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INTRODUCTION

Land is a delineable area of the earth's terréstiface, encompassing all attributes of the biesp
immediately above or below this surface, includihgse of the near-surface climate, the soil anditeforms, the
surface hydrology, the near-surface sedimentargréagnd associated groundwater reserve, the phahtiaimal
populations, the human settlement pattern and palysésults of past and present human activity (FA@85).
Information on the nature, extent, and spatiakittistion of land resources is a pre-requisite teeli@ rational land
use plans for agriculture, forestry, irrigationaiiageetc, Land use refers to the type of utilization to whiman
has put the land. It also refers to the evaluatibthe land with respect to various natural chanastics. But land
cover describes the vegetal attributes of land.dLase and land cover data are essential for plandecision
makers and those concerned with land resourcesgearent (Ndukwe, 1997). Land use map is a valuaigkfor
agricultural and natural resources studies, updatibthese maps are essential due to the strerfgtiataral
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resources monitoring and analysis of up-to-datedliase/ Land cover (LULC) information, for proficieand sustainable
management of Agriculture (Alphan, 2003). Unfortiefg on the other hand, there is a general lackatfurate and
current LULC maps (Ezeomedo, 2006).

However, the advent of air-and space-borne remensisg has made it possible to acquire land uselaamt
cover data inconsistent manner. In addition, theeat of geographic information system (GIS) has enécpossible to
integrate multisource and multidate data for theegation of land use and land cover maps ( Adegtiydl, 1999). This
leads to the quick and truthful representationhaf teal world in the best possible way. Remoteisgnsrovides land
resource data in the digital form and different dmiof the electromagnetic spectrum. Availabilitysoich type data in
different bands makes it very useful and easy waydélineation of land use/land cover classes. Ghveryears, remote
sensing has been used for land use/land cover n@ppdifferent parts of India (Gautam and Naraygri®83: Sharmat
al.,1984).

The classification system facilitates the planremd researchers to study the spatial differencedistthction
between various lands types, from satellite dat&. i@Bvolves mapping data and interpreting the ietethips among that
data and making inferences. It is also very usg&fulthe production of land use and land cover stiaé which can be
useful to determine the distribution of land useshie watershed. Land use land classification gambde using remote
sensing image classification techniques. RemotesiBgrresearch focusing on image classification &tsacted the
attention of many researchers (Lu and Weng, 200d) aa number of researches have been conducted difagent
classification algorithms. Classification is a pess to assemble groups of identical pixels foundemotely sensed data
into classes that match the required categori¢sentiser by comparing pixels to one another ansetlod known identity
(Palaniswamiet al, 2006, Perumal and Bhaskaran, 2010). The cleastn of remotely sensed imagery relies on the
assumption that the study area is composed of &euof unique, internally homogeneous classes haddassification
analysis based on reflectance data and ancillaiy cin be used to identify these unique classds thvit aid of ground
data.(Lillesand and Kiefer, 1994, Townshend, 1980he present study demonstrates the usefulnessea$pgtial
technology in generation of thematic maps of contslope, drainage, flow direction, landform, lange land cover
(LULC), DEM and soil-related maps in conjunctionthvavailable ancillary data at cadastrial levelilmora watershed,
Akola, Maharashtra.

MATERIALS AND METHODS

Materials

In the present study an attempt has been madealgzanterrain characteristics and generate varibematic
maps and land use/land cover and soil using SQistoget remotely sensed satellite imagery and ASDER! for the
selected wihora watershed. To accomplish this thi&rent data sources and software’s were used. sttdy area and
dataset used is described below.

Study Area

The study area is located in Akola district of Megsdntra, India, and lies between 77°.B3ongitude and 20°.30
N latitudes. The study area comprises Wihora Whéslsand is included in the Survey of India topobiegl sheet No.
55H/2 on 1:50,000 scale.
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Data Used

To develop various thematic maps, various fielpotgraphic and satellite data have been used. Tiaeudad in
this study include satellite data, Survey of In¢g&0OI) topo-maps (55H/2) and ancillary informatioallected from

Departments of, Agriculture and Institutes of Ind{aouncil of Agricultural Research (ICAR).
Field Data/Ground Truth Data Collection

Ground truth information, which involves gatherimgformation on land cover types, their spatial ekte
condition and geographical coordinates of the iooatvas collected to determine the signature Thimitie, longitude, and
altitude were recorded with the help of global posing system (GPS), and water bodies, barrenslagtd., were

observed.
Satellite Data Used

The Indian Remote Sensing (IRS) satellite datagmiy used in this study. From the available oilstdendar of
the satellite and the reference scheme suppligiéiational Remote Sensing Agency, the scenegiogvine study area
are selected. The SOI topographical reference rpapgde information on topo coverage of any reginnindia on
different scales. Using such a reference map theired SOl maps covering the study area on 1:504@0es were
identified and used in the present study. IRS -didital data from LISS-IIl was used in the studheTLISS-III provides
reflectance data in green, red, and near-infragtl® at 23.5 m spatial resolution and at 24 daysitecovering a swath
of about 141 km.

Methodology

To create thematic maps initially created a basp ofahe study area was prepared from the Topographps
(1:50,000 scale), which were collected from thevByrof India. The SOI Toposheets were first reetifiand then geo
referenced to the Geographical Coordinate SystdmnThe geo referenced SOI Toposheets was useeliteate the
watershed area. The geo referenced totposheet avessdered for digitization of contours and the gtadea has been

delineated correspondingly.

Land use/land cover of the study area was mapgad tsmote sensing classification methods. Thesiflaation
is a complex process and requires a combinationasfy factors. The first step in image classificai® the preprocessing
of satellite images. Preprocessing of satellitegesainclude geometric correction, atmospheric ctioe, radiometric
calibration and radiometric rectification procedsi(@ensen, 1996). After preprocessing, images hega geo referenced.
Georeference -means to define the existence ofmage in a physical space. That is establishintpdation in terms of
map projection or coordinate system. After geomrsieing the remaining steps for classification asening sample
collection, feature extraction, post classificatipnocessing and accuracy assessment. There arefutvdamental
approaches for classification of images. One isesuged and another one is unsupervised classifitatn image
classification, we used both supervised and unsigest classification methods. Various steps useithénpresent study

are described to generate various thematic magpeifollowing flow chart Figure 1).
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Figure 1: Steps used in the Present Study to Creafihematic Maps
RESULTS AND DISCUSSIONS

In the present study for selected wihora watershaibus thematic maps are generated and the restdts

discussed.
Preparation of Topobasec Map for Watershed

Topobase is prepared based on Toposheet (55Hf8)lyFscan copy of toposheet is geo-referenceddas the
four ground control points and projected in UTM jeation system with datum WGS84. The boundary efulatershed
was digitized and delineated manually based omthmage in ArcGIS platforngure 2). Further, this boundary is used

to extract the information of the topobase fromgke-referenced toposheet.
Toposheet-based Drainage Map of Wihora Watershed

The geo-referenced toposheet in ArcGIS 9.3.1 wad ts extract the drainage network of Wihora wéteds A
new shape file (in *.shape format) was generatea @IS environment. In this process, the drainageslvisible on the
toposheet were digitized using editor tools/operatn ArcGIS. The generated drainage map of theovéilwatershed is

given below inFigure 3.

VIR LA VAT RS e O
STREAM ORDER MAP

Figure 2: Toposheet-Based Map of Wihora Watershed
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WIHORA WATERSHED
TOPOBASE MAP

Figure 3: Toposheet-based Drainage Map of Wihora Warshed

Toposheet-based Drainage Map with Stream
Orders of Wihora Watershed
The geo-referenced toposheet in ArcGIS was usedttact the drainage network of the Wihora watesistleng

with stream orders. The generated drainage mapfuwteer processed to assign the stream ordersdo #aeam as per
Strahler’s stream ordering scheme. THedder streams were numbered by selecting thosarss by holding SHIFT key
ofthe keyboard and entering/typing stream ordethia ‘Attribute Table’ of the shapefile (viz. *.shp¥pelected the
‘polyline’ option while creating the drainage layier ArcGIS. This procedure was repeated to entkerohigher order
streams. The option ‘Label Features’ was clickeédraight-clicking on the layer to view the streanders on the map The

generated streams were ordered in the drainageohiap Wihorawatershed as shown kigure. 4.

WIHORA WATERSHED
ASTER DEM

Figure 4: Drainage Map with Stream Orders
Creation of ASTER-based DEM of Wihora Watershed

The digital elevation model (DEM) of the Wihonatershed was prepared by using ASTER data havamagal
resolution of 30 m. The area of interest is extdatsing the watershed boundary. The elevatiorilsiétathe DEM are
varying from 261m to 361m. DEM is prepared withvalion interval of 20m and various classes repitesehy various
colors as shown on the map. The generated DEM BEM-based drainage network of Wihora watershechmas in

Figure. 5. The DEM-based drainage network was created mgubsiydrology’ module of ArcGIS.
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WHODRA VWATERSHED
SLOPE MaAaP

Figure 5: ASTER-DEM Generated for Wihora Watershed
Creation of ASTER-based Contour Map of Wihora Watesshed:

A 10 m contour interval map was generated usingNBEER elevation data. This was accomplished bggutie
3D analyst tool available in the ARCGIS-ARCMAP. TBB analyst tool has the facility to generate dedént type of
maps and one of them was a generation of the comtap. The user has the option to choose the comterval. The
lowest value was 261 m and the highest value wam3fhbove mean sea levEidure. 6).

A A s T e
CERLIPE T LIFE AR

Figure 6: Contour Derived from ASTER DEM
Creation of Slope Map of Wihora Watershed

Slope map of the wihora watershed was developatgusie 3D analyst tool available in ARCMAP software

ASTER data was used to generate this Figpre 7.

WWIHORA VWATERSHED
SLOPE MAP

Figure 7: Slope Map of Watershed
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LULC Classification of LISS Ill Imagery of Wihora W atershed

For land use land cover analysis, IRS P-6 Lineaadimy and Self Scanner (LISS-IIl) with 23.5 m salati
resolution having standard False Color CompositeQFwas used. LISS-IIl imagery is geo-referencethwectified
toposheet (SOI) and projected in UTM projectionhwdiatum WGS84. A boundary of the watershed is tsexktract the
image information of LISS-1II in the study areald&acolor composites are prepared based on ass®gNIR band to red
color, red to green and green to blue color. Visotdrpretation techniques of satellite data weseduto interpret and
delineate the land use classes. For classificafidand cover, ground data collection was considene essential exercise,
whereby relationships between different grounduest and their corresponding spectral signature egsablished. A
handheld GPS receiver was used for determinindpitetion of different land cover classes in thédfiand relating these
with pixel clusters in the image to identify theectral characteristics. In addition to relatipgatral signatures with land
use type, ground data collected through field sysverovided the basics for determination of theusacy of manual
classification and identification of empirical rétaships between surface properties and sateliservations. Hence, the
collection of an unbiased data set for ground imiion was imperative for successful image classibn and

interpretation. The methods used for classificatilsupervised, unsupervised are discussed below.
Supervised Classification

In supervised classification methods are basedsen-defined classes and corresponding representsample
sets. These sample sets are specified by rast@rsdtd must be created prior to enter into thensatio classification
process. The image interpreters must have a phimwledge of the area covered by the image in tesfrtypes and
location of features. Supervised classificatiorhtégues require training area to be defined byahalyst in order to
determine the characteristics of each categoryh el in the image is assigned to one of the gmaies using the
extracted information. The maximum likelihood algorithm with ] probability of occurrence was used in the
classification because it is powerful and produttes best results, if defined training sites areyvgood in uniformity
(Congaltonet al, 1998). They are attempting to classify it byngsa signature file (assigning AOls to differentdtions
of features on the imagery). These signature filee used as input files to supervised classificati

Figure 8: Supervised Classification of LISS Ill Image

These AOIs created using ground truth data coatdinlike water bodies, crop, barren lands, ete. fElsults of

supervised classification shown in thigure.8, Table 1
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Table 1: Supervised Classification of LISS Ill Imag of Wihora Watershed

Sl. No. | Land Use/Land Cover | Area (Sg.meters)| % of Total
1 Crop 2707852 2%
2 Fallow 912519 7%
3 Scrubs 10842407 86%
4 Barren 338990 3%
5 Water 212403 2%
Total 12576971

Unsupervised Classification

Figure 9: UnSupervised Classification of LISS Il Image

Unsupervised classification distinguishes a pattarthe reflectance data and groups them into adpfimed
number of classes without any prior knowledge efithage. In this type of classification spectralssks are grouped first,
based on the numerical information of the data, amedthen matched. It involves algorithms callagstgring algorithms,
that examine the unknown pixels in an image andeggde them into a number of classes based oratiieah groupings
or clusters present in the image values, and spsdiie desired number of classes. ISODATA clustemethod uses to
perform unsupervised classification, using the 120B algorithm. The ISODATA clustering method uses ttinimum
spectral distance formula to form clusters. The D@MA utility repeats the clustering of the imagetiureither a
maximum number of iterations has been perforntadufe. 9). After this system generated classification, stgsare
assigned to the individual category as waterbodnsd forest, open forest, cropland, fallow land apen land based on

the visual interpretation.
Landforms in Wihora Watershed:

Landforms represent the landscape of this waterdtemtiform is prepared based on the toposheet atedlit®
imagery, slope map and ASTER DEM. The differentdfamrms delineated are Lower foot slopes, Narrowlésa,
Settlements, Subdued Plateau, Upper foot slopgseUpterfluvial slopes, and Waterbodi€sgure 10,17, Table 2
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Figure 10: Landform Map

Table 2: Area under Various Landforms in Wihora Watershed

Lower foot slopes 2.65394
Narrow Valley: 0.67382
Settlements 0.36529
Subdued Plateau 2.98786
Upper foot slopes 8.3164
Upper interfluvial slopes 0.03425
\Waterbodies 0.36529

“3%52% 5 Area(ha)

0.03425 B Lover Foot

2. 65394 Sloptes
067382

B Marrow
3E529 vallays

2-98?86-5EttE|EmEntS

Figure 11: Land Form Details of Wihora Watershead Aea

Cadastral, Soil Maps

Cadastral Map was prepared from Land Use Suitghilétabase by placing the database layer on Watkrsh
boundary Figure 12). Soil Type map is generated from Cadastral MafhefWatershed area by selecting the class depth.
The map shows different types of soils availabléhien Wihora Watershedrigure 13). Soil depth in the study area shows
that very shallow soils occurring on Upper footstepd Subdued Plateau and occupies 11.30 ha (74fg)xhallow soils
have been notices on Lower foot slopes, which desup.65 ha (17.38%). The deep soils have beereatbtin Upper

interfluvial slopes and on Narrow Valleys which opyg 4.66 ha.Kigure 14)
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WIHORA WATERSHED
SOIL DEPTH MAP
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Figure 12: Cadastral Map
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Figure 13: Soilype Map
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Figure 14: Soil Depth Map

CONCLUSIONS

The present study shows that how to classify lasel and land cover from satellite imagery and catanh of

land use/land cover area using supervised, unsigpdrelassification. The present study also dematest the usefulne:

of satellite data fothe preparation of various thematic maps an-to-date land-use/landever maps depicting existit

land classes. Furthermore, the developed spatiplaaa serve as useful for formulating meaningfahpland policies ¢

as to achieve a balanced and sustale development in the regic
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