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SUSTAINABILITY OF A WARABANDHI SYSTEM: -
SRS and GIS Techniques to help Identify Issues

R. Sakthivédivell, S. Thiruvengadachari’, Upali Amerasinghe ' and David Molden'

INTRODUCTION

Irrigated agriculture will play a major role in future food security of most Asian countries
and also will be the major contributor to additional food production requirements for
increasing world population (Svendsen and Rosegrant 1994). Therefore, it is important
to increase agriculture performance of the low production systems, while sustaining the
performance from the higher productive systems. This paper focuses on the sustainability
issues of the Bhakra irrigation system in the state of Haryana in India. Agricultural
performance of Bhakra is higher than the average national level (Statistical Abstract
1995). Currently, it contributes about 40 percent of the Haryana’s wheat production and
6 percent of the national production. Bhakra, though ensures equity in canal supplies
through Warabandhi system of rigid rotational water distribution, is a water short system.
This leads to large scale groundwater withdrawal to obtain the present wheat area
coverage and high production levels. Thus the long-term sustainability of high
agricultural productivity with present water use pattern assumes crucial significance.

Effective evaluation of irrigation system performance and sustainability in many
countries, and particularly in India, is hampered by lack of adequate irrigation statistics.
Traditionally, emphasis on measuring the agricultural performance indicators such as
yield, cropping intensity, irrigation intensity, is at aggregated level, often at state or
national levels. Data at project level are rarely collected. If collected they are often -
unreliable or not easily accessible (Murray-Rust and Merrey 1994). 1t is in this context
that IIMI, as part of its ongoing research program on the use of emerging technologies in
irrigation management, applied remote sensing and Geographic Information System
(GIS) techniques to study Bhakra irrigation project and to analyze sustainability issues.
The programme involved both methodological developments and operational application
to generate required agricultural performance data at a disaggregated level. This study
executed by National Remote Sensing Agency in India in collaboration with IIMI
complements an earlier study by IIMI on the Bhadra project, Karnataka a rice based
irrigation system. Thus the two IIMI studies have demonstrated operational remote
sensing and GIS applications for the two major irrigated food crops of India.

SRS applications typically involve analysis of multispectral data acquired by earth
resources satellites such as Landsat and Indian Remote Sensing Satellite (IRS). They can
be used to derive information on cropped area, cropping pattern and calendar, and crop
productivity in irrigation systems (Bastianssen 1997). Waterlogged and salinity affected
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soils have been mapped. The benefits of SRS techmques are the spatlal data generatlon
and temporal monitoring capability through the season and years (Thiruvengadachari and
Sakthivadivel 1997). Conventional surveys are often not adequate to provide
disaggregated estimates of crop yield within a command area, and typically prov1de only
overall estlmate for the total command area.

The satellite derlved data in raster format i is also ideal for import into the GIS
environment. The 1nformat10n can then be combined with other spatial data. While
published hterature exists on some. specific applications, (Huston and Titus 1975;

Draeger 1976; Pestemalcr 1995; Azzali and Menenti 1989) the Bhakra system study is
perhaps one of the first attempts to demonstrete a total nackage of applications to aid
system performance evaluation. Another notable feature of this study is the extensive and
synergetic use of other contemporary technologles such as Global Positioning System
(GPS) and Geographlc Information System (GIS). The relevance and promise that these
technologies hold in hydrologic modeling, essential for effective water resources
management , is highlighted in a recent review article (Tim 1996)

Earlier studies have demonstrated the usefulness of satelhte remote sensing data in
generating 1nformat10n on total irrigated area and area under different crop for the total
project area (John et al 1978, Kolm 1984, Nageswara Rao-et al 1990). Multispectral
SPOT data and dirborne data were analyzed for monitoring irrigated orchards and nine
crops in South Australia (Wllhamson 1989). Several studies have demonstrated the
utility of Normalized Difference Vegetation Index (N DVI) in monitoring crop phenology
and condition. NOAA AVHRR derived NDVI was used to describe the phenology of
Iberian vegetatlon (Damel 1989) which indicated that irrigated crops can be
characterized by the timing and magnitude of the maximum NDVI value. NDVI was
again shown to be a sensitive indicator of variations in biomass which correlates with
spatial and temporal changes in growing conditions (Kennedy 1989).. Many studies have
attempted crop yleld estimates using satellite data (Pinter 1981, Quambay 1993), with
Hatfield (1983) recommending the use of VI at heading stage of crop for estlmatmg
potential harvestable yleld

The main obJectWe of the present study is to demonstrate the application of SRS and GIS -
techniques to evaluate the performance of a wheat based system and to demonstrate their
utility and cost-effectiveness as a diagnostic tool for system improvement.

The specific objettives of this study are: (i) generation of disaggreated statistics on total v
irrigated area, area under major crops and wheat productivity, and (ii) integration of
satellite derived statistics with other ground measured data to identify factors constraining
agriculture performance and long term sustainability of the agricultural production
system. One of the specific questions that this research addresses is whether present
practices of water allocation and distribution of canal supplies can be maintained at
current levels without detrimental impact on agricultural productlon and ground water
regime or not. ‘ C



SYSTEM DESCRIPTION : Warabandhi Principl'e and Rotational Waten_-
Distribution ' I

Bhakra System -

The Bhakra canal system in the state of Haryana in Northwestern India has a cultivable
command area of 1.2 million ha (Figure 1). It provides 88 percent of the surface
irrigation support in the State. With a semi-arid to arid climate, prolonged hot periods
persist in the command between March to October with rainfall concentrated from July to
September. The average minimum and maximum temperatures fluctuate around 5 C.
Irrigation requirements vary from east to west with annual evapotranspiration varying
over the command between 1250 mm in the northeastern part and 1650 mm in the
southwestern part (Water Atlas 1997). The average annual rainfall in the north - eastern
part of the command is 750 mm while in the south western part, it is less than 400 mm.
Dry season (rabi) rainfall varies from 100 mm in the east to less than 50 mm across the
command area in the west. ‘ '

The Narwana - Sirsa system, Barwala - Sirsa system, and Bhakra Main Line (BML)
system - the three operational systems of the Bhakra canal network - receive their water
supplies from two sources. The Gobind Sagar Reservoir impounded by the Bhakra dam,
from which Haryana draws its share of the flows of the rivers Ravi, Beas and Sutlej of the
Indus river system; and the diversion barrage at Tajewala on the Yamuna river. from
which Haryana gets its share of the (uncontrolled) Yamuna flows from the Ganges river
system. Waters from Bhakra storage are used to supplement the run-of-the river-.
availability from the Yamuna through two links - the Narwana branch and the Bhakra
Main Line (BML) - Barwala link. Of the three operational systems, the Narwana - Sirsa
system and the BML - Barwala system are partly supplied from the Yamuna and partly -
from stored waters of the Indus rivers. The BML system is entirely supported from the
storage waters of Bhakra dam. Among the three operational systems, BML system
enjoys the most stable and predictable supplies. ' '

In addition to canal water, groundwater plays a major role in the irrigated agriculture of
Bhakra canal command. Area irrigated by groundwater through shallow and deep tube
wells is equal to or greater than that irrigated by canal water. In Hisar, Sirsa and parts of
Jind districts where groundwater development is low due to poor quality, water table rise
during 1979-1994 was 5.5m, 4.37 mand 1.8 m respectively. Sustained rise in ground
water table in these areas is one of the major problems in the command. In Kaithal,
Kurukshetra and Ambala districts the water table dropped during the same period by 2.02
m, 8.0 m and 4.67 m respectively due to extensive development of good quality
groundwater., ' : - -

In order to reduce seepage and to improve the conveyance efficiency of canal networks
as well as to control the groundwater rise, lining of canals and watercourses commenced
about 18 years ago and is still continuing. Out of 17,500 km length of watercourses in
the command, about 12,300 km length (70%) have been lined. However, the water saved
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due to lining has not been quantified and accounted for in water aIlocaiiOn and
distribution, '

Kharif (June - October) and Rabi (November - April) are the two principal agricultural
seasons. At the tim¢ of planning the Bhakra canal command, the following cropping -

pattern was assumed: in Kharif, fodder, cotton, gram, barley, orchards and vegetables;

© individ{lal farms are aggregated into hydrological units (chaks) of 100-400‘ha (50-200 -

farms). ‘

e each farm holding in the chak is entitled to take the full supply in the watercourse
during a specified period proportional to its size, during the week. This

o water cotirses are ungated and are served by parent channels (minors) with a capacity
exactly equal to the sumn of the capacity of off-taking minors and direct outlefs to
watercourses (again allowing for losses). '

%0.17 Vs/ha is equal to 1.5mm/day, while peak ET in the irrigation season is 3 to 5 times this amount.



® minors in turn are usually gated and are served by a distirbutary whose capacity is
exactly equal to the combined capacity of off-taking minors and direct outlets to
water courses (again allowing for losses).

Since the water allowance/ha is very low, water scarcity is an inbuilt feature of the
system. Originally the operating principle was conceived with a view to equitably
distributing run-of-river flows. Since the pattern of availability of water was unknown, a
further procedure was required to deal with uncertainty. This procedure known as ,
‘rostering’, consists of assigning the distributaries into groups and defining rotating
“performance orders’ (priority orders) for the groups. Typically, there are three groups
(say A,B,and C) in a large command. In the first week, group A has first priority, B the
second and C the last priority. In the second week, group C moves to first priority, B to
third and A to the second. In the third week, the priority order changes again, and in the
fourth week the cycle begins all over. Fluctuations in flow during a week are absorbed in
the lower priority groups. For further details with regard to Warabandhi principle of
water distribution reference is made to the publication by Mahhotra ( ).

With the creation of reservoirs across the major rivers, a substantial degree of control was
added to the system and it became possible to schedule deliveries more actively to
coincide with critical periods in the agricultural year. Despite these improvements to the
infrastructure, the system of allocating water has remained essentially unchanged in
respect of the turn system at the chak level and canal rostering.

Rotational Programme of Bhakra Canals for Rabi 1995-96

During Rabi 1995-96 the Bhakra system was operated from 3 October 1995 to'14 April
1996 following the set pattern of rotations among different systems as described below.
The Narwana - Sirsa system is divided into three groups of channels and each group is
operated with 8 day turns. In the BML - Barwala link, channels are divided into two
groups, each group getting its water in 16 day turns. In the tail BML, the distributaries
are divided into 3 groups and the priorities are rotated after every 8 days turn. Usually,
the BML brings enough water to run two groups at their authorized capacity.

The above allocation schedule with constant water allowance per unit area allows the
command area serviced by tail BML channels to have the best availability of supply in
terms of quantity of water per unit command area among the three systems, followed by
the Barwala - Sirsa system getting only 80 percent of the BML supply per unitarea, The
Narwana - Sirsa system has the least availability, with the distributaries receiving only 50
percent of the BML’s supply per unit area. It must also be noted that fresh groundwater
zones (Narwana - Sirsa System) got the least surface water supply while the saline and
marginal groundwater zones (Bhakra Main Line system) got the maximum surface water
supply per unit command area.



METHODOLOGY : Use of SRS and GIS Techniques

Satellite Iﬁ;{éhtbry_ of Bhakra Canal Command Area

The overview of satellite image analysis is shown in F igure 2. The innovations in
analysis methodology include development of an iterative supervised - unsupervised -
classification approach and wheat yield modeling. o '

The comniand area is covxered: by nine- IRS - IB satellite'LISS IT scenes of 74 km x 74 km
sizes. Cloud cover free satellite coverage representing seasonal agricultural progress
were obtained on five overpass dates during the rabi season of 1995-96 agriculture year
(Table 1), o ' R

The satellite scenes, in which digital counts were first transformed into radiance values,
were geome{trically corrected with reference to accurate topographic maps in 1: 5 0,000
scale and mosaiced to provide complete coverage of commard area. The corrected data
set had location accuracy within 15 meters, pixel size of 30m x 30m, north-south oriented
and in polyconic projection. . L » ' ‘

The canal nétwork, major road/rail road, rivers and settlements as well as boundary of
364 distributaries/minors were digitized, geometrically corrected-and co registered with
the satellite data set, for overlaying on hard copies of for generating statistics for
specified area units such as distributary command area. The base map showing the area
commanded by distributaries/minors had to be specially prepared in consultation with
field officers; as this was not readily available. : o '

The analysis was, supported and results are validated by ground truth campaigns during

10 January to 5 February and 14 to 28 June 1996, The field visits helped in the
identification of sample sites representing target crops to be classified as well as crop
cutting plots Where wheat was harvested and yields estimated. The location of sample
sites and crop cutting plots was obtained within 100 m accuracy through a hand held GPS
receiver. Anéillary information on rainfall, canal discharge, groundwater levels and '
quality, and cropping pattern and crop calendar was also collected during field visits. The
satellite related analysis was completed in eight months time at a unit cost of about US 3 »
cents per ha. This covers the cost of purchasing satellite data from the Indian Remote
Sensing Data Centre and includes processing cost.

Crop Classification :

The details of classifying satellite data into specified crop classes are shown in Figure 3.
A review of spectral signatures of wheat, oil seeds and other crops indicated a wide range
and possible confusion between classes. Application of traditional supervised
classification of wheat by Pestemalci et al. (1995) resulted in an accuracy of only 85
percent. Furthier non-availability of full cloud free coverage in March 1996, critical for



use in simple or sequential maximum likelihood classifiers, necessitated new approaches.
Consequently, an innovative classification methodology of iterative supervised and
unsupervised classification approach (Figure 3) was developed to analyze satellite data
acquired in the month of November, January and February. These three periods were
optimally selected based on analysis of spectral signatures in all 5 dates and after
evaluating separability index through Bhattacharya distance measure (Jensen 1986).

Only the green, red and near-infrared spectral band data of three selected dates were
combined in a 9 dimensional data set and analyzed . An earlier study has also shown that
in the maximum likelihood classifier the classification accuracy and computational speed
decreases as the number of spectral channels increase( Lee and Richards 1985). The
supervised classification was applied first, leaving 53% of the image pixels unlabelled, as
the result of 9 dimensional data set providing pure spectral signatures of crop categories,
with even marginal deviations resulting in non-classification. The unclassified portion of
the images was then subjected to unsupervised classification that yielded 50
homogeneous spectral clusters. The signature of each cluster was compared with
reference signatures to create additional training sets. The earlier and additional training
sets were combined and spectrally clustered to provide revised training sets , which were
used for further supervised classification. This approach of random selection of pixels in
training sets has been shown in a contemporary study to increase classification accuracy
in simulated satellite images of high spatial auto correlation(Dobbertin and Biging 1996)
This process was repeated until all pixels were classified as wheat, oilseed or others. ,
Once the classification was completed the results were confirmed by reference to 01/02
April data, because on this date most of the crops were in senescence phase. -

The crop classification was validated against both sample areas identified during the first
field visit but not used in classification and randomly selected area during the second
field visit. An overall kappa accuracy of 95 percent was obtained (Congalton 1991).
Satellite inventory provided data on the total irrigated area in the command, while the
Irrigation Department reports only areas irrigated by canal supplies.

Wheat yield estimation

Agricultural productivity is the ultimate yardstick for assessing not only farm income but
also water distribution and use efficiency. Conventionally crop cutting experiments
(CCE) are conducted for the principal crops involving harvesting the crop at selected
plots and obtaining average yield from the sampled scheme. Many studies while
investigating the relationship between satellite data and crop yield have attempted to
relate the end-of-season crop yield to satellite derived Normalized Difference Vegetation
Index (NDVI) at heading stage, since the crop condition at this stage is a major
determinant of crop yield. Pestemalci et al (1995) used similar single date regression
model for a limited number of wheat parcels in Turkey to obtain a correlation coefficient
of 0.84. ' o o -



c_orrespé)nding to headirig phase of wheat was used as independent variable in the
regression. CCE plots where farm size is less than 0.4 ha and where within- window

by scaling over a dynamic range of 0 to 255. The regression coefficient is significant at
1% significance level. :

Using thé linear regression model, the yield was estimated for e_verylwh.eat'.pixel._ These
estimates can be aggregated over any desired aerial unit such as distributary/minor
command, canal sub-division, division and water service circle,

Inv_teg’rati-'(f_m of Geographic Information System

To enable'more comprehensive spatial analysis and to integrate more ground data which
are in different scales and information levels, all relevant data have been organized in
geographit information system (GIS) environment using IDRISI software. Table 2
characterizes the spatial and non-spatial data in regard to source data type, resolution and
scale used in GIS analysis. Information integration and analysis was attempted through
union and intersection techniques (Figure 5). . -

The GIS aﬁplica_tion_s covered two main aspects:

1. Qharaicf_erization of command area with regard to agricultural productivity, canal
supply and groundwater regime and their interrelationships in order to help clarify
policy issues on long term sustainability,

2. Answer: specific queries on location specific corrective management, such as areas

with potential waterlogging problem, areas for reclamation and soil limitations to
wheat ptoductivity etc., -

RESULTS OF ANALYSIS



Agricultural Characterization of Bhakra Commaiid Area

The spatial variability of i 1rr1gat10n 1ntensxty ( 1rr1gated cropped area to cultivable
command area), and wheat, oil seeds and other crop areas as percent of total cropped
areas has been determined and mapped. An overv1ew of irrigated statistics across the
command area is presented in Table 3. The overall irrigation intensity of the command
for the rabi 1995-96 is 83 percent both by surface and groundwater against a designed
surface water irrigation intensity of 32 percent. The contribution of groundwater to
irrigated agriculture in this command is significant and surpasses in irrigating more area
than that by surface water supplies (Agricultural Statistics 1995). Among the rabi crops,
wheat is predominant , occupying more than 70% of cropped area. These figures
compare favourably with the figures quoted in irrigation and agncultural StatlStICS of the
government of Haryana (1995).

The wheat yield and: production for different water service circles for rabi 1995-96 is
shown in Table 3. The maximum wheat yield is in Kaithal circle which is mostly having -
fresh groundwater while the minimum wheat yield occurs in Hisar-1 and Slrsa cxrcles
underlain by marginal and saline groundwater’s.

The average wheat yield over the whole command area is estimated to be 4.09 t/ha. Also,
distributary/minor wise wheat yield was computed and compared with divisional mean .
wheat yield. Distributaries/minors having less than 90 percent of divisional mean wheat
yield are considered to be poorly performing distributaries/minors. Based on this
criterion, Table 4 provides the list of distributaries/minors of poor wheat productivity.

The list provides an initial screening of poorly performing distributaries for which causes
can be identified to diagnose constraints to productivity.

Spatial variation of wheat area and wheat yield

In order to study the spatial variation of wheat irrigated area and wheat-yield as function
of distance from the supply channels, two typical water circles - Kaithal and Sirsa -
having different groundwater quahty were selected.: Using the GIS, the nearest distance
from the supply channel network? to each pixel was calculated and the average wheat
yield and wheat irrigated area were computed at an incremental length of 500m. In Sirsa
circle with poor ground water quality about 45% of wheat irrigated area was concentrated
within a distance of 500 m from the canal network, while only 28% of wheat area is
concentrated within a distance of 500 m in Kaithal circle with good ground water quality.
However, in both circles as one moved away from the canal network, the percent wheat
area decreased. The above results indicate that most irrigated wheat area in a water circle
is concentrated in and around canal networks due to seepage water availability and
nearness to the water source. Farmers appear to capture seepage water from canals
through wells to increase their wheat irrigated area.

4 Supply channel network considered are main channel, branch canal and distributary/minor,



On the other hand, spatial wheat yield variation is not very perceptible although the mean
wheat yield in the two circles differed by 0.6t/ha. In fact, the wheat yield in Kaithal water
circle where fresh ground water is available is higher in the tail-reach compared to the
head reach of that circle. :

Canal Witer Supply X

The spatial variability in canal supplies (Figure 6) indicates that low canal supply areas
are mostly in fresh groundwater zones while high canal supply areas are in saline or
marginal groundwater zone, As per Warabandhi principle, one would expect to receive
_more or less equal supply of water per unit command area. However, the canal supply
vary from less than 150 mm in 35 percent of the command area to more than 300 mm in
about 41 percent of the command area. The remaining 24 percent command area receives

- between 130 mm and 300 mm.

IDRISI GIS helped in defining the regional agriculture, ground water and canal supply
setting of the command area for analyzing their inter-relationship. Table 5 presents the
relationship among groundwater quality, percentage of rabi irrigated area, percentage
wheat area with yield less than 4t/ha, percentage of command area with low canal water

~ supply/unit command area, percentage of area with falling groundwater trend and
percentage area with groundwater depth greater than 10m. This table brings out some
interesting tesults: in marginal/saline groundwater zone, the percent of rabi irrigated area
is low and the percent of wheat area is also low. On the otherhand, only 9 percent of

. command area in marginal/saline groundwater zones gets low surface water supply

compared to 70 percent command area in the fresh water zone. This unequal aerial
distribution of water seems to have been consciously implemented by the agency under
the assumption that those who have fresh groundwater can pump groundwater and

- supplement their canal water supplies while those in saline groundwater area need more
canal supplies to make their crop mature. However, this assumption has implications for
sustainability of the system which will be discussed in a subsequent section.

Also the variation of wheat yield, wheat irrigation intensity, cropping intensity, surface
water supply per unit irrigated area, groundwater depth, groundwater quality and
groundwatet level fluctuations from 1979 - 1994 as a function of distance along five
major canals were studied and the results are summarized in Table 6. Two main

- observations can be made from this table:

1. In-cahals having fresh groundwater, mean wheat yield is high; percent wheat area
is also high; surface water supply per unit area is low; wheat yield, percent wheat
- ared and canal supply remain constant along the channel length. Groundwater is
about 10 m depth and is moderately falling over the years. S

to

In cahals having vmér‘ginal and saline water, mean wheat yield and percent wheat
irrigated area are low; surface water supply is high. Wheat yield and percent

10



wheat area decreases along the canal length while surface water supply remain
constant or increases. Groundwater level is fast raising and in many places the
groundwater depth is less than 3 meters.’

A multiple regression of wheat yield as dependent variable against canal distance
expressed as cumulative percent of cultivable command area (CCA), surface water supply
per unit irrigated area, percent CCA with groundwater depth less than 3m, percent CCA
with marginal and saline water quality and percent CCA with water table changes greater
than 10m from 1979-1994 was carried out and the results are presented in Table 7.

The results indicate that. wheat yield decreases significantly (99% probability level): with
increase in distance along the canal length; with increase in the percent CCA with
groundwater depth less than 3m; and with increase in the percent CCA with groundwater
level increase greater than 10m. Variations of groundwater quality and water supply are
not significantly related with wheat yield. ‘

The above observations and results have certain bearings for the present canal operatlon
practices and raises the following questions:

1. Why the canal supply in some of the canals increases along its length?

ii. What is the impact of this additional water to downstream reaches on wheat area
and wheat yield of the canals? :

When we discussed the aspect of increasing discharge along the canal length with canal
operating managers, one of the probable reasons for this increase suggested by them is
that after lining of many of these canals, water supply allowance originally stipulated
(when the canals were unlined) were not changed over a period of time. As a result,
water saved due to seepage reduction by lining is the additional water that reached
downstream. This has not been redistributed among the distributaries/miners. Secondly,
these are the areas which were supplied with more canal supplies per unit command.

One would expect that this additional water to the tail reach area would increase the
wheat yield and wheat irrigated area; on the other hand, the multiple regression analysis
and the results presented in Table 6 indicate that wheat yield in the tail reach'area is low
and the area irrigated with wheat is also low.. The water s supply is based on Warabandhi .
principle which follows a rigid rotational cycle of fixed duration, frequency and priority
level. When water is supplied at fairly long intervals (once in 15 days), our hypothesis is -
that most of the water supplied in a turn, in this area of highly permeable sandy loam,
instead of meeting the crop water requirement percolates and reaches the underlying
saline groundwatex rather than being retained and available in the root zone for crop |
growth. The 1nadequate rootzone soil moisture is llkely to be a major factor for decrease
in the wheat yield. The NDVI profile of low yield distributaries indicates con31stently
lower-than-normal values through the season suggesting’ inadequate irrigation support.
When the yield goes down, farmers are reluctant to raise a wheat crop; instead they go for

11



oilseed_ »é}_rops which are less water consuming; this switching over to less water
consumihg cr'ops"a‘_ll‘ows more water to reach the saline groundwater and to build the

"of more water has not had the desired impact on wheat yield and wheat irrigated area;
but has aggrgvatevd"‘the'watcr table build-up and potential wafefiogging and soil v
salinization. "'When this aspect was discussed with the officials 6f Water Resources
Department of the government of Haryana in a workshop, they did riot come up with any

other alternative reasons for, the observed results; they have agreed to monitor these ‘

 aspects more carefully in the coming seasons to'confirm our hypothesis and to arrive at
possible temedial measures, S o '

Longterm Sﬁstai'nébiiify'of Bh_&kréA'I_rrigavtio,li“S);ste,m A
From agricultural érddﬁc‘tioﬁ p‘dirit ,‘.of vww fe-spécia'll}‘{ .‘witﬁ:re‘spect'to wheat’ prddué‘iivi:fy,

the Bhakra system in Haryana is performing well compared to many othier wheat growing
systems in Iridia.” The performance parameters (Molden et al. 1997) for Rabi 1995.96 -
worked out based on Wheat as the sole crop in the command area iridicates that the gross
value of outpiit per unit irrigation supply works out to 20 US cents/m> which s three
times the Mahi-kadana system’s performance which is one of the best performing system
in India’, (Sék,thivadi‘vél 1996). -One of the important questionsraiséd in this connéction:
is how sustairikble in the long run is this high agricultural production system, given that

percent of poof ground water are_a,.(('lfqbleIS_). In nearly half the fresh groundwater area
water table depth is alr‘eacvi}‘{vgreat__e‘r. than 10 meters and is falling which will cause
additional pumping costs impacting on farm income, The high irrigation and wheat

have longterri §ustamab111ty :impliéatiOns. In marginal and submarginal groundwé’ter
zone, the ‘Watet table is tising in 68 % of area leading to potential water logging and

secondary salinization. The critical areas of sub-marginal, marginal and saline »
groundwater within 3 meters of surface and generally rising in recent years are shown in

Hisar II circles) dus to the heavy rainfall in the latter part of 1995 southwest monsoon; -

The analysis of ¢anal water supplies in Bhakra command revealed that agricultural
performance was quite good for the rabi 1995-96 resulting in high productivity of wheat
crop per unit of water consumed. However, in the sub-marginal and marginal saline )
groundwater areas, the combined effect of water distribution practices, canal seepage, .
water holding capacity of soils and irrigation methods used by farmers resulted in .
considerable pettolation IoSéés to the*aquifer.” The percolation losses together with canal

* This system was awvarded to-Government of India, Ministry of Water Rgépllrces, price for the best
performing system in 1993-94. . S I ‘ '




seepage and conveyance losses caused in major parts of Bhakra command a groundwater
table rise more than 10m over a period of 15 years in'the saline and margmal groundwater
zones The effective porosity in.the aquifer system of the areas varies from 0.08 to 0.16.
m’m’ (Bastlannssen et al.1996). So a change of 1m in water table depth is caused by a
recharge of 80 to 160 mm. This means that on an average, about 60 to 100 mm of water
is being added every year to the saline groundwater zones having porous soils. The :
impact of.recharge by fresh canal water on the salt balance of -the deep aquifer whichis
generally saline also needs to be studied. A recent study has shown that because of high
ET in arid areas salt ‘concentration in recharge water increases and adds to salt balance in
already saline ground water which gould have serious consequences in the context of
rising water table ( Sula1m1 et al l996) o

Future water management strategies for Bhakra command should address the problem of ..
rising water-table in the saline groundwater zones of the command and the problem of . .
declining water table in the fresh ground water zones of the command. Although a lastmg
solution cannot be achieved without a drainage outlet to remove the salts imported with
'1rr1gatlon water (because:of the closed nature of the saucer type basm) the question ..
'remams whether an improved water management strategy could delay the rise or fall of .
water-table inithe endangered Zones. ' - CE

Therefore alternate strategles should focus on reducrng aqurfer recharge and increasing
groundwater use in the rising water-table areas , and increased recharge or restrtcted
groundwater use in the areas of falhng water table o :

Increased groundwater use in areas w1th rising water-tables and poor groundwater quality
is an issue which should be solved at the level of on-farm water management. Among the -
various components that contribute to aquifer recharge, reductron of canal seepage losses
is one:option to reduce the rechargé to aquifer.” The canal seepage losses were estimated -
to be 10% of the: canal -water-supply (Bastiannssen et al 1996). Further reductlon of those
losses.of: thls ‘heavily.lined system‘will be very difficult to achieve. On the other hand,
reduced 1rr1ganon appltcatton per:iinit drea can be attempted through change of . frequency
of water application. Weekly rotation is adopted now among dlstrtbutartes/mtnors under
Warabandhx principle.. The rotational period can be reduced to say 3.5 days and more.
number of turns can be 1ntroduced with smaller depth of water appllcatlon for each turn.

The | rtsmg water—table in more than 68 percent of the Bhakra command underlaln by poor .
quality ground water forms a direct threat to the future of irrigated agrxculture Unless
nmely preventive and curative ‘measures are taken, the good producttve land ofthe -
.command will be endangered:by the present water distribution practtces The future of
intensive agrlculture and soil productivity will depend on selectlon and 1mplementat10n of
appropriate on:farm and:irrigation-system level ‘management in the 1rrtgated areas.
Therefore, there is an-urgent need to look at the 1 issues raised in tlns report more earefully
through detailed investigation by combining SRS and GIS techmques with hydrologic .
modeling, supported by selective and intensive data collection campaigns: Hydrologrc

' modelmg is an important tool to understand the transfer process of salt and water from
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surface to groundwater and the process of groundwater build-up. Thls has not been
attempted in this investigation.

Conclusions

L. The present investigation has demonstrated the utility of SRS and GIS techniques
- to diagnose the problems associated with current and long-term sustainable
- irrigation performance of a wheat based irrigation system. The satelhte inventory
- completed at a unit cost of about US 3 cents per ha. indicates the cost -
effectiveness of this methodlogy to get data at disaggregated levels.

2. The present practice of allocating and distributing the surface water supplies
under Warabandhi principle leads to current level of high productivity of water
but the longterm sustamabrhty seems to be under threat.

3. There 1s an urgent need by the 1rrigation agency to look at water management
~ problems at farm, regional and system wide level in greater depth by combining
SRS and GIS techniques with hydrologic modeling to suitably modify the present
water allocation and distribution practlces to sustam the system productmty and
to maintain the system health.
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Figure 2 : Flow Chart of Analysis Methodology
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" Figure 3 : Flow Chart of Classification Methodology
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Table 1 : Multidate Satellite Coverage During 1995-96 Rabi Season

Date of satellite overpass

Status of crops

21/22 Nov 1995 **

Beginning of rabi season - Oilseed crops
already sown some early sown wheat.

04 Jan 1996*

Oilseeds and early sown wheat in growing
stage. '

26/27 Jan 1996

Oilseeds and other crops in peak
greenness stage. Wheat in active
vegetative phase.

17/18 Eeb 1996

Wheat in peak greenness-other crops in
flowering / senescence.

10/11 Mar 1996 **

Wheat in peak greeenness-other crops in
senescence / harvested. :

01/02 Apr 1996

Wheat in  senescence-other 'c'ropfs
harvested. :

*

5 th Jan data not available.
“* Cloudfree only over 40% of command area approximately. -
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Table 4 : Distributaries/Minors of Poor Wheat Productivity

Distributaries/Minors

$l. Circle Division
No.
1. Ambala Ambala Panjokra minor and Dangheri,
Garnala, Tandla subminor
Kurukshetra | Nil
2. Kaithal * Kaithal | Nil
Pundri Badhana minor and 2R Badhana
minor
Narwana 1R Badhana minor, Songri minor.
Bithmara minor, Tail branch Sughkan
1L, 2L,3L and 4L Barsola minor, 1-R
Barsola minor, Surban distributary.
3. Hisar-1 Adampur Jagan sub-minor, Dabra minor, Gorchi
: sub-minor, New Sarsana sub-minor,
Basra sub-minor!, Dhansu minor,
Dhansu sub-minor, Gaushala minor.
Hisar-1 Deosar feeder, Chirod minor,
Chandarywas minor, Daha sub-minor,
Gawar minor, Garanpura minor, |
Haritha minor, Nalauli minor and |
Nalauli sub-minor, Shikarpur minpr and
Talwandi minor, Siwani minor. -
4, Hisar-2 | Tohana Nil ,
Fatehabad | Manawali minor, Old Mochiwala
minor, Ding minor, Kheri distributary.
Bhattu minor, Khabra minor, Dhabi
minor, Chuli minor, Jogiwala minor.
5. Sirsa Sirsa Kishangarh minor, Nathour mmor
Rori Phaggu distributary.
Neharana Jandwala sub-minor.
Gaggar Kutiyana distributary, Jamal minor.

Baruwali sub-minor, Salapur sub- .
minor, Kishanpura minor.

Note:Distributaries/minors having less than 90 percent of divisional
average wheat yield are considered poor performance.

27




14

K10393e0 Jotem punoid yoes Jopun eale pajedLul Uo paseq 98eiuedisd = 9 01 Z sUWRjo)
eoJe pajeSiul [8]0) U0 paseq 98ejusdlad = [ UWN[O)

"gate puewwod nun Jod Ajddns [eueo ww g ueyl $S9] = Y/ MO] 1 310N

sy - <7 g I B2J® PUBLIWIOD [BI0],
Ly 01 6 34 L1 e oulfes/[euld el

Sv 4l 61 8y 8¢ z [euireu-qng

15 6y 0L e 6y Lt 4sald

9
01 < ypdop S 4 € z 1

Iayempunols yim | pusn Jojem punoid Jurrey V/O MO} y1im BaIR BYAY > PIRIA Yim BAIT JBAYM eaJe pajesLul AirenQ
eole 98e1ussIsg Y3im Bae JO o8e1ue01od | purwiwoo afejusdied | eale jeym jo ofejuscssg | Jo oSejusoreg | Iqel Jo eSejussing I9Je |\ punoin

S——— T




we>
w 01-¢ asealoep asealoap uley
Buisies yse4| auljes/biepjw 0Z-01 oseasoullest osealoa(|le doojs|zo deolsioese enjeyg
we> 9sealoap 9sealo9p
Bujsiel yse-y| auljes/ biepiw QL-¢ jueIsuo)N|/zoe | sosealoaqios dovisg|ys dosigls ge peqeysieq
we> oseasoap aseal1osp
DuIsies vl opPON | suljess Biepiw oL-¢ osealosqisst OSBIITOY YY" u. %33[eY wbisig e ejemieg
‘Biew-gqnsjw g >
Guisies ajelopon jusaidjw o1-¢ sasealou}lost ueIsuonigg uelsuoniiz SOSBaINagI6 LY esiis
W 0c-01 :
mcm__wu O]elopPOoIN yseijju ¢gL-¢ JUeRISuU0DI69 9SEaIoU}|E6 JuURIsSuod gL uueisuogic iy BUBMIEN
. ' /
uonenionjd | uUonjeMeA |uespy| uonelep [uespy | uoljeLlBA |ueayy | uonelep [UBBly
[onaT Aenp | wydeg Mo Aiddng Aysuajuj Aususjuj
"MD "M'D  |jueuiwopaid aoeuNng Buiddoutd Jeaym PISIA JE3YM youeig

- -5 ~ w

-




Table 7 : Multiple Regression Analysis

Varaibles :

WHYLD = Wheat yield (quantals/ha)

CPCCA = Cumulative percent of CCA (%)

SWMM = Surface water supply (mm)

GWDL3 = Percent of CCA with ground water, water depth <3m (%)
GWQS = Percent of CCA with saline water quality (%)

WTCG10 = Percent of CCA with water table change > 10m (%)

Multiple Regression Results :

Explanatory Variables Dependent Variable - Wheat Yield
Coefficient | T-Value

Constant 429105 - [ 43972
CPCCA -0.0853 -8.63a
GWDL3 -0.0419 -3.282
WTCG10 -0.0308 -4.24a
GWQSs -0.0129 -0.83
SWMM 0.0005 0.94

R< [ | 0.69

a : Significant at 5% Confidence Level,
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