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Objectives

ÅIntroduce participants to geospatial data storage models



Outline

ÅWhat are GIS data models?

ÅImplementation of GIS Data Models

ÅTypes of Geospatial Data

ÅVector Model

ÅRaster Model

ÅData Modelling Process



GIS Data 
Models

Facilitate the representation of  
geographic featuresin real world 
locationsdigitally so that they 
can be stored in a database.

Allows abstract representation in 
map form and can also be worked 
with and manipulatedto address 
a problem.



Implementation

ωData is organized by layers orthemes
with each layer representing a 
common feature.

ωLayers are integrated using explicit 
ƭƻŎŀǘƛƻƴ ƻƴ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ

ωA spatial reference system becomes 
critical for ensuring accurate 
overlaying of layers

Digital Orthophoto

Streets

Hydrography

Parcels

Buildings

Zoning

Utilities

Administrative Boundaries





Types of geospatial data

ÅCartographic/Spatial - observations on spatially distributed features:

ÅPoints

ÅLines

ÅAreas (Polygons)

ÅNon-Cartographic/Attribute - descriptive information about the 
cartographic features:

ÅAttributes

ÅAttribute Values



Raster 
Models

Area is covered by grid with (usually) equal-sized, 
square cells

Attributesare recorded by assigning each cell a 
single value based on the majority feature 
(attribute) in the cell, such as land use type

Imagedata is a special case of raster data in 
ǿƘƛŎƘ ǘƘŜ άŀǘǘǊƛōǳǘŜέ  ƛǎ ŀ ǊŜŦƭŜŎǘŀƴŎŜ ǾŀƭǳŜ ŦǊƻƳ 
the geomagnetic spectrum. cells in image data 
often called pixels(picture elements)



Vector 
Models

All geographic features in the real world  are 
represented either as:

points or dots  (nodes): trees, poles, fire plugs, 
airports, cities

lines (arcs): streams, streets, sewers,

Areas (polygons): land parcels, cities, counties, 
forest, rock type 

Because representation depends on shape, these 
files are commonly referred to as shapefiles



Spatial Data Structures
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Vector Data: stored as geometric 
objects ςpoints, lines, polygons

Raster Data: stored as image files 
composed of grid-cells (pixels)



Spatial Data Structures (cont)





Vector Model

ÅThe fundamental concept of vector GIS is that all geospatial features 
in the real world can be represented either as: 

- points (nodes): trees, poles, fire plugs, airports, cities 

- lines (arcs): streams, streets, sewers, 

- polygons (areas): land parcels, cities, counties, forest, rock type 

ÅVector model is best used to represent features with discrete 
boundaries (roads, buildings, lakes, rivers, administrative boundaries) 

Å¢Ƙƛǎ ƳƻŘŜƭ ǘŜƭƭǎ άwhere everything occursέΣ ƛΦŜΦΣ ƛǘ ƎƛǾŜǎ ƭƻŎŀǘƛƻƴ ǘƻ 
every object.



Representing features in vector data

ÅReal-world entities are 
abstracted into three 
basic shapes:
ÅPoints

ÅLines

ÅPolygons

Points

Retail stores

Lines

Streets

Areas/Polygons

Land uses



Impact of 
map scale

ÅMap scale determines the 
size and shape of features



Components of vector data

ÅEach feature corresponds to a record in the attribute table



Vector 
Models

Advantage:

ωanalysis tasks that require accurate positioning, 

ωfor defining spatial relationship (i.e. the 
connectivity and adjacency) between coverage 
features (topology), 

ωimportant for network analysis (for example to 
find an optimal path between two nodes in a 
complex transport network)

Disadvantage:

ωboundaries of the resulting map polygons are 
discrete (enclosed by well-defined boundary 
lines), whereas in reality the map polygons may 
represent continuous gradation or gradual 
change, as in soil maps



Raster Model

Å Area is covered by grid with (usually) equal-sized, square cells organized in rows 
(horizontal) and columns (vertical) 

Å ¢ƘŜ ƳƻŘŜƭ ǘŜƭƭǎ άwhat occurs everywhereέ όǎǇŀŎŜ ŦƛƭƭƛƴƎύΣ ƛΦŜΦ ŜǾŜǊȅǿƘŜǊŜ Ƙŀǎ ŀ 
value (even if that value is NoData) 

Å good for representing indistinct boundaries 
ςthematic information on soil types, soil moisture, vegetation, ground 
temperatures 

Å Image dataƛǎ ŀ ǎǇŜŎƛŀƭ ŎŀǎŜ ƻŦ ǊŀǎǘŜǊ Řŀǘŀ ƛƴ ǿƘƛŎƘ ǘƘŜ άŀǘǘǊƛōǳǘŜέ ƛǎ ŀ 
reflectance value from the electromagnetic spectrum

- cells in image data often called pixels (picture elements) 





Raster Spatial 
Resolution

Å Size of grid cell used to represent the surface being modelled 

Å It relates to the size of the smallest feature that can be detected



Components of 
raster data

ÅAttributes are recoded by assigning 
each cell a single value. 



Raster 
models

Advantages:

ωgood for representing indistinct boundaries 
such as thematic information on soil types, soil 
moisture, vegetation, ground temperatures

ωas reconnaissance satellites and aerial surveys 
use raster-based scanners, the information (i.e. 
scanned images) can be directly incorporated 
into GIS 

Disadvantage:

ωthe higher the grid resolution, the larger the 
data file is going to be

ωgeneralisation

ωloss of unique features



Spatial data formats



Data Modelling Process ςStep 1

ÅIdentify possible features from the real world (vector data for the example 
below)

ς Buildings

ς Road centrelines

ς Lamp columns

ς Gas pipes

ς CTV Access covers

ς Road surfaces



Data Modelling Process ςStep 2

ÅSelect a method for representing the feature in the GIS

ς Buildings

ς Road centrelines

ς Lamp columns

ς Gas pipes

ς CTV Access covers

ς Road surfaces



Data Modelling Process ςStep 3

ÅUse the selected method to represent the feature in the GIS

Feature:Building
Shape:  Polygon



Data Modelling Process ςStep 4

ÅIdentify appropriate attributes for  the feature

Name : Next Store
Address: 5 Market Place
Town: Kingston
Owner: Ms J Shore
Tel. No: 0181 547 1245
Floor space 1300 sqm



Projection, Scale, Accuracy and Resolution
the key properties of spatial data

Å Projection:the method by which the curved 3-D surface of the earth is represented by X,Y 
coordinates on a 2-D flat map/screen 
Å distortion is inevitable

Å Scale:the ratio of distance on a map to the equivalent distance on the ground
Å in theory GIS is scale independent but in practice there is an implicit range  of scales for data output in any 

project

Å Accuracy:how well does the database info match the real world 
Å Positional: how close are features to their real world location?
Å Consistency: do feature characteristics in database match those in real world 

Å is a road in the database a road in the real world?

Å Completeness: are all real world instances of features present in the database?
Å Are all roads included.

Å Resolution:the size of the smallest feature able to be recognized
Å for raster data, it is the pixelsize

The tighter the specification, the higher the cost.



Metadata Standards



Objectives

ÅIntroduce participants to the principles of metadata usage in GIS

ÅFamiliarize participants with common metadata standards in GIS



Outline

ÅWhat is Metadata

ÅUses of Metadata

ÅImportance of Metadata

ÅMetadata Standards

ÅMetadata Elements



What is 
metadata?

ÅάaŜǘŀŘŀǘŀ ǇǊƻǾƛŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴΣ 
the extent, the quality, the spatial and temporal schema, 
spatial reference and the distribution of digital geographic 
Řŀǘŀέ ςISO 19115:2003

ÅSummary document that describes the content, quality, 
format, creation, source and other characteristics of data. 

ÅMetadata answers who, what, where, when and how 
about every facet of the datasets that are being 
documented. 

ÅMetadata exists to provide potential users with the 
information which they require to make an informed 
decision about the adequacy of data for a particular 
purpose. 



Metadata on 
Paper Maps



Metadata on 
aerial images



Uses of 
metadata

Organise and maintain an 
ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ Řŀǘŀ

Provide information to data 
catalogs and portals 

Provide information to aid data 
transfer



Importance of metadata

1. hǊƎŀƴƛȊŜ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŀƴŘ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ ƛƴǾŜǎǘƳŜƴǘ ƛƴ ŘŀǘŀΦ 

Å!ǎ ǇŜǊǎƻƴƴŜƭ ŎƘŀƴƎŜ ƻǊ ǘƛƳŜ ǇŀǎǎŜǎΣ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ŀƴ ƻǊƎŀƴƛȊŀǘƛƻƴΩǎ Řŀǘŀ 
will be lost and the data may lose their value. Later workers may have little 
understanding of the content and uses for a digital data base and may find 
ǘƘŀǘ ǘƘŜȅ ŎŀƴΩǘ ǘǊǳǎǘ ǊŜǎǳƭǘǎ ƎŜƴŜǊŀǘŜŘ ŦǊƻƳ ǘƘŜǎŜ ŘŀǘŀΦ 

ÅComplete metadata descriptions of the content and accuracy of a geospatial 
data set will encourage appropriate use of the data. Such descriptions also 
may provide some protection for the producing organization if conflicts arise 
over the misuse of data. 



Importance of metadata

2. Provide information to data catalogsand portals. 

ÅApplications of geographic information systems often require many 
themes of data. Few organizations can afford to create all data they 
need. Often data created by an organization also may be useful to 
others. 

ÅBy making metadata available through data catalogsand 
clearinghouses, organizations can find data to use, partners to share 
data collection and maintenance efforts, and customers for their data 



Importance of metadata

3. Provide information to aid data transfer 

ÅMetadata should accompany the transfer of a data set. The metadata 
will aid the organization receiving the data to process and interpret 
data, incorporate data into its holdings, and update internal catalogs
describing its data holdings.







Metadata benefits

ÅProvides an inventory of data assets 

ÅHelps determine and maintain the value of data 

ÅHelps you determine the reliability and currency of data 

ÅSupports decision making 

ÅDocuments legal issues 

ÅHelps keep data accurate and helps verify accuracy to support good 
decision making and cost savings 

ÅHelps determine budgets because it provides a clearer understanding 
of when or if data needs to be updated or repurchased 



Metadata standards

ÅOfficial standards organizations define metadata standards. 

ÅBy adhering to common metadata standards, organizations are more 
able to share data. 

ÅAn important standard in the United States is the FGDC Content 
Standard for Digital Geospatial Metadata. 

ÅThe International Organization for Standardization (ISO) has also 
created a spatial metadata standard 



Metadata standards


