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Abstract —Irrigation of crops consumes a substantial quantity of water and that must be used judiciously. The study reported
here is an attempt to understand the role of satellite remote sensing and GIS in improving the irrigation efficiency of canal
irrigation. The main objective of this paper is to identify the gaps between the irrigation potential created and utilised and
suggesting new canals to the gap identified areas inorder to increase the irrigation by using high resolution satellite data , SOI
toposheets, slope and DEM to the Tungabhadra left bank command area, finding the cropping pattern violations and degraded
lands.
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1. INTRODUCTION

Management of water in India is a major concern in recent years to improve the crop growth and to sustain the irrigation systems
in the country. Identification of areas that are deprived of irrigation, change in cropping patterns, crop -identification and
predicting the yield, assessment of soil moisture are the main concerns in the command area.

The Tungabhadra project was built to provide water to the area of 5.23 lakh hectares. In that 3.63 lakh hectares is given to
Karnataka state and 1.6 lakh hectares is for Andhra Pradesh. To supply water from dam to the croplands downstream, they have
constructed various canals, distributaries, sub-distributaries, field canals, etc. The water is released through four canals, viz., Left
bank low level canal, Left bank high level canal and Right bank low level canal, Right bank high level canal.In Tungabhadra
project command area, as per the recent reports, water utilization is more than the crop requirement.

Due to the effect of frequent droughts, failure of monsoons and excess utilization of water at upper reaches of the command area,
managing the water has become a difficult task. Another major reason is that not following the localized cropping pattern and
discharging the water more than recommended as seen in the monthly canal withdrawal statement. Soil moisture conditions in the
Tungabhadra command area are highly fluctuating and the tail-enders are the worst affected. The soil moisture is an important
component in finding out the amount of water present in the soil and it is calculated to irrigate the crops for the particular soil
suitable for the land in dry season.

Due to increase in population, the demand for higher levels offload production and productivity of food crops is increasing.
Inequitable supply of water in the command area and lack of awareness among the farmers about the land degradation, not
adopting the recommended cropping patterns (violation of cropping systems), the irrigated croplands are not able to give expected
productivity. Irrigated lands are experiencing degradation (salinity, alkalinity, etc...) leading to lack of nutrition in soils, harmful
use of pesticides, the soil is losing its biodiversity, and organic matter of the soil is being depleted.

Hence, there is a need for regular monitoring of the status of supply of water, crop productivity and cropping patterns, land
degradation and suggest the ways to improve the benefits of irrigation to the land and income levels of farmers. The present study
is an attempt made in that direction using the modern tools of Geoinformatics.
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2. MATERIALS AND METHODOLOGY
2.1 DATACOLLECTION

The various satellite images and secondary data except canal networks given below was obtained from the KSRSAC department.
The existing canal network was obtained from Advanced Centre for Integrated Water Resource Management.

Table 1: The satellites and sensors used in the present study

SATELLITES | SENSORS DATES

Jan / Feb 2005

Resourcesat-2 LISS-111 Jan / Feb 2015

Resourcesat-2 | LISS-1V | Feb-May 2011/12

Cartosat-1 PAN Feb-May 2011/12

17 OCT 2016,
Resourcesat-2 | AWIFS 7™ JAN 2017,
15" FEB 2017

2.2 Secondary Data: Thematic Layers

Thematic layers are the collection of geodatabases, which can be overlayed on the satellite imagery. Geographic data such as
point, line, polygon and attributes are stored and organized in a spatial geodatabases, which are modelled in real world entities.

Some of the thematic layers used in this study are as follows:

e Digital Elevation Model (DEM)
e  Existing canal network

e Land degradation

e Land use map

e Geomorphology map

e Soil map

e Slope map

2.3 Survey of India (SOI) Toposheets:Some of the Toposheets used in this study are as follows:
56H04, 57TA09, 57A 10, 57A 13, 57A 14, 57D16, 56H04, 56H8, 57E01, 57EQ05

TOPOSHEETS b

Figure.1l: Some of the ground truth points collected in the study area and the Toposheets used for the TLBC Command area
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24 STUDY AREA

Tunga and Bhadra are the two distribuaries where the name “Tungabhadra” is derived which rise in the hill “Varaha
Parvata” in the Kuduremuka mountain ranges in Western Ghats. The length of the river is 640kms and joins the river Krishna at
Sangameshwaram near Kurnool in Andhra Pradesh. Second largest river in South India is the river Krishna and Tungabhadra is
one of the tributary to it. Tungabhadra dam is built across the Tungabhadra river at Mallapuram which is 2441m long and 49.39m
high dam in Bellary district of Karnataka to store 133 tmcft capacity of water. Due to siltation in the place, storing capacity of the
reservoir is reduced to 104.34tmc.

The study area for the present work is Tungabhadra Left Bank Canal (TLBC) command area. The total command area is
2,44,000 ha. The total length of the canal is 226.91kms. There are 87 distributaries in this command area.The satellites and
sensors used in this study are shown in Table 1.

W T Rt 10

EXINENG CANALNETWORK o +

e

Y
-
o

1w

19N

Wweow

g i e —— -ty

Y e maer

Figure.2: Location map of the study area,merged satellite image of CARTOSAT-1 Pan and LISS-4, existing canal network for
the TLBC command area respectively
3.METHODOLOGY
3.1 Gap identificationin the TLBC command area
Cartosat-1 and LISS-1V merged data is used to analyze the canal gap identification. The procedure carried d:ut is given in steps

involved in the flowchart shown in Fig.3. Using Toposheets, basic information about the study a'rea were visualized and the
existing canal network interpreted. ’

(a) (b)
(@) shows sample image of LISS-4 merged withCartosat-1+PAN indicating Canal network in the command area.
(b) The gap in the canal (Cyan colour line) identified on the satellite image.
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Figure.3: The flow chart showing methodology
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The gaps are identified in the areas where the canals have stopped half the
way and not reached to all the crop lands because of insufficient funds
provided by the government.To Identify the gaps and suggest a new canal,
Tungabhadra left bank boundary and satellite data i.e. the spatial data
(Cartosat-1) and spectral data (LISS-1V) merged image was used which is
shown in Fig.2. The image was projected into W GS 84, UTM projection.

4. Crop Violation

To plan the cropping pattern to the Tungabhadra Command area, extensive
soil survey was conducted for the entire area. The main objective in
preparing cropping pattern was to maximize the benefits to farmers.
Depending on the soil characteristics, soil condition was to be improved. The
steps carried out in finding the crop violation is given in the Flowchart
shown in Fig.4.
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Figure.4: The flow chart of the methodology for
Calculating cropping violation
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Table 2: Landcover types in TLBC command area using LISS-II data of 2005

SlNo Crops L.BC LBEHL.C |REBL.LC | EBHLC Total
1 Paddy 21009 352 1581 - 20032
2 Sugarcane 5436 - 6230 14666
3 Garden 6343 - 50910 87233
4 I_K:iiﬁ'unglted 20304 T4 - - 20378
3 ;T migated 88761 33 23603 - 112480
6 Eahi Cotton 20067 8 - - 20075

Total 243912 469 a7s04 80910 362705

Source: Annual report of Command Area Development Authority (CADA) 2015-16, Tungabhadra

Project, Munirabad.

5. Soil moisture estimation

The main objective of finding the soil moisture is to find the amount of water holding capacity of the Soil in the TLB C.
This was done to know the crops suitable for the area during the deficiency in water. The flow chart of the methodology carried
out in assessment of soil moisture estimation for the TLBC is shown in Fig. 10.

Figure.7:The Normalized Difference Vegetation Index (NDVI) for
different months

Satellite data

Georeferencing

Areaof Interest

A 4

NDMI . NDVI Slicing « NDVI
Figure.8:The Normalized Difference Moisture Index (NDMI) for - Generation
different months NDD! » NDDI Slicing . of Statistics
Figure.10: shows the flowchart of the
methodology carried out in soil moisture
assessment
Figure.9:The Normalized Difference Moisture Index (NDDI) for
different months
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The formulae for calculating NDVI, NDMI, NDDI is given below:

NDVI =NIR— RED /NIR +RED
NDMI = NIR-SWIR/NIR + SWIR
NDDI = NDVI—NDMI/ NDVI + NDMI

6. RESULTS AND DISCUSSIONS
6.1 Canal Gap ldentification in Irrigation Infrastructure: There are four main canals in the Tungabhadra project namely

1) Leftbankcanal (TLBC)

2) Right bank canal

3) Left bank low level canal
4) Right bank low level canal

Out of four canals in the Tungabhadra Project area, TLBC command area has been considered for canal gap identification.
The canal gaps include the places where the canals have not reached the crop lands in command area due to the insufficient
funds.

6.2 Tungabhadra Left bank canal

The main canal takes off from the Tungabhadra reservoir and the total length of the canal is observed to be 226.41km
where almost all the canals are completed. There are distributaries and minors taking off from TLBC. The laterals, sub laterals
and field canals can be seen in satellite imagery. Most of the distributaries are completed whereas secondary and tertiary canals
are left with gaps. Canal network in the GIS platform and to find the gaps in the TLBC area, supervised classification map
generated to classify the different category and to find the slope in the TLBC command area, the slope map was generated using
DEM data and to know the landforms of the command area, the Geomorphology map was generated which is shown in Fig.11
respectively.

The proposed canal in the satellite imagery of the TLBC and zoomed image of the proposed canals is shown in
Fig.12.respectively. There are 87 distributaries in the TLBC, in which the gaps were identified in 15 distributaries. The total
length of the canals proposed in the study area is 40.96km.
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Figure.11: shows the canal networks in GIS platform, the supervised classification of the TLBC command area, slope map
generated for the study area and the Geo morphology map generated for the study area respectively.

PROPOSED CANALS 3 AT
ot e Y
‘.’(4 : ] (i ,”"L :\ J

ast LY /
r‘\ ',M J =
e £ e
(& ‘1/ \\ ,
- i 3 A

Figure.12: The Proposed canals in the gap identified area and
Zoomed canal networks suggested in the gap identified areas in the TLBC
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The total length of the existing canals is 1873.14km and the length of the proposed canals is 40.96km is shown in Table 3.

Table 3: Proposed different types of canals in TLBC command area.

SLNo Canal type Existing canal (Km) Proposed canal (Km)
1 Main canal 217.74 441
2 Distnbutary canal 164511 3542
3 Branch Canal 1029 1.13
Total 1873.14 40.96

6.3 CROP VIOLATION

Crops grown during the year 2005 and 2015 were identified and area estimated using supervised classification, the same
were compared with the localised cropping pattern of the TLBC command area. The crops suggested in the localised pattern were
8% under paddy, 4% under sugarcane, 73% under light irrigated Kharif and Rabi crops and 8.3% under Rabi cotton. However,
the results obtained in the year 2005 shows that 21% of the area was under paddy and 7% under sugarcane which are high water
demanding crops requiring release of more water during their growth period. The results obtained in the year 2015 shows that
18% of the area was under paddy and 1.5% under sugarcane and 36% under non- crop land. It appears that due to the inadequate
supply of water to the lower reaches, 36% of the land is left un- irrigated. The area of the Landcover types generated for the year
2005 and 2015 is shown in Table 4 and supervised classification carried out for the two dates is shown in Fig.13 respectively.

Table 4: Landcover types in TLBC command area using LISS-111 data of 2005 and 2015 respectively.

Jan / feb 2005 Scenario of crops in TLBC based on LISS-TIT Jan/feb 2015 Scenario of crops in TLBC based on LISSIII
- — -
Crop /land cover type area (in % Slno Description area (in hectare) Yo
Slno hectare) 1 Paddy 120823 1814
1 Paddy 141279 2121 2 Sugarcane 10011.0 1.50
2 Sugarcane 43443 652 3 Degraded land 71409 1.07
3 Degraded land 23020 3.76 4 Waterbody 1610.02 0.24
4 Waterbody 226725 034 W asteland/Fallow
5 | Wasteland/fallowland 164628 24.72 > fand 237087 33.60
Total 3.76,601 Total 3,76.691
Total area of the TLBC = 665944 Total area of the TLBC = 665944
+ -

1Lissan
JANFER S

1Issan
FANFER oS

- — — —y—

Figure.13: shows the supervised LU/LC classification for TLBC command area for the year 2005 and 2015 respectively
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6.4 Assessment of Soil Moisture Estimation:

In this study, Assessment of soil moisture stress has been done for October 2016, January 2017 and February 2017 of
Tungabhadra command area. The estimation of soil moisture which is normal, mild, moderate and severe is shown in Table5. The
soil moisture stress map found that in the month of October 2016, 91% of the TLBC command area was under mild s oil moisture
stress and it changed to 27% moderate and 72% severe condition in Jan 2017. In Feb 2017, 64% of the TLBC command area was
under moderate condition and 23% under severe condition shown in Fig.14 respectively.

Table 5:The soil moisture condition for different months in TLBC command area.

Periodic Soil moisture Assessment for TLBC Command area
. Total MNormal Moderate Severe
Year L Mild{ha LA L g
GA(ha) (ha) (ha) (ha) (ha)
170ct16 1039240 6634 0.06 0468319 01.06 1788.1 0.17 046701 g7
Tanl7 1039240 3791 0.04 18243 0.18 2802973 2784 477301 71.93
15Febl? 1039240 1383 0.02 1352334 13.01 6637024 63.87 240056.1 23.10
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Figure. 14: The surface soil moisture stress in TLBC as on 17th October 2016, 7t January 2017 and 15 February 2017

CONCLUSION

Irrigation efficiency depends on i) reducing the losses during transport through the canal network (conveyance
efficiency) and ii) optimum use of water in the fields. The present study is an attempt to provide a few geospatial inputs for
improving the irrigation efficiency. The study was conducted in the TLBC command area using satellite remote sensing and GIS.
Cartosat-1, LISS-IIl and LISS-1V, AWIFS sensors of RESOURCESAT-2 were used in this study.

Gaps in the canal network in the TLBC command area was estimated using CARTOSAT-1(Pan) and LISS-1V merged

data and thematic layers such as existing canal networks, road map, land use map, land degradation map, geomorphology map,
slope map and DEM were used.

Identification of crops grown in the TLBC command area and their acreage estimations were done using LISS-I1l sensor
data. Change in cropping patterns and violation of recommended crops in the TLBC command area was done using Multidate
LISS-11I sensor for the year 2005 and 2015 for Rabi season only. Kharif season crop identification and estimation of area was not
done due to cloud cover and bad data quality.
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Assessment of soil moisture stress in the TLBC was calculated using AWiFS sensor of three dates i.e. for 17™ Oct 2016,
7" Jan 2017 and 15™ Feb 2017. NDVI, NDMI and NDDI were generated using near infrared, shortwave infrared and red spectral
bands of AWIFS.

The total length of the TLBC command area was observed to be 226.61km. The major gaps in the TLBC were identified
and 40.96km length of new canals was suggested. Thus high resolution satellite data from Cartosat-1+LISS-1Vmerged product
was successfully used for inventory of canal network facilitating objective assessment of physical status. The satellite inve ntoried
data on status of canals can be used not only to prepare canal wise percent progress but also to identify gaps if any. It will also
assist in identifying the critical areas requiring field verification thus significantly reducing the period of visit by the officials of
the Water Resources Department, Government of Karnataka.

The study showed that the command area under TLBC is predominated by high water demanding paddy and sugarcane
crops during 2005 and the area under these crops is gradually reducing by 2015. In both the years the area under major crops was
found out to be against the cropping patterns suggested at the time of project approval. Thus this study shows clearly that the
farmers of the TLBC command are violating the recommended cropping patterns.

In assessing the soil moisture, normal, mild, moderate and severe soil moisture conditions were estimated. The results
showed that during the month of October 2016, 91% of the TLBC command area was under mild soil moisture stress and it
gradually changed to 27% under moderate and 72% under severe stress condition in the month of Jan 2017. In the month of
February 2017, 64% of the area was under moderate condition. This type of monitoring surface soil moisture status would help in
identifying the areas that need immed iate water supply and in prioritizing such areas.

ACKNOWLEDGMENT

The first author Shambavi S acknowledges to KSRSAC, Bangalore for providing the necessary infrastructure to carry out the
work.

REFERENCES

[1] Akruthi K patel, Dr.Singh N.P and Indra Prakash (2015) Planning of River Interlinking canal System between
Shetrunji River, Saurashtra, India using Remote Sensing and GIS. International Journal of Science and Technology and
engineering/volume 1/Issue 11/May 2015

[2] Command area development Authority, Tungabhadra Project, Munirabad from Annual report 2015-16 published by
Govern ment of Karnataka

[3] Chalamuri Ramesh Naidu and Giridhar M.V.S.S (2011) Geospatial Database creation for Wazirabad canal command
area. Journal of Geographic Information System 2011, 3, 290-297

[4] Dagnenet Fenta Mekonnen (2009) Satellite Remote Sensing of Soil Moisture Estimation. Gumara
Catchment,Ethiopia. International Institute for Geo-information Science and Earth. observation Enschede, The
Netherlands :

[5] Dianjun Zhang and Guoqingzhou, Academic editor: Assefa M. Melasse, published: (2016) Estimation of Soil
Moisture from optical and thermal Remote Sensing. Sensors2016, 16(8), 1308; https://doi:10.3390/s 16081308

[6] Govardhan Rao and H.Basavaraja (1999) Economics of cropping Systems in the left bank canal command of
Tungabhadra Project, Karnataka. Department of Agricultural economics, course of Agriculture, Dharwad-580005
(Received April 1999)

[7] Gopalkrishnan, S.P.S Kushwaha, A.Velmurugan (2009) Land degradation mapping in the upper catchment of river
Tons. Joumal of Indian Remote Sensing. 37:119-128

[8] Maria Jose Escorihuela, Pere Quintana Segui (2016) Comparison of Remote Sensing and Stimulated Soil Moisture
datasets in mediterranean landscapes. isardSAT, Advanced Industry Park,Carrer Marie Curie 8-14, 08042 Barcelona,
Spain. Observator de I’Ebre (OE), Univ. Ramon LIlill-CSIC, Spain. https://doi.org/10.1016/j.rse.2016.02.46

[9] Manickam Gopperundevi, Chinnasamy Menaka, Ayavoo ravindran and Vijayaraghavan Kannan(2012) inventory of
Sathanur command area for management of irrigation systemusing remote sensing and geographical information system.
Journal of Modern Biotechnology, Vol.1, No.1, pp. 31-36

[L0] NRSC (2009) Assessment of Irrigation Potential created in AIBP funded Irrigation projects in India using
CARTOSAT satellite data. National Remote Sensing Centre, Indian Space Research Organisation, Department of Space,
Government of India, Balanagar, Hyderabad-500625

[11] Nageshwara Rao PP and Mohan Kumar A. 1994, Crop land inventory in the command area of Krishnarajasagar
project using satellite data, International Journal of Remote Sensing, 2:43-48

[12] Patel V.M, Dholakia M.B and Ray S.S (2015) Remote Sensing Techniques for Land use/ land cover mapping in
Mahi Right Bank canal command area, Gujarat. Journal of Civil Engineering and Technology (JCIET) Vol.2, Issue 2,
July-Dec 2015, pp.01-001, Article 1d: JCIET -02-02-001

[13] Ramesh Naidu, Giridhar M.V.S.S and Sanghamithra Ghosh (2012) Application of Remote Sensing and GIS for
Idenitification and Assessment of crop growth in Wazirabad command area by calculation of Irrigation losses and

IJCRT1703062 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 472


http://www.ijcrt.org/
https://doi.org/10.1016/j.rse.2016.02.46

www.ijcrt.org © 2017 IJCRT | Volume 5, Issue 3 September 2017 | ISSN: 2320-2882

demand to improve the farming. Proceedings of AIPA 2012, India. JNTU, Hyderabad, India. Vidyasagar University,
West Bengal, India

[14] Rao K.S, Girish Chandra and Narasimha Rao P.V/(1988) Study on Penetration depth and its dependence on
frequency, Soil Moisture, Soil Texture and temperature in the context of Microwave Remote sensing. Journal of Indian
Society of Remote sensing

[15] Sandeep Kumar and Pardeep Siwach (2012) Investigating Statistical Analysis of Canal Density and Canal Network
Analysis of HISAR district (Haryana) using Remote Sensing and GIS. IJPSS, Vol 2, Issue 8

[16] Schmugge .T (1976) Remote Sensing of Soil Moisture. NASA Goddard Flight Centre, Greenbelt, Md.,United
States.

[17] Tungabhadra Project, Resume of work (1945-58) Mercara: Printed by the Manager, Govt, Branch press, Coorg,
1970

[18] Thomas M. Lillesand and Ralph W. Kieffer (4th edition) Remote Sensing and Image Interpretation, Printed and
bound in India by Replika Press Pvt,.Ltd, Kundli 131 028

[19] Tiruvengadachari. S, Assessing irrigation performance of rice based Bhadra project in India, National Remote
sensing agency Hyderabad, India, and R.Sakthivadivel, senior irrigation specialist, International irrigation Management
Institute, Srilanka

[20] The Hindu (2012), Violation of cropping pattern in command area rampant: CAG report

IJCRT1703062 International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org 473


http://www.ijcrt.org/

