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Index (main road)

�  Basic concepts of Information Systems: Data,
information, geographic data

�  Geograhic Information Systems (GIS): basic
concepts and evolutions

� How to look for or “I do not wish to reinvent the
wheel”: a Spatial Data Infrasctructure to move data
around

� What I’m looking: RS contribution to IT systems
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Data … information ...

datum : element of information represented by
symbols/values to be elaborated/interpreted

information  : any aggregation of data the meaning
of which is known (besides its values)



Data … information ...

Classification of snow covered pixels in Valle d’Aosta
(white pixels=snow; black pixels=no snow)

  

2006
percentage of VdA surface covered by snow = 94%
corresponding area = 3081 km2

94% 60,3%

2007
percentage of VdA surface covered by snow = 60.3%
corresponding area = 1977 km2

From data to information ….
Knowledge increase



IT systems for data management

In data base management systems information
is represented in a basic way through data

they need interpretation to enrich knowledge

 information
in

DBMS
= data



IT systems for data management

In DBMS Knowledge
data, codified facts: requirements:

data must be interpreted to enrich knowledge
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IT systems for data management

DBMS :
to manage increasing amount of data related to traditional
enterprise/organization applications
[database is a structured collection of records or data that is
stored in a computer so that a computer program can consult it
to answer queries]

From the 1960’s

Applications: electronic catalogs, ticket reservation
systems, bank account management systems, etc. etc.



IT systems for data management

IRS (Information Retrieval System) :
to manage great amount of books, papers, texts ... in
general unstructured documents (also images)

From the 1960’s
Applications: electronic catalogs, library management, etc.
etc., search engines on the WWW (also to search locations)



IT systems for data management

In IRS Knowledge
document surrogates: requirements:
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IT systems for data management

GIS (Geographic Information System) :
to manage archives of geographic data, i.e. data with a
spatial extent and a geographic reference
and to allow their analysis

From the 1960’s
Applications: cartography, environmental applications, risk
evaluation, simulation and scenarios building, demography,
resource location systems, land/urban planning,
archaeology, tourism, etc. etc. etc.



IT systems for data management

Main data sources

� Topographic Mapping: national/regional agencies and private companies

� Military organizations (IGM)

� Space agencies (NASA, ESA, ASI)

� Environmental agencies (geology, hidrology, geography, pedology, biology,
climatology, etc.)

Main data types

� Topographic Maps at various scales (1:100.000, 1:50.000, 1:25.000)

� Thematic Maps  (Fogli CARG 1:25.000)

� Remotely sensed images (e.g. LANDSAT, orthophotos)

� Administrative and infrastructure maps

� Measures of environmental, historical, sociological, demographic … parameters



IT systems for data management

In GIS
data (DBMS) + coordinates + spatial representation

To meet knowledge
requirements including
geographic constraints!
Hotels next to a train station in the Northern
area of Rome
Italian regions where forests cover more than
50% of surface
Percentage of forest fires that originated next
to a road !"""

Germany Berlin 78.5 contour1
France Paris 58 contour7
………….
Roads_of_france theme3
…………
Alps land_cover_6
………...



GIS

 A GIS is a program able to capture, store,
analyse and visually represent information
with a geographic reference

Data with spatial reference and a spatial
representation

� co-ordinates x, y (z) (t)
� spatial reference system



GIS - components

� Data Input
� Database Management System for data representation, storage and

retrieval

� Data Output and presentation

� Data Trasformation (update, modification, analysis) e.g.: scale
conversion, re-projection, evaluation of feature values, fusion, etc

� Interaction with the user (user interface)

���������� 	
����
��
��
�������
�

�
�
�
��



GIS - examples of information

Information : road network in the region X
Data representation : graph of roads that are
geometrically described as lines
it’s a digital image

Information : hydrography of the region X
Data representation : graph of rivers/lakes that
are geometrically described as either lines or
polygons
it’s a digital image



GIS - examples of information

Information : elevation of the region X
Data representation : graph of isohypses
described as contours of lines following points
whose elevation is constant
it’s a digital image

Information : elevation of the region X
Data representation : grid of cells whose third
co-ordinate is the (re-scaled) value of elevation
it’s a digital image



GIS - examples of information

Information : map of the region X
Data representation : grid of cells
whose values are colours
corresponding to an item of a
legend.
The source of the digital image is a
paper map scanned and rectified

Information : geologic map of the region X
Data representation : polygons associated to
values corresponding to an item of a legend

it’s a digital image



GIS - examples of information

Information : radiation emitted by the
region X in the visible spectrum
Data representation : grid of cells whose
third co-ordinate is the (re-scaled) value of
radiance from the cell
The source of the digital image is a sensor
on a satellite

Information : land use in the region X
Data representation : grid of cells
whose values are colours corresponding
to an item of a legend
The source of the digital image is the
above satellite image



GIS - examples of information

Information : ownership of land parcels in the
region X
Data representation : digital image with the
polygons associated to each parcel + table of
data; each record contains the data regarding a
polygon

Information : runoff trend of the main river
in the region X
Data representation : graph of the river
runoff at a gauging station (runoff values at
a known location along time)



GIS - relating information

A GIS relates what is present in its stored
data :
maps (layers) are connected each other
through the coordinate association

-> ex. if we select an area in the
cartography layer, we can know  … its
geologic composition (geology layer) …



GIS - relating information

… its elevation ...

… its hydrography …

… and control its present use through the satellite



GIS - a tool to integrate information

A GIS is a powerful tool to connect heterogeneous data related
to the same area to create new knowledge that can be expressed
as results of queries, maps, graphs, ...



GIS - a tool to integrate information

A simple example for prediction purpose

A GIS can enrich data on land use storing the
amount of fertilizer used in each field unit

Average
concentration
per unit: ...

The spatial intersection of land use with
hydrography allow to find intersections of field
units and rivers

A suitable model can compute the amount of
nutrients carried by each river and their total
amount in the main streams

Average
concentration
per cm 3: ...

Average
concentration
per cm 3: ...



GIS - a tool to generate new
information

Source of data: values measured by field
sampling in an area of interest

A GIS is able to generate polygons whose
contours border areas where measured values are
constant. The result is a new layer where each
contour highlights a change in the value. Value
distribution can be done through different
methods based on different models.

The new layer can be stored and used for further
analysis ...



GIS - a tool to generate new
information

GIS allow analysis requiring to verify
• adjacency (what is next to x?)
• inclusion (what is inside y?)
• proximity (which is the distance of x and y?)

Some examples of queries:

• Are there stables next to the spring?

• Are there roads whose distance from the spring
is no more than 1 km?

A GIS is able to generate maps that visually
emphasise metric and topologic relations



GIS - a tool to integrate information

Complex examples:

see further slides



GIS - data are an issue

Data in a GIS must be ‘comparable’

Projection: geometric method to transfer 3D on
the surface of Earth (which is not flat) to a 2D
representation.
Different methods are available and the choice
depends on purpose, conventions, ... (ex: a
projection preserving shapes does not preserve
distances)

Operative GISs have facilities to change
projections



GIS - data are an issue

Cylindrical Projection

Planar Projection

Conical  Projection
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GIS - data are an issue
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GIS - other data issues

Co-ordinates

A spheric co-ordinate system is used to
locate and measure geographic objects
on the Earth

Co-ordinates are expressed as degrees
of latitude and longitude. Values are
either positive or negative

Measures are in degrees, minutes and
seconds (DMS) or in decimal degrees
(DD). By example 55°30'00" is the same
value of 55.5°

The EC suggest ETRS89 coordinate
reference system has

established itself as a pan-European
system
 http://crs.bkg.bund.de/crs-eu



GIS - data are an issue

Sometimes geometry prevents
understanding:
the cartograms



GIS - cartograms

A cartogram is a map in which area is not preserved. Instead, another
thematic mapping variable like travel time or Gross National Product
is substituted for land area. In other words, the geometry or space of
the map is distorted in order to convey the information of this
alternate variable. There are two main types of cartograms: area and
distance cartograms. An area cartogram is sometimes referred to as
value-by-area map or an isodemographic map. The latter particularly
for a population cartogram, which illustrates the relative sizes of the
populations of the countries of the world by scaling the area of each
country in proportion to its population; the shape and relative
location of each country is retained to as large an extent as possible,
but inevitably a large amount of distortion results.



GIS - cartograms
A cartogram depicting popular votes in the 2004 US Presidential election, in which the sizes of counties
have been rescaled according to their population.
Created by Michael Gastner, Cosma Shalizi, and Mark Newman of the University of Michigan.



GIS - carthograms



GIS - carthograms



GIS - carthograms



GIS - other data issues

Data model  : the space �Â +�must be
represented in a discrete way.
geographic areas can be represented as a
regular grid (raster model ). This
representation is suitable for operations
between images but makes harder spatial
transformations (scale, rotations, ..) and
countor detection. Raster images may
require huge memory space

On the other hand, the vector model
represent geographic pieces of reality as
geometric elements (points, lines, polygons)
Vector images are suitable for spatial
transformations and contours are well
defined. Vector repres. is concise



GIS - other data issues

Data model is guided by:
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Spatial data on WWW

Web mapping designs, implements, generates, delivers and shares
maps on the WWW (PCs, PDAs, mobile phones, ..)
ex. Google Earth

If the (mobile) web maps also display context and location
sensitive information, such as points of interest, the term location
based services is frequently used

In WebGISs it is possible to analyse, process, elaborate geodata
via the WWW

Web mapping open new perspectives in distributing and sharing
geographic data (up to date info, no intermediaries, ...)

many new issues (technological/conceptual/legal)



Spatial data on WWW

new issues

technological: image dimensions, screen space and resolution,
bandwidth, interaction, reliability of the network, immature
development tools, …

conceptual: data model, modelling/representation standards,
reference systems, co-ordinates, usability, accuracy/quality, …

legal: copyright, security, privacy, ...

Spatial Data Infrastructure (SDI)
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• It’s a net of interconnected elements
supporting some activity, e.g. social or
political, urban, economic, military, …

• It aims at enabling the flow of goods,
people, services, etc.

• It needs organisations in charge of its
planning and implementation

• It requires previous and long-term
investment of costs, engagements, and
maintenance
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�  Environment management and protection

�  Security and logistics

�  Social and health development

�  Service improvement

�  ...
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Geographic information
must be accessible,

owner must be easily
identified,

cost (if any) must be
clear,

characteristics must be
transparently evaluated,

suitability to the user
management process
must be analysed,

….

We n
eed

 an
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SDI
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Standards

Technologies

Politics

Human
resources

Improved
management 
of 
geodata
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INSPIRE (Infrastructure for Spatial Information in Europe) was put
forward by the European Commission in 2004 to promote and develop an
European SDI. The objective is to improve the planning and
implementation of Community policies in areas such as the environment,
transport , energy and agriculture. This should lead to better
understanding of problems such as floods or air and water pollution, which
recognise no national borders.

Parliament and the Council struck a deal (approved on November 21st,
2006) which will enable data to be shared across the EU, without
undermining high quality services in the Member States.
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INSPIRE objectives

Make relevant, harmonised spatial data available for
Community Environmental Policy  (formulation,

implementation, monitoring and evaluation) and for the
citizen ...

… through the establishment of integrated spatial
information services, based upon a distributed

network of databases, linked by common
standards and protocols to ensure compatibility.



GI standardisation:
Need of a European
Vertical Reference

System

Differences between UELN (United
European Levelling Network) heights
and national heights in Europe (in

cm)

Differences in national heights



INSPIRE architecture



•Available studies?

•Pedology?

•Hydro network?

•Local areas main troubles?

•Pollution?

•Landslide risk?

•Social composition?

•Available long-term data
series?

•Some previous report on
the same topic?

•Contacts?

Example:

Place: Morbegno (SO)

Lat: 46.10 - 46.15 N

Long: 9.55 – 9.63 E

•Report on landslides in the area of Tartano (by Unimib-Sc.Amb. Dept.)

•Map of flood risk assessment  in the area of Ardenno (by Polimi).

•Graduation thesis on the pasturesof Albaredo (by Unimi-Agraria Dept.)

•Values of runoff forecast of Adda river (by CNR-IREA)

•Digital geologic map Lombardia (distributed by Unimib-Sc.Amb. and
Agraria Depts.)

•…other data…

SDI
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Italian geoportal                                 (IREA-CNR, Milan)
CATALOG
SERVICE

WMS

WMS

WMS

WMS

WMS

WMS
WMS
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at IREA-CNR address: http://geoportal:8080/geoportal/local_it.jsp
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Using SDI: example
Searching data in catalogues



Using SDI: searching data in
catalogues



Using SDI: results



Using SDI: results



Using SDI: map service



Using SDI: map service



Using SDI: map service


