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FXECUTIVE SUMMARY

With the nfvjcch'vu nf using remote gensing data 1o slm!y the impact uf
external interventions on irrigation sysiem perfnmmnce at micro lovel,
International Irrigation Management Institute (1IMI), Colombo, Sri
Lanaka, had rwxzqtms:!enf Waler Resources Group, NRSA, to conduct a siudy.
The sluJy was undertaken in Bhakra canal irrigation command area in
Haryana Slale, India, during the rabi seasons of Jij}'ercnt years fmm
108687 to 1000-97, under i’refmm’r'ug support of TIMI1. Under this study,
satcllite data from various high resolution sensors, including IRS-1C PAN,
was ann’ys*é&l 1o evaluale {’rc pcrﬂm:mncc nf waler conrses and to stua’y the
impact nf water course fim’ng on the pcrfnmmncc. Spalicr! and icmpnral
infnmmlirm on the cropping pattern, crop inlensily and crop condition
derived fmm remofe scusing data were mm’ysorf fnr evaluating the
chommucc af walor courses,’ The siutiy was conc]ucica’ m Ifmze Noc’es,
namo’y, ITizar, Narwana and Sirsa and the seloction of wator conrses was
done t’:mug’z a slral :ffc({ random sa mp’:'ng schome.

The slurfy fras successﬂt”y demonstrated a me!fr(}do’ngy ﬁn- more accurale
registration of cadastiral/chak naps of waler courses (scale=1:0000) witl
data base of 30 metres pixel resolution (ereated with 1:50000 scale -
topogmp’:fc maps), f’rraugf: compfcmcn{arg nsa nf ]Jigf: resolution (5.8
matres) Panchromatic data from 1RS-1C with the available multi-spectral
data (23 molres - 30 mictros pi.\-el rcsnfut:'uu). This in trm has enhanced the
capalrflr'h’es of remole sensing tccfmnfngy fnr micra level mvenlory in
frrigation syslems.

The satelfite a’cn‘vcrf spal jal and fcmpnrai i;rﬂn-mal ionn ont cropping pallern
and crop contfilr’qn al waler course level are the poicnir‘a’ dala sels for
gaeneraling irrigation sysiom porﬁ)rnmnco indicators. In the absence nf aniy
institutional struclure or collaction and maintenance nf such data in

. . ’ . . .
irrigalea command arcas, satelfite remote sensImg tccfnm’ogy assumes
greater importance. ;

The pcd;)mumcc indicalors evolved ﬁn‘m'mmum sensing derived in f(n‘ma!.r'rm

on cropping patlern and cropr crim‘iilfr)n:rou’d be wsed fur cvn’nnfiug the
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irrigation system performance of grassroot level irrigation units such as
water courses,

In Hisar Nnclz, tha per;fm'm:mco nfrmfar courses is sfruug’y related 1o their
location 77 tho respective parent distributaryfminor. Wator courses located
in the head reach area have higher wheat intensity and total crop firtensity.
In the case of waler courses, which wore fined in 1002, there is a significant
fmtprovement in crop sntensity in the post lining period. TThe c{ispam'ties in
crop condition betwoen head and tail regions have not reduced significantly
in the post lining period In this Llock, the quality of ground water is
margt'naf and can be used t0 some extent for conjunctive use.

The perﬁmnancc of water conrses in Narwana block, is in gcnemf stable over
time. The location of water course, age and extont of lining do not show any
relation with crop intensity. In genera’, in all the water courses, the crop
condition is :mr‘ﬁ)m: in head and tail regions. However, in the water courses
lined uplo | 083, the Jr'sparitfes boticen head and tail are ﬂucluaifng fmm
year lo year. One nf the important cnntn'[mir'ng factors fnr superior and
stable perﬁ)n_nance a[f water courses in this block comparecl to the other two
blacks is goocl qun’r’ly grmmcf water which is lfeing cxiensfueiy used as

.supplemcnlary source of irrigation.

In Sirsa block, all the water courses selected for the study were lined before
1987. The perfnmmnce of waler courses i gencm] is relat ive!y unstable over
tinte compared to the water courses in the other two blocks. The location of
waler courses in the parent distributary/minor, do not seent to have any
relation to the perfnmrancc nf wator courses. This block is characterized [:y
poor 9rmma’ walor quafily. As the s:.app’ies from canal water are not
su'[ﬁ'cient, famrcrs profcr lone water constming non-wheat crops. In some
water courses, the disparitics in crop condition between head and tail regions

are ’zigf: and ﬂnctuab’ng frnm year lo year. The tail veaches are founc’ lo

have highly instable cropping intensity. ‘1 Te declining wheat crop intensity,

ﬂuctuaﬁng total crop inlensily and Jrffemnlia] teheal condition between head
and im", parb’cufar’y in the waler courses lined abowt 20 years Laclz, s:’gmfy
the cIcten’omHng condition of walor courses.
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1 INTRODUCTION

National Remote Sensing Agency (NRSA), Department of Space, Government of
India had successfully executed the project on the use of remote sensing technofogy
for evaluating the performance of Bhakra irrigation system, Haryana, India. The
project was executed for International Irrigation Management Institute, Sri Lanka,
during rabi season (November-May) of 1005-06. The results of the project haw
demonstrated the capabilities of remote sensing techniques to provide reliable
disaggregated :‘nformaﬁon on Cropping pattern, cropping intensity, crop condition
and crop yicld. The analysis of such information helped to identify spatial variability
with respect to agricultural performance. With the objective of using remote sensing
data to study the impact of external interventions on irrigation system performance
at nricro Jevel, JIMI has initiated another study during 1990 as part of its ongoing
research program. The current report deals with this second study of /M which
has again been executed by Water Resources Group (WRG), NRSA, India.

Under this study, multi-temporal remote sensing data has been analysed to evaluate
the peq{armanee of weater courses and to study the impact of water course lining on
the performance. Spatial nnd temporal information on the cropping pattern, crop
intensity and crop condition derived from remote sensing data has been analysed for
evaluating the performance of water courses. The study was conducted in Bhakra
command awa in HHaryana state, India, during the rabi seasons of Jf[fercnt years.

The major objectfues of this study were

1. TOgenerate statistics on total irrigated area, nrea under wheat ond non wheat
crops at water course kecel in different years

2. To generate twheat NDW data ﬂspah'afanc] fem_pora!’) in cach water course

3. TOewvaluate the performance of water courses through performance indicators
generated ](rom remote sensing data

To sturfy the impact of iining on the performance of waler courses
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5.  TOprovide a report on satellite data used, methodology followed ard analysis
of results, to 1IMI, Srilanka.

1.1 Bhakra canal command area

The total geographical area of Haryana State is d.4 million hectares (» ha) with 3.9
m ha. of amble fand. The irrigated area in the State is 2.8 m ha which is 80 percent
of 3.5 M ha. o cultivated area and is served equally by canal irrigation andground
water. Two major canal sysfems namely (1) the Bhakra canal system which is fed
from Indus basin and (2) the Western Yamuna Canal (WYC) system which receives
supply from Yamuna ricer, with 12,100 km. leng network, provide 88 percent of
the surface irrigation support in the State. The Bhakra system has a Culturable
Command Area {CCA) o 1.2 m ha. (Fig.1), with three aperaﬁ'onm’ systems nameiy
Narwana-Sirsa system, the Barwal-Sirsa system nnd Bhakra Main Line (BML)
system, Bhakra main line and Narwana branch are contour canals whife others are
ridge canals. Bxcept Naggal lift scheme near Asmbala, ol other channels in the
command area Ore opcmfaa’ [vy gravity flow. The command area is divided into
Ambala, Km'f]ml, Hisor-1, Hisar-2 and Sirsa water service circles which are in turn
divided into 13disisions and 41 sub-divisions .

Ground reater table depth and quality are monitored by tltc grouna" ranter Cell o
Agricu/furc Department. Ground wafer Jevels arc abserved in the months of June
(before the commencement of the monsoon) nnd October (after the monsoon). In
Hisar, Sirso and parts of]inJ districts, where ground water :}euelopment is fow due
to poor quafify, water table has raisen over time. In Kiathal, Kurukhshetra ond
Ambala districts, the water fabls hns gone daten due to extensive development of
good q:m]i)'y gmmm’ water. The area frriga!ca’ by the conjunctive use of canal and
ground water sithin the canal command is not separately reported by the Revenue
or {rrigation a’eparfmonf. While the Agr:‘cukure department reports areas irrigated

by canals andground water separately, only the former is reported by the Irrigation
Jcp‘artmcnt,

The annual minﬁrff in the command waries from 750 mm in the north-castern to less

than 400mm in south-western parts. During rabi season, i.e. from November to
March, rainfall varies fmm | OO to less than SQmm, Kfmrff (]un.c-Octoécr) and
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rabi (November- May) are the fwo principal agricultural seasons. During rabi
scason, wheat is prm’umr'.-mn!.’y cudtivated in off the irrigation circles. Toria is the
pﬂ'ncipaf oilsced crop i Ambalz and Kaithal circles and Mustard in rest o the three
circles. Bengal gram is cultivated mostly in Hisar-1 circle. Sowings commence during
November and complete mostly within the month for oilseed crops and for wheat it
extends up to December.

Irriéaﬁon renter is 'supp!r'ec} ﬁ)”owing the ‘warabandi system’, which follows a rigid
rotational cycle . xed Juration, frequencg and priority level. [nfensive irrigation
and inadequate and inefficient on-farm water management hns resulted in
watcrfogging and soil safinity in Haryana State, though on a much reduced level in
the Bhahra system. The prolJcm of soa’ic:'fy is mm'nfy in Kurukshetra, Ambala and
Jind districts while high salinity pockets ore noticed in Kurukshetra, Hisnr and Jind
districts.

1.2 Lining uf waler courses and irrigalion sysfem pcrﬂmmmcc

Lining of reafercourses in Haryana state has been going on since 1973. By the
middle & 1004, about one third o Hargana's 13,000 water courses had Len lined
- some 20,000 kb o lining. The impact o lining of watercourse is sery specific in
this systrm in the sense that there is not additional wafer defivery at the head of the
watercotrse, and the capacity of the watercourse remains unchanged after lining, the
purpose Of lining is simply to reduce seepage losses and hence to fmprove the equity
o distribution of the water supply by increasing defiverjes fo tail-end users. The
impactis easily measured because no aflowances arc maa':.’ for seepage, losses in the
time ﬁ‘.\-ed' for water a’e/fuery to the formers of the watercourse. Hence, teith a»
unfined watercourse, losing perl'mps 20-25% of the flow between the head and  tail,
there is sfgnfﬁmnf inequity even though the duration o turns per unit o land may
be constant. Once lining is introduced, inequity 1will be significantly reduced to the
extent that seepage kosses are avoided. Moreover, lining of watercourses increases the
vcfocity of ﬂow, reduces travel time, minimizes the instream sforage o the
watercourse, maintains the system integrity, incorporates improved, fuater-h'gét ﬁefa’
outlets and reduces water logging and salinization.

The existing laws governing irrigation in northern India gives the responsibility to the
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ﬁ‘lrmers for operation and maintenance of watercourses. Traditionally, with earthen
watercourses, farmers have undertaken this responsibility but the advent o fined
water courses lod to some former resistance to mu!crtalcing maintenance, because
maintenance in lined watercourses is more complex. 771:'5, in turn, has Jed 1o the
reported ﬁu‘lure )(9:- the lining of watercourses and hence deterioration of their
performance back to something closer to urlined watercourses. Variables which might
be expectea' to contribute to the per{ormance of watercourses in respect of improving
the equity of water distribution include: their age, percent of lined /engf/? d water
course; the water fable conditions in tho area (because areas rith high 1ater table
conditions result in unstable foundation conditions), the existence of groundiater
Jevé]opmenf in the area, variations in the alcsfgn o watercourse linking; and the
extent to which maintenance or rehabifitation has becn carried out.

2 SELECTION OF WATERCOURSES IFOR THIE STUDY

Based on cost considerations, it was decided t0 sefoct an arca of 18km x 18km in
each of the three divisions which wifl be covered in 3 TM floppy diskette data
products. The three areas (blocks) selected for the study are: Narwana block seith
fresh water quality, /{isar block with marginal watfer qua!ify and Sirsa block with
poor water quality. Nartwana block has 82 water courscs iwhile Hisar and Sirsa
blocks contain QO and 132 weater courses rcspech've/y. It has been decided to take
a sample of 10 Jined wator courses and | unlined water course from each block. The
lining of water course commenced around the year, 1975, and is a continuing
activity. Since one o the ot‘)jech'ues of the study is to quantify the performmzce of

water courses over ime, the age of fining o a water course needs to D& considered in
the selection of watercourses.

AS afirst step, therefore, the lined water courscs were arranged in ascending order
of the gear o lining. Alse, high resalution satellite remote sensing data are available
from 1080 oneards and it was desived that toe should sefect 6 watercourses lined up
to this year and 4 water courses lined later. TOensure that the selected water courses
are wefl spread over different years, the lined rooter courses were grouped to form four
cells (strata). Water courses fined up to 1985 were divided into two cells with
approximately equal rumber of watercourses in each cell. From each of the first tivo
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cells, three water courses were randomly selected (with equal probability without
rep’ncemcnf). Simr'/ar]y, )(rom each of the other two cc”s, two waler courses were
ramlomfy sclected. 'Ums, fined water courses representing cf:‘j:{erent time periods Of
lining were sclected. From the group of unlined watercourses, one water course was

p;ndo:;’y selected. The details o selected water courses are shown in Tables 1-3 and
igs. .

Table 1 Water courses selected for the stua'g

S.Ne Source {ocation of waler caurse Total Lined % Year of
distributary length W fength fined hining
J 7/ mi
b Pt 1 Offoke | %RD | Reach #
point (K1)
1 | Badhawardy. | 455000 | 5483 MRA | 5424 3876 72 /75
2 Pinghal mr. 11734.TR | 100 TRA 8654 2072 3 2/75
3 | Ranody. 30500.R | 2640 | HRA 4040 1675 36 3/78
4 Rajli mr. 10095-R 81.29 Tra 4830 3830 79 5/77
5 Kharkheri Jy, 11500.R 29.90 HRA 4002 2134 53 5/76
0 Badhawar dy. 516001, 73.52 TRA 4210 2186 83 Q76
7 Balok my. 10001 101 HRA 11179 5Q10 53 11/g2
8 Balak sr. 45872 R | 46.16 MRA 10228 5039 55 12/92
g Kharkhari dy. 2825.1 7.35 HRA 4782 3064 77 1/96
10 | Kharkhari dy. 5107, 133 HRA 4470 3304 74 3/95
Unlived
walercouracs
11 | Balak mr. 13.120-R 13.51 | HRA

Table .- Water courses selected for the study in Narwana block

$.No Source Tocation of water eourse Total Lined % Year of
Jistrifmmry ’ungh’r (ft) fcngf’: finred f:'m'ng
3/ mir
fy ’:,,,/,,_':,’ Tl Officke | %RD | Reach #
point (RIY

| Barsola mr. 12000.R 14.55 } HRA 0379 5570 50
2 Chasala mr. 232751 9056 | TRA 7512 3003 80 8/83
3 | Ghasso mr. Q1751 27.90 | MRA 11360 201 55
4" | Mohalearh me. | 21930-R 44,01 { MRA 7390 4003 51 11/92
5 .I‘-‘fnfgar"n mr, 27Q10.R 4984 { MRA 7812 5816 4 7/82
6 Shudkan dy. 1.12115. 9550 | TRA 8600 1600 54 4/83
7 Sinsar mr. 335K 66.80 | TRA 12324 4800 40 3/83
8 Sirea Darallel 508781 89.80 | TRA 078 4403 o4 8/95
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Table 3 Water conrses selected for the study in Sirsa block

S.Ne Souree {oeation pf waler course Total Lined % Year nf
Jl'tlfi!mhny Imy!fa (fl} fmg!’: (fl) fined l'r'ufu_q
At ) / min
o )(’ 77 Offoke | %RD | Reach
point (RD)
1 Chormar mr. 32590-R 73.33 TRA 8103 6050 71 6/76
2 -do- 38000-R 8.50 T4 | 23518 16750 71 8/76
3 | Koluana dy, 97745-R | $3.12 AMRA - | 25630 16127 63 477
4 | Maujgarh dy. 17125-R | 2283 HRA 20630 21032 79 12/84
5 do- 73815-1. 98 .42 TRA 32191 21929 68 7/85
6 do- 75100-R 100 TRA 41000 27590 67 2/78
7 | Mithri dy. 20960-L 26.17 TRA 28179 22682 80 6/82
3 do- 80100-L 100 TRA 40039 27478 69 1/87
0 | Panna dy. 14500-1. 91.01 TRA 14857 10197 68 7/81
10 -do- 126251, 25.82 IRA 14718 11236 76 28]
Un!l'uc.{!
wafer
conrsce
11 | Kalwana dy. 121765-1, | 66.18 TRA

HIRA Head Reach Area, MRA Middle Reach Area and TRA 1 wil Roach Area
RD - Redueod distonce ﬁom ofﬁn[zc point of parent Jis!rffmary/minar
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3 ANALYSIS OF SATELLITE DAT
3.1 Ovarviate of Analysis Methodolog,

The overview of analysis methodology is given in Fig.5. The digital imnge processing

. andanalysis was carried out on IBM Workstation RISC 6000 with EASI/PACE

image analysis saffwanz. The ana/ysr's results were output in te form of classification
maps (cropping pattern), fifmed on Colorfive film recorder and processed at NRSA
Pkofoprocessr'ng Lal)omfory while statistics were imported into Pentium PCS ond
compiled by Quatropro/Presentations software in Windows 95 environment.

3.1.1 Saic”iic data seloction amf acquisi!imw

AS the study involves the annfys:‘s of multi-year informatforr during the Jast one
decade, the data ﬁ'om various satellites were synergisb'ca”y used f}aruog}l judicial
combination afJ;’ffcrcni overpass dotes in o season. Keeping in wiew the cropping
pattern and crop calendar, cloudfree satellite data coverage was obtained (T able 4).

The sensor characteristics & LANDSAT, IRS-1A,18 and IC satellites are shotwn
in Table 5. The satellite duta was acqm'rec! at the satellite data reception station at

H, yd'cmlmc] and distributed [’y NRSA Data Centre {NDC). The satellite data was
obtained in the f;er of ﬂopp:'cs.

3.1.2 Field visits and grmmr] truth collection

Ground ¢ruth collection was mganisec] in three phases. In the first phase (February
1007, the whole study area was visited and representative sample sites Training
areas) for various theme classes o wheat, non wheat crops nnd fai/ow areas tere
idenﬁf;'ea’. Anc:’”ary informah'on on crop calendar, crop condition, ground water
quality/utilization was also obtained from office records and through informal
interviews rwith farmers. The ground truth collected during this phase was essential
for classification of Safe lite ata into crop types and groups. During second phase
(July 10Q7), the accuracy o crop classification wwas evaluated. However, a quick and
short field oisit was also undertaken during November 1007 to reconf:‘rm the
occrrrneg In some of the critical areas located in some water courses.

1
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Fig.5 Flowchart of analysis methodology
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Table 4 Satellite data analyzed in the study

Overpan cl’-u’c/ Satelite *
Yaur
Hisar block Narwana block Sirsa block

1096-97

15 Dec Q6 [RS-1C 15Dec 96 IRS-1C 22 Dee 96 IRS-1B

12Jan 97 IRS-IB 12 Jan Q7 IRS-1B 13jan 97 IRS-1B

17 Feb 97T WNDSAT 17 Feb 07 LANDSAT 20 Feh Q7 IRS-1B

02 Nov Q0 IRS-1C ** 21 Mar 97 IR§-1C'*

1995.00

21 Nev 957/RS 1B 21 Nou 95 IRS IB 22 Nov 95 IRS 18

4 Jan Q6 IRS IB 4 Jan Q6 IRS 1B 27]am QG IRS 1B

26 Jan Q6 IRS 1B 26 Jan QO IRS 1B 18 Feh 9O IRS 1B

17 Feh 6 IRS1B 17 Feb Q6 IRSIB 11 mar 96 IRS IB

10Mar Q8 IRS 1B 10Mar QO IRS 1B @ Apr Q0 IRS 1B

OLAyr 06 IRS 1B 01 Apr 06 IRS 1B
1002.03

22 Fob O3LANDSAT 22 Foh 03 LANDSAT 27 Dec Q2 LANDSAT

10 Mar O3LANDSAT | 10Mar 93WNDSAT 0l Mar Q3 WNDSAT

26 Mar 93 LANDSAT | 26 Mar O3BWNDSAT 02 Apr 93LANDSAT
1980-00

12 Dee 8¢ LANDSAT 12 Dec 80 LANDSAT 03 D 89 LANDSAT

02 Mar 90 LANDSAT | 02 Mar §0 LANDSAT 20 Feb Q0 LANDSAT

04Apr OWNDSAT | 04 4pr 0 IRS 14 10 Apr 00 LANDSAT
19R6.87

20 Dec 86 LANDSAT 20 Dec 80 LANDSAT 27 Dec 86 LANDSAT

10 Mar 87 LANDSAT | 10Mar 87 LANDSAT O1 Mar 87 LANDSAT

26 Mar 87 LANDSAT | 26 Mar 87 WNDSAT 17 Mar 87 LANDSAT

* Sensors are TM in me’saf, LISS I in .

* PAN c’ufn on’y

S IA&IB, LISS 11! and PAN in IRS-1C.
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Tab]c 5 Satc”ite sensor ¢

Satellite

ChenEors

Spectral

rcso!uﬁnn

{ Microns}

haracteristics

Rovisit
P\?P’l‘l’f’

Spnﬁu’ resolufion [ m)f
sroath (km)

Landsat 5

MSS

™

0.5-0.0
0.6-0.7
0.7-0.8
08-1.1
0.45.0.52
0.52-0.60
0.63-0.09
0.26.0.00
1.55-1.75
2.08:2.35
104-12.5

80/185

30/185

12¢485

IRS-1A/1B

LISS]

0.45-0.52
0.52-0.50
0.62-0.60
0.77-0.80

72.8/148

IRS-1A/1B

LISS I

0.45-0.52
0.52-0.50
0.62-0.00
0.77-0.80
0.58.0.73

IRS 1C

PAN

Li8s-1I

WiFS

0.5.0.73

(152.0.5¢
0.62-0.00
0.77-0.80
1.55-1.75
0.602-0.60
0.77-0.80

5.8/70

23.5/141

70.5/148

188/810

24°(8")

' Sfccm”c Camera, Offnm’ir coLorIge

"

revisit at equafor
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3.1.3 Da'gr'fa] map base ereation

The pl'x:." resolution o database was lcqui at 30 melres since the data /rom
LANDSAT . T™ and JRS ~ LISS II was mostly used in the study. All the
toposheets of the study area in | : 50,000 scale were collected and scanned at 30
metre pixel resolution. First, the georeferenced data base was created in polyconic
projection for each of the study area blocks, namely, Hisar, Narwana and Sirsa by
:'Jenhﬁ/fng tho geograp.tn'c coordinates (Latitude and Longitude) of four corners. Grid
lines representing an interval of 15° by 15" were created on the gcoreferencec! data
base. Then all the concerned foposhects toere mosaiced one by onc using the
coordinates of four corners of each toposhect as control points. Thematic features
such as major roads, rm'/u.'ay lines, canal network and rivers were then digitised.

3.1.4 Geometric rectification of satellite data

Satellite data ore distorted by the curvature o the earth and its rotation, and the
pkliﬁrm and sensor aspects. f{ence there is a need to goomct‘rica”y correct the image
s0 that it can be represented on a planar surface and conforms to other images and
has the integrity of a mop. Rectification is performed Ey transforming the raster
data /™" one grid system to the other using ﬁ‘rst or higher order polynomial. Since
the pivels of the new grid may not align With the pixels of the original grid, the pixels
must be resampied’. Rcsampiing is the process o extrapolating data values for the
pixels on the new grid from the values of the source pixels. The digital data of each
satellite prerpass was ﬁ'rsf converted into radiance From digital numbers using sensor
calibration coeﬁqcienfs. Then cach scene data was registered into reference map Lase
using Ground Control Points (GCPS). GCPs are specified pixels in an image far
which output coordinntes or reference coordinates are known. Accurate and welfl
distributed GCPS arc essential for accurate rectification. Polynomial equations are
used to convert source file (slave image or image under rectification) coordinates in
to roference coordinates. A fmnsformaﬁon matrix is compuf‘ea’ from the GCPs. The
matrix consists of coaj%‘cs‘cnts which are used in polynomial equations to convert the
coordinates, The transformation matris is useful to derive the polynomial equation
)(ar which there is the Last possible error when used for fransformm‘ing. RMS (Root
Mean Square) error is the distance betieen the input (source) location of a GCP and
the retransformed locationfar the same GCP. In the current study, a 2nd order
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transformation function was used in all rectifications. After selcting GCPs, a
transformotion matrix swas calculated alongmwith RMS error for which GCPs with
hlgh RMS error, were reinoved and the transformation maltrix was again computea’,
Firza”y, it 1was ensured that RMS error either individual GCP wise or overall, do not
exceed 0.5 pr'xef i.e., 15 metres. Once the transformatfon was ouver, resamp;’r'ng was
performed #o assign grey kvels to the new data fil. While various techniques are
available.in resampling to suit different situations, in the present case, nearest
nengnour method was emp}oyea' since it has the advantage that original data values
are transferred Without averaging and tfzereﬁnre extremes and subtfitics are not fost,
This is an important consideration when discriminating befween crop types.

3.1.5 Registration nf walor course maps lo database

Accurate registration of water course maps to satellite database is crucial for
generating refiable statistics pertaining to wwater courses. The water course maps
provided by the authorities of Irrigation department were in the scale of 1:0000 while
the topomaps of 1:50,000 scale were used to create working database. The field
maps of ¥ater course were ﬁfo scanned at a resolution of 1016 microns resulting in
the scanned image o 6 metres pixel resolution. Then a wector image was created
from each water course map image, s:’mwing the details of outer Luuna’arg, and some
features like viflzge roads, water course offtake point, distributary otc. Then the
vectors were registered to main data base (pixe/ resolution = 30 intrs) through
ground control points. The average RMS pixe/ fisze error was abowut 2.5 pf.w’s. The
post registration gross area under each water course was cakudated and conpared
with pre registration gross area. |t was found that there is significant mismatch
betwween the two areas (Table 6. This is due to signfﬁcmzt c{rﬂ:zrenccs betiween the
scales of two source maps, the water course map 1:0000 scale and the other
foposheet 1:50,000 scale which limits the availubility of sufficient number of ground
control points. TO overcome this limitation, on alternate mcf}wa'o/agy was nJopfcc{
(Fig. 6). IRS-1C PAN sensor data which has got a spatial resolution o f 6 metres
was used for intermediate registration befieenr water course maps and main
database. First, the water course vectors were registered with PAN dota. The
number of GCPs were s:'gm'ffcant}y improuea’ comparcd to previous registration, due
to finer resolution of PAN data. The average pisel-line RMS crvor iuas about 1 %2
pixels. After registration, off water course vectors were encoded into a channel. Then
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Collection of field maps 014
water courses of
1:6000 scale (approx.)

l

Scanning of field maps
{pixal=10mts)

l

Creation of vector images »

Selaction and acquisition
of IRS IC PAN data

of water tourses

l

Vector registration to
IRS 4¢ PAN data

!

vector to raster conversion
of registered vectors

y

{

Registration of IRS | C PAN
channel with chak
commands to main (36mts)
data base

l

Fig.6 Registration of water course chak map with satellite database
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GCPs were selected using PAN image as shave and rcctr'fr'cJ satellite data
(TM/LISS-I]) & main database as master. Using these GCPs, the encoded
channel water course vectors in PAN database wus registercd‘ to main database. The
awerage pn'xe]-’ine RMS error in this case was about 2.5 - 3 pixels. The gross area
under each water course in main database was cakulated and con'rpareJ with actual
gross area and )[ouna' that there was no sn'gnif;'amt Jiffcrence. Thus, the use of IRS-
1CPAN data has tmmcnc]cus!y J'mprovea’ the accuracy of registration o\ facilitated
the more accurate registration of fuz]d mays to the satellite data base o ln'g}:
resolution mu]tfspectra,’ images such as fram LANDSAT and IRS. This in turn

improves the capaf:ifih'es o remote sensing tcckno’ugy for micra fevel inventories.

Table O Pre registration and post registration gross arcas of water courses in

Narwana LIOCL'.
Gross arva (ha)
Pre registration
W.No | Grass area (ha) | Doy registration fo | Registration ta | Rugistration to main dutabase
main database PAN data through PAN datu
01 216 257 214 23!
02 204 337 202 315
03 220 280 226 244
05 212 232 107 21
06 332 342 Jt1o 332
08 214 504 220 224
0g 308 420 38 370
10 203 340 206 302

3.1.0 Crop dassification

The classification of satellite remote sensing images is an :'nformat.-'on extraction
process that involves pattern recognition of spectral properties of various surfaa
ﬁatums and categorising the sfm:"arﬁzatums. Spectral recognition of a target surﬂm.
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feature can be enhanced by adding spatial and temporal dimensions to the spectral
pattern. Traditionally, c/ass:‘ficah‘on strategies have been grouped into two broad
categories, namely, supervised and un-supervised according to the procedure
employed to obtain the training statistics. I n case of supervised classifcation, the
analyst speciﬁ'es the areas of known cover type in the image as training areas, which
statistically characterize the informational categories of interest. The supervised
technique is subjective in that the analyst tries to c/ass:‘fg thematic categories which
are oﬂen composec! of several specfm/ c.’asses Uensen, 1986, Chevico and Conga}fon
1088). “he un-superuisad approach attempts to ic!cnf.ffy spcctm”y homogcneous
groups within the image and these groups haw to be labeled from user point o view.

The goal of classification in the current study was to delineate twheat and non-wheat
crops. The ground truth data on crop calendar showed that the satellite data of
December and February/ Mareh were most crucial for c/c:ss:)[icm‘fun. The non-wheat
crops mostly mustard and feria were sown ear/y in the seasan (October-November)
while wheat sowings were staggered over a period of two months during November-
December. Hence, during December, the non-wheat crops were in good vegetative
phase and wheat was in growing stage (thinly vegetated). During February/March
wheat crop was in peak greenness stage while non-wheat crops in senescence phara.
Therefore, multidate data o December and February/March were used to achieve
complete classifcation of crops. However in Narwana and Hisar blocks during 192-
03 rabi season, the data of February/March alone was used duc to non-availability
of data in December. The training areas were identified for wheat, non-wheat and
fallows. Spectral signatures were generated for each chiss and spectral separability
index was calculated using Bhattacharga Distance measure (Jensen 1036),

A hybrid classification strategy was adopted by combining supervised (Maximum
Likelihood) and un-supervised (r'sa—c/u.sferfng) fec/‘quucs to achicve complete and
accurate c/assiﬁcaﬁon. First, Maximum Ll'kc/ffzooJW[J cfassiﬁcaﬁon runs performed
over multidate data. This had resulted in acceptable classification but only over OC-
70 percent of image. This is essentially dwe to mufti dimensional nature of data set
providing pure spectral signatures of classes, with areas cven shightly different in
signature Lar’ng left unc/assfffea’. Visual evaluation of unc’assiffec{ portion of image
indicated the presence of crop signatures. Hence the unc]assf)(feJ portion af the image
was subjected to isoclustering to result in 50 spectrally komogenous clusters. The
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signature of each cluster was compared with reference signatures and the clusters
with similar signatures wwere used to define new Tmim'ng Areas (TAs) of respective
theme class. Thus TAs for wheat and other chisses were increased wherever possible
and the revised TAs were jsoclustered to yie/c! reasonably karge number of clusters.
The TAs o each class were increased, purified and sub-grouped into hamogenous
groups through isoclustering technique. This was then followed by ML ¢ assification

as in the first step. This process was repeated till the image cfass[fimtion was
complete.

3.1.7 Classification accuracy

Satellite remote sensing fcclmo/qgg has introduced a et dimension to generating
information on earth resources and in the last few years, this technology has beer
increasingly recognisedfor evolving objective, standardised and possibly cheaper and
faster methodology for carth resources inventory. Thentatic accuracy, is om of the
vital yardsticks to judge the quality and thereby the vafue of remote sensing derived
maps. Thematic accuracy often termed as c/ass:ﬁcafr‘on accuracy in remote sensing
reflects the degree of correspondence between the classified label and true chass label.
The need /or assessing the accuracy o maps derived from remote sensing is receiving
more interest cvery year. Several studies have been conducted during the last fwa
decades on thematic map accuracy evaluation. The statistical basis o map or
classification accuracy estimation and the importance of considering both the
probabilities of incorrectly rejecting an accepta!:v/e muap  (producer's risk) and of
accepting an inaccurate map (consumer's risk} were discuss Ly Story (1976) and
Amoﬁ[ (1982). The most comman way to represent the accuracy of a c/czssiﬁcaffon
is in the form of an error matrix/confusion matrix (Card 1982, Mead and Meyer
1077, Hoffer 1075). An error matrix is a square array of numbers set out in rows
and columns which express the number of pixels assigned as a particular fand cover
type relative to the actual kind cover type as veriﬁac] in the fre[J The columns usua”y
represent the reference data and rows indicate the clissified-data. Consumer and
producer risks, overall map acewracy, individual chuss confingency table, evaluation
matrix or mis—c/assrffcation matrix (Story and Goyu/ 1980, Arorzoff 1084} accuracy
are summerised through a reporting format on map accuracy (Aruoff 1982).
Discrete multivariate statistics techniques have been developed for map accuracy
evaluation by Congalton and Meed 1083 and Congalton et ol 1083. Since its
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introduction to the remote sensing community by Congalton et al 1983, several
studies haw reported the usefulness o Kappa coefficient of agreement as @ measure
o classification accuracy (Rosenﬁel’cf and Fitzpatrie-Lins 10806, Cangalton and
Howarth 1000, Fl't'zg«zrafcf and Lees 1904). In the present .séua’y, Kappa coe](ficienf
was calculated for overall classes as well as for wheat and non-wheat classes. The
evaluation was done at tioo levels, one at total scene level and the other at water
course level. Total scene kevel analysis was perforn-:eJ for cach of the three blocks. Due
to time and logistic constraints it was not possib/c to carry out evaluation in each
water course. Hence, two water courses in Hisar DlOCK, three water courses in
Narwana block and three water courses in Sirsa block were randomly selected. The
fundamentalassumption in any map accuracy evaluation procedure is that the error
matrix is indicative or representative o total map area under consideration. It is
practically not possible to check each and every parcel or field in the remotely sensed
maps. Hence, some sampfing strategy has to be adopted. Here, f# the present study,
simple random sampling technique was adopted in each thematic unit. In the
evaluation at total scene kevel, at feast 20 points for wheat and 10 points for non-
wheat were selected at random At touter course hvel at least 15-20 points for wheat
and about 10 points for rnon-wheat were randomly selected. The field verification of
selected points was carried out through field visits in case of total scene accuracy
evaluation. Theﬁ‘e/d' verification in case of cvaluation et water course level is most/y
aided by real-time crop map prepared by field staff and partly by field visits.

The Kappa coefficient of accuracy is calkulated for overall accuracy as well as for

individual classes. The accuracies at total scene feve! and at water course level are
presented in Table 7.

4. RESULTS AND DISCUSSION

The remote sensing derived information on area under wheat and non-iwheat crop,
the condition o wheat crop as expressed by NDVI at water course level has been
analyzed to evaluate the performance of water courses. The False Colowr Composite

(FCC) and the derived information on cropping patkern at iwater course fevel are
presented in Figs. 7-12
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Fig. 7 False colour composite image of Hisar block during rabi 1996-97
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PERFORMANCE EVALUATION OF WATER COURSES

BHAKRA CANAL COMMAND AREA, HARYANA STATE, INDIA
water Course @ase72-R, Balak minor

1996.97 1995% |
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EBOR INTERNA TIONAL IRRIGA O NATIONAL REMOTE SENSING AGENCY
AN AGEMENT NS TITUTE. OEPT. OF SPACE,GOVT OFINDIA
COLONMBO, SR LANKA HYDERABAD - 500 037 , INDIA

Fig.10 Temporal changes in rahi cropping paternin a water course of Hisar block



PERFORMANCE EVALUATION OF WATER COURSES
BHAKRA CANAL COMMAND AREA, HARYANA STATE, INDIA
142115-R, Shudhkan disty., Narwana

LEGEND

— VWheat

Non-Wheat

Water course

WA TER SESOUACES GROUP
FOR INTERNA TIONAL IRRIGA on NATIONAL REMOTE SENGING AGENC
AN AGEMENT INSTITUTE, DEPT. (F SPACE , GOVT. OFMNA
COLONED, SR LANKA L OERABAD - 500 037, INCIA

Fig.11 Temporal changes in cropping pattemina water course of Narwana bloc
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4.1 Indicators of waler conrse porformance

In the current study, ffuc indicators of performance were identified for analysis.
These indicators are essenh’a”y derived f;nr remote sensing data. ﬂmy are;

1. Wheat crop intensity (W1)

2. Equivalent Wheatcrop Area Intensity (EWAI)
3. Proportionate Crop Intensity (PCI)

4. Tail - Head Ratio of NDVI (THR )

5. Cocfficient o variation of NDVI (CV 4504

4.1.1 Wheat crop Intensity (W1)

Wheat is the most praferch crop in the study area. Subject to the availability of
suﬁ'cfcnt irrigation seater, fnrmers genem”y prcfer wheat crop to non-wheat crop.
Hence the extent of wheat crop is directly refated to the a’cgrec of availabifity of
irrigation water either from canals or from borewells.  In the regions such as Sirsa
block, where the ground reater quniity is not suitable for irrigafing crops, the W1
parameter reflects the dopendance on the canal water supplies.

4.1.2 Epu'vn’eul Wheat crop Area lulensily (1WAl

Among the non wheat crop found in the study area, oilseed crops fike mustard ond
pulses fike gram are mosf'ly cultivated. Non-wheat cro p arc cultivated in the areas
twhere conol ater avai/cr[viliiy is fimited and ground swater is not suitable for
imgation. EWAI s the indox which expresses the fotal crop area in terms o wheat
to ﬂtci’ihrfo casy and straight forward comparison of cropping intensity and irrigation
water consumptian. The non-icheai Crops acreage is coneerfed into wheat. The
factor applied in euch conversion is I acre of non wheat crop area= 0.6 acre of
wheaf crop arca.  This factor is approximately proportional to the ratio of average
irrigation weater nequirements of wheat and non-iwheat crops. 77?:'0&:9]7 this conversion,
this index enables casy comparson of total cro,t)poa’ area and iriigation water usage.
The EWAI is rfirecf}y proportional to irrigation wafer usage.
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4.1.3 Proportionate Crop Inlensity (PCI)

PClis the ratio betiecen crop area of a realer course and the total crop area nf all

wafer courses of a grven block. It essentially indicates the contribution of a water
course in the fofa!cmp area of a group. Any changes in PCI over time indicates the
relative peq{armance o a waler course in terms ofcrop area contribution to the group.
The cmp arca of a given water course is given l!»y soil type, canal water auaflabi/f'ty,
ground water quality fot conjunctive use, etc,. Al these factors except canal water

availabifity can be assumed to be uniform over swall geographical areas such ns block
in the current study. The canal water supplies also unifornt i.e, the quantity of water
released nt different off take points is proportional to the CCA under canal in
Warabandi system. However such um'formffy may #ot be retained at freH Jevel
because it is aﬁ@cteJ fay farmers' adherence to the regulations of cropping pattern,
water usage etc. AS «a resiult, imbalances/disparities in water aum‘fabf!ify occurs at
field keef affecting the cropping pattern. Hence, the index PCI overtime signifies the

consistency in crop intensity o a water course relative to the neiglzf)oring water
conrses.

4. ].4 7}]”*’]0(1(’ Rah'o ()INI)‘/I (.F”RNDW)

Normalized Difference Vegetation Index (NDVI) which is a mathematical
combination of the reflectance values of 14T infrared and red bands of clectromagnetic
spectrum is ﬁmnc! to be a pofcnh‘a/ indicator of c[cnéffy and health o vegetation. The
NDVI o n crop typically follorws a bell shaped trajectory through its growth cycle.
Deviations from the typical (ormal) NDV is indicative of stresses due to moisture
or nutrient f}eficiency or pest/ disease incidence. THR p;,; of @ water course is

deri ved )(rom

Tail Reac}r Area NDVI

THR ypvy =
PIC’GO‘ RC(‘IC}? Arca NDVI

Head Reach Area (HRA) is defined as the nrea falling in the first 1/3rd lengih of
a wafer COUrse ﬁom the point of its of%‘ai*e and Tail Reach Area (TRA) is the area
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}(a”fng in the last 1/3rd }engt}t of water course. High NDVI reflects better crop
condition and foie NDVI reflects poor crop condition. The obscreed deviations of
NDVI from HRA to TRA can be attributed to disparities in water distribution

since the other factors contributing to crop condition such as soil characteristics,
plant varieties, agronomic practices, meteorological parameters could be assumed to
be uniform at micro fevel i.z., at water course kevel. Thus TIIR Nppcan be a potcnfiaf
tool to evaluate the quality of irrigation service.

4.1.5 NDVI variability in Tuil and Head Regions (CV )

NDVI uarialviiity expressed as coe}%’cfenf of variation rcﬂccls the uarfnbi}ify in crop
condition in a givens area. High variability indicates the differences in the resources
available to crop such as sail, mefeoro/ogica/ )[clcfors, agronowmic practices, water efe.
Again, the resources other than iuater may be assutned 10 be tu?f'j(arm over suall
areas and hence NDV/ uariabf'fa'fy can be attributed t0 some extent to the chr.:c o
water availability. It is a common phenomenon i.-up,.wnfng in ladian irigation
systems that the fail reach farmers suffer from J'H.»*ufficicnt canal water suppfics.
Under ¢his pretext, NDVI uariabi/a'{y could be « potential indicator of rc!iuirilily of
irrigation service in Head and Tail regions.

4 .
4.2 Factors affcctmg the performance (J waler courses

The drffcrantl'a/ perfonmmce o water COUISES 1« given block can be attributed to
various factors which are grouped in to tico categaries namely, (1) irrigation refated
and (2} others. The irrigation rekited factors includ: tlie location of water course in
the respective source/parent distributary or minor, lining factors such as age of lining
and extent of lining. The of}""”/“‘*‘f"” a]fccfing the pcrfommucd are soil type, gromza’
water quality, agronomic pracfices, crop varieties efe., can be assumed to be more or
Jess homogeneous over smaller areas such us at block fevel in the current study.
nerefore, only the irrigation refated parameters are considered far mmfysis in this
study. Three irrigation related factors are identified for further analysis;

(1) Location of seater courses in the parent or source distributary/minor
(2) Age of lining of iuater course

(3)Extent o finingi.e., per cent o lined arca o water course
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The following hypothesis kave been kept in mind tv guide the analysis;

I The water courses located in the Flead Reach Area (HRA) of parent
distributary perform better than that bcated in the Tail Reack Area (I'RA) of
parent distributury due to better touter availubifity.

®  AS the age of fining increases, the performance gets deteriorated.

! The water courses which were lined to a greater extent perform better than

those lined to a lesser extent i.e., the per cent of fining and performance tire
directly related

¥ The performance of water courses in the post-lining period is significantly
better than that in the pre-lining period

4.3 Analysis mfresu’ts over Hisar block
4.3.1 Wheat crop Intensity (W1)

The intensity of wheat crop in different water courses is shown in Fig. 13.In the
iuater courses (nos. 3,5,7,0,10 and 11) located in the HRA o respective source
distributaries / minors (Table |) there is an increase in the intensity of wheat crop
from 1986 to 1997. The wheat intensity is fow anafﬂuctuating from year to year
in the water courses (no. 2, 4 and 6)which are located in the tail end o respective
source distributaries / minors (Table 1). As preference for wheat crop is associated
with water availability, the higher W/ valies in head reach area water courses may
be due to better water supplies over time. Thke source of irrigation water in this block
is canals andground ioater. The ground water quafity is marginal and can be used
as supplementary source for irrigation. |t may also be observed fram Fig. 13that in
general there is a sudden increase in wheat intensity during 1990. This is due to
heavy rainfall and flooding during September-October 1905 which resulted in the
availability of sufficient soil moisture during the subsequent rabi scason. Several new
boreivells were commissioned during this seasor 10 avail the supplies from increased
ground water source. Consequently, fanmers responded to use the available soil
moisture and preferred wheat crop. Among the water courses (hos. 1-6)which were
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/fnedc/un'ng 1075-70 i.c., age of lining is 21 years approximately, wheat intensity
is fluctuating significantly betiween years as well as betieen tuater courses (Fig. 13).
Of these, two twater courses (nos.3 and 5) remain unique iuith consistently increasing
W1 over time. In others trend is consistent with low W1 having high variability. In
this group of iuater courses, the length oflining varies from 3+ per cent to 83 per
cent. Again the water course 3 and 5 with high WI have only 30 per centand 53
per cent oflining i.e., though the kngth oflining is kss, the wheat intensity is high.
Thus length of iuater course fining does not seem to be affesting W1 in this group.
In the iuater courses at no. 7 and 8 which were fined in 1002 and more or less to tlie
same extent the wheat intensity i steadily increasing in the post-lining period /.e.,
1993 osicards.  However, the Wl is higher in water course 8. In other group of
water courses at no.Qanc! 10 whick were lined during 1005 and 19006 and almost
to the same extent, the W/ has increased con-zparea’ to pre lining scasons. In the
unlined water course (no.I 1), the wheat intensity is less compared to recently fined
water courses and 0id not show much variation over time.

From the foregoing discussion thefo”owing observations may be obtained.

1.The intensity of wheat crop is influenced by the location of water courses in the
respective source distributaries / minors. Water courses offtaking from the head
reach areas have increasing wheat intensity over time while water courses in tail reach
area have declining wheat intensity.

2. Water courses which were lined recently i.c., u/lcr 1002 have shown signiﬂcanf
improvement in wheat intensity in the post-/im‘ug pcrion’s.

3. In the iuater courses which were lined in 1975-76, there is no clear relation
between iuheat intensity and agefextent of’fnfng. However, in this group, locution
of water courses seems to be ar important factor i.c., water courses focated in the
head reach area of respective c/istributury / minor have lzigl:cr wheat intensity.

4.3.2 Equiualant Wheat crop Area Intensity (WAL

BWAI which reflects the intensity of total irrigated crop area (converted to equr'ua/ent
wheat crop area) increased in 1000 in most of the water courses (Fig. 14). This is
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due to increased soil moisture availubility caused by floods occurred in October,
1005, The EWAI has decreased to the level o 1903 in majority water courses
during 1997. In the water courses (ros.3,5,7,0, 10 and 11) bocated in tlie HRA o
respective distributaries (Table |) the EWAI is on increasing trend ouer time. The
water courses of tail region (nos.4 and 6)do not shotw this trend. Withan exception
of water course {no.2), in these water courses {no.4 and 6)the EWAI is dechining
l.e., total irrigated crop area is declining. In case & water course {no.2), it is more
or less stable ouer time. Thus it is evident that total ."m'gatea’ crop area in a water
course is influenced by its location in the source distributarics or minors.

For water course (nos.] to 6) the age of lining is samwe and tlie extent of lining is
different. In this group, the EWAI does not show any signiﬁcanf relation with
extent o lining. Here water course 1,4 and 6 have more fined length (72% - 83%)
but the crop area is less, i.c., around 00 per cent. Whereas in water courses
(nos.2,3 and 5), cven f!:ougle the extent o lining is less, the /rrigation intensity is
high. ]ncia’enta”y water courses (nos. 3 and 5) are in HRA and in the carlicr group
o 1,4 and 6, water courses (nos, 4 and 6) are in TRA and 1 in middl: reach.
Thus it is euident in this group o iuater courses location o water course has niore
influence on total irn'gafecf crop area rather than age and extent o lining. Water
courses (no.Z and 8), which iwere lined in 1002, to the same extent showed increased
EWAI in the post lining pcriod, However, the EWAI is around 7080 per cent only
which is not sigm'ffcanf}y more than that o water course fined 20 years back. 1n
case of water courses {ios.Q and 10), the EWAI is high and is consistently
increasing ouer time. These were lined recently to the extent & 75 per cent and
added to that, these were located in the FIRA.

The unlined water course (ho.11) located in the HRA has fg/wr irrf'guf.:aJ crop drea
compared to lined water courses.

From the foregoing discussion, the following observations may be derived.
1. EWAI which indicates the total irrigated crop in a watercourse is influcnced by

the location of water courses with head reach area water courses ;uwing nioe crop
area and tail reach area water courses having less area,




2. In the water courses having same age & lining but Jiffcrent /cngl/z of/r'nfng, the
EWAI is more in water courses though the kength of lining is less because of its
locationin HRA. Thus thefactor of location o router course looks to be I.raving niore
influence than extent o lining.

3.The EWAI is more in an unlined water course located in head region than lined
water courses.

4.3.3 Proportionate Crop Iulensity (PC1)

The water courses af Hisar block offtuLe fron-: two branch canals. Water courses
(nos.8 and 11 ) oﬁ[z‘aL’e from Sirsa brancl canal and tlie rest of]’idlzc [ram Barwak
branch. PCI is caleulated for these teo groups separately 10 offset the differences in
water allocation rates oftwo branch canals. PCIfor the water courses (nos. 7,8 and
11) is obtained by summation of cropped areas of these three water courses only.
The analysis is prcsentca’for two branch canals scpumfc/y.

433' Barwa]a [JP(IHCII caua!

Outofcig!n‘ water courses, the PCl is inereasing in four water courses (nos.3,5,0
and 10} and itis decreasing in the rest (Fig.13). Increased PCI implics improved
performance in terms of crop area, AN the four water courses with increasing PCI
are located in HRA. Among these, water courses nos. Qand 10 were recently lined.
and the extent o fining is about 75per cent. Water courses nos. 3and 3 which
were lined in 1975-70 are located in head region. Rest of the water courses
(no.1,2,4 and 6)10’1&:}1 are in TRA were lined in tlie year 1075, Thus itis evident
that the performance of water course in terms of PCI is more in the water courses
lined aftcr 190596 and that which are beated in HRA. x‘\gc of/im'ng and /cngfl:

d lining does not seem to have any inﬂuencc on PCI.
4.3.3.2 Sirsa branch canal

Water courses (nos.Z and 8) were lined in 1002 and to the same extent but PCl is
s’ight’y d[fj(crent (ng. 15). The performance of unlined water course (ro. 1) is also
stable and its PCT is comparable to that of lined water course (no.Z). That means,
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though it is unfined, because of its location in HRA, its PCI is stable indicating
stable performance in recent years.

From the foregoing discussion, the foflowing inference may be drawn.

|) PCI which reﬂacts the relative performance of water courses in terms of crop area
is increasing over time in recently lined water courses (lined in 1995-96).

2} In the water courses which were lined in 1975-76, PCI is influenced Ly location
of water course

3) Buen the unfined water course located in Head ReAC Area o parent distributary,
the PCI is better and comparable to that of lined water courses.

4) Extent of lining does not seem to have any relation with PCI..

4.3.4 THR you

THR ypy; values, close to one, indicate better performance of water courses With fess
cfispaﬁ‘tz‘es in crop condition betieen Tailand Head regions. The temporal variation
in THR 17 is shown in Fig.16. It is evident from the Figure that THRypyy is
more or less stable and its value is around O.95. It has no conspicuous relation
with location of water course. Both HRA water courses and TRA water courses
have same values. That means in terms of crop condition there are no disparities
between Tail and Head regions and are uniform: among the water courses. But there
isa unique trend in water course No.4. Here THR ypiy is fess and is stable from
1087 to | 903 and increased suddenly in 1996 and 1097, That s, the disparities
in crop condition have reduced in these two seasons.

There seems to be no sigm'ficant impact of either age of /ining or length of lining on
THRpy For the water courses lined in {975-70 (nos. 1-6), there is no relation
between length o lining and THR ., values. Al the water courses in this group
haw more or less same THR v, values irrespective of /engffr of lining. There is one
exception in this group i.c., water course no.4 which has slightly higher values
indicating better crop condition. In the second group (n0s.Z and 8), which were lined
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in 1002-03 and almost to the same extent, there is no change in THR Ny values
in the post Iim'ng period. That means, in the post /:'ning period the disparities in
crop condition between Head and Tail region are not reduced significantly. In the
third group of watercourses (no.Q, 10) which were lined recently (1005-00) and
almost to the same extent, there is signif:’cant reduction in the Tail-Head disparities
in the water course (n0.Q), with increased THR xovt in the post Iim'ng period. Even
in the unlined water course (no.11) the THR NOVI values are stable over time and
comparaue to that of kned water courses.

From the f;)regaing discussion, the j:J”owing inference may be drawn.

1. The c];'span'tfes between Tail and Head regions of water courses are in gcneml not
signif}cant as inc]icatec] [Jy the TH R NDVI values closer to 1.

2. Location of water course in the source c]istributary / minor does not have any
impact on crop candition disparities in Tail and Head regions.

3. Age of ia'ning and extent of Iining do not have any :'nﬂucnce on the crop conJit:'or_z
c]fspan'ties between head and tail regions.

4.3.5 NDVT variation in Head and Tail regions (CV ;)

The caeﬁ(:'cr'ent of variation in Head and Tail regions of cach water course was
preser:tec! in Fig.] 7. Two aspects are evident from the Figure.

1. The CV NDpVT IS more or less same in both head and tail regions.
2. The CV yppyy has decreased significantly over time from 1087.

3. The CV NDVI values are most’y around 0.1 i.e., 10 per cent in all the water
courses.

4. These observations are valid irrespective of the location, age of Ir'm'ng and extent
af ]r'm'ng of water courses.
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4.4 Analysis of resulls over Narwana block
A.A4.1 Wheat Intensity (W1)

The WI over time for different water courses is presented in Fig.18. It may be
observed that in genera] twheat intensity has remained stable over time with onfy 10-
15 per cent variation. There is slight increase in WI in 1000 and shight decrease
in 10Q7. The reasons )Qr increased wheat intensity in 1 000 i.c., due to ﬂooaf in the
precec!ing season as it was discussed in Hisar Hock analysis, is valid here too.
There is no clearcut rebtr'ons’zfp between wheat intensity and location of waler course
because WI is more or less same in HRA water course (no.1) and TRA water
courses (nos.2,6,7 and 8) of Table 2.

Sl'milar’y, there is no sigmﬁcant Jiﬁ[erence in wheat intensity between the water
courses which were lined in 1980s (nos. 1,2,3,5,0 and 7) and that which were fined
recenify he., 1002 and 1 Q05 hos.4 and 8J. A/so, in the water courses fined Jura'ng
1002 (no.4) and 1005 (no.8), there is no .sr'gm'ﬁcant cifﬁ(crence in WI in the post
’fm'ng and pre ln'm'ng pen'oJ. In all the water courses which were lined up to 1083
(no.1,2,3,5, O, 7) the water courses (no. 2 and 5) with 70.80 per cent of]ining and
that (1,3,0 and Z) with 40-00 per cent of ining have more or less same W values.
Thus, the extent of ,:'m'ng also does not seem to have any relation with 1wheat

intensity.
The )C:v”owr'ng in,[crence may be drawn from the above discussion;
1. Wheat intensity is more or less stable over time with shight increase in 1000.

2. %eat intensity does not have any clear cut relation with location of waler
courses, age of ’:'m'ng and per cent of /a'm'ng.

4.4.2 Equiva,cnl Wheat Arca Intensity (1WAl
EWAI which indicates the infensity of total crop area is more or less stable over time
(Fig.1Q) in all the water courses except in water course (no.1). Hence, the inﬂuence

) location of water course, age o lining and extent of lining is insignificant. Even
q g g g
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within water courses (no.4,5 and 8) there is no significant difference in EWAI in the
pre and post Iim'ng pcrfmis. In water course fno.1) which was fined in 19081 and the
extent of Ir'm'ng twas 5Q per cent, the EWAI has increased ﬁom 1087 to 1090 and
then declined in 1007. Thus it has got unique performance with refcrence to EWAI

comparec] to the rest of waler courses.

4.4.3 Proportionate Crop Intensity (PCI)

Over time the PCI values are stable in most of t}_:e waler courses fan'cating that the
relative performance of water courses over time does not vary signiﬁcantfy irrespective
of the location of wafer course, ,engtlt of Ir'm'ng and age of /:'m'ng (Fig.20). The post-
Iim'ng and pm-/:'m'ng contribution to total crop area in case of water courses (no.4,5
and 8) does not show any sfgnfﬁcant Jfﬁ(?rence, as PCI values are same. That
means, Iining of water course does not have any influence on crop area. However in

water courses (1 and 2), the decrease in PCI Juring 1007, reﬂects reduced
perj;)rmance, reasons for which have to be investigafec!.

4.4.4TIHR ypiy

THR 7 values are more or less closer to 1 (0.95) and remained stable over time in
majority of water courses (Fig.21). That means, the crop condition in head and tail
reaches is more or less stable with less Jisparities over time. The pcrformance of crop
is more or less same between head and tail reaches. The location of water courses in
the respective source distributaries / minors does not have any [Jearr'ng on tail-head
crop condition. In water courses located in TRA (n0.0) and mid reach (3,4}, the
tail area pcrygrmance is almost equa’ to that of head or even exceeded head region in
some years whereas in water course no.l located in HRA, the THR wow 18 0.95
on’y. There is no improvement in THR 7 in the post /:'m'ng pen’oc] {water courses
no.4,5 and 8). However, in water courses (no.Z,O) the inter-annual var:'ab:'/r'ty n
THRNDW rcﬂects the ﬂucfuatr'ng perﬁ:rmance of crop. These water courses were lined
in 1083 and hence the age of Ir'm'ng could be a confril)uffng factor.

4.4.5 NDVI variation in Head and Tail regions (CV g1
There is no sigm’ﬁmnt a’r'[fercnce in CVpur of head and tail reaches of water courses
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over time and across space (Fig.22). Therefore, the condition of wheat crop did not
vary hetiween head and tail reaches in Jiffcrcnt water courses. It is not laeing
influenced by the location of water course. However, with respect to age of fining and
extent of ’ining certain associations are visible in Fig.22. In the water courses which
were lined in 1 002, the C Vour has reduced in the post ’infng pen'oc[ in both head
and tail regions (no.4) and CVypur had increased wherein water course no. o, the tail
perfnrmance has deteriorated in 1097 which increased CVypuy

From the foregofng c]fscjussfon, the fo”owiﬂg inference may be drawn;
1. The perﬁ)rmance of water courses over time is more or less stable

2. The location of water courses in the respective source distributaries / minors docs
not have any r'nﬂuence on the peq[ormance of water courses.

3. Age of !l'nfng and extent a)(,ining of water course does not inﬂuence the absolute
crop area either wheat or wheat equr'va/ent total crop area, or its relative contribution
to total crop area of all the water courses over time. That means, the age o,[ Iim'ng
and extent of’ining did not change either cropping pattern or cropping intensity.

4. The condition af wheat crop in tail and head regions of water courses is uniform
m gcnera’, without being r'nﬂuencec] by location of water course, age of fining and
extent of ’l'm'ng. However, there is an indication that in the water course fined up to
1083, the tail vs. head a’fsparh‘y in crop condition is ﬂuctuating from year to year.

4.5 A::a’r SIS nf resulls over Sirsa block

The set of 11 water courses selected in Sirsa block are located in Rori division of
Sirsa WS Circle and their source distributaries are feJ Ly Bhakra main branch
canal. The nmrgina’ to saline qua’ity of grounJ water forces the farmers to rely
masfly on canal water supplies. However in head reaches of main canals shallow
tubercells are c}ug to tap the canal seepages. It was also noticed during the fm/a'
visits that saline groum/wafcr is being nmrgr'na/:'scc] lvy mixing with canal water to
overcome the shortages in canal water supp’y t’wrough conjunctive use. As all the
sclected 11 watercourses, were lined during/before 1087, the satellite data analysis
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represents the post lining perioc]. Intercsﬁng’y, all the watercourses under stuJy in
this block are having more or Joss same percentage of lining ranging from 63 to 80
per cent and also all of them were lined Lefore 1987. On the basis of age of lining,

these water courses may be categorised into three groups namely;

Group I (water course 1os. 5,8) Watercourses lined during 1087
or just 2 years before 1087
Group 11 (iwater course nos. 4,7,9,10) Watercourses fined 5 to O years
bcfore 1087 -
Group 11 (water course nos. 1,2,3,0) Watercourses Jined 10 to 11 years

bcforc 1087
4.5.1 Wheat Intensily (W1)

All the three groups show a steady decline in wheat intensity from 1987 to 1007
(Fig.23). The trend is same in all the water courses irrespective 0)( location and age
of’ining and extent oﬂining,. This signiffes the gcncm’ prcfcrencc offarmcrs to non
wheat crops. The non wheat crops are mastly mustard and gram. The duration of
mustard is same as that of wheat while that ofgram is sfr'gktfy more than that of
wheat. However, the irrigation water requirement of non wheat crops is signiﬁcant’y
less than that of wheat; may be about 00 per cent 0)( that of wheat, The cconomic
Ixneﬁts ﬁom mustard and gram are not higher than that of wheat as indicated Iay
ﬁirmers’ interviews cfun'ng ﬁc’c; visits. T;tercfom, the farmers' prcfercnce to non wheat
crop could be attributed to irrigation water availability. The shortage of canal water
coup’eJ with poor grounc’ water qua’ity migfzt hace resulted the rcpfaccment of wheat
l?y non wheat.

Further the J{gurcnccs in wheat intensity among the water courses does not seem to
be fnﬂucnced by location, age and extent of fining. Even the TRA water courses
(nos.1,9,8) Lave about 00-70 per cent ofwhcat intensity on par with HRA water

+ course {no.10). Similarly, different ages of lining do not reflect the differences in

wheat intensity. However, the unlined water course has got much less wheat intensity

compared to the rest, parh’cular]y in 1095-00.
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The fo”owing inference may be dratwn from the above discussion;

1. The inlensity of wheat crop among the water courses docs not show any
significant relation with location and age of lining. However in the unlined water

course, the wheat intensity is much less.

2. A” the water courses show a general Jcc’ine n the wheat intensity.

4.5.2 Equiva’ent Wheat Arca Inlensity (EWAI)

QOvertime the EWAI has remal'nec! same more or Jess in all water courses (ng.ZfI-).
That means, the intensity of total crop area remained consistent. It is evident from
previous cection (1.5.1) that wheat intensity shows a declining trend in all the water
courses. That means, whatever reduction in wheat area is compensate by non wheat
crops, SO that total crop area is stable. The EWAI is not signiﬁcantly Jr’ffcrent even
in unlined water cotirse (no.11) comparcd to lined water courses (nos.ff-,é,S).
Simi’ar’y, t’wugla the water course (no. 1) is Jocated in H RA, its E WAIis much less
compamcl to that located in TRA and MRA. In case ofwatcr courses (nos.1 & 0),
despite their location in TRA, the EWAI is onpar with that located in H RA (n0.10)
and more than that Jocated in MRA (no.3). Simr"ar!y the age of lining seems to be
not influencing EWAL

Thus it may be infcrrcc] fmm the foregoing discussion, that the crop intensity as
rcpresenfec] by EWAIs stable over time and it is not inﬂuenced by Jocation and age
of lining.

A.5.3 Proporiionate Crop Intensily (PCH)

The PCI values are consistent over time in most of the water courses indicating that
the relative crop area contribution of each to the group remafncc! stable over years
(Fig.25). That means, the performance of water courses in terms ofcrop intensity
is more or Jess uniform. Houwever, in some waler courses (nos. 1 & 2), the inter
annual ﬂuctuaﬁons of PCI, reﬂcr:t the unsfabfe performa nce comparcd to the rest of

the water courses in the group. These hieo water courses are ’ocatcc! in the tail regions

and were lined in 1907 0.
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Fig. 24 Equivalent Wheat Area Intensity in water c



Block

Fig. 25 Proportionate Crop Intensity in water courses of Sirsa
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4.5.4 THR ypvi

THR npwi remained consistent over yime in Group I water courses (Fig.20).
Further, the value of THR npv1 is closer to 1 indicating lesser disparities in crop
condition betieen head and tail regions. It is interesting to note that in the water
course (no.5), t’w fai’ crop Is better than that of heacl In Group [T water courses, the
disparities are less and uniform over time in water courses (no. 7 and 10), while the
situation is entirely different in water courses (no.4 and Q) where the disparities are
high and fluctuating over yime. Again in Group 111 water courses also, one can in
mixed trend with some water courses having less disparities (nos. 1 and 0) and
others with ’aig;: disparities (no.2 and 3). The unlined water course is performing
better with no disparities within. The location of water course does not have any
influence on crop condition as seen from water course (no.4) which is located in H RA
but ’1:’9’1 and inconsistent disparities and water course no. located in TRA with low
and consistent disparities. Similarly, age of lining also do not have any r'nﬂucnce on
crop condition in head and tail regions.

From the above discussion, it may be in)(crrcc] that;

1. In majority of water courses, crop condition in head and tail regions is uniform

ana, consistent over time.

2. The head and tail J:'ffercnccs in wheat condition are not related to location and age
of lining.

4585 NDVI parialion i1 Ilead and Tail regions cv ND\’I)

In group I & II, the CV of wheat NDVI shows a declining trend in both head and
tail reaches, indicating that more uniform crop conditions are prevai’in.g in both head
and tail reaches (Fig.27). However in Group 111, the head veach CV shows a steady
decline indicating more uniform crop condition ovet the time, the tail reach CV
remained Afg’ver and consistent over the time. This indicates that in this set of water

courses, which were Jined about 1Q1 years bejore 1087, tail reach wheat crop
performance is variable and nonuniform.

ﬂle CVofwhcat NDVlIin l)ofh Lead and tail regions have been decreasing over time
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genera”y in all the water courses T¢ ecting uniform crop condition within head and
tail regions. But the disparities in CV of NDV1 are significant and consistent over
ime in waler courses (nos. 2,34,0 and 9). In these water courses the tail regions
have higher NDVI variability comparec] to head regions, signify:'ng the Jiﬁerences
in wheat proclucﬁvity. These water course have ifferent ages of fining and located in
Jifferent regions of respective parent distributaries. It is interesting to note that the
unlined water course is more um'form in terms of head and tail NDVI variability.

It may be inferrecl from the forcgoing discussion that;

1. The pariability in wheat crop condition is reducing over Hme in both head and tail

regions of water courses.

2. The tail reach areas have ’159’19:’ pariability in wheat condition than head reach

areas

3. The head and tail Jif)(crcnces in NDVI pariability are not related to location and
age of fining

4.7 Sustainability in crop inlensily

The coeﬁr’cfent of variation(CV) in crop intensity as rcpresentecl by EWAI during
1080—37 o 1006—07 rcﬂccts the performance of water coursces. Temporal changes
in crop intensity can be attn'buteJ to changes in water avai’abifity. High values of
CVsignify inconsistent/c]etcripmtfng performance. The values of CV in EWAI at
water course level as well as at head and tail reaches within water courses for the

water coursas which were lined before 1080 are prcsentec} in Table 8. The CV values
up to 10 percent may be considered insignificant.

It is evident ﬁ'am Table 8 that in gencra, in most of the waler courses of three blocks
the CV values are less than 10 percent. That means, at water course Jevel the crop
intensity is sustainn“a over time, However, in water courses (nos. 1,3 and 5 in
Hisar uoc’c, no.l in Nancana block and no. 7in Sirsa b’oclc) the CV is greater than
10 percent. Tha situation within the water courses i.e., in head and tail reaches

indicates a comp!efe’y Jifﬁ:rcnt picture. The CV values are sfgnificantly hig’a in most
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of the water courses of Sirsa and Hisar Llocks. The crop intensity in tail reaches
shows very ’n‘g’e pariations in Sirsa Llock. Thi# is due to the fact that in this block
the source of water is mosf,y canals as grounc} water qua’ity is poor and since the
canal water are fimited, the disparities between head and tail reaches have aggravatecl

*

over time. In this block twater cotirse nos. 2,34 and @ have very high CV values. In
Hisar block, CV values in tail reaches are relatively less compared to that of Sirsa
Hoc’e. In this Hoc’e, water course nos. 35 and 6 show greater pariations in crop
intensity in tai reaches. In this block, the grounJ water qua’ity is margr'na’ and
honce its usage is more than that of.Sirsa Llock. In Narwana block, the CV values
are sigm'ﬁcant’y less, indicating stable crop intensity within water courses. This is due

to gooJ qua,ify grounJ water for conjunctive use.

Table 8 Ctmfﬁcienl of Variation (CV)

in cro intensil
Waler c:om-:I Tofa! H cad Reacfl Tail Reac’r
non walar conrsad l

Hisar block 1 12 l 15 \ 15
2 0 P S -
J _Ji———______u—'——____lg—-——
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5. SUMMARY AND CONCLUSIONS

Multidate high resolution satellite data has been ana’yzeJ during the rabi seasons of

fl've cliﬁ[erent years and Enﬁnnaﬁon on cropping pattern and crop condition has been

generatec! for every pixel of 0.09 ha size.

The stuc]y has successfu”y JemonstrateJ that the synergistic use of ’n'gh resolution
(5.8 metres) Panchromatic data with multi spectraf data (23 mts - 30 mts pr’xe]
resolution) could enhance the capal:i’ities of remote sensing techno’ogy for
Jisaggregatec’ inventory of irrigation systems.

The use af IRS-1C PAN data of 5.8 metres spaﬁa’ resolution has resulted in

increased accuracy in the registration of high scale (1:0000) cadastral maps of water
courses to the most commonly used topograpltic maps of 1:50, 000 scale.

The satellite derived spaﬁa, and tcmpom’ information on cropping pattern and crop
condition at water course Jevel are the potenﬁa’ data sets for generating irrigation
pcrfonﬂance indicators. In the absence of any fnstitufiona! structure ﬂ)r collection and
maintenance of such data in irr:'gatecl commancl areas, satellite remote sensing

techno’ogy assumes greatcr t'mpon‘ance.

The performance indicators evolved from remote sensing derived inﬁ)rmaﬁon on
cropping pattern and crop condition have been used for evaluating the irrigation

system pcrformance of gross root Jovel irrigation units such as water courses.

In Hisar block, the grounc] water qua’ify is marginal and is suitable far conjunctive
use to some extent. In this block, the pcrformance of water corses is sfrong,y related
to the Jocation in the respective Jistribufary/minor. Water course ’ocm‘cJ m the heac’
reach area have hig!rer wheat intensity and total crop intensity. In the case of water
courses which were Jined in 1092, there is a significant improvement in crop
intensity in the post lining pcrioJ. Even the unlined water course located in the head
region has ln'g’qer crop intensity. However, the condition of wheat crop is not being
l'nﬂuencecl by location, age and extent of lining. The disparities in crop condition
bettveen head and tail regions have not reduced signiﬁ'cantly in the post lining perioJ.
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In Narnvana block, the gmund water qua’ity Is gan anc! is being extensively used as
supplemenfary source. The performance of wdter courses is in gencra’ stable over
time. The Jocation of waler course, age and extent of lining docs not show any
relation with crop intensity. In gencra’, in all the water courses the crop condition is
um'fvrm in head and tail regions. However, in the water courses lined upto 1983, the
disparities betrween head and tail are ﬂuctuating from year to year-

In Sirsa block, all the water courses se’ected far the stucfy have been fined ’ocfore

1087. The location of water courses in the parent distributary/minor, age of lining
and extent of lining do not seem to have related to the penformance of water courses.
The wheat intensity in gcnera’ is decreasing over time and non wheat crops are
increasing. Going by the gencra! prc[crence of farmers to wheat crop, the rep]acement
of wheat by non wheat over time can be attributed to decreasing irrigation water
availability. This block is c’mracten'zecl by poor ground water qua’ity. As the supp’ies
from canal water are nat suﬂ‘fcr'ent, farmers prejfer low water consuming non wheat
¢crops. The intensity of total crop area is more or less stable over time indicating that
the reduction in wheat area is compcnsatec’ l)y incrcascd pon wheat area. In
majority of water courses, the conc;iﬁon of wheat crop in head and tail regions is
uniform and consistent over time. In some water courses; the disparities in crop
condition betieen head and tail regions are ln'gh and fluctuating )(rom year to year.
The NDVI varfa’:u"ify within head and tail regions is decreasing over time, however

tail regions have sa'gm'ficant’y greater variations.
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GLOSSARY OF TECHNICAL AND INDIAN TERMS

.

Branch canal is the primaty arlery of canal waler delivery syslem of offtalccs from
reservoir. | '

Command Area represents the area irrigatccf or capabfc of being a'rrigath cither by
gmvitaﬁana’ ﬂaw or by ’:ﬁ frrigation or by any other method and includes cvery such area
by Jaw inforce in the State; also rcfcrch as ayacul. '

Critical Pariod is the perfod during erop growth when moisture siress will have a Jasting
effccf on crop growd'i an yieUs.

Crop ca’cm’ar is the chronofogica’ sequence of occurrence o[ various physio’ogical slages
in crop growth cyc’c.

Cropping Patlern is Jctcrminccl according to relative acreage of various crops in the
command.

Cuhura”e Cnmnumcf Arca s the portion of the Gross Culturable Area which is
cuhivauc.

Distributary is the sccondary arlery of the canal water delivery system. It takes oﬁ fmm
the main canal. |

Gross Cnmmam‘l Area is the total area which can be :'rrr'ga!cd in a project command. It
inc’chs the arca c'ovech By roaJs, cu’verts, seltlements, zmcuh m'aHe area elc.

Growing Pariod for a giten crop, is the pcrioc] betiveen pfnn{ ing or sowing and harvest;
also rcfcrrcc’ as base pcriocf; days. '

Inlensily of Irrigation is the ratio of the actual area irriga!cc! {n a scason to the total
culturable command area; expressed as %.

K'mrif is an important agn'cuhum} season and commences during | une-J u’y after the onset
of south-west monsoon and ends during Octolx'r—Novem[rr.

Main Canal is the principa’ arlery of the distribution system.
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Minor is the tertiary arlery of the canal water delivery systent. It takes o]f from' the
distributary and can be a ridge canal irrigating on both sides.

Moisture Stress isa Jefv'cit slale of waler avm’]abi]:'fy expericnccc} Ly the crop wherein the
rate of water loss ﬁom the crop exceeds the rate of water alasorptr'on l‘:y the crop, resu’tr'ng
in below normal crop growtiz and crop yic]ds

Moniloring is the process of collecting informatr'on about the actual exceution of p!anncc’
tasks and fadors which mig]rt aﬁect their execution; ana’ysr’ng these in relation to the pfcm
and exercising control so that the deviations )(rom the p’an are minimal.

Outlet isa contro!‘hsh'udurc to rcgu’nlc releases in the waler courses and ficH channels.

Quintals is the Indian weight measure eqivalent to 100 kilo grams

Rabi is the second important agricu’[ural season and commiences during Ociobcr-Novemfxr

and ends during Marc’w—Aprif.

Vegetalion T ndex is derived from the reflectance of vegetation in near infra ved and Red
bands and indicates the densily and health of vegelation al the time of observation.

Water Course is a channel built, genem”y at government expense, to convey waler from
an outlet to a hundred acre block or as may be prcscrr'[acc!.
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