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Natural resources are components of the natural environment, which fulfill functions in eco-system
processes, and which are useful or beneficial for human. For effective management of these resources
the economic planning of the region is necessary. Day by day pressures on natural resources are
tremendously increasing due to commercialization and livelihood of local people. For proper utilization,
equal distribution of natural resources in present utilization and future utilization it is necessary to
do inventory of resources and produce a database for the Singarayakonda mandal of Prakasam district
in Andhra Pradesh and the Generation of action plan for Land and Water resource management
using GIS. The present study is aimed to prepare the digital thematic maps namely, Land use /Land
cover, Geomorphology, Drainage etc., using satellite imageries on ArcGIS 9.2 platform. This
constitutes the spatial database and generates the action plan for Land and Water resource management.
The present study resulted a Generation of action plan using the spatial data generated besides collateral
data. Decision rules laid down by organization concerned are considered for Land and Water resource
management. These action plans can be presented to the people for sensitizing them to get involved
and to integrate their planning with reflections of their aspiration and with a convergence approach
for Panchayats and Local Bodies to take decisions.
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Introduction

In India, sustainable development of rural areas is one of the major efforts. This involves
conservation of land and management of water resources. The economic growth of a
region depends upon the proper exploitation of its natural resources. The resources
like land; water, minerals, forests, fisheries and livestock are the natural gift and are
transformable into tangible wealth on exploitation to produce agricultural, industrial
and energy outputs. These are the most significant ingredients for stimulating the
economic growth of the region. For the proper utilization, equitable distribution and
optimal management of natural resources the most needed are an inventory of
resources, present day utilization levels, or future utilization possibilities. Therefore,
attempts are required to produce data from concerned sources in the standardized
formats and put in an appropriate database. The set of activities related to data
management on natural resources, such as data generation, data collection, compilation,
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storage, retrieval and processing are mutually interacting and inter-dependent which
naturally open option for management as a system.

The pressures on the natural resources have tremendously increased over years
by man’s greed for commercialization and livelihood of local people. Devoid of
regeneration, population pressure and wide scale tree felling depleted the natural
resources to a level, which posed a problem for the very sustenance of man. Therefore
it is imperative to understand the consequences of manmade initiatives and to devise
proper strategies to counteract these detrimental effects to keep a balance of the
environment, ecology, green cover and human livelihood.

GIS has proven as a powerful tool for studying the natural resources and
help in location features, extent of coverage, monitoring the resources and in
generating modeling for probable scenarios, which assists in optimizing resource
utilization.

This study further showed that introduction of alternate land use could have a
considerable impact on the rural economy. An additional usage of land will generate
employment opportunities, contribute to poverty alleviation and better food security,
and improve the quality of the nutrition of humans and animals. An overall
improvement in soil health in could substantially contribute to the sustainability of
these productive systems.

GIS technology is useful as planning/decision-making tool for resource
management. The selective retrieval and analysis capabilities of GIS are used to
manipulate the database and provide a variety of information for resource management.
GIS is an aid to analyze the thematic maps prepared through remote sensing and
field visits. It stores all the maps prepared and database attached to them in digital
format, which permits rapid access and processing. Combination of remote
sensing and GIS technologies are very important for assessment and management of
natural resources, where integration of data from different sources is essential
requirement.

ArcGIS

ArcGIS has a high-level geographic data model for representing spatial information
as features, rasters, and other spatial data types. ArcGIS supports an implementation
of the data model for both file systems and DBMSs. The file-based models include GIS
datasets, such as coverages, shapefiles, grids, images, and triangulated irregular
networks (TINs). The geodatabased model manages the same types of geographic
information in a DBMS, providing many of the management benefits offered by a
DBMS. Both the file-based data models and the DBMS-based geodatabase model define
a generic model for geographic information. This generic model can be used to define
and work with a wide variety of different user or application–specific models. By
defining and implementing the behaviour of a generic geographic data model,
geographic information in ArcGIS provides a robust platform for any GIS application
ArcGIS enables large volumes of imagery to be made quickly accessible to a wide
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range of applications and users. Arc GIS provides the infrastructure that supports
multiple workflows associated with collection, management, production, and
exploitation of imagery. This includes the ability to serve imagery quickly through
dynamic, server-side image processing which complements a rich capability for image
management and dissemination.

Study Area

The study area selected for the project is Singarayakonda Mandal of Prakasam District
of Andhra Pradesh in India. Prakasam is an administrative district in the state of
Andhra Pradesh with the district head quarters located at Ongole. The Singarayakonda
Mandal lies geographically between Latitude 15° 15’ 0"N and longitude 80° 1’ 48" E
is covered in the Survey of India toposheet numbers 57M15, 57M16, 66A03 and 66A04.It
is one of the 56 Mandals of Prakasam district, in Andhra Pradesh. Area of
Singarayakonda mandal is 115 sq.km (approximately). It has a total population
of 39,704. Singarayakonda Mandal has eight Revenue Villages, Kalikivaya,
Kanumalla, Sanampudi, Singarayakonda, Somarajupalli, Mulaguntapadu, Pakala, and
Binginipalle.

Table 1
Village wise Area in Hectares and Square Kilometers

Village name Village area in ha. Village area in sq.kms.

Kalikivaya 981 9.81
Kanumalla 996 9.96
Sanampudi 1274 12.74
Singarayakonda 1548 15.48
Somarajupalli 2194 21.94
Mulaguntapadu 338 3.38
Pakala 2252 22.52
Binginipalle 1269 12.69

Figure 1: Location Map of the Study Area

LOCATION MAP



38 M. Gayithri Devi & M. Anji Reddy

Objectives

Objectives of the study area focusing on the following issues:

• Creation of database for the study area consisting of thematic layers
like Base map, drainage map, land use/land cover map, geomorphology
map, ground water potential map using SOI toposheets and satellite
data.

• To evaluate the natural resource of the study area.

• Management of Natural resources by the fusion all the thematic layers
generated through GIS.

• Generation of action plan using the spatial data generated besides collateral
data. Decision rules laid down by organization concerned are considered for
Land and Water resource management.

Methodology

The broad methodology adopted and followed to achieve the objectives of the present
study involves the following steps:

Work Flow

1. Collection of source data like satellite data of one season, SOI top sheets. The
satellite data of LISS III (23.5 m) is geometrically corrected and enhanced.
Finally after map composition satellite imagery is printed in FCC in 1:50,000
scales.

2. Preparation of themes like base map, drainage map, Land use\Land cover
map and geomorphology map and ground water potential map are prepared
by visual interpretation of the satellite imagery. Visual interpretation is
carried out based on image characteristics like tone, size, shape, pattern,
texture, location, association, back ground etc. in conjunction with existing
maps.

3. Field visits are carried out to check the delineated units of the maps prepared by
visual interpretation of satellite imageries and also secondary data related to
irrigation, agriculture, land use and ground water are collected. Field observations
are incorporated in to the related thematic layers.

4. All the maps prepared are converted into soft copy by digitization. In that process
editing, labeling, mosaicing, quality checking, data integration etc., are carried
out.

5. Analysis of generated thematic layers and presentation of the results.

6. Integration of spatial and non-spatial data.
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Flowchart 1: Showing the Methodology for Generation of Thematic Maps
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7. Comparative study of the current Natural resource database in lieu of the decision
rules for Land and Water Resource Management.

8. Generation of final action plan.

Data Used

To study the natural resources, different types of data are used for the preparation of
different maps.
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Table 2
Data Sources

NRSA Satellite data

Topographic Map No. Scale Season LISS III

57M15  1:50,000 Kharif 14-Nov.-2006

57M16  1:50,000
66A03  1:50,000 Rabi 24-Feb.-2004
66A04  1:50,000

Results and Discussion

Base Map

Base map is prepared by using survey of India topographic maps on 1:50,000 scale. All
the settlement, road network, water bodies and forest areas are taken into consideration.
By comparing the survey of India topographic maps with that of satellite image the
size of all the settlements are increased and updated. The aerial extent of the study
area is 108.52 sq. km.

Drainage

Drainage map is prepared by using Survey of India Topographic maps on 1:50,000.
All the streams and tanks existing in the study area are marked in this map. These
streams further classified based on stream ordering. Up to fourth order streams exist
in the study area. All the water bodies are divided into dry and wet areas. These wet
(water spread) areas changes from time to time and some new tanks are found in the
satellite images. For this reason, the drainage map is updated from the satellite images.

Land Use/Land Cover Map

Land Use/Land Cover map is prepared by visual interpretation of high-resolution
satellite data with the help of Survey of India Topographic maps on 1:50,000 scale.
Two seasons’ data is used for the delineation of different units. The units are confirmed
by the ground truth/field visits.

Table 3
Category wise Present Land Use/Land Cover Findings of Total Mandal

Description Area in ha.

Built-up area 580.194
Double crop 5501.491
Single crop 1906.711
Aquaculture 698.740
Plantations 881.587
Sandy area (coastal) 63.691
Land without scrub 0.0318
Water body (dry) 845.602
Water body (wet) 739.986
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Crops Cultivated in the Study Area:

Food Crops : Paddy

Food grains : Ground nuts, Millets.

Cereals : Rice

Millets : Jowar, Bajra, Maize and Ragi

Pulses : Redgram and Green gram

Condiments and Spices : Chillies and Tamarind

Non-food crops : Cotton

Oil seeds : Groundnut, Castor, Sunflower

Geomorphology Map
Geomorphology map is prepared by visual interpretation of high-resolution satellite
imagery with the help of Survey of India Topographic maps and ground truth. The
earth’s surface can be classified into different geomorphic units/ landforms based on
their physiographic expression, origin, material content and climatic conditions, etc.
Technical guidelines of National Remote sensing Agency are taken into consideration
in the classification of geomorphic units.

 In the study area, the following five geomorphic units are delineated from the
satellite imagery.

CPD : Coastal Plain Deep

CPM : Coastal Plain Moderate

PD : Pediment

PPM : Pedi Plain Moderate

PPS : Pedi Plain shallow

Geomorphology map is used for the preparation of ground water prospects map.

Ground Water Potential Map

Integrated studies involving lithological, geomorphological and structural
investigations helped in the identification of Ground water potential zones. The
prospects identified were:

• Good

• Moderate

• Poor

Socio Economic Conditions Population: Demographic Details

The population of singarayakonda Mandal is 39,704 (as per 2001 census). The
population of singarayakonda is 3937 persons (as per 2001 census). Males constitute
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48% of the population and females 52%. The village wise population details given in
Table 4.

Table 4
Village wise Population of the Study Area

Village name Population

Kalikivaya 2615
Kanumalla 1944
Sanampudi 3708
Singarayakonda 3937
Somarajupalli 5381
Mulaguntapadu 5726
Pakala 12681
Binginipalle 3712

Source: Census of India 2001.

Education Facilities

In the rural areas, up to high school education facilities are available in singarayakonda,
mulaguntapadu, pakala, binginipalle, villages and only primary and middle education
is available in the rest of the villages.

Table 5
Details of Educational Facilities in Singarayakonda Mandal:

Population

Village Name Population Male Female Primary Middle Secondary
Total School Schools School

Kalikivaya 2615 1288 1327 1 0 0
Kanumalla 1944 967 977 5 0 0
Sanampudi 3708 1818 1890 3 1 0
Singarayakonda 1937 1938 1999 18 6 3
Somarajupalli 5381 2677 2704 5 0 0
Mulaguntapadu 5726 2894 2832 2 1 1
Pakala 12681 6487 6194 10 2 2
Binginipalle 3712 1848 1864 7 1 1

In the study area 51 primary schools, 11 middle schools, 7 secondary schools are
there.

Literacy

Singarayakonda mandal has an average literacy rate of 66%, higher than the
national average of 59.5%. Male literacy literacy is 73% and female literacy
is 60%.
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INTEGRATION OF LAND AND WATER RESOURCE UNITS

Step-1

The data from IRS-1D, LISS-111 have been analyzed with the help of collateral and
ground data to generate spatial layers of geomorphology, land use/land cover and
ground water potential.

Step-2

Action Plan map of these layers was created by integrating all the above themes using
UNION command in ARC/INFO environment (A GIS software). The GIS technique
helps to visualize, organize, combine, analize, predict and query the special data along
the non-spatial data.

Step-3

Based on the information available with N. G. Ranga Agricultural University on
research findings regarding the suitability of different land use management
technologies for given agro climatic conditions, individual combinations of various
resource themes are recommended for specific activities. Extensive fieldwork has been
carried out to record various land parameters under prevailing climatic conditions
and to recommend alternate land use practices when the present land use was
considered not to be optimum for sustainable development.

Table 6
Action Plan for Water Resources Management Singarayakonda Mandal

Village Name Check Dams Percolation tanks

Kalikivaya - 1
Kanumalla 2 -
Sanampudi 6 2
Singarayakonda 3 1
Somarajupalli 1 -
Mulaguntapadu - -
Pakala 2 -
Binginipalle - -
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Suggestions and Conclusions

Depleted water table, low production of food grains, loss of soil moisture, non-
availability of fodder and fuel wood, degraded forestlands, etc., are some of the
consequences of drought. To mitigate these adverse effects, drought-proofing works
are envisaged in the study area with people’s participation. These works are depicted
as spatial development strategies to combat drought on sustainable basis. The different
measures required to be under taken for development of watersheds are of multi-
disciplined nature. No single activity could be undertaken in isolation for the betterment
and optimization of the resources.

Keeping in view the need for water harvesting structures, soil and moisture
conservation etc., the following drought-proofing works are recommended for
implementation in Singarayakonda mandal.

1. Water Harvesting Structures

(i) Check dams

(ii) percolation tanks

2. Soil and Moisture Conservation

Figure 2: Showing the Base, Drainage, Landuse/Landcover, Geomorphology,
Ground Water Potential and Action Plan Map
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(i) Vegetative barriers, contour bunding with stone checks, etc.

(ii) Soil erosion control measures including planting of soil binding species,
gully control works, etc.

(iii) Broad bed and furrow method of cultivation and conservation ditches.

3. Irrigation water management and horticultural species planting on field bunds.

4. Ground water development with conservation measures and horticulture/
nurseries/sericulture development.

5. Fodder/Fuel wood Development

(i) Fodder/fuel wood plantation development in tank foreshore

(ii) Fodder/silvipasture development in marginal lands.

6. Shelter Belt/Strip plantation along all the Roads/Railway Tracks.

Following location-specific measure is suggested for water resources management
of the study area. The action plan for water resource management is presented below.

In the study area total 14 check dams and 4 percolation tanks are suggested using
action plan for water resource management.

Waste Land Development

Sandy Area: Suggested for plantations to prevent wind erosion.

Aquaculture: Suggested to opt only for one season in a year to mitigate salinity
problems and to have more yields in view of the prevanlease of virus and for sustained
environment.

Water bodies (dry): Suggested for trenches in the dried up riverbed to enhance soil
moisture conditions and to prevent erosion.

Continuous Contour Trenches: Continuous contour trenching (CCT) suggested along
the contours with 10 meter interval.

For effective management of natural resources Action plan generated for land and
water resource management. Keeping in view the need for water harvesting structures,
soil moisture conservation action plan generated.

For the study area, optimal land use farming systems and drought proofing works
include in-situ soil moisture conservation, wasteland development, and shelter belt
strip plantation along the roads and water harvesting structures are suggested.

The present study integrating various spatial and nonspatial thematic data bases
concerning land and water resources with the socio economic background is of direct
relevance for rural development.

The present study adopted integration of various spatial and non-spatial thematic
databases for land and water resources management.
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The integrated approach adopted on the combination of Remote Sensing, GIS and
field studies has proved effective in land and water resource management. The same
approach can also be adopted else where under similar environment.
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