any, correspond to that in 

response variables. It is observed that in last sixteen years on an average there is no change in monsoon rainfall while non-monsoon 

rainfall is decreasing gradually that causes reduction in annual runoff by about 31.93% with respect to its estimated value in the 

base year 2000. Direct runoff is decreasing at the rate of 6.84 mm per year. There is no change in groundwater recharge that comes 

from monsoon rainfall through the base flow is declining over the time at the rate of 6.73 mm per year and this can be attributed to 

increasing withdrawal of groundwater for irrigation use in a lean season so far as the result of regression analysis indicates. Thus, 

two factors – rainfall and groundwater based irrigation – have been proved statistically to be capable of explaining the changing 

behavior of hydrologic processes in the district. 

 

Index Terms: Alteration of hydrologic processes, HBV model application, Mann-Kendall test, Simulation of components of 

hydrological cycle. 

 

I. INTRODUCTION 

 

Understanding hydrologic process i.e. evaporation, 

infiltration, snowmelt, interflow, etc. is fundamental to 

water resources and environmental engineers and 

scientists [1]. The human interferences in hydrologic 

system through alteration of land use and land cover, 

excess surface and ground water extraction for agriculture 

and industrial use, coupled with climate change [2-6] 

have raised, in present era, the need for updated 

information on their effect on hydrological processes 

particularly runoff alteration, change in groundwater 

recharge etc.; so that proper water resources planning can 

be formulated. Here the role of hydrologic model is 

utmost important for assessment and prediction of 

complex behavior and significant variability of hydrologic 

processes in changing natural as well as man-made 

environments. 

 

A model (by definition) is a formulation that mimics a 

real-world phenomenon and by which predictions can be 

made [7]. It describes a system based on some input 

variables, model parameters, and initial conditions [1]. 

Hydrologic models are primarily used for hydrologic 

prediction and for understanding hydrologic processes 

[8]. They can be categorized into three different groups 

[9]: first, physically-based models that are based on  

 

solving governing equations such as conservation of mass 

and momentum equations; second, conceptual models that 

estimate processes with simple equations rather than 

solving governing partial differential equations and to 

replace the partial differential equations with simple 

statements, a variety of different model parameters are 

introduced into the model that may have little physical 

meaning; and third, empirical models that are based on 

analyzing observed input (e.g. rainfall) and output (e.g. 

discharge) and linking them through statistical or other 

similar techniques [1]. In the present study HBV-Light – a 

conceptual model based on HBV model concept – has 

been used to generate data base on various components of 

hydrological cycle, e.g. runoff (both surface runoff and 

base flow), actual evaporation, ground water recharge etc. 

for the study area, Dakshin Dinajpur district of West 

Bengal province in India (Fig. 1). The model application 

has been followed by regression analysis to assess the 

impact of natural as well as human factors on alteration of 

those hydrologic parameters in order to have a 

comprehensive understanding of complex hydrologic 

system. Such model has been selected because of its 

simplicity and requirement of minimum numbers of input 

data. For physical-based models like SWAT huge 

numbers of data on various parameters of soil, land use, 

weather etc. are required while empirical models, on other 

hand, very often use very fewer variables than conceptual 
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models do but they do not always represent the ground 

scenario required for further analysis. As for example, the 

NRCS-CN [10] is a widely used empirical method which 

uses only rainfall, soil type and land use to simulate 

runoff. But this method simulates only surface runoff. 

Thus for present study it is not suitable since here surface 

runoff and base flow both the variables are essential for 

further analysis. 

 

The hydrologic models are usually used over drainage 

basin for various reasons. One of such reasons is the fact 

that a drainage basin is a well demarcated natural entity 

having a definite input and output paths that make 

observation on hydrologic processes much easier. But 

most water resources development plans are formulated 

for administrative units and hence a gap in required data 

base is developed. It is the investigator who must come 

forward to fix this problem by calculating the respective 

shares of administrative unit for hydrologic processes 

simulated for basin areas in which the former is nested. 

Such an attempt has been taken here and it has been stated 

in methodology part of this paper. The very objectives of 

present study are to simulate each component of 

hydrologic system (e.g. runoff) using HBV model and to 

analyze the impact of natural (e.g. rainfall) as well as 

man-induced factors (e.g. ground water extraction for 

irrigation) on those elements by using statistical tools. 

Basic aim is to have a comprehensive understanding of 

behavior of hydrologic system in the study area so that the 

generated data base can be used for formulation of water 

resources development plan in view of wise use of this 

defined natural resource. 

 

II. THE STUDY AREA 

 

Located in the southern most frank of the Teesta-

Mahananda fan where the topography gradually 

transforms into flood plain the district of Dakshin 

Dinajpur belonging to province of West Bengal in eastern 

India covers the area of 2219 km2 extending from 

25010'15'' N to 25 035' 34'' N and from 88010' 49'' E to 

880 58' 46'' E (Fig. 1)[11]. Geological deposits [12] dating 

back to early Pleistocene period characterize the 

geological formation upon which there have been 

developed Barind uplands dissected by present day flood 

plain, along many present day active drainage lines with 

erosional and depositional in-channel features. 

 

General slope is southward with altitudinal variation of 

only 20 meters ranging from less than 25 to more than 40 

m above mean sea level. Climate is of purely monsoonal 

type with mean daily maximum temperature of 34.60C; 

mean daily minimum temperature of 21.90C and annual 

average rainfall being 1600 mm [13]. Older alluvium 

upon Barind Tract and recent alluvium upon present day 

flood plain denote the soil characteristics of the district. 

Fine Loamy Typic Ustocrepts with Fine Loamy Typic 

Ustorthents occupies most part of the district while in 

some patches there is Fine Loamy Aeric Haplaquepts with 

Fine Loamy Fluventic Ustocrepts [14]. Four major rivers 

– Tangan, Punarbhaba, Atrai and its tributary Jamuna – 

pass through the district appearing from Bangladesh in 

north and exiting towards south in Malda district of West 

Bengal and Bangladesh. Atrai enters into Chalan Bil in 

Bangladesh while Tangan joins Mahananda in Malda and 

Punarbhaba joins the same in Bangladesh. Ultimately all 

are debouching into river Ganga. 

 
Fig. 1 The study area 
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Fig. 2 Flow diagram to show methodology adopted for 

the present study 

 

Total population of the district is 1,670,931 with 14% of 

urban share (Census, 2011), [15]. Forest occupies very 

negligible portion being only 0.93 hectares while 15% of 

the district area [16] is allocated to use for the 

purpose other than agriculture and the rests of the land 

area is thus used for cultivation. 

 

III. METHOD AND DATA BASE 

 

The HBV model (Hydrologiska Byråns 

Vattenbalansavdelning) has been used for simulation of 

direct runoff [L], base flow [L], actual evaporation [L], 

ground water recharge [L] and soil moisture [L] on daily 

basis for the period of sixteen year from 2000 to 2015. 

Input data required for calibration of model include daily 

precipitation [L], mean daily temperature [L], daily runoff 

[L] and mean monthly evaporation [L]. The use of runoff 

data is optional when to run the model using calibrated 

parameters. Calibration has been done for five adjacent 

catchments in which the district is nested (Fig. 3) and 

with the calibrated parameters the model is run for the 

district. HBV model can be used as semi-distributed or 

fully distributed model where study area is divided into 

various relief and vegetation zone. Since the present study 

area and the concerned catchments are of monotonously 

flat and vegetation cover is negligible the lumped version 

of the model has been used where entire 

 
area is considered as a single unit or zone. The output 

value of simulated hydrologic variables are available in 

terms of depth [L] and since the study area is nested in the 

basin area for which calibration has been done with same 

calibrated parameters the model can be run for the district 

or any administrative zone nested in the basin area for 

which calibration is done. After generation of data base 

multiple linear regression model has been formulated 

where hydrologic variables (e.g. runoff) each has been 

used as response variable and rainfall, ground water 

irrigated area, crop area statistics etc. (sum total of 14 

variables including both natural and human factor) have 

been used as explanatory variables in order to observe 

whether there is any 

impact of natural (e.g. rainfall) and human factor (ground 

water irrigated area) on hydrologic variables (e.g. runoff). 

Step wise method has been used to exclude those 

explanatory variables which are proved to be insignificant 

for the model. The mathematical form of the regression 

model is as follows: 
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Here, Y is the response variable, X is the explanatory 

variable, β is the constant and ε is the error term. Since 

the period of study covers only sixteen years (2000 to 

2015) Mann-Kendall test has been applied to substantiate 

the output of regression model. Here, attempt has been 

made to observe whether trend in response variable 

corresponds or not to that in explanatory variable. Final 

result has been interpreted accordingly. Rainfall data is 

available from seven rainfall recording stations locating in 

and around the study area while temperature, relative 

humidity, and wind speed data are available from three 

observatories as Raiganj, Balurghat and Malda. These 

data base have been collected from India Meteorological 

Department, Govt. of India, Kolkata and Directorate of 

Agriculture, Govt. of West Bengal, Malda. Discharge has 

been calculated using Manning formula [17] from gauge 

level data which has been collected from Irrigation and 

Waterway Department, Govt. of West Bengal. The 

agricultural data that is required for regression analysis 

has been collected from District Statistical Hand Book of 

various years (2000 to 2015). 

 

IV. INPUT DATA PREPARATION 

 

A. Meteorological Data 

A few temporally sporadic data point for rainfall from 

Gangarampur and Teor (Hili) observatories and on 

temperature from some of the observatories have been 

identified. The missing rainfall data from Gangarampur 

observatory has been estimated using inverse distance 

method which is usually used by US National Weather 

Service. Such technique has been adopted as it is suitable 

one for this station due to having its ideal location for 

which the technique can be applied as per the guideline 

for application of the technique [18]. Missing rainfall data 

for other observatory and missing temperature data have 

been estimated by formulating multiple linear regression 

analysis. The potential evaporation [L] has been 

calculated on monthly basis using FAO- Penmann-

Monteith equation [19] using temperature, relative 

humidity and wind speed data All these meteorological 

data have been interpolated by Kernel Smoothing 

Operation which is of the form: 

 
The entire area is divided into one km by one km grid. EP 

is the estimated parameter (e.g. rainfall) for a particular 

grid point having a definite location of longitudinal xi and 

latitudinal yi value, while RP is the recorded parameter 

(e.g. rainfall) for weather observatory having a definite 

location of longitudinal xi and latitudinal yi value. Ki is 

defined in equation no. 3 where d is the distance between 

grid point and weather observatories while h is the band 

width (a constant) whose value is determined by cross 

validation method. In the present study the value of h has 

been identified as 1.5 for rainfall and 10 for temperature 

and potential evaporation each. The value has been 

accepted wherever the sum of square difference between 

observed and recorded value of meteorological parameter 

has been found as minimum. Finally the data have been 

arranged as time series on daily basis for the duration of 

2000 to 2015 for their use as input to HBV model. 

 

B. Discharge Data 

Manning formula that has been used to convert the daily 

gauge level data into daily discharge is of the form: 

 
Here Q is the discharge [L3T-1], while A is the cross 

sectional area [L2] of river, R is the hydraulic radius [L] 

and S is the water surface slope [-]. In gauge level data a 

large data gap for non-monsoon period of almost every 

year has been identified. To estimate the missing data 

regression model has been formulated where discharge is 

taken as response variable and square root of daily rainfall 

and normalized antecedent precipitation index (NAPI, 

calculated following Garg Method, 1987) [20] have been 

used as explanatory variables. Finally the average of five 

adjacent catchments for the area above gauging station 

has been calculated and thereafter the value has been 

converted into runoff depth [L] on daily basis for its use 

as input to HBV model. 

 

V. CONCEPT AND STRUCTURE OF HBVMODEL 

 

A. Model Description 

The HBV model was originally developed by Bergström 

[21] at Swedish Meteorological and Hydrological Institute 

(SMHI) and since then it has been modified by developer 

himself [22-24] from time to time and by many other 

authors [1, 25-28]. Presently the model exists in different 

versions (Swedish, Norwegian, Finnish, Swiss, etc.) but 

their basic structure remains same. The HBV – Light 

v4.0.0.10 that has been used in present study is a 

community based free Window version software 

developed by Jan Seibert [29] based on original HBV 

model concept. The mechanism of simulation of 

hydrologic variables (e.g. direct runoff, base flow) has 

been conceptualized using a number of model parameters 

and introducing two ground water boxes. As Seibert [29] 
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describes, it consists of four modules (or sub-model): 

Snow Routine, Soil Moisture Routine, Response Function 

and Routing Routine (Fig. 4). In snow routine 

precipitation is simulated to be either snow or rain 

depending on whether the temperature is above or below 

a threshold temperature, TT (0C) (please note all model 

parameters are in bold). All precipitation simulated to be 

snow, i.e. falling when the temperature is below TT, is 

multiplied by a snowfall correction factor, SFCF [-], 

which represents systematic errors in the snowfall 

measurements and the „missing‟ evaporation from the 

snow pack in the model. Snow melt is calculated with the 

degree day 

method (Eqn. 5). Melt water and rainfall is retained 

within the snow pack until it exceeds a certain fraction, 

CWH [-], of the water equivalent of the snow. Liquid 

water within the snow pack freezes according to a 

freezing coefficient, CFR [-] (Eqn. 6). In soil moisture 

routine rainfall and snow melt (P) are divided into water 

filling the soil box and groundwater recharge depending 

on the relation between water content of the soil box (SM 

(mm)) and its largest value (FC (mm)) (Eqn.7). Actual 

evaporation from the soil box equals the potential 

evaporation if SM/FC is above LP [-], while a linear 

reduction is used when SM/FC is below LP (Eqn. 8). 

 

 
The output of soil moisture routine enters into response 

function. The HBV – Light v4.0.0.10 provides options of 

using eight different types of structures of response 

function. The structure which has been used for the 

present study is „Response Routine with Delay‟. In this 

structure as shown in Fig. 5 the recharge is divided into 

two parts. One part directly enters into upper ground 

water box where from surface runoff (Q1) is generated 

(Eqn. 9) while other part enters into lower ground water 

box with delay where from base flow (Q2) (Eqn. 10) is 

generated. Delay here is the model parameter which needs 

to be calibrated. PERC [mm d-1] defines the maximum 

percolation rate from the upper to the lower groundwater 

box (SLZ (mm)). Runoff from the groundwater boxes is 

computed as the sum of two outflow equations (K1 and 

K2 (d-1)) (Eqn. 9 & Eqn. 10) depending on whether SUZ 

is above a threshold value, UZL (mm), or not. In routing 

routine this runoff is finally transformed by a triangular 

weighting function defined by the parameter MAXBAS 

(d). 

 

 
Fig. 4 Structure of HBV model (taken from help menu 

of HBV – Light v4.0.0.10). Notations have been 

described in the text. 

 
Fig. 5 Response function module of HBV model (taken 

from help menu of HBV – Light v4.0.0.10). Note that 

this sub-model has distributed structure. Notations have 

been described in the text. 

 
Table 1 shows the input and output variables for each 

module of HBV model. It is to be noted that the HBV-

Light v4.0.0.10 that has been used in the present study 

uses all the input data on daily basis except potential 

evaporation which can be used on daily or monthly basis. 

Table  shows the model parameters along with their 

calibrated values. 
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Table 1: Input and output variables of four modules of 

HBV model 

 
Table 2 Model parameters and their calibrated values 

 
Source: Help menu of HBV – Light software v4.0.0.1. 

The calibrated values are output of optimization of 

model parameters by GAP method. 

 

B. Model Calibration and Validation 

Model calibration is simply the process of optimization of 

a set of parameters of the model parameters while 

validation is the measures of the output of model fit to 

real world scenario. Calibration and validation of 

conceptual runoff models usually are limited to 

comparing simulated with observed stream flow at the 

basin outlet [30]. In present model structure there are 

fourteen parameters to be calibrated. The software HBV – 

Light v4.0.0.1 provides the options of two methods for 

calibration. One is Monte Carlo while the other one is 

Genetic Algorithm Powel Optimization (GAP) method. 

Author has given a trial of using both the methods but 

Monte Carlo method produces somewhat poor result in 

comparison to output of GAP method. Hence, finally 

GAP method has been applied for parameter optimization. 

The model has been calibrated for the period 24 June, 

2003 to 31 October, 2008 while it is run for the period 1 

January, 2000 to 31 December, 2015. The objective 

functions used here for judging the goodness of fit of the 

model are R2 and Nash-Sutcliff Coefficient [31] here 

called Coefficient of Efficiency (Reff) which is of the 

form: 

 
Here Qobs and Qsim are the observed and simulated 

runoff respectively. Its value ranges from (–) infinity to 1. 

The model is considered to be perfectly fitted if Reff =1; 

as good (poor) as the constant-value prediction if Reff = 0 

and very poor fit if Reff <0. 

 

VI. RESULT AND DISCUSSION 

 

The value of objective functions (R2 = 0.901 and Reff = 

0.867) indicates that the model is well capable of 

representing the real world hydrologic system pertaining 

to the district of Dakshin Dinajpur. Model performance 

generally depends upon two factors – the calibration 

efficiency of user and accuracy in preparing input data for 

the model. Table 3 shows the result of multiple linear 

regression model formulated for estimation of missing 

discharge data where square root of rainfall and 

normalized antecedent precipitation index (NAPI) are 

used as explanatory variables. Here p-value is quite 

satisfactory at 95% significance level while R2 and 

adjusted R2 value indicate that model is on and average 

acceptable. The result of data generation by applying 

HBV model and that of subsequent analysis using 

multiple linear regression have been presented in Table 4 

to Table 6 and in Fig. 6. 
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Table 3: The result of multiple linear regression model 

formulated for estimation of missing discharge data 

 
 

Table 4: Output of HBV model run 

 

 
 

The statistical analysis (Table 6) shows that runoff total, 

base flow and ground water recharge on annual basis are 

influenced by two factors together; one is annual rainfall 

while the other is annual groundwater draft for irrigation. 

The former is positively related to them while there is 

negative impact of ground water withdrawal on 

hydrologic variables mentioned. The rainfall, on other 

hand, again has been identified as the sole influential 

factor for direct alteration of surface runoff, actual 

evaporation and soil moisture storage on annual basis. 

Increase or decrease in one unit of rainfall causes 

respectively increase or decrease in runoff total by 0.661 

units, surface runoff by 0.31 units, base flow by 0.328 

units, actual evaporation by 0.337 units, ground water 

recharge by 0.634 units and soil moisture storage by 

30.924 units 

 

Table 5: Result of Mann-Kendall Test 

 
Note: 1. Actual evaporation, 2. Groundwater irrigated 

area 

 

Table 6: Result of Multiple Linear Regression 

formulated to assess the impact of natural and human 

factor on hydrologic processes 

 
on annual basis (Table 6). Fourteen variables (including 

land use, crop occupied area etc.) were entered in the 

model and using stepwise method those variables which 

are proved to be insignificant have been excluded from 

the model. Rainfall and groundwater irrigation area have 

been accepted as influential for alteration of hydrologic 

processes base on p-value (accepted when it is <0.05) 

which are quite satisfactory (Table 6) at 95% significance 

level while VIF explain the existence of multi co-linearity 

in the data series. Those variables have been excluded 

from the model against which value of VIF is >1.75. It 

has earlier been stated that to substantiate the result of 
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impact analysis of natural and human factor on hydrologic 

system Mann-Kendall test is used since the number of 

data point in time series generated by HBV model is 

sixteen only. The Mann-Kendall test result shows (Table 

5) that all the hydrologic variables have been proved to be 

significantly decreasing over time on annual basis except 

ground water recharge. The groundwater irrigation area 

that 

 
 

 

 

 

 
 

Fig. 6 Graphical presentation of variables generated as 

output of HBV model run while plot of tube well data is 

not related to the mode. The straight lines are the trend 

lines otherwise the lines show changing pattern of 

concerned variable over time. 

 

has been the proved to be the sole human factor to exert 

influence on hydrologic process also shows no significant 

trend over time. 

 

In last one and half decade there has been reduction in 

annual rainfall by about 22.61% with respect to base year 

in 2000. As the Sen‟s estimator value shows (Table 5), the 

annual rainfall is declining in the study area at the rate of 

22.95 mm per year. Direct runoff on the other hand is 

decreasing at the rate of 6.84 mm per year. There is 29% 

reduction in direct runoff in last sixteen years. Base flow 

is also declining at the rate of 6.73 mm per year and it has 

been reduced on an average by about 30.76% with respect 

to its estimated value in the base year 2000. There is also 

declining trend of actual evaporation over the time at the 

rate of 11.12 mm per year. On an average it has been 

reduced in last sixteen years by about 14.56%. The soil 

moisture storage is declining at the rate of 795.3 mm per 

year which is much alarming. This parameter has been 

reduced by about 21% in last sixteen year. Reduction in 

rainfall can well explain the declining trend of base flow 

since former is positively related to latter but unchanged 

status of ground water irrigation area is not in compliance 

with that of base flow with which it is inversely related. 

The another event which seems to be discrepant is that in 

spite of declining trend of rainfall the ground water 

recharge remains unchanged. 

 

To address this problem the attempt has been made to 

assess the trend of hydrologic variables for two separate 

periods – monsoon and non-monsoon. It is observed that 

monsoon rain that takes a share of about 73% of annual 

total remains almost same while non-monsoon rainfall is 

decreasing. In the study area recharge occurs directly 

from monsoon rain in four wet months starting from June 

ending at September. During October or sometime in 

November recharge occurs from depression storage. Non-

monsoon rainfall cannot cause groundwater recharge 

since during this period almost all the rain water is spent 

in satisfying the interception zone and soil moisture zone. 

Direct runoff (here the term surface runoff is also used 

interchangeably with the term direct runoff) that is 

generated from monsoon rain is decreasing though the 

latter remains same. It might be due to fact that shortfall 

in rain during eight months of dry period results in 

depletion of soil moisture storage and also depletion of 
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storage in other zones like interception zone and hence 

after long period of dryness when rain comes an increased 

portion of it goes to saturate the interception zone, soil 

moisture zone etc. i.e. initial abstraction loss might has 

been increased. Base flow on the other hand decreases 

due to increased dependency on groundwater for 

irrigation in lean season that is substantiated by the time 

series of data on number of deep tube well that shows 

increasing trend (Fig. 6) 

 

VII. CONCLUSION 

 

The hydrological processes in Dakshin Dinajpur distric is 

gradually changing in response to change in rainfall 

coupled with human interference through increased 

utilization of groundwater for irrigation use in lean 

season. There are two important outcomes of the present 

study: First, Annual rainfall is gradually decreasing in 

response to which runoff total, direct runoff, base flow, 

soil moisture, actual evaporation are declining day by day 

while groundwater recharge remains more or less uniform 

over last one and half decades. Groundwater recharge 

occurs directly from rainfall during monsoon period that 

starts at second week of June and ends at last week of 

September. Groundwater recharge continues even after 

withdrawal of monsoon and goes up to October and 

during this one month duration it occurs from depression 

storage like pond, natural water body etc. The ground 

water recharge remains unchanged since the monsoon 

rainfall remains almost same while decreasing rainfall 

portion is of non-monsoon period that cannot make 

groundwater recharge. Decrease in non-monsoon rainfall 

causes decrease in soil moisture storage and this shortfall 

in dry season rainfall also acts as limiting factor for actual 

evaporation. Now question arises why direct runoff that 

occurs mostly due to monsoon rain is decreasing while 

about 73% of total rain occurs during south west 

monsoon. It might be the cause that since there is short 

fall in dry period rainfall the soil moisture zone goes dry 

through most part of the year and hence a lion share of 

monsoon rain is used to satisfy the soil moisture zone 

initial abstraction loss is increasing that result in decrease 

in direct runoff. This assumption needs to be proved or 

disproved taking into consideration of abstraction loss in 

various zones like interception zone, soil moisture zone 

etc. and here lies the scope of further research. Second, 

important outcome is that for dry season crop cultivation 

farmers are compelled to withdraw more groundwater for 

its use in irrigation as indicated by the tube well data and 

this causes decrease in base flow (lean flow) of the rivers 

in the district. In experience of local people in general and 

farmers in particulars the four major rivers those were 

once perennial are now becoming intermittent ones. 

Farmers should go for cultivation of drought resistant 

traditional crop during dry season, otherwise the present 

rivers and water body will go dry in near future and there 

might be scarcity of even drinking water in coming era. 

So, not only proper planning in water resource 

management but that also in agriculture is the urgent need 

for the district. The database generated in present study is 

not sufficient for this purpose and this study assesses the 

phenomenon for very short period (only sixteen year). 

Further research is needed considering time series of long 

duration and also considering more variables like 

interception zone storage, irrigation intensity, population 

pressure etc. to address the problems. 
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