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irrigation systorn pcrlr,rniance oJ grassroof lcucl irrigalion units suclt as 
I.rOter coumes. 

lti Ilisirr l>locL, tho pcrjvwinico id uvitor ciiiirscs is slroiigly rclalcA 10 llieir 
location in tho rcspcclive paronl AistriLrtta~/,irino+. Wafer courses l o c a d  
in the head reacli area have higher wlieat intensity and total crop iritcnsity. 
In the case of udcr courses, u&JI u w  IincJ in 1992, tlicre is a signifcant 
iniproveniont in m p  infensity in the post lining period. nie Aispan’ties in 
cmp a7nAiiion bctuwen head anA tail regions have not reAuced significantly 
in the post lining period In this Llock, 1 1 1 ~  quality of ground water is 
niarginal and can Le used to some axtent for conjunctive use. 
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National Remote Sensing Agency (NRSA), Depcirtment of Space, Governmenf of 
India had Successfully executed the project on the use of remote sensing tecLnology 
f o r  euaLating the petformance of Bhakra irrigation system, Haryana, India. The 
pmject was executedbr Internafional Irrigafion Management Institute, Sr; Lnnka, 
during rob; season (Noamber-May) of 1995-96. f i e  results of the project haw 
demonstrated the capabilities of remote sensing techniques to provide reliable 
disaggregated inbrmation on cropping pattern, cropping intensity, crop condition 
and cmp yeld. The analysis of such in,brmation helped fo idenfib spatial variability 
with respect to agriculturnl per+orrnonce. With the objective of using remote sensing 
data to study the impact of cxternnl interventions on irrigation system performance 
at micm LwI, I I M I  fins initiated another study during 1996 as part of i ts ongoing 
research program. The current report deals with this second study of I IMI  which 
has again heen e.rccutrd by Vater Resources Group (WRG), NRSA, India. 

Under tliis study, multi-temporal rrmote sensing delta has been analysed to evaluate 
the pc&rmonce ofrcnter courses and to study tlie impact of water course lining on 
the perbrmnncc. Spatiit1 nnd temporal inJormation on tLe cropping pattern, crop 
intensity and crop condition dcriwd ftnm remote sensing data has been analysed kr 
evaluating tlie parfirmonce of water courses. Tfie study mas conducted in Bhakra 
command i t m  in IJarpnn state, India, during the rabi seasoqs ofdifircnt years. 

i 

?Yae major objectivcs ofthis study ruere 

1. To generate statistics on t a d  irrigated area, nrea under rahcat ond non wheat 
crops nt water course Imel in di&rcnt years 

To generate robcot N D W  data (spatin1 nnd temporof) in eacl? water course 

To ewluate the pc&rmance of water courses through performance indiccttors 
generated fmm remote sensing data 

2. 

3. 

1 
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5. To provide a "port on satellite dafa used, methodology followed and analysis 
of rrsrilts, to I I M I ,  ~rikrnka. 

f i e  totalgoogmphicalarea of Haryana State is d.4 million hectares (m ha) with 3.9 
m ha. of amble iand. f i e  irrigntedarea in the State is 2.8 m ha which is 80 percent 
of3.5 m ha. of cultiuntedarea and is served equally by canal irrigation andground 
water. Zoo major canal sysfems "am& ( I )  the Bhakra canal system which is f .d  
&in h d u s  basin and (2) the Western Yamuna Canal (WYC) system which receives 
suppIg from I'nmuna ricer, tu i th  12,IOO km. long network, provide 88 percent of 
the surfnce irrigation support in the State. The Bhakra syste~n has a Culturable 
Command Area (CCA) of 1.2 m ha. (Fjg.]), with thrce operntionnl systems nnmely 
Nanuana-Sirsa system, thc Bmlcnla-Sirsa systcm nnd Bhakra Main Line (BML) 
systcm. BhoLm main Iine and Norwana branch are contour canals whiIe others are 

ridge cannls. &cepf N q p 1  h$ scheme near AmImIa, all other channels in the 
command nrco ore operated by gravity jloru. ??le command m e n  is dioidcd into 
AmLtL,  Kaithnl, Hisor-I, Hisar-2 and Sirsa rcafcr service circles which are in turn 
divided into 13 divicions and (11 sub-divisions . 

Ground wtrter table depth nnd quality are mortitorcJ by tltc ground ranter cell of 
Agricirlturc Dcpartinent. Ground ruatcr h d s  arc oLscrvcd in the months of June 
It.f.rc the commenccnrnt ef the wonsoon) nnd OctoLer (h/ter the monsoon). In 
Hisar, Sirso and parts ef Jind Ajstricts, ichere ground water dcvclopment is low due 
to poor qunlity, rcofcr table has rnisen over time. In Kiathnl, Kurukhshetra ond 
Ambala districts, the rtwfcr tahk hns gone down due to extensive development of 
good qual i f~  grorrnd water. Tl,e area irrigntecA by the conjuncticve use of canal and 
ground water r d h i n  the canal comrnnnd is not separately reported 69 the Revenue 
or Irrigation department. While the Agricultrrre department reports areas irrigated 
by canals andground wnter srporately, only the former is reported b y  tlto Irrigation 
dce rt men t. 

f i e  annual ra;nJrl/ in thc command Lvlrics fr .m 750 mm in the north-enstern to less 
than 400inm in south-rccstcrn parts. During rnLi season, i.c. from November to 
March, raiitf;rll cvrries horn I OOmm to less than 5Omni. Idtarif (lune-OctoLcr) and 

2 
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rabi (November- May) are the two principal agricultural seasons. During rob; 
scason, ~cAcclt is prcdiwrinnntly cultittoted in ,111 thc irrigcitioti circles. 7 b i 0  is tAe 
ptinciploilsccd cmp in Am!& and Kaithal circlrs and Mustard in rest of the three 
circles. Bengalgmm is cultiuated mostly in Hisar-1 circle. Sotuings commence during 
Nowmber and complete mostly teithjn the month f o r  oilseed crops and f . r  wheat it 
extends up to December. 

Ini&tion renter is suppliedj3loteing the 'warahand; system ', which folloios a rigid 
rotational cycle of fixed durntion, /requency and priority level. Intensiw irrigation 
and inadequate and incficient on-brm water managenlent hns resulted in 
tuatcrlqging and soil salinity in Haryann State, though on a mucll reduced level in 
the Bhahra sysfem. f i e  prol.km of sodicity is inainly in Kurukshetrn, Am6ala and 
Jind disticts tultih high salinity pockets ore noticed in Kurukshctra, Hisnr and Jind 
districts. 

Lining of tcwfercourses in Haryana state has been going on since 1973. B y  the 
middle of I&'/!, about one tLird of Iiarycrna's 13,000 water courses had Len  lined 
- some ZO,OOO Lm of lining. f i e  impact of lining of watercourse is  very speciJic in 
this systrm jii tlie sensc tlint thcre is nof additional writer delivery at the Lead ofthe 
icatercoursc, and tfie capacity of tLe ruotcrcoltrsc remains unchanged offer lining, the 
prrrpose of lining is simply to reduce seepage losses and hence to improve the equity 
of distribution of the water supply by increasing ckliveries fo tail-end users. The 

time f ixed f o r  water Aclicery to the formers o{ the watercourse. Hence, teith nn 
rrnhned ieotercourse, losing perlmps 2025% ojthe j'oru between the head and tail, 
there is significant inequity even though the duration of turns per unit of land may 
be constant. Once lining is introduced, inequity will be signifcantly reduced to the 
extent that seepage lossos nnr awiAcd. MoreoLer, lining of ioatercourses increases the 
t.clocity of /lo,', reduces travel time, minimizes the instreom sforage of the 
watewoiirsc, maintoins tLe system integrity, incorporates improved, wafer-figLt jeld 
outlets and reduccs iuntcr logging and salinimtion. 

impact is ensib mrasrirrdIwcaiise no nlloioances arc mndc for secpiige, losses in f h e 

l l t e  existing hius gotrrning irrigation in northern India gives the responsibility to the 

4 
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t;lmers for operation and maintenance of watercourses. Traditionally, with earthen 
ttwtcrcoiirscs, brmers have undertaken this responsibility but thc ndvcnf of lincd 
rrotcr cotoms I d  to some former resistance to uniArtiJzing moinicnance, bccousc 
maintenance in lined iuatcrcourses is more complex. “%is, in turn, has led to the 
reported fail,re hr the lining of watercourses and hence deterioration of tLeir 
pelj$nnance back to something closer to unhnned watercourses. Variables which might 
be expected to contribute to the pelj$rmance of watercourses in respect of improving 
the equity of water distribufion include: their age, percent of lined length of water 
course; the water fable conditions in tho area (because areas rcitl7 high rooter table 
conditions result in unstirble bundotion conditions), the existcnce of groundicatcr 
decclopmcnt in the area, variations in the design of wafercourse linking; and the 
extent to which maintenance or rchabilifation has becn carried out. 

Based on cost considerdons, it ioas dccided to sclcct an arcii of 18km x 18km in 
each of the three divisions which toill be covcrcd in 3 TM floppy diskette data 
products. The thrce areas (bloc& selected f . r  the study are: Narroann block with 
fresh icotcr quality, Ifisor block with marginal zoafcr qualitg and Sirsa block with 
poor water quality. Nartiwna block has 82 rcater courscs ichiIe Nisnr and Sirsa 
Llacks confain N a n d  132 roater courses respectively. I t  has becn dccided to take 
a snmplo of 1Olined rcntercourses and I unlined water coursc from cach block. f i e  
lining of water course commenced around tl7c year, 1915, and is a continuing 
activity. Since one of thc oljcctiws ofihe study is to quantify thc perJorrnance of 

water courses owr fimc, the age oflining of a uwtcr course needs to be considered in 
the selcction of ruatercourscs. 

As a first step, thcrcfore, the lined water courscs were arrangcA in ascending order 
of the year of lining. Nso, high msolution satellite rcmote sensing dizta arc avai/able 
from 1986 onwards and it tims dcsimd that toe should select 6 watercourses lined u p  
to th is  year and 4 water courses lincd later. To cnsure that the selected water courses 
are dispread owr dihrent years, the lined rooter courses were grouped to hrtn b u r  
cells (strata). Water courses Iincd u p  to 1985 toere divided into two cells with 
oppmximatcly equal numbcr of watercourses in eacl? ccll. From eacL of the jrst two 

i 5 
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38i6 
2972 
167s 
3830 
21.31 
3486 
5910 
56.39 
J66,t 
330.f 

cells, three water courses were randomly selected (tuith equal probability without 
replnccmcnt). SirniMg, from each o j  the otlrer two cells, two looter courses were 
rmAom1y sckcted. ?bus, fined water courses representing diffL.rcnt  tin^ periods of 

fining toere schcted. From tlw group of unhned watercourses, one water course was 

rando& scIccted. f i e  deta;ls of selecfed water courses are sltoron in Tables 1-3 and 

% 
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72 
34 
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79 
53 
SL.3 
53 
55 
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5. No 

I 
2 
3 
4 '  
5 
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1173.1-7R 
,19500- R 
16095-R 
1 I5W-R 
516W-I. 

I 000- I. 
45872 R 
282.5-1. 
51O-1, 

13.120-R 

% RD 
- 
5.1.83 
1M 
26.40 
81.29 
29.90 
73.52 
1.01 

46.16 
7.35 
1.33 

1351 

I 
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I 
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Yo RIJ - 
14.55 
90.56 
27.90 
44.6 1 
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66.80 
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12/92 
1/96 
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f i e  owrvietu of analysis mctlmdolcyg is given in Fig.5. The digitill imnge processing 
. and anaIgsis iuas carried out on IBM Workstation RlSC 6@@@ with EASUPACE 

image analysis sofitoolr. f i e  analpsis resulfs were outpuf in the form of classification 
maps (cropping pattern), j lmcd on Colorfre film recorder a n d  processed at NRSA 
Photoprocessing L.aborotory while statistics toere imported into Pentium PCS ond 
compiled by Quatropro/P~esentations soJLare in Windotus 95 environment. 

As the study involves the annlpsis of multi-year informotion during the last one 
decade, the data fLom various satcll;tes tvcre spzyistically used thruogh judicial 
combination ofd;f;(lrcnt ocerpclss dotes in o season. Keeping in view the cropping 
pnttern and crop calendar, cloud free satellite data cowrage tvns obtained Table .I). 

71w sensor cltamcferistic-s of I.ANDSAT, IRS-1 A, 1 I3 and I C sotelhtcs are shown 
it1 Table 5. 'Tle s o d h e  dLto was ocqu;red at tlw satellite data reception station at 
Hydemkdond d;stribrrfcd bg NRSA Data Centre (NDC). f i e  satellite Anta toas 
obtnincd in the form of Joppics. 

Ground f n r t l t  collection 1 i ~ s  organised in three phases. In the firsf phase (February 
I#?), tl7c whole study area tuns oisifcd and represcntotive sample sites Training 
areas) b r  various theme classes of roheaf, non rclteat crops nnd fallotv areas were 
ident$ed. AnciIIorg informnfion on crop cnlendnr, crop cond;t;on, ground water 

quality/utilizotion icas also obtained horn ofice records and tltrouglz informal 
intervietus wit12 farmers. Z7e ground truth collected during this phase essential 
for cLssification of soteIIitc data into crop types nnd groups. During second phase 
ouly IN?), the accuracy of crop cktss$cation icns cvalunted. IfotceL.cr, a quick and 
short field oisit coos also ttndertaken during Nowmher 1997 to reconjrm the 
occrrrncg in sotne of the critical a r m s  located in some wafer courses. 

1 1  
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15 DK 96 IRS-1C 
12 Jan 97IRS-18  
1 7 F c l 9 7 W N D S A T  
02 Nou 96 IRS-1C *' 

Ta& t i  Satcliitc data analyzed in the study 

22 DCC 96 IRS-1 B 
13 1.11 97 IRS-lB 
26Fc1797IRS-lB 
21 Mar 97 IRS-lC ** 

Y8ar 

IW-97 

Hisar ldxb 

15 Dec 96 IRS-1 C 
12 Jan 97 IRS-IB 
17 P A  97 W N D S A T  

21 Nou 95 IRS 1 B 
4 Jail 96 IRS 1 B 
26 Jati 96 IRS 1 B 
17 Fcb 96 lRS1 B 
10 Mar 96 IRS 1 8  
01 Api 96 IRS 1 B 

I 

1 9 9 5 4  
21 Nou 95 IRS 1 B 
4 JON 96 IRS 1 B 
26 Jail 96 IRS 1 B 
12Peb 96 lRSl B 
l O M a r 9 6 I R S l B  
01 Ayr 96 IRS 1 B 

1992-p 
22 F A  03 L11NDSAT 
10 Mar 03 LANDSAT 
26 Mar 93 LANDSAT 

1WQ-W 
12 Dcc 8Q LANDSAT 
02 Mar 90 LANDSAT 
04 Ayr 90 W N D S A T  

Ipq4-87 
20 Dcc 86 LANDSAT 
10Mat. 87 LANDSAT 
26 Mar 87 LANDSAT 

22 Nuu 95 IRS J B 
Z ~ J ~ I ~ I  96 IRS 1B 
1 8 F ~ L 9 6 1 R S l B  
11 Mar 96 IRS 18 
0.2 A p r  06 IRS 1 B 

22 F.4 93 Lt\NDSAT 
10 Mnr 93 W N D S A T  
26 Mar 03 W N D S A T  

12 Dcc 8q IANDSAT 
02 Mar QOLANDSAT 
M Apr 90 IRS IA 

I 

211 Dcc 02 LANDSAT 
CJI Mur $73 W N D S A T  
02 Apr 93 LANDSAT 

03 D,r 89 LANDSAT 
20 FEL @LANDSAT 
l0Apr W L A N D S A T  

20Dcc86LANDSAT 
10 M a r 8 7 W N D S A T  
26 Mar 87 W N D S A T  

I 

27Dcc 8 6 W N D S A T  
01 Mar 81LANDSAT 
17 M a r  87 LANDSAT 

---+--- 
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Ihe pisel resolution of Jrttrjwsc was Lcpi t r t  '70 meires since / h c  Atria /room 
LANDSAT - TM and 1x5' ~ LlSS I1 ivas mostly used in h e  s d y .  All the 
toposheets of tbe study area in I :  50,000 scale were collected and scanned at 30 
metre pixel resolution. First, the georebrenced data base tuns created in polyconic 
pmjcction f . r  each ofthe study area blocks, namely, Hisar, Narluana and Sirsa 69 
identhing tho pqraphic coordinates (Latitude and Longitude) of four corners. Grid 
lines representing nn interuajof 15' by 15' were created on the gcorebrenced data 
base. f i e n  all the eoncerncd toposheets were mosaiced one by one using the 
coordinates of b u r  corners of cocl7 toposhcet as control points. f lvwtat ic  features 
such ns major roads, railtcay lincs, canal network and riwrs Iccrc then digitiscd. 

Satellite data ore distorted by the curvature of the end7 awd its rotation, and the 
pLt jkm and sensor aspects. 1Iencc thew is a need to gcomctrically correct the image 
so tbat it can he represented on a planar sul.f.ce and conforms fo other imoges and 
has tlie integrity of a mop. Rectification is performed Ly trnnsforming tLe raster 
data j k m  one grid system to the other using j rs t  or higher order polynomial. Since 
the pixels ofthe new grid may not align with the pisels of the oricjnal grid, the pisels 
must be resampled. Resampling is the process of extrapolating data values for the 
pixels on the new gridboom the onlues of the sourcc pixels. Tlre digitnl data of each 
satehe ompass was Irst concerted into radiancc from digital numbers using sensor 
ca1;Lrotion coeficients. ?hen each scene data teas registered into rejkwce map Lase 
using Ground Control Points (GCPs). GCPs are spec$ied pisels in an image f a r  
which output coordinntes or reference cmrdinatcs are Enotun. Accurate and toell 
distribictcd GCPs arc essential for accurate rcctificntion. Polynomial equations are' 
used to conocrt source file (slave image or image under rcctificr7tion) coordinates in 
to rcbmnce coordinates. A trans/krmtion matrk is  computcd from the GCPs. Tlre 
matrix consists ofcocflcients which are used in polynomial equations to convert the 
coord;nates, f i e  transformation matris is useful to dcrive the polgnominl equation 
f;)r which tlwm is the Last possikle error when used for transformnting. RMS (Root 
Mean Square) c m r  is the dktance Ltzueen the input (source) location of a GCP and 
the rctmnsbrnred location f a r  the same GCP. In the current studg, a 2nA order 
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I 
transformation function was used in all rect$cations. After selectin9 GCPs, a 
transformotion matrix was calculated aLn9ruith RMS error \or iohich GCPs iuith 
high RMS error, were removed and the transforniation matrix i w s  again cornputod. 
FinaJy, it was ensured thut RMS error either indioidual CCP tuise or ooerull, do not 
exc~od 0.5 pixeli.e., 15 metres. Once the transformation was owr, resarnpling iuas 
performed to assign grey hoels to the new data &. WAilc various teclrniqucs are 
wailable. in resampling to suit dfierent situatidns, in the present case, nearest 
neighbur method loas cmployed since it has tho advantage that original data ualucs 
are transbrred without aueraging and tlierebre extremes and sultlities are not Iost. 
f i i s  is an important considcrafion tohen discriminating between crop types. 

Accurate registration of water course maps to satcllitc dutulttse is crrrci'll \or 
generating rclialle statistics pertaining to ruutcr courses. The water course maps 
prooidcd bg the authoritics ofIrrigation department were in the scale of 1 :6@@@ lohile 
the topornaps of 1 :5@,OO@ scale lucre used to create ioorLing ilotaLLrse. file fiela' 
maps of ioater course iuerc jrst  scanned at a resolution of 101 6 microns resulting in 

thc scanned image of 6 metres pixel resolution. Tlrm a vector i ~ J a p  luas created 
horn each water course map image, showing the d e d  of out2r Lundctrg, urzd some 

features like uillage roads, water course ofiahe point, diistrilutarp etc. l%en the 
vectors were registered to main data base (Uixel resolution = 30 mtrs) tljrough 
ground controlpoints. 1Xc auerage RMS piseIIine error totis aLout 2.5 pi.vels. Tire 
post registration gross arca under each water course ruus CalcirILteCI dnd conrpared 
with pm registration gross area. I t  loas found t L t  them is s i g l l $ c ~ ~ ~ t  misnriltcla 
bctioeen the two areus (Tulle 6). This is due to s ipi fcant  d#ercnces bctiucen the 
scales of tiuo source maps, the water coursc m a p  1:60@0 scole and tlie otlrer 
toposheet 1:5@,0@@ scale which iimits the awilalility of suffcient nurnbcr of ground 
corrtrolpoints. To ooercomo this limitation, on alternafe methodoLgy uws Joptcd 
(Fig. 6). IRS-IC PAN sensor data iuliich has got a spatial resolution o f 6  metrcs 
iuas used for intermediate registration Letioecri water course maps and main 
database. First, the water course vectors iocrc registered with E'AN A'ita. The 
numLr of GCPs were si9nifcantlr/ improwd conIpared to preoioiis registration, due 
toJner resolution of PAN data. f i e  average pisel-line RMS crror iuas about 1 'h 
pixels. Aftcr registration, 'JI water course wctors were encoded irrto 11 channel. 8 1 e n  
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I 
G C P s  were selected using PAN iinage as slaw and r e c t i f J  s a t e h e  Jutn 
(TMILISS-11) of main database as master. Using these GCPs, the encoded 
channel water course oectors in PAN database ivus registercd to rnclin d d w s e ,  Ttle 
average pixeLfine RMS error in tAis case mas about 2.5 - 3 piseIs. The gross urea 
under each water course in main dotubuse was cnlculoted and  compare^' toitlt ucttral 

gross arm andfbund that there iuas no sign$cunt d&ence. ~ J U S ,  t!Je use of IRS- 
1 C PAN data has trcmendousb i m p r o d  tlie accuracy of registrution a n d  jw i l i to ted  

the more accurate registration of held mays to the satehte dutu  bus^) of !II$ 

resolution multispectrol images such as horn W N D S A T ~ ~ , ~  IRS. Vzis in turn 

improves the capabilities of remote sensing t echnolqy  for micro IweI inventories. 

The classification of satellite remote sensing inzages is un information estraction 

process that involves pattern recognition of spectral properties of vnrious surfact 

fcafures and categorising the siiniLzrfentures. Spectral recognition of. target sur j lc ,  
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h t u r e  can be enhanced by adding spatial and temporal dimensions to fhe spectrrrl 
pattern. Traditionally, classification strategies have been grouped into ttuo 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 spcc$es the areas of knorun cowr type in the image as training areas, which 
statistically characterize the informational catcgories of intersst. The superviscd 
technique is subjective in that the analyst tries to c1ass;fU thematic categories which 
are ohen composed ofsewral spctrdclasses Oensen, 1986; Cheuico and Congalfon 
1988). “he un-supcruised approach attempts to ident~g  spcctralIy ~ O I J I O ~ H L . O U S  

groups within the image and these groups haw to L labelcd from user point of uicru. 

f i e  pal ofclassijcation in the current study was to delineate Iulreat and non-wheat 
crops. The  ground truth dota on crop cakendcir showed that the satellite data of 
DmemLr and FebruarylMarcIi ruere most crucial for cLissifcatiott. 7?1e non-ruIreat 
crops mostly mustard and toriu iuere sown emly in [he season (October-NowmLr) 
while wheat sowings were stagpred over a periud of two months during Nouember- 
December. Hence, during Drcember, tL non-rohcat crops toere in good vegctntioc 
phase and iuheat was in growing stage (ihinly vegctatcd). During Febr!brrmry/March 
wheat crop loas in peak greenness stage while riorr-wheat crops in  senssceme plmrct. 
Therejbre, multidate data of December and Fsbrutrry/lLfnrclt iuerc used to aclrieoe 
complete classifcation of cmps. Hotoewr in Narivana and Hisar blocks during 192- 
@ rabi season, the data of February/March alone was used due to non-aunilabilitg 
of data in December. The training areas were idcittiJ;L.d for wheat, non-iulrcat and 
fallows. Spectral signatures were generated for cmh clrtss and spectral scparability 
index was calculated using Bhattacharga Distance measure &nsw i936). 

A hybrid class$cation strategy was adupted by combining supcrviscd (Mnsijnutn 

Likelihood) and un-supervised fiso-clustering) ttclrniqucs to ocl t iev~  complete and 

accurate cLss$cation. First, Maximum L i k e l i h ~ @ f l J  class$ccztion runs performed 
owr nrultidatc data. f i i s  had resulted in acccptuble classifcation but orrlg over 60- 
?@percent of image. lxis is essentially duc to m r i / f i  dimensional nature of data set 

providing pure spectral signatures of classes, toit lr  orws eucri slight19 Aifiretzt in 
signature Ling left uncIass$cd. Ksual eonluation of tinclass$ed porkion of image 
indicated the presence of crop signatures. Hence the unc/ass$ieJ portion of the image 
was subjected to isoclustering to result in SO spectrally homogenous clusters. fie 
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signature of each cluster was compared tui th reference signatures and the cliisters 
with similar signatures iuere used to define new Tr'lirrirrg Areas FA) of respectice 
theme class. Thus TAs for  rvheat and other cSsses uwre increasec! tolurever possible 
and the revised TAs were ;soclustered to yield reasotta11y /Lye numbs ofclrcsters. 
The  TAs of each class were increased, pur$ed and sub-grouped into Iiomogznous 
groups througL isociustering technique. ni is  iuas then followed by M L  clriss$cation 
as in the first step. T h i s  process was repeated till tlte i m q e  cl'lss$ccition was 
complete. 

3.1.7 (IlauuiJhation accltrucy 

Satellite remote sensing fcchnology has introduced a nelu dimension to generating 
information on earth resources and in the last few years, this technology has been 
increasingly recognised for evolving objectiue, stanJarJised and possihly cheaper and 
faster methodology for carth resources inventory. flematic accurclcy, is o m  of the 
vital yardsticks to judge the quality and thereby the value of remote sensing deriued 
maps. Thematic accuracy often termed as clnssificcition accuracy in remote serzsit1g 
reflects the degree of correspondence betrueon the cI,iss$ed label and true c lLs  labi.1. 
llze nmdfor assessing the accuracy of maps d e r i d  from remote sensing is receioitrg 
more interest awry year. Several studies have been conducted during the last two 
decades on tLemutic map accuracy evaluation. TLe statistical basis of t ~ a p  or 
classification accuracy estimation and thc import'znce of considering both the 
probabilities of incorrectly rejecting a n  acceptczLle n7up (producer's risk) and of 
acccpting an inaccurate rnap (consumer's risk) were discuss 4 Storc, (1 976) and 

Arnoff (1982). The most common iuny to represd the accuracy  of^ clhssi/cation 
is in the form of an error matridconfusion matrix (Card 1982, Mead and Meyer 
l9ZZ,  Ho&r l97S). A n  error matrix is a square array o/numbers set out in rows 
andcolumns d i c h  express the nurnkr ofpisels assigned as a particular land c o w  
type relatiw to the actual kind cowr type as wrijed in the jXf. 'Ihe columns usually 
represent the rejwmce data and rows indicate the c/ilssi/ed-drzta. Consumer and 

producer risks, overall map accirracy, individual clizss contingency tctLL, evaluation 
matrix or mis-class$cation tndrik (Story and C q a I  19SQ Aronoff 1 9S.l) ciccuracy 
are summerised through a reporting format on i m p  accuracy (rlrnoff 1982). 
Discrete multivariate statistics techniques have k e n  developed for map accuracy 
eoaluation by Congalton and Meed 1983 a n d  Corrgcllto~r ct a/ 1983. Since its 
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introduction to the remote sensing community 69 Congalton at a/ 1983, several 
studies haw reportd the usefulness of Kappa coeficient of agreement as a measure 
of classiJication accuracy (Rosenjeld and Fitrptric-Lins 1986, Congulton and 
Howarth 1990, FitqeraUand h s  I@$). In the present study, Kappa coeficient 

was calculated for overall classes as well as for toheat and non-tohecct cIasscs. The 
evaluation was done at tioo levels, one at total scene level and the other at water 
course Icucl. Totd scene hwlanalgsis was petfowled br cach ojthe tliree blocks. Due 
to time and logistic constraints it was not possibje to carry out evaluation in each 
water course. Hence, fro0 water courses in Misar block, three water courses in 
Nariuana block and three water courses in Sirsa blwh lucre randomly selected. T f e  
fundamentalassumption in any map accuracy eunluation procedure is  that the error 
matrix is indicative or representative of total map area under consideration. It is  
practically not possibh to check each and every parcel or held in die rct>~otely sensed 
maps. Hence, some samp1;ng strategy has to L adopted. Here, iil tlie present study, 
simple random sampling technique tuas adopted in each thematic unit. In the 
evaluation at total scene /eve/, at least 20 points jor &at and 10 points for non- 

wheat lucre sclected at random At touter course lwel at least 15-20 points for wheat 
and alout IO points for non-iuheat were randomly selected. The jeld uerificatioiz of 
selected points was carried out through held uisits in  case of total scene accuracy 

I evaluation. The jeU vclrificution in case of eualuation ctt  water course level is most y 
aided by real-time crop map prepareJ by held strlffanJ partly bt, fi.l.‘ visits. 

fie Kappa cmficient of accuracy is caIcuLlt~d for ovcraI/ accuracy as rocII as for 
individual classes. The accuracies at total scene /we/ and at water course level are 
presented in Table 7. 

4. R~SlJl,7’S A N i )  l)IS<,’(JSSlON 

f i e  remote sensing derived information on area unAr wheat and non-luheat crop, 
the condition of wheat crop as elpressed by NDVl  at water course leuel has Lee11 
analyzed to evaluate the pcrforincrnce ojwater courses. ?lie FaIse Colwr Cottzpositl: 
(FCC) and the der;ued information on cropping p7ttcr)z at ruatsr course level are 
presented in Figs. 7-12 
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4. I Iit Aicalors o/ tcwlcr rotirsc porjiwrtctitro 

It t  the currcnt strtdu, j c c  imficotors of perforrnrrnce wcrc ident$ed f& analysis. 
1Rese indicators are csscntially dericed hr rcmotc sensing dcTta. T h y  ore: 

1. Wlieat crop intensity (WI) 
2. Equivalent Wheat crop Area Intensity (EWAU 
3. Proportionate Crop Intensity @ T I )  
4. Tail- Head Ratio of NDVI (THR,,,,J 
5. Coc&cient of carintion of NDVI (CV N,jIr , )  

A I . 1  Whoat crop Iirlorsily (IVI) 

Whcnt  is the inost prcJerred crop in tlie study tiren. Subject to the availabilitg of 

srrflcient irrigation water, htrnlcrs gencrolly pr&r trlieat crop to now-ichcot crop. 
Hence the estcnt of rolwnt crop is directly rclatcd to the degree of ctvailability of 

irrigation rcnter either from canals or from LowrceIIs. In the regions such ns Sirsa 
Llock, iohcre the ground rcnter quafitr, is not suitablc for irrigofing crops, the WI 
pnrameter rejects tlie depcnAancc on the cannl t inter supplies. 

4.1.2 l~qr t i tw/o~t t  \V~KWI o , J p  Aroi ~ ~ I I C V I S ~ I ~  (/:Will) 

Among the non wlwot crop /ounA in tlw study oreti, oilsccd crops like mustard ond 
pu\sc~ IiLe y a r n  arc most/!, culticatcd. Non-,i*hcrit c r o p  arc cu1tiu"nteJ in the areas 
where conol rcntcr nvoilcil4ty is limited and ground irritrr is not suitable for 
inignfion. EVA1 is thc index which espresscs iIic totolcrop arcti in terms of wheat 
to jrcilitcite m y  and strri+lrt j&urd co,nparisoti ofcropping intrnsity a n 4  irrigation 
ivotrr consumption. The 
factor npplicd in s i d  conccrsion is I acre of non wheat crop area = 0.6 acre of 

r~hcnt  crop oren. Tltis fortor is  opprosimnfcly proportional to thc ratio of avcrogc 
irrigation rtvitcr n ~ p i i ~ ~ n i c r i f s  ofii*licot and non-wlicot crops. 'Ihrougl, this conversion, 
tltis inAm cn&~s c q  (-oinpri.cnn of t o t J  cropp'nl t i ior i  nnd iri igation rcwtcr usage. 
?Iie EV/\I is Aircctly propoitionnl to irrigation iccifcr usage. 

The now-icheat crops ticicngc is conwrtcd into r v h m t .  
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/’((7/ is tlic iotio Iwt,trca c r q ~  orcn o f a  wcilcr course i ind {lie tolo I crop ilri’tl o / J  

water courses of a giuen Llock. It essentially indicates the contrillrtion o /a  water 
course in the tutalcmp area of a group. A n y  changes in PCI over time indicates the 
relatiw pfrf;mance of a water course in terms ufcrop area contribution to the group. 
l t t e  cmp nrea of a g i w n  icnter course is given Ly soil type, cnnal looter nuailnbility, 
ground ioater quality fot conjunctive use, etc,. A// these factors except canal water 
acxrifnbilify can bc assumed to lx un;f.nn owr smajlgeographical areas such ns Llock 
in the cunrnt study. flte cannltuater supplies also uniform i.e, thc qunnfity of water 
reloased nt diffemtrt of/ t o L  points is proportional to the CCA under canal in 
VaraLanA systcrn. IIorccucr such unifortnify may nof Lc retilined at field leuel 
because it is a$cted Ly farmers’ adherence to the regulations of cropping pattern, 
rooter usop efc. As n result, iniLnlances/dispnrit;es in ruater availn6ility occurs a f  
field IEtrlaf;(.cting the cropping pattern. Hence, tlrc index PCI overtime signifies the 
consistency in cmp intensity of a luclter cotlrse relatice to ihc neigbbooring water 

cortrses. 

Norinnlized Difirence Vcgctntion Index (TJDVI) which is n mathematical 
combination of the wjlectctncc ~9alues of ncnr i n b r e d  nnd red bands of electromngnetic 
spectrum i s k u n d  to lw o potential indicator ofdensity a n d  heahh of vegetation. The 
NDVI of n crop typically follows a bell shapeA trajectory through its grOlotl7 cycle. 
Deviations from the typical (normnl) NDVI is indicnti‘r of stresses due to moisture 
or nufrient dejciency or pest/ disease incidence. THR of n water course is 

derived from 

H e a d  Reach Area (HRA) is Aefincd ns the nrea @ling in the first 1/3rd Iength of 
a wafer course from thr point of its ofinhe onA 7hi/ Reoch Area (T’Xn) is the area 
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falling in the last 1/3rd Iengtli of ruuter course. High NDVI reflects better crop 
condition and  low NDVI reflects poor crop condition. The oLscrued deviutions of 
NDVI from H E 4  to TRA can be attributed to disparities in touter distribution 
since the otlrer factors contributing to crop condition such a s  soil clruructeristics, 
plant wrieties, agronomic practices, meteorological parameters coulcl Le ussunled to 
bc un;f.rm at micro IcveIi.e., at iuutercourse IevcI. Siirs TIIR N u , 7 c a ~ ~  Le c( potentiuI 
tool to emluate the quulitg of irrigation service. 

4.1.5 NDVJ uui-iuLiliLg in 'lhi\ atid lletzd l?qiotrs (<'\I N I , , r , )  

NDVI variabihy expressed as  cocficient of variution rcflccts the vuriobility in crop 
condition in a g i a n  area. High variability indicates tlre diffc'rences in tlre resources 
auailable to crop such as soil, ineteorologicalhlctors, agronomic pructices, iuuter etc. 
Again,  the resources o t L  than iuater may Le ussiimed to Le iinifr)rm over s n d  

areas and hence NDVl variubilitr, cun Le uttriLirtcJ to some estent to tlie &we of 

water auailuLi1ity. It is a cotnnton pltenonreiron Auppening in Inifiun irrigution 
systems that the ta;l reucli hiriners suj& fiont itisirficic'rit cum1 wuter supy1;es. 
Under this pretext, NDVI unriuLiIitg couIJ Le t i  potential iniicutor of rcIitLiIity of 
irrigation service in Head und Zril regions. 

4.2  L c L o r s  aJ'Jechkg die perJirnicztico 04 u d e r  C O I I ~ S C S  

f i e  difffrential perfonmuice of tuatdr courses in  c i  givcn LlocL ccui Le rrttriluted to 
oarious factors which are grouped iri to tico c'itegorics namely, (1) irrigution r~1titeJ 
and (2) others. fie irrigation relrited fclctors inc/iiLfz tlie location of iuuter coiirsc in 
the respctiw sourcc/p,arent distributary or minor, littirig factors sucli u s  age of lining 
and extent of lining. 'The otlicr fcictors aficting tlie performitttce are soil type, ground 
water quality, agronomic pructices, crop varieties etc., cun he ussumed to Le more or 
less homogeneous over smnller areas such us ut block level in tlic current study. 
fierefore, only the irrigution reluted parametcrs ure considereclfor atlalysis in this 
study. f i re0  irrigation relutedfLctors are identif;c.d for furtltcr analysis; 

( I )  Location of water courses in the parent or souice cjistriLrrt',ry/minor 
(2) Age  of lining of iuater course 
(3) Extent of fining i.e., per cent of lined areu of tcrrtcr course 
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fie following hypothesis h m e  been Lept in wind tv guide the ctn&;s; 

I 

I 

I 

I 

f i e  water courses located in the t I m d  Reach Area ( [ I R A )  of parent 
distributary prl;rni Ltter than that l o c a d  in the Xiil Rcm11 Ard'l { I 'KA)  of 
parent distributury Are to better touter wJ' ibi l i ty .  

As the age of Iirring increases, the perforwame gets dsteriorAJ. 

f i e  water courses which were lined to a grwter extent perform Lettsr tlralri 
those lined to a lesser extent i.e., the per cent oflining and perforniunce tire 
directly related 

fie performance of water courses in the post-lining period is si+l$cczntlg 
better than that in tlie pre-lining perioJ 

The intensity ofruhcat crop in d8erent water courses is sholirn in Fig. 13. In  the 
iuater courses (nos. 3,5,7,9,1O and 11) lvcute'f in  the 1iR.4 of respective source 
distributaries / minors (LbL I )  there is an increase in the iutsnsity oflohmit crop 
f;Om 1986 to 1997. The wheat intensity is lolo andfjtrctuating frow year to year 
in the water courses (no. 2, di and 6) iuhich are located in the tuilend of respectiue 
source distributaries / minors (r,ble 1). A s  prdference for i u l m l t  crop is wsociuted 

with water availability, the higher WI ualues in head reach u i e u  router courses may 
be due to better water supplies owr time. fie source of irrigation water in this block 
is canals andground ioater. Tile ground water qu'zlity is margirtnl and can k used 
as supplementary source for irrigation. It  may also be 0bsercedfro)n Fig. 13 that in 
general there is a sudden increase in wheat intensity during 1996. This is due to 
heaoy rainfall and flooding during September-Octvlr 1995 which resulted in the 
availability of suficient soil moisture during tlie su lseq~ent  rabi scr~son. Seuerul now 
boreioells lucre commissiond during this seanson to avail the supplies ~ ~ O I , Z  increased 
ground water source. Consequently, hiriners responded to u s  the ooai1LLle soil 

moisture and prefcrred ruhcat crop. Among the water courses 610s. 1-6) which were 
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linnedduring 19?5-Z6 ;.a,, age of lining is 21 years approximately, iuhecit intensity 
is fluctuating sign$cantly bctruc.cn years as iue11 as betioeen tuater courses (Fig. 13). 
Ofthese, two ivater courses (nos.3 and 5) remain unique iuith consistently iircreusing 
WIooer time. In others trend is consistent iuitli lolo Wl hauing high variuLility. In 
this group of iuater courses, the length oflining uuries from 3.1 per cent to 83 per 
cent. Again the water course 3 and 5 iuith high WI haw o n l y 3 6  per cent and 53 
percent oflining i.e., though the kngth oflining is Lss,  the wheat intensity is high. 
%us length of iuater course Iining does not seem to be afict;ng Wl in this group. 
In the iuater courses at no.7 and 8 which were fined in 1992 and mom or less to tlie 
same extent the wheat intensity is steadily increasing in the post-lining period i.e., 
1993 oniuards. Hoiuever, the Wl  is higher in iuuter course 8. It1 other groiip of 
water courses at no.9and 10 which were lined during 1995 and 1996 and almost 
to the same extent, the WI has increased conipored to pre lining setisons. In the 
unlined water course (no. 1 I ) ,  the wheat intensity is less conrparcd to rccentlg Iiized 

water courses and did not slioiu wuch variation ovcr time. 

From the foregoing discussion the folloioing obseruations tnuy be obtuined. 

].The intensity of ruheat crop is  inf7ucticeJ Lg the Imitioii of water courses in the 
respective source distributaries / minors. Wutcr courses ofiukirzg from the heud 
reach areas haw increasing I w L u t  intensity owr time iohi/e icuier courses in  tail rcacji 
area have declining wheat intensity. 

2. Wuter courses which ruere lined recently i.c., ufter 1992 hiwe s11o~iw s i p i f c a n t  
improvement in wheat intensity in tlie post-liniiig perioAs. 

3. In the iuater courses which iuere lined in 1975.76, thGre is NO cleur relation 
betiueen iuheat intensity omf age/extent o/liniifg. IIoioeuer, in  this group, locution 
of water courses seems to be un itwportiint Jictor i.e., water courses Iocuted in the 
head reach area of respectiw distributciry / niinor ham hiigher wheat intensity. 

4.3.2 EquiuuIonL WLiL crop . Irm 1tiLoiisiLg (I!lt", 11) 

EWAI iuhich reflects the intmsity of total irrigated crop area (kxiuerted to equiuolent 
wheat crop area) increased in 1996 in most o f the  iouter courses (Fig. 1.1). This is 
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due to increased soil moisture aunilcibility caused by floods occurred in October, 

1995. The EWAI has dccrccised to the leud of 1993 in inojority tuoter courses 
during 1997. I n  the water courses (nos.3,5,7,9,1@ and 1 1) located in tlie [IRA of 
respectiue distributaries (Gble I )  the EWAI is on inereusing trenJ ouer tiwie. T l e  
water courses of tail rcgion (nos.4 and 6) do not sLow this trend. With ctn exception 
of iuator course (n0.2), in these water courses (no.iI anJ 6) the EWAI is Aeclining 

i.e., total irrigated crop areti is declining. In case of water course (n0.2), it is more 
or less stable ouer time. Dius it is evident that total irrig'ited crop area in a water 
course is influenced by its location in the source distribut'irics or niinors. 

For water courie (nos.1 to 6) tLe age of lining is smnc wiJ tlie cstent of lining is 

different. In this group, tlic EWAI does not sLow any signifcmrt relotion wit11 
extent of lining. Here iuoter course ],.I and 6 houc iriorc IineJ Iey tL  (72% - 83%) 
but the crop area is less, i.e., uround 60 per cent. IVlicrc'tis in iuatcr courses 
(nos.2,3 and S), euen tlioicgh the extent of lining is less, the irrigcition intensity is  

high. Incidentalltj water courses (,lo,. 3 and 5) me in LI1U c t n d  in tlic curlier group 
of 1,4 and 6, water courses (nos, and 6) are in TPd mid 1 in middle rcmh. 
Thus  it is euident in this group of iuater courses Iocutioir of iociter course I i m  more 
influence on total irrigoted crop circa r'itlier t l i m  cige anJ extent of lining. Water 
courses (no. 7 and S), which roere lined in 1992, to tlie smile extent s h o i v d  increLtscA 

EWAl in the post lining pet-iod. Hotveuer, t h G  E\Vi\l is arounJ 7@S@ per cent only 
which is not signifcantly inore than tliat of water course lined 20 yecIrs bed. In 
case of water courses (tiOs.9 and I@), the EWi\I is LigL and is consistently 
increasing ouer time. Titoe were lined recently to tlie extent of 75 per cent c i n J  

added to that, these were located in the €IPd. 

fl ie unlined tuilter course (rio.11) Iocatcri in tlic /I&\ Leis Li&r irriptctf crop <ire[; 

compared to lined water courses. 

From the foregoing discussion, tLe following obscrootioris incry be AericcJ. 

1. EWAI which indicates tlw t o td  irrigotcd crop in '1 ii,'itercoiirsc is inJi'nencccf by 
the location of iuntcr coursc*s ivitli L i d  remh orec'tl wtttcr courses 1irli:iny niore crop 
area and tail recv.4 arcct luatcr courses huuing Lss circri. 
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2. In the water courses having same age of lining but difJL'rent lengtli oflining, the 
EWAI is more in water courses though the Iengtl~ of lining is less beetiuse of its 
location in HRA. f l u s  the fLictor of Li t ion of router course looks to L hciuing inore 
influence than extent of lining. 

3.The EWAI is more in an unlined water course located in h e J  regidti t l i a r r  lined 
water courses. 

4.3.3 l'roportionatu Crop  lutciisi~g (L'CI) 

The water courses 01 Hisor LLcL offt.iLe f,.oni two 6rmcl1 cmtils. Water courses 
(nos.8 and 1 I )  ofitaLe from Sirsu brmich canLil c i n J  tlie rest oft'ike f i . m  Dm l a l l h  

branch. PCI is calculritcdfor these two groups s e p ' i r d y  to ofse t  tlie J$eremys in 
loafer akcation rates oftioo ,!~r~inch canals. PC1 for tlie ioater courses (Iios. 7,s m d  
11)  is obtained by suninrotion of croppeA circcis of tliese three icciter courses only. 
The analysis is p r c s e n d f o r  two Lrmich  c a n A  scprtitcl;,. 

4.3.3. I IIaruula Lraircli caizal 

Out ofeight water courses, the PCI is incre'ising in [Air i1i'itc.r cmrscs (n0s.L?,S,9 
and 10) and it is decreasing in the rest (Fig.15). Incretised PCI iniplics improved 
performance in terms of crop iireci. A// the four ictiter courses with incre&ng K" 
are located in HRA. Among these, water courses nos. 9 m d  10 were recently lined. 
and the extent of fining is aLout 75 per cent. Wuter courses nos. 3 tind 5 iohi 'A 

were lined in 1975-76 (Ire locuted in hemf region. Rest of the looter cuurses 
(no. I,Z,? and 6) which are in TRA ioere lined in tlie yeor 1975. 7%us it is Goident 
that the performance ofio'iter course in terms of PCI is  more itr the wcitcr courses 
lined aher 199596 and t L t  iohich are Ioctztecf in 11hY. Age ufliniirg ctnd I m g t h  
of lining does not seem to Imue any infllicnce on P P I .  

4.3.3.2 Sirsa LraitcIi cLintiI 

Water courses (nos. 7 and 8) were lined i n  1992 and to the stitne extent but PCI is 

slbhtb d$kmt (Fig.15). Die performance of unlined io'iter course (110.1 1)  is rllso 
stable and its PCI is comparable to that of lined water course (no. 7). That  means, 
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Fig. 15 Proportionate Crop Intensity in water courses of H i s a r  Block 



though it is unIinJ, because of its location in HRA, its I'CI is stable indicating 
stable performame in recent years. 

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

I )  PCI which rejkts 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) Ewn the unlined ivatcr course located in Head Reach Area of 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 TIIR NDVI 

THRNDvr values, close to one, indicate better performance of miter courses with less 
dispadties in crop condition betioecn Tail and Head regions. The temporal variation 
in THRND, is shown in Fig.16. It is evident from the Figure that TH&,,, is 
more or less stable and its value is around 0.95. It has no conspicuous relation 
with location of water course. Both H R A  water courses and TRA watcr courses 
have same values. That means in terms of crop condition there are no disparities 
between Tailand Head regions and are unijbrm among the water courses. But there 
is a unique trend in water course No.4. Here THR NI)C,l is less and is stable from 
1 @? to I and increased suddenly in 1996 and 1997. That is, the disparities 
in crop condition have reduced in these two seasons. 

fiere seems to be no sign$cant impact of either age of lining or length of lining on 
THRNDw For the water courses lined in 1975-76 (nos.1-6), there is no relation 
betiwen length of lining and THR N1),,l values. AII the water courses in this group 
haw more or loss same THR,, values irrespectiw of hngth of lining. There is one 
exception in this group i.e., water course no.lI iohich hcis slightly higher values 
indicating better crop condition. In the secondgroup (nos. 7 m d  S), which were fined 
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Fig. 16 THR ndvi in water courses of Hisar Block 
























































