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ABSTRACT

Watershed management decision making is a compleoeps. Cooperation and communication among federal
state, and local stakeholders is required whilarzhg biophysical and socioeconomic concerns.plidic is taking part
in environmental decisions, and the need for teldyytransfer from public agencies to stakeholdersncreasing.
Information technology has had a profound influenoewatershed management over the past decadenéaevan data
acquisition through remote sensing, data utilizattorough geographic information systems (GIS), dath sharing
through the Internet have provided watershed masagecess to more information for management detsiln the
future, applications incorporating hydrologic siatibn models, GIS, and decision support systemé hveil deployed
through the Internet. In addition to challengesniaking complex modelling technology available tgedse audiences,
new information technology issues, such as intealpkty, Internet access, and security, are intcetl when GIS,

simulation models, and decision support systemisegrated in an Internet environment.

KEYWORDS: Watershed Management, Information Technology, h&gr Geography, Geographical Information
Systems, Spatial Analysis

INTRODUCTION

Watershed management decision making is inhereathyplex. It requires cooperation with federal, estatnd
local bodies while incorporating biophysical andciseconomic process. Traditionally, transfer ofoimhation was
unidirectional, typically from state of federal gomment agencies to landowners. in today's societirectional
communication is imperative, expanding the roléaofd management agencies in the decision makingepso However,
federal and state budgets are increasingly constlaiand new techniques' for information transfdchto be employed.
Watershed management decisions are further cortgdichy both the complexity of the issues and thpmcesses
creating the problems. the difficulties in spatialepresenting and quantifying biophysical and seconomic process
require that management decisions be based onfecparformation.Water is life, in all forms and shapes. This bast
profound truth eluded many of us in the second bhlithe 20th century. Water professionals and s$isisnaround the
world are ringing the alarming bells of an impemfimater crisis. Yet attempts to address some ofsges or to offer
partial solutions met with limited success. Thergy®wing population and concomitant expansion gifiailture and

industry have placed increasing demand on thedinitater resources (Department of Land Resources).

"There is a water crisis today. But the crisis @& having too little water to satisfy our needsislta crisis of

managing water so badly that billions of people #redenvironment"

— suffer badly" (World Water Council, 2000)
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OBJECTIVE
The objectives of the study are as follows:-
e To Study the process of watershed management systeagh Remote Sensing and GIS.
SCHEMATIC REPRESENTING PROCESS IN THE GLOBAL HYDROL OGICAL CYCLE

The interdependence and continuous movement &dratls of water on the earth and in the atmosprekmown
as hydrologic cycle. The hydrologic cycle can ddsodefined as the processes and pathways invaivégicirculation of

water from land and water bodies (sea, rivers,dade.) to the atmosphere and back again.

Strsam channel \

Source: Davis and De Wiest {1966) A:d warer fiow

Figure 1: Shows the Global Hydrological Cycle

Definition of Watershed

It is defined as the land area from which wateirdrdo a given point. In other words watershednisaeea from
which runoff, resulting from precipitation, flowsagt a single point into a stream. Since water &@ned off to a given
point. The management of watershed in point of vigwlydrology is easily possible. Hence, we carnvarto another

definition of watershed i.e. "watershed is a maabtgHydrological Unit".

Figure 2: Shows the Delineation of Watershed

Watershed can be delineated using topographic mvépshelp of drainage lines which represents tllgeiand

valleys
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Figure 3: (1) Ridge Line (2) Valley line (3) Ridgesnd Valleys in a watershed

Table 1: List of Watershed Characteristics, How tdDerive them and Why it is Required

S. Characteristic Reguired for Parameters and indicators Somrce & means to
No. obtain
1, Size Average precipitation ;uno ffand Standard area nnit Topo-maps, aerial photo,
sedimentation (rate & volume satellite image

produoction ,potential, work and
investment )

2 Shape Funo ff and sedimentation (rate & a) Geometric form From map by using
volume),operational schedules and b) ShapeIndex respective formulae or
e & it T T T
coefficient equations,
d) FormFactor
a. Relief Funoff and sedimentation (rate & a) Meanelevation Topographic maps aerial
volume). treatment details snrface Bl  Averageslope photo, satellite images
storage, operational convenience £} Geomorphic and block diagrams
Units (Using respective
d)} Totalrehef formulae).
e} Reliefratio
4. Drainage Runoff and sedimentation channel, a) Drainagepattern | Topo maps and aerial
treatment details surface storaze, b} Stream Order photos, satellite image
o L oF Trabrapwdemsty: | mubme eetive
d)} Mhain Stream formulae
length
=3 Geology Sedimentation & ronoff, ground a) Typeofrocks Geological maps, reports
water , constroction material b} Stratigraphy »
«structure fonndation Satellite image

interpretation combined
NP Y [

1 Soil Runoff and sedimentation ., a) Soilseriesand Soil survey reports and
treatment details , prodoction soil phases maps, field sarveys
potentials, proper, landuase, b)
operational convenience Morphological,
physical and
chemical,
properties
e} C)Hydrologic
soil groups
d} Soil moisture
ik
T Chimate Runoff and sedimentation . a) Precipitation Afeteorological
treatment details , prodoction b} Temperature recourse, report and
potentials, proper, landuse , c) Homidity other poblications
operational convenience d} Wind Velocity
e} Sunshine hours
8. Surface Runoff and sedimentation . a) Presentlanduse Revennoe records, forest
condition & treatment details , production condition working plans and
landuose potentials, proper, landuse b) Natuoral report , toposheets,
.operational comvenience vegetation aerial photo .satellite
el Canopy percent image and ground
d) Hydrologic cover | sarvey
condition

e} Existing tanks

f)  Communications

9. Ground water Runoff , treatment details , aywater table contour or Ground water survey
production potentials, operational depths reports, existing wells
convenience b} Quality of ground water

0. Social & Legal Treatment details, operational a) Homan& animal | Censas reports, revenne I

statos conveniences, water shed sufficiency population records, district
deficiency in food .fodder & foel b} Landholdings legislations.
-animal and manpower .acceptance and tenure laws
follow —up and maintenance of c) Existing
programmes runoff and management
sedimentation Tevel
d} Landandwater
development
legislation

Source: Ministry of Land Resources, Government of Andhradesh
What is Watershed Management?

Watershed management means the rational utilizaifotand and water resources of watershed for atim
production with minimal hazard to natural resourd®stershed- based management is the most effagtiyeo enhance

water quality and natural resources, protect @litierrestrial and aquatic habitat, prevent sodsem, and sustain
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resource-based economic activities while conculyenanaging the pressures of an increasingly udeahiandscape.
Importance of Watershed Management in the Presentc@nario

Watershed management or protection implies thegsrape of all land and water resources of a wagersor
optimum production with minimum hazard to naturasaurces. The different objectives of a watershediagement

programme are:
* To control damaging runoff
» To manage and utilize runoff for useful purposes
* To control erosion and effect reduction in the seatit production
* To moderate floods in the downstream areas
* To enhance ground water storage wherever applicable

Appropriate use of land resources in the watergstmetithus developing forest and fodder resourcesp#ah of
conservation farming practices to improve agriaalfucontrolled grazing to keep the pastures prageictwater
management for irrigation and drainage and all othipes of erosion control measures could be eaaterghed are
different and program for their management coukb dbe different. Inappropriate land use practiceshe upstream
catchment leads to accelerated soil erosion andecpent silting up of reservoirs. Watershed managérnm thus an
integral part of any water resources project. Titeritization of watershed i.e. which needs to la@pattention is based on

sediment yield potential so that the treatment @eabult in minimizing sediment load into the resér.
Watershed Characterisation using Remote Sensing ar@lS

Various watershed characteristics required for vgaed management can be derived using remote geasd

GIS. A brief description is given here.

» Size:This characteristic determines the quantity of ipiéstion received, retained and drained off. Small
watershed behaves differently from the large oneteims of the relative importance of various pkaskthe
runoff phenomenon. This can be delineated usingdpegraphic maps (first instance), by the conadpidge
and valley lines (as explained previously), basethe position of the watershed outlet. The area®fvatershed
can be digitized using GIS functions. This boundzag be verified with the help of the aspect mamictvcan be

derived using DEM, using any standard GIS function.

e Shape:Watersheds have many shapes e.g. it could be ged#an square, palm shape, oval etc. The shape
controls the length, width ratio which affects th@off characteristics. For example, the longentiagershed, the
greater is the time of concentration. The longertime of concentration, the greater the time awéd for the
water to infiltrate, evaporate and get utilized \ggetation. Shape of watershed is the output obmshed

boundary delineated in GIS environment.

» Slope:This is a very important characteristics of a wstied. It affects the time of concentration, infitton
opportunity time, and runoff and soil loss. Slomn de derived in GIS environment using DEM. Usihg t

watershed boundary, the weighted average slogeeofatershed can be derived in a GIS environment.
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e Drainage: This is another important factor which influenche watershed behavior. A large drainage density
(length of drainage channels per unit area) cresiteation conducive for quick disposal of runoffweh the
channels. In watershed where drainage densitgssdeerland flow is predominant. Length of the c¢ies can be

derived using the digitized drainage in GIS envinemt.

* Geology:Nature of parent rocks, features, faults, extentoofcrops and weathering can be known by
interpretation of satellite data and also groundhtrcollected. It is possible to understand theugdb water

recharge areas also, using the geomorphology aadgisisof other relevant information.

e Soils: Major soil groups of the watershed and their hyolga groupings. Physical and chemical properties as
required, which can derived using the mapping ofspigraphic units from the satellite data and camatiwith

the field verification of soil profiles dug in eacfithe physiographic units.

* Climate: Precipitation, its annual, seasonal and monthlyritision, forms of precipitation, storm pattern,
rainfall intensity and duration are to be collecfedim metrological stations. Their spatial disttion can be
understood in a GIS environment. Other climatictdex include air temperature (min. and max.), soil
temperature, evaporation, relative humidity, wiredoeity, wind direction, and solar radiation arscatequired
for understanding the hydrology of the area. Ifessary, these data can be converted into spataludang GIS

functions.

e Surface Condition and Landuse Existing land usé and cover conditions includinge$t lands, range lands,
cultivated lands, waste lands, habitations and efireous uses can be derived using interpretaticatellite
images and also ground truth. Forest type and amdar each classification (like stock forest, ddgrhforest,
scrub etc. hydrologic conditions, legal status €resd, demarcated, protected, un demarcated, pedtec
unclassified, private, community etc.) can be oigdifrom remote sensing images. Extent of agricalltands,
land capability classification, area under eack<knd subclass, area under irrigation, major craps fed area
along with crops grown, orchards and their exteot ean be obtained by interpretation of remotesisgndata

and collection of ground truth.

e Ground Water: Source of ground water and ground water levels nduripre-monsoon and post-
monsoon conditions are necessary to understandtestground water-recharge and possible quantigilable

for utilization.

» Economic Data :General economic conditions of the people, imparfanfessions and their dependence on
watershed resources, markets and marketing practiereirn from forests including fire wood, and orirfiorest

products, return from range land, grazing valugyrns from cultivated land including irrigated aradn fed etc.

e Texture: Textures Provide Important: characteristics for the analysis of many typesy@des including natural
scenes, remote sensing data and biomedical medalithe perception of texture is believed to playnaportant
role in human visual system for reorganization amterpretation. Pervious method of analysis foromeglishing

texture classification may be roughly divided itttoee categories : statistical, structural and tspkec
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Watershed Management

Concept of Watershed Management: The concept obMted Management is shown pictorially with various
aspects which need to be considered, as the sensiroéthe people living within the watershed ahaae to be given

utmost priority in implementing various watershednagement schemes.
Aims of Watershed Management

» Tocontrol damaging runoff.

» To control erosion & sediment yield.

» To moderate flood.

e To enhance ground water storage.

e To use land resources optimally.

e To protect, conserve, & improve lands.

* To develop & mange water resources.

Land Owner's Natural Resources Elements

Objectives Topography ~ Water bodies/” | Legal Frame Work

What is their preferred vision ? Vegetation ~ Wild Life What do existing laws allow

What are the impacts on land Climate Soils to prohibit ?

use pattern and land values ? Precipitation How feasible is it to change
Minerals, regulatory requirement?

Environmental issues \

‘What will happen to the water o
quality? c = .

Are endangered species present ? —p Econqmlq Factors
Which lands are crucial for habitat? P How will this effect the local

~ ?
Ground water recharge ? . cconomy' o )
Wetlands ? \ What are potential impacts on specific

cultures or segments of society ?

Public Support Implementation
Will key interest groups support the Feasibility
proposal? Which groups and agencies can contribute

o WATERSHED
resources! CONCEPT

Is adequate funding available for
implementation?

Is adequate infrastructure available for
planned activities?

Has the public had adequate
opportunity for input?

Will land owners be willing to
contribute funds/effort?

Figure 4. Shows Watershed Management
PROBLEMS IN WATERSHED MANAGEMENT PROGRAMME
»  Professional Problems
» ldentifying existing problems
» Convincing concerned authority

» Defining local requirements
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e Selecting proper management practice
e Designing & implementation

» Social Problems
* Low awareness
» Reluctance to change existing practices
» Poor participation of locals
» Feudal social structure

* Financial Problems

e Psychological Problems

Role of Geoinformation Technology

Satellite data have been extensively used in maatershed All India Soil and Landuse Survey, Miryisof
Agriculture, Government of India. Space borne rspiictral data have been used to generate baseforenation on
various natural resources, namely soils, foresecosurface water, ground water and land use/ ¢awdr and subsequent
integration of such information with slope and sececonomic data in a Geographic Information Sys{&i5) to
generate locale-specific prescription for sustdimalevelopment of land and water resources devedopon a watershed

basis.
CONCLUSIONS

Watershed Management has assumed urgency for platevelopment of land and water resources andréstar
land degradation process to preserve environmeahteaological balance. Decision support to such mament planning
requires scientific knowledge of resources infoiorat expected runoff and sediment yield, prioritassification of
watersheds for conservation planning, monitoringvafershed for environmental impact assessmentemfthologies of
GIS for data base creation, scenario developmethtappropriate decision making. Remote sensing tquaknis ideally

suited to evolve such a management strategy. $aidrdsis of this approach is explained.
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