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Abstract: Linked to the constantly changing computer infrastructures and the analysis of spatial datasets, there currently exist networks 
which are capable of processing all types of information over many administrative domains and regulations. The background of such net-
works (also known as Grids or e-Infrastructures) is to combine complex datasets, which may come from all parts of the world, to process 
them using distributed computing and to allow an interdisciplinary interpretation of the results by scientists, engineers and administrations. 
The potential application areas for such spatial data networks ranges from e.g. agriculture, energy supply and medical care to themes 
such as catastrophe management.

After a few examples for established national and international networks for the analysis of spatial information, this article presents 
work on the worldwide development and integration of geodata by easing the combination of the initiatives of the Open Grid Forum 
(OGF) and the Open Geospatial Consortium (OGC). With this, the need for a standardisation of web-services, transfer protocols and 
description languages will be shown. Finally, based on the example of Hurricane Katrina (2005) which caused immense damage, it will 
be shown which steps will be necessary in the future in order to better predict such catastrophic weather events.

Keywords: Grid Computing, e-infrastructures, Open Geospatial Consortium (OGC), Open Grid Forum (OGF), OGC Web Service Stan-
dards

 

// DIE ENTWICKLUNG DER GEOSPATIAL E-INFRASTRUKTUR

// Zusammenfassung: Verbunden mit der sich stetig verändernden Computerinfrastruktur im Zusammenspiel mit der Auswertung räumli-
cher Datenbestände existieren heute weltweit Netzwerke, welche alle Arten von Informationen online über eine Vielzahl von administra-
tiven Domains und Sicherheitsrichtlinien hinweg verarbeiten können. Der Hintergrund solcher Netzwerke (auch Grids bzw. e-Infrastructures 
genannt) besteht dabei darin komplexe Datenbestände, welche von verschiedenen Orten auf der Welt kommen können, miteinander zu 
vereinen bzw. weltweit verteilt zu berechnen, um die Ergebnisse dann von Wissenschaftlern, Ingenieuren sowie Regierungsstellen inter-
disziplinär auswerten zu können. Der potentielle Anwendungsbereich für derartige räumliche Datennetze erstreckt sich dabei z.B. auf die 
Landwirtschaft, die Energieversorgung, die medizinische Versorgung, aber auch auf Themen wie das Katastrophenmanagement.

Nach wenigen Beispielen für nationale bzw. international etablierte Netzwerke zur Auswertung räumlicher Informationen wird im Ar-
tikel auf Bestrebungen eingegangen, die weltweite Entwicklung und Vernetzung von Geodaten durch eine Verknüpfung der Initiativen der 
beiden Organisationen Open Grid Forum (OGF) und Open Geospatial Consortium (OGC) miteinander zu erleichtern. Damit verbunden 
wird auch die Notwendigkeit einer Standardisierung von Webdiensten, Übertragungsprotokollen und Beschreibungssprachen angespro-
chen. Abschließend wird am Beispiel des Orkans Katrina (2005), welcher immense Schäden verursacht hat, gezeigt, welche Schritte zu-
künftig notwendig sein werden, um derartige katastrophale Wetterereignisse verbessert vorherzusagen.

Schlüsselwörter: Grid Computing, e-infrastructures, Open Geospatial Consortium (OGC), Open Grid Forum (OGF), OGC Web Service 
Standards
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Computing infrastructures are constantly 
changing, and this includes those used for 
geospatial information systems. From mainfra-
mes, to minicomputers, to a connected world 
of networked machines and web-enabled de-
vices, society has come to expect all man-
ner of information and resources to be seam-
lessly online. While tremendous progress 
has been made with capabilities such as so-
cial computing networks that enable com-
plex interactions, we are only beginning to 
see the development of distributed compu-
ting platforms that are flexible enough to be 
dynamically provisioned across multiple ad-
ministrative domains, with strong security 
models -- and self-sustaining business mo-
dels. These platforms have been called 
webs, grids, service-oriented architectures -- 
and more recently e-infrastructures. Applica-
tion domains that will drive the development 
of such e-infrastructures are those that are in-
herently distributed, where data may come 
from multiple sources, and be processed 
and consumed in different locations.

Such is the case for many geospatial ap-
plications. Geospatial data has immense 
applicability across fields such as environ-
mental monitoring, disaster management, 
civic planning, energy management, e-he-
alth, agriculture, and many more. It is clear 
that data for these application domains may 
come from many sources in the field, and 
from different archives maintained by diffe-
rent organizations. Likewise, the users in 
such geospatial domains could be distribu-
ted across academia, industry, govern-
ments, or other virtual organizations.

To cite just a few examples, the GeoDa-
tenInfrastruktur Grid [GDI-Grid], is hosted on 
the German National D-Grid and supports 
applications such as flood simulation, disas-
ter routing, and noise propagation. The 
Global Earth Observation Grid [GEO-
Grid], in Japan virtually integrates satellite 
imagery, geological data, and ground-sen-
sed data for environmental monitoring and 
disaster management, such as evaluating 
landslides caused by earthquakes. Likewi-
se, the Debris Flow Monitoring project [De-
brisFlow] in Taiwan integrates data from 
multiple sensors in the field to predict and 
alert authorities to dangerous debris flows 
caused by torrential rains in mountainous 
areas that can threaten population centers 
at lower altitudes. The EU CYCLOPS project 
[CYCLOPS] to build a cyber-infrastructure 
for civil protection operative procedures de-

monstrated the integration of data from both 
Italian and French data archives to assess 
wild fire risk in border areas. Many other 
examples are possible.

Facilitating the development of both the 
geospatial applications and the supporting 
e-infrastructures has been the goal of the col-
laboration between the Open Geospatial 
Consortium [OGC] and the Open Grid Fo-
rum [OGF]. While OGC represents many 
organizations with geospatial requirements, 
OGF represents many organizations with 
distributed computing requirements. Since 
both organizations endeavor to coordinate 
the specification of standards, a close colla-
boration with a formal memorandum of un-
derstanding was clearly needed to coordi-
nate the development of geospatial e-infra-
structures. This collaboration was recently 
reviewed in [IEEEComputer].

This formal collaboration resulted in 
OGF participating in the latest OGC Web 
Services testbed [OWS6]. Here OGF stan-
dards, such as the Job Submission Descripti-
on Language [JSDL] and the HPC Basic Pro-
file [HPCBP], were integrated with different 
implementations of the OGC Web Proces-
sing Service [WPS]. These were used in dif-
ferent tasks identified by major stakeholders 
to drive the integration and demonstration of 
end-to-end, distributed geospatial capabili-
ties. One such scenario was an airport dis-
aster where federal and local authorities 
could securely share information, and weat-
her prediction and plume dispersion codes 
could be run dynamically to inform first res-
ponders in the field about potential toxic 
cloud hazards in affected buildings. An 
OGC-OGF Collaboration Group has also 
been set-up with a wiki and mailing list to fa-
cilitate interaction [OGCOGF]. This will 
support groups such as the g-Lite OWS 
Working Group (G-OWS, [GOWS]). The 
goal of G-OWS is to implement many of the 
basic OGC Web Service standards for 
geospatial tools on g-Lite, the EGEE soft-
ware stack. EGEE [EGEE] is Europe's flag-
ship grid infrastructure and is generally re-
cognized as the world's largest and most 
successful. Such a geospatial service layer 
will be essential to implement capabilities 
on national and regional infrastructures, as 
required by the European INSPIRE (Infra-
structure for Spatial Information in Europe) 
initiative [INSPIRE]. Finally we also note that 
both the European Geosciences Union 
(EGU) and the American Geophysical Uni-

on (AGU) have internal organizations for 
Earth and Space Science Informatics (ESSI) 
that are also promoting the development of 
geospatial e-infrastructures. 

Concomitantly with the adoption of dis-
tributed computing platforms within the geo-
spatial community, there is also a rapid evo-
lution of infrastructures occurring within the 
distributed computing community. The con-
cept of on-demand provisioning of abs-
tracted or virtualized resources, i.e., cloud 
computing, is gaining enormous popularity. 
This has enabled clear business models 
whereby commercial operators of data cen-
ters, such as Amazon, Google, and Micro-
soft, can offer computing and storage ser-
vices for a fee. These business models are 
also facilitated by the enormous economies 
of scale that large data centers can achieve. 
By using such dynamically provisioned re-
sources, businesses can meet unexpected 
surge requirements without having to over-
provision in-house resources, or they can 
outsource their entire IT requirements altoget-
her. Clearly there are significant security 
and reliability issues in doing so, but the 
economics of the situation will attract many 
suitable applications. The development of 
further security and reliability mechanisms 
will only increase the scope of the public 
cloud marketplace.

On-demand resources, however, have 
great appeal even beyond the domains of 
e-commerce and IT as a service. The abili-
ty to acquire and release resources on-de-
mand appeals to scientific and enginee-
ring users for many of the same reasons of 
flexibility and economy. Hence, there is 
strong interest in developing capabilities 
for HPC in the Cloud. EGEE has announ-
ced a collaboration with the RESERVOIR 
project to integrate some type of on-de-
mand capabilities for their user base. Pre-
sumably such a capability would carry-
over into the European Grid Infrastructure 
[EGI] that will be an interoperable asso-
ciation of numerous national grid infra-
structures. Likewise in the USA, the NSF is 
planning a transition from the current Tera-
Grid projects to several eXtreme Digital 
(XD) projects that will be the cyberinfra-
structure of the future. OGF is conducting a 
year-long effort to assist the XD teams in 
identifying key cyberinfrastructure require-
ments to be addressed, and support for 
on-demand resources is already on the 
short list.
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Specifically with regard to geospatial applica-
tions, a workshop on “Geospatial SOA and 
Cloud Computing” was recently conducted 
by the US Federal Geographic Data Commit-
tee [FGDC] to identify the state-of-play of ser-
vice architectures and cloud computing for 
geospatial applications. The workshop revie-
wed specific experiences in the use of SOA 
techniques and emerging cloud computing in 
the context of integrating online government 
Web services for geospatial applications. To-
pics included background on SOA in the fede-
ral context, plans for a Federal Service Orient-
ed Infrastructure “cloud,” and presentations by 
on best practices and lessons learned from de-
signing and deploying Web services.

Such efforts are actually happening in a 
much larger context that will drive cloud --and 
geospatial -- standards: the US, UK, and Ja-
panese governments have all announced na-
tional cloud initiatives. The US initiative plans 
to open a Cloud Storefront with the ultimate 
goal of reducing the federal IT budget by hos-
ting many governmental IT functions. The UK 
initiative is part of the Digital Britain plan and 
aims to rationalize across national compu-
ting, telecommunications, and data center re-
quirements. The Japanese Kasumigaseki 
Cloud also intends to improve efficiency and 
exploit economies of scale across govern-
ment agencies. These government clouds will 
definitely host a significant number of geo-
spatial applications where portability and in-
teroperability are mandated, at both the infra-
structure and application levels.

Such national cloud initiatives will only 
add to the drive for green IT as it applies to da-
ta centers and clouds. Controlling energy 
consumption by enforcing energy policy 
across a distributed cloud infrastructure will 
not only reduce costs, but also determine 
where data centers can be located with re-
spect to energy sources. We note that both 
the US and EU have efforts for managing 
energy policy. The US Environmental Protecti-
on Agency has a data collection initiative to 
develop an Energy Star rating for data cen-
ters. Likewise the EU Data Centre Code of 
Conduct will collect data to determine "best of 
breed” and feasible targets for data center ef-
ficiency. Such efforts will drive the need for 
standard sensor networks to monitor data cen-
ters and inform the workload management 
tools that can enforce energy policy. In many 
ways, green data centers could be conside-
red an instance of green buildings and could 
leverage common, standard tooling.

All of the areas of activity cited in this short 
article will drive the co-development of geo-
spatial grid and cloud standards. The goal 
of the OGC and OGF collaboration is to 
coordinate and promote this development. 
Likewise, in the cloud arena, OGF is a foun-
ding member of cloud-standards.org, a 
coordination venue for organizations wor-
king on cloud standards. Here, organizati-
ons such as OGF, the Distributed Manage-
ment Task Force, the Storage Networking In-
dustry Association, the Cloud Security Alli-
ance and others are sharing information on 
related cloud standards work. As a case in 
point, the OGF Open Cloud Computing In-
terface [OCCI] could very well dovetail 
with the DMTF's Open VM Format [OVF] to 
enable portability and interoperable among 
public and private clouds.

In conclusion, we present an extraordi-
nary case study that argues strongly for ef-
fective geospatial distributed computing. In 
2005, Hurricane Katrina took over 1800 
lives and caused over $81b in property da-
mage. The available hurricane prediction 
models at the time were woefully unable to 
accurately predict the trajectory or severity 
of the storm [Bogden]. Without knowing 
where the hurricane was going, it was im-
possible to use precipitation models or floo-
ding models to determine which geographi-
cal areas might be at risk. To effectively pre-
dict such events and mitigate such disasters, 
advancements are required in these areas:
1 fundamental atmospheric and oceanic  
 science,
2  computational science to create the  
 necessary models and codes,
3  operational infrastructures to enable the 
 necessary resources to be allocated on- 
 demand to produce results in time, and
4  easy-to-use geospatial information sys 
 tems that can be used by decision ma 
 kers and first responders in the field to mi 
 tigate risk and damage.
This is, in a sense, a geospatial computation 
"moon shot" that should inspire a generation 
of scientists, engineers, and political leaders 
for the common good. In much the same 
way that space exploration spurred the de-
velopment of technology that greatly af-
fected many other areas of industry, com-
merce, and society, developing the geospa-
tial capabilities necessary to achieve hurri-
cane prediction will enable many other are-
as of technical and societal benefit in ways 
that we cannot foresee at this time.
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