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This course aims at introducing the web-GIS spatial data infrastructures, global spatial data repositories.
The students will be introduced to

• GIS technologies and the skills, methods and principals of the geospatial data processing, maintaining, 
analyzing, and producing.

• the main structural components of web-GIS (spatial data infrastructures), software, global data 
repositories and the benefits of their application.

• geospatial standards, the experience of creating the nationally distributed processing capacities for 
geospatial data in Armenia as well as the benefits of geospatial data and metadata sharing and 
exchange. 3

GEOSPATIAL DATA MANAGEMENT & GEOCOMPUTATION FOR SUSTAINABLE 
DEVELOPMENT

SPATIAL DATA INFRASTRUCTURE AND MANAGEMENT

Modernized by Dr. Shushanik Asmaryan based on courses available in 
University of Halle (Germany) and University of Tuscia (Italy)

University of Geneva (Switzerland)



GEOSPATIAL INFORMATION FOR
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Disaster risk 
management

Natural resource 
management

Connectivity
Social 
development

Energy Climate change

...

https://www.unescap.org/blog/where-are-we-going-geospatial-information-sustainable-development

https://www.unescap.org/blog/where-are-we-going-geospatial-information-sustainable-development


Good and reliable 
data to measure and 
ensure the progress 
of achieving SDGs

Data aggregation 

Providing qualitative 
and quantitative 

data

Providing repeatable 
and continuous, 

series of data 

Facilitating informed 
decision making
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Why We Need Geospatial Information for Sustainable Development ?

UN Agenda 21

SDG Implementation Voluntary National Review (VNR) Armenia; Report for the UN High-level Political
Forum on Sustainable Development (9–18 July 2018). Yerevan, Armenia, 2018. 

UN in Armenia: News: Armenia’s Roadmap for Sustainable Development Goals to 
Come Forth Soon. 
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Geography

Data bases

the methods of data … have changed 

• access,

• processing and analyzing

• geographical (spatial data) visualization, 

Geography

Maps
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Understanding Earth.

IS Technology Drives a New Relationship Between Humans and the Environment.

Jack Dangermond and Matt Artz, Esri, 2012
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GIS COMPONENTS
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In general, use the vector data model when you want to represent features that have discrete 
boundaries.

The raster data model can be used to represent discrete features as well. However, representing 
discrete features in the raster data model is less accurate.

The vector data model represents geographic features with exactly defined boundaries, while 
the raster data model represents them as cells of the same value.

X_value
Y_value

Which data model should we/you use?
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Which data model should you use?

The raster data model is very useful for representing continuous geographic data; that is, phenomena such as elevation,
precipitation, and temperature, which don't have well-defined boundaries and which usually change gradually across a
given area.

The raster data model is commonly used for spatial analysis and modeling.



• Simple data structure

• Various kinds of spatial analysis 
Spatial autocorrelation, Spatial interpolation, 
Spatial interaction, Simulation and modeling, 

Density mapping etc.)

• Easy overlay

• Uniform size and shape

• Cheaper technology

• Large amount of data

• Less “pretty”

• Projection transformation is 
difficult

• Different scales between layers 
can be a nightmare!!!

• May lose information due to 
generalization
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GIS
VECTOR MODEL

• Good representation of 
reality

• Compact data structure

• Topology can be described 
in a network

• Accurate graphics

• Complex data structures

• Simulation may be difficult

• Some spatial analysis is difficult 
or impossible to perform
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Popular formats (extentions) of GIS data 

GRID



Geospatial and Attribute data
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Spatial data (where)
• specifies location
• stored in geodatabase

Attribute data (what , how much, 
when)
• Specifies characteristics at that 

location, natural or human-created
• Stored in a database (tables)

rows

colomns
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• doing science can be difficult , 

• taking sound decisions can be problematic 

• envisioning a sustainable development can be 
complicated.

Without 

data sharing



GEOSPATIAL DATA SHARING

Opening up data can yield benefits:

• it can catalyze new collaborations, 
• increase confidence in findings
• generate goodwill among 

researchers.



SPATIAL DATA INFRASTRUCTURES (SDI)
System of systems that facilitates the discovery, access, management, distribution, reuse, and preservation of digital 

geospatial resources. 

Hu, Y. & Li, W. (2017). "Spatial Data Infrastructures", The Geographic Information 
Science & Technology Body of Knowledge, John P. Wilson (ed.). 
http://dx.doi.org/10.22224/gistbok/2017.2.1

Georgiadou, Y., O. Rodriguez‐Pabón & K. T. Lance (2006) Spatial data infrastructure (SDI) and
e‐ governance: A quest for appropriate evaluation approaches. URISA‐WASHINGTON DC‐,
18, 43.

http://dx.doi.org/10.22224/gistbok/2017.2.1


Key components of the SDI
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SDI COMPONENTS - FOUR PILARS
INTERACTION BETWEEN THE COMPONENTS
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DEFINITIONS 

1. Spatial data infrastructure: The technology, policies, standards, and human resources necessary to acquire, 
process, store, distribute, and improve utilization of geospatial data, services, and other digital resources. 

2. Geoportal: A gateway website through which people can search, discover, access, and visualize the geospatial 
resources within a SDI. 

3. Metadata: Documentation about who, when, how, what, why, and many other facets of the data and the data 
production process. Metadata can be used for describing not only data, but also tools, services, and other 
geospatial resources. 

4. Data standard: A commonly agreed specification on how data should be recorded and described. A technical 
document designed to use for operating with geospatial data in order to facilitate developing, sharing and 
using GIS data, GIS software and GIS services.

5. Geospatial interoperability: The ability of different geographic information systems to share, exchange, and 
operate (heterogenous) geospatial data and functions. 

6. Web service: A Web application that provides standardized application programming interfaces to allow 
remote access to data and functions over the Internet. 

Hu, Y. & Li, W. (2017). "Spatial Data Infrastructures", The Geographic Information Science & Technology Body of Knowledge, John P. Wilson (ed.). 
http://dx.doi.org/10.22224/gistbok/2017.2.1

http://dx.doi.org/10.22224/gistbok/2017.2.1
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A DOCUMENTATION ABOUT WHO, WHEN, HOW, WHAT, WHY, AND 
MANY OTHER FACETS OF THE DATA AND THE DATA PRODUCTION 

PROCESS.
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A DOCUMENTATION ABOUT WHO, WHEN, HOW, WHAT, WHY, AND MANY OTHER 
FACETS OF THE DATA AND THE DATA PRODUCTION PROCESS.18

Source: http://gn.cens.am:8080/geonetwork/srv/rus/catalog.search#/home

http://gn.cens.am:8080/geonetwork/srv/rus/catalog.search#/home
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A DOCUMENTATION ABOUT WHO, WHEN, HOW, WHAT, WHY, AND MANY OTHER 
FACETS OF THE DATA AND THE DATA PRODUCTION PROCESS.18

Source: https://earthexplorer.usgs.gov/

https://earthexplorer.usgs.gov/


25



26

Key Standards Development Organizations for Geospatial Information 

Open Geospatial Consortium – http://www.ogc.org
ISO/TC211 - https://www.iso.org/committee/54904.html

Technical committee 211
Geographic 

information/Geomatics

Both international standards organizations have representative members from government, industry, 
research, and academia who arrive at decisions through a consensual process. The organizations 
develop, maintain and make publicly available open standards that enable the ability to publish, 

discover, access, manage and use geospatial information across a range of applications, systems and 
business enterprises. These organizations all employ processes and approaches which ensure the 

development of international open standards that meet the characteristics described above. 

http://www.ogc.org/
https://www.iso.org/committee/54904.html
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ISO 19128:2005 – Web mapping Service

ISO 19123:2005 - Schema for coverage 
geometry and functions

ISO 19115:2003 , ISO/TS 19139:2007
- Geographic information —

Metadata

ISO 19119:2016(en), Geographic
information — Services

ISO 19142:2010 - Web Feature Service

https://www.iso.org/obp/ui/#!iso:std:32546:en
https://www.iso.org/standard/40121.html
https://www.iso.org/standard/26020.html
https://www.iso.org/standard/32557.html
https://www.iso.org/standard/26020.html
https://www.iso.org/obp/ui/#iso:std:iso:19119:en
https://www.iso.org/standard/42136.html


GEOPORTAL 
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A type of web portals used to find and access geographic information and 
associated services (display, analysis, editing, etc) via the Internet.

Source: Tait, M. G. (2005) Implementing geoportals: applications of distributed GIS. Computers, 
Environment and Urban Systems, 29, 33‐47. 
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GEOPORTAL 
A type of web portals used to find and access geographic information and 

associated services (display, analysis, editing, etc) via the Internet.

Source: http://geoserver.cens.am

http://geoserver.cens.am/


30

GEOPORTAL 
A type of web portals used to find and access geographic information and 

associated services (display, analysis, editing, etc) via the Internet.

Source: https://sustainable-caucasus.unepgrid.ch/

https://sustainable-caucasus.unepgrid.ch/
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GEOPORTAL 
A type of web portals used to find and access geographic information and 

associated services (display, analysis, editing, etc) via the Internet.

https://ace.aua.am/vector-database-armenia-file-overview/

https://ace.aua.am/vector-database-armenia-file-overview/


32

GEOPORTAL 
A type of web portals used to find and access geographic information and 

associated services (display, analysis, editing, etc) via the Internet.

• NSDI of France  
http://www.geoportail.gouv.fr/actualites

• NSDI of the Poland http://geoportal.gov.pl/

• NSDI of Moldova http://www.geoportal.md/

• NSDI of Nepal http://nationalgeoportal.gov.np/#/

SDI of US Geological Survey
http://earthexplorer.usgs.gov/
http://www.usgs.gov/pubprod/

http://www.geoportail.gouv.fr/actualites
http://geoportal.gov.pl/
http://www.geoportal.md/
http://nationalgeoportal.gov.np/#/
http://earthexplorer.usgs.gov/
http://www.usgs.gov/pubprod/
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Source: https://inspire-geoportal.ec.europa.eu/

https://www.youtube.com/watch?v=xew6qI-6wNk 

https://inspire-geoportal.ec.europa.eu/
https://www.youtube.com/watch?v=xew6qI-6wNk
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Source: https://inspire-geoportal.ec.europa.eu/

https://inspire-geoportal.ec.europa.eu/


GEO Community
GEO is a partnership of more than 100 national governments and in excess of 100 Participating
Organizations that envisions a future where decisions and actions for the benefit of humankind are
informed by coordinated, comprehensive and sustained Earth observations.

https://earthobservations.org/geo_community.php; https://www.geoportal.org/

https://earthobservations.org/geo_community.php
https://www.geoportal.org/


36

GEO Community
GEO is a partnership of more than 100 national governments and in excess of 100 Participating
Organizations that envisions a future where decisions and actions for the benefit of humankind are
informed by coordinated, comprehensive and sustained Earth observations.

GEO Secretariat Directors

Dr. Barbara Rian
1st Director of the GEO Secretariat

Leading years (…) Dr. Gilberto Camara
2nd Director of the GEO Secretariat
Leading years (… ) 

Mrs. Yana Gevorgyan
3rd new appointed 

Director of the GEO Secretariat
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Datasets are prepared

to register into GEOSS

Official negotiations were started 
with GEO Secretariat

ARMENIA - full member 
of GEO in 2014

ARMENIA’s engagement to GEO

SNSF  SCOPES 2009-2012
International cooperation

EU FP7  EcoArm2ERA
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ARMENIA’s engagement to GEO
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Stephen Volz, 
Lead GEO Co-Chair  
Head of the US National Oceanic and 
Atmospheric Administration (NOAA) Satellite 
and Information Service, 

“From large member governments like the US, China and the European
Commission, to smaller economies like Uganda, Ecuador and Armenia,
GEO really is a place where all organizations involved in making or
using Earth observations can come together on a level playing field.

It really helps to have the perspective of countries with smaller
economies, because they have a different view of what is needed,
what the urgency is, and what the solution space might be. It helps
keep us grounded, as we need to be responsive to all countries - not
just the big ones.

Armenia is a great example of a country that comes in and contributes
both financially and programatically to the collective success of GEO.

Their voice is important to the community, and they get a lot out of it
because they are heard on a peer basis that might not happen for
them in another organization.”

Dr. Stephen Volz

ARMENIA in GEO

Source: https://earthobservations.org/geo_blog_obs.php?id=293

https://earthobservations.org/geo_blog_obs.php?id=293


LITERATURE

• Spatial Data Infrastructures and the INSPIRE Directive 
http://www.intergraph.com/global/uk/government/INSPIRE.aspx. 

• Hu, Y. & Li, W. (2017). "Spatial Data Infrastructures", The Geographic Information Science & 
Technology Body of Knowledge, John P. Wilson (ed.). http://dx.doi.org/10.22224/gistbok/2017.2.1

• Arnold BREGT and Joep CROMPVOETS Spatial Data Infrastructures: Hype or Hit? 
http://www.fig.net/pub/cairo/papers/ts_36/ts36_01_bregt_crompvoets.pdf.

• Steiniger, S., and Hunter, A.J.S. (2012) preprint "Free and open source GIS software for building a 
spatial data infrastructure". In E. Bocher and M. Neteler (eds): Geospatial Free and Open Source 
Software in the 21st Century: Proceedings of the first Open-Source Geospatial Research Symposium, 
2009, LNG&C, Springer, Heidelberg, pp. 247-261.

• Global Spatial Data Infrastructure Organisation - The SDI Cookbook.
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http://www.intergraph.com/global/uk/government/INSPIRE.aspx
http://dx.doi.org/10.22224/gistbok/2017.2.1
http://www.fig.net/pub/cairo/papers/ts_36/ts36_01_bregt_crompvoets.pdf
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Thank you for your kind attention!
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