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Abstract

The geographical information system (GIS) is a tog#d generically for any computer-
based capability for manipulating geographical dathe hardware and software functions of
GIS include data input, data storage, data managen{data manipulation, updating,
changing, exchange) and data reporting (retrieymgsentation, analysis, combination, etc.).
All of these actions and operations are appliedsi& as a tool that forms its database. The
paper describes the types of the GIS data formvatstdr, raster), database object definitions,
relationships, geometric features, and the dataaaigation structure. Some GIS applications
and examples are given for better understandingh@iv GIS data can be used in GIS
applications, with the respect to data formats,luding surface elevation and slope from
digital elevation model data (DEM), with the applwlity in water industry.
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Introduction
Geographical Information System (GIS) is a compbgsed tool for collecting, storing,

transforming, retrieving and displaying spatialad@tom the real GIS world. GIS provides
facilities for data capture, data management, aeaipulation, analysis, and the presentation
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of geographical data. GIS is not simplya systemmiaking maps (although it can create maps
at different scales, in different projects), a &&n analysis tool as well.

The geographical (or spatial) data represent phenanfrom the real world in terms of
their position with respect to a known coordinagstem, their attributes that are unrelated to
position (such as color, pH, incidence of dise&te,) and their spatial interrelations with
each other. The spatial relations describe how #reylinked together (this is known as
topology and describes space and spatial propetiEsas connectivity, which are unaffected
by continuous distortions) [12].

Application of GIS

GIS occurs in almost every industry. It is used dducation, land management, natural
resource management, environmental and aeronaapipétations (data on rocks, water, soil,
atmosphere, biological activity, natural hazardsj aisasters collected for wide range of
spatial levels of resolution) [12].

Although it is easy to purchase the parts of Gl&dare and software), the system
functions only when the requisite expertise is avde, the data are compiled, the necessary
routines are organized and the programs are psopetlified to suit the application, and/or
organization’s needs. GIS system suitability chaishown in Fig. 1 [5].

Structured N Hardware/
Organlzaho Q

Fig. 1 GIS system suitability chain

Geographical information attaches a variety of ifjesl and characteristics to
geographical locations. These qualities are phipm@ameters such as ground elevation, soil
moisture, atmospheric temperature, as well as iitzg®ns according type of vegetation,
ownership of land, zoning, floods, environmentalidents, water sources, wastewater, storm
water, air quality, etc.

GIS are powerful and cost effective tools for dégnintelligent maps for water,
wastewater, and storm water systems. Below, we delécribe a storm water system
management, and give some examples of system appticas well.

The practice of storm water management reducesjulamtity and/or quality of water
being discharged into a land or water area.

Effective storm water management requires thenigkif specialized computer models to
the GIS. Also, integration of engineering, envir@amtal, and socioeconomic objectives into
storm water management could be included.

In local storm water management, different areas afatershed implement different
storm water management plans locally to solve tteblpms as flooding, sedimentation,
erosion, etc.
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Most of the physical, social and economic probleamssociated with storm water are
attributable to unwise land use, insufficient afitamto land drainage in urban planning, and
ineffective updating of existing storm water cohsgstems. An effective solution to storm
water management is the watershed wide approachs Hpproach implements
a comprehensive storm water plan throughout thensiaéd to prevent the adverse effects of
storm water, both at a particular site and anywldengnstream where the potential for harm
can be reasonably identified [10].

Typical applications of GIS for storm water systemdude: (1) Watershed storm water
management; (2) Floodplain mapping and flood hazaeshagement; (3) Hydrologic and
hydraulic modeling of combined and storm sewer esyst (Fig. 8), including estimating
surface elevation and slope from digital elevatiommdel data (DEM) (Fig. 2); (4)
Documenting field work; (5) Planning, assessmenthef feasibility and impact of system
expansion; (6) Estimating storm water runoff frohe tphysical characteristics of the
watershed, e.g., land use, soil, surface imperwviess and slop [4], [6].

Fig. 2 Digital elevation model data (DEM) [1]

Topography influences many processes associatédtinat geography of the Earth, such
as temperature and precipitation, GIS applicatimfgssionals must be able to represent the
Earth surface accurately because any inaccura@aslead to poor decisions that may
adversely affect the Earth environment.

A DEM model (Fig. 2) is a numerical representatadrierrain elevation. It stores terrain
data in a grid format for coordinates and corredpan elevation values. DEM data files
contain information for the digital representatiminevaluation values in a raster form. Cell-
based raster data sets (or grids), are very saitfblrepresenting geographical phenomena
that vary continuously over space such as elevasiope, precipitation, etc. Grids are also
ideal for spatial modeling and analysis of datadsethat can be represented by continuous
surfaces, such as rainfall and storm water runoff.

Regardless of the data structure, DEM models cadelfieed in terms of (x, y, z) data
values, where andy represent the location coordinates amdpresents the elevation values.
Grid DEM model consists of a sampled array of diewa for a number of ground positions
at regularly spaced intervals. This data structtmeates a square grid matrix with the
elevation of each grid square, called a pixel,estan a matrix format.
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Fig. 2 shows a 3D plot of the grid-type of digitalrain models (DEM) data. Usually,
some interpolation is required to determine theatlen value from a DEM for a given point.
The DEM based point elevations are most accuratelatively flat areas with smooth slopes.
DEM models produce low-accuracy point elevationugal in areas with large and abrupt
changes in elevation, such as cliffs and road[@it$12].

Major DEM applications include: delineating watexdh boundaries and streams,
developing parameters for hydrologic models, maodelierrain gravity data for use in
locating energy resources, determining the volumh@roposed reservoirs, calculating the
amount of material removed during strip mining,edetine landslide probability. DEM can
be used for automatic delineation of watershedsawikershed boundaries. DEM data can be
processed to calculate various watershed and sesekrsharacteristics that are used for
Hydrologic and Hydraulic model (H&H) modeling (Fi8) of watersheds and sewersheds [1].

DEM can create relief maps that can be used asrbaps in a GIS for overlaying vector
layers such as water and sewer lines. DEM files bwyised in the generation of graphics
such as isometric projections displaying slopegation of slope (aspect), and terrain profiles
between designated points. The aspect identifestdepest down-slope direction from each
cell to its neighbors.

Raster GIS software packages can convert the DEMnmage for visual display as layers
in a GIS. DEM data may be combined with other dgfees such as stream locations and
weather data to assist in forest fire control,h@ytmay be combined with remote sensing data
to aid in the classification of vegetation.

Possibility to use GIS to modify the configuratioh the water distribution network,
compile model input files reflecting those changes, the hydraulic model from within the
GIS, use the GIS to map the model results, andhgralty display the results of the
simulation on a geo-referenced base map. The mtiegrmethod of interrelationships among
the user, the Hydrologic and Hydraulic model (H&Hnd the GIS software is shown
in Fig. 3 [1]. A detailed description of HSH modz=n be found in [1].

GIS is intended to be a means of improving eveyylifa. Geographical information
attaches a variety of qualities and characteristiocgeographical locations. These qualify for
physical parameters are such as ground elevatdnmsisture, atmospheric temperature, as
well as classifications according to type of vegeta floods, environmental accidents, water
sources (wastewater, storm water), ownership af, latc.

We described common geographical data model stegtu a grid-based structure
(raster), and a coordinate point structure (vectdfyo, we gave a view at a database
management system DBMS as a program (or collectiggrograms formalized description
of real world phenomena, database structures artione of database organization) that
enables the user to save, modify, classify, selant]l extract information for a central
database.
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Fig. 3 Integration of GIS Software, End User, and H&H ralod |

Conclusion

We showed the GIS system as the powerful and @féetdol for creating intelligent maps
for, e.g., water, wastewater, and storm water systé\lthough it is very easy to purchase the
constituent parts of GIS (hardware and softwarkg $ystem functions only when the
requisite expertise is available, the data are deohpthe necessary routines are organized,
and the programs are modified to suit the appbeatand/or the organization’s needs.

GIS integrates all kinds of information and apgimas with a geographic component into
one manageable system. Therefore, a benefit ofapffications is their ability to integrate
and analyze all spatial data to support a decisi@aking process. A GIS system has to be
built up within an organization. The integrationpaadility of GIS technology empowers
organizations to make better and informed decibesed on all relevant factors.

We must be aware of the fact that the digital repnéation of geography is not equal to
the geography itself. Any digital representationoilves some degree of approximation. It is
therefore important that the information that réesfiom data processing be applied to guide
the real world in the right direction.
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