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Abstract: In 2007, the European Commission has passed the “Flood Directive” (2007,/60/EG) dealing with the idenfification of inun-
dated areas and the creation of flood risk maps. The basis for flood modeling is provided by computationally and storage-intensive flow
simulations. Digital terrain data is the starting point for generating two-dimensional flow models. VWhen discrefizing the computational
mesh for hydraulic simulation, digital ferrain models with a resolution of one meter or less have to be subjected to several elaborate pre-
processing steps. A number of simulation and modeling tools for this purpose have already been developed as “classical” SDI applica-
tions. However, building flood and risk models for a study area covering many square kilometers is not possible using common desktop
CIS. The German GDIGrid project (SDFGrid, www.gdi-grid.de) extends regular OGC-based SDI services with grid computing capabi-
lities. It focuses on VWPS tools and an architecture for geoprocessing in the grid. At the example of flood modeling, this article shows which
benefits can be generated in spatial data infrastructures by using grid technology.
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// VORTEILE VON GRID COMPUTING FUR DIE UBERSCHWEMMUNGS-
MODELLIERUNG IN EINER SERVICEORIENTIERTEN GEODATENINFRASTRUKTUR

// Zusammenfassung: Die Europdische Kommission verabschiedete 2007 die Hochwasserschutzrichtlinie (2007,/60/EG). Diese um-
fasst sowohl die Ausweisung von Uberschwemmungsflachen als auch die Kartierung von Risikogebieten. Die Grundlage hierfir liefern re-
chen- und speicherintensive Stromungssimulationen. Digitale Geléndedaten bilden den Ausgangspunkt fir die Erstellung zweidimensio-
naler Stromungsmodelle. Bei der Diskretisierung des Berechnungsneizes missen Geldndemodelle mit einer Auflésung von einem Meter
oder weniger in mehreren Schritten aufwandig vorprozessiert werden. Zahlreiche Werkzeuge fur Simulation und Modellierung wurden
bereits als ,klassische” GDI-Applikationen entwickelt. Fir die Hochwasser- und Risikomodellierung eines viele Quadratkilometer umfassen-
den Untersuchungsgebiets reichen herkémmliche Deskiop-GIS jedoch nicht aus. Im Rahmen des Projektes GDIGrid (www.gdi-grid.de| er-
folgt die Adaption herkémmlicher OGC-basierter GDI-Dienste fiir den Einsatz von Grid-Computing. Den Schwerpunkt bilden Werkzeuge
und eine Architektur zur Geoprozessierung mit WPS im Grid. In diesem Beitrag wird anhand des Szenarios Hochwassermodellierung dar-
gestellt, welcher Mehrwert in Geodateninfrastrukturen durch die Verwendung von Grid-Technologie generiert werden kann.
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1. MOTIVATION

Recent history in Europe has been shado-

wed by numerous flood disasters and their

devastating consequences for the environ-
ment, economy, and citizens. Climatolo-
gisfs anticipate even more frequent and
exireme precipitation events leading fo
extreme floods (Barredo 2007). In 2007
the European Commission acted on this is-
sue and passed the “Flood Directive”. lts
scope is the evaluation and management
of flood risk in all European countries. No-
fional actions are required in three steps

(European Commission 2007):

1 preliminary flood risk assessment (untfil
2011)

2 generation of flood hazard and flood
risk maps for all flood-prone river and
coastal zones (until 2013)

3 preparation of flood risk management
plans (until 2015).

According to the Flood Directive, flood

hazard maps must display inundated are-

as, water depths, and flow velocities for
statistical flood events of medium probabi-
lity, meaning a water level or discharge

that is expected to occur about every 100

years on average, as well as extreme

floods, and events with lower recurrence
periods. A combination of numerical si-
mulation models and GIS has to be ap-
plied to fulfill these requirements, but the
number of models to be created puts enor-
mous pressure on the national authorities.

Simple inundation maps can be crea-
fed, for instance, by extrapolation of a cri-
fical water level onto coastal areas and fo-
relands. This can merely give a sfatic view
of the flooded areas, however, and could
only be useful in the preliminary assessment
step. Flood hazard maps, on the other
hand, including varying water depths and
flow velocities, are typically based on mul-
fi-dimensional, time-dependent flow mo-
dels (also called hydraulic or hydrodyna-
mic models) that take into account the va-
rious parameters affecting the flow situati-
on, such as surface fopography and
roughness. In practice mostly one-dimen-
sional and depth-averaged two-dimensio-
nal models are used because fully three-di-
mensional models have high computatio-
nal requirements, and because the vertical
flow component only plays a minor part in

river flow (Pasche 2007).

Digital elevation models (DEM| are the
main dafa source for flow model topography.
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DEMs are now readily available with a re-
solution of 1 meter or less. Model creati-
on, in particular two-dimensional discreti-
zation of the flow network, is a time- and
storage-consuming process and is usually
carried out by consulting engineers on be-
half of the national authorities (Rath
2007). A typical desktop computer is not
capable of handling the data of more
than a few square kilometers at a time,
and it fakes hours to complefe a discretfi-
zation process. In particular the use of
high-resolution fopographic data across
large areas and the evaluation of the de-
tailed simulation results creates a need for
sophisticated processing techniques and
storage management.

Grid computing is a fechnology that
allows many distributed computers to
collaboratively solve a single problem
(Foster and Kesselman 1999). Foster has
proposed a three-point checklist defining
the properties of a grid. According to
this list a grid "coordinates resources that
are not subject to centralized control
using standard, open, general-purpose
protocols and interfaces to deliver nontri-
vial qualities of services” (Foster 2002).
A grid may provide the required compu-
fational power and storage capacities
for flood simulations at low cost and on
demand. In this article we focus on the
German D-Grid infrastructure. The appli-
cation of flood modeling is investigated
in the research project GDI-Grid to im-
plement geoprocessing services within
the D-Grid infrastructure using Globus
Toolkit 4 and standards of the Open
Geospatial Consortium. Most of the
users of computing grids come from aca-
demic institutions or are associated in-
dustry partners in research projects. Not
only is this due to the fact that only parti-
cipants of approved projects can get ac-
cess to the national grid infrastructures,
but also that the access hurdle of using
grid technology is very high. Solely aca-
demic institutions have the required tech-
nical know-how to overcome this barrier
and to profit from the power of grid com-
puting. Private users and small compa-
nies like consulting engineers cannot ea-
sily gain this benefit.

To overcome the problem of access to
the grid and to provide the available com-
puting resources fo flood modelers we
suggest the following actions:

P Supply standardsbased geoproces-
sing services for tasks related to flood
modeling,

P enable these services to utilize the
power of a grid as a back-end compu-
fing and sforage environment while hi-
ding the grid's complexity, and

P infegrafe these flood modeling ser-
vices info a service-oriented spatial
data infrastructure (SDI).

2. STATE OF THE ART

We present existing practices related to
service-oriented SDI and geoprocessing
in grid computing environments. Integra-
ting domain-specific services into a SDI
and grid-enabling geospatial services is
not limited to the field of flood modeling.

2.1 SPATIAL DATA INFRASTRUCTURES
A SDI provides access to globally distribu-
ted spatial data through standard, infer-
operable services in a service-oriented ar-
chitecture [SOA)|. As a leading organiza-
tion for voluntary consensus standardizati-
on the Open Geospatial Consortium
(OGC) has published a number of open
standards suitable for building SDIs in col-
laboration with the I1ISO/TC 211 (ISO
Technical Committlee 211 — Geographic
Information / Geomatics). Previous efforts
of the OGC have primarily been based
on discovery, access, and visualization of
geospatial data. However, according to
Nebert (2004), a fundamental element of
future SDI will be the infegration of geo-
processing services, that is, processing
functions that work on spatially related da-
ta. Geoprocessing services have only re-
cently been considered in the OGC by is-
suing the Web Processing Service (WPS)
standard. The WPS offers any processing
functionality through a web-based infer-
face via three mandatory operations. The-
se service operations are gefCapabilities
for a brief service description, describe-
Process refurning a detailed description of
selected processes, and execute for run-
ning a process (Schut 2007).

Existing geoprocessing routines, such
as standard spatial algorithms [e. g. buf-
fer, intersection, and generalization ope-
rations), can easily be wrapped as web
services. Since OGC's publication of the
WPS standard many reference implemen-
fations and case studies have been done.
Kiehle, Greve and Heier (2007) discuss



the potential of extending SDIs with geo-
processing services and state that a “ge-
neric web service architecture for provi-
ding common geoprocessing capabili-
fies” must be established using OGC and
wellknown web standards.

WPS geoprocessing tasks have been
implemented in several other spatial re-
search domains e. g. for precision far-
ming (Nash et al. 2008), simplification
(Foerster and Schaffer 2007), hydrologi-
cal applications (Diaz et al. 2008), bio-
geography (Graul and Zipf 2008), forest
fire (Friis-Christensen et al. 2007), hou-
sing marketing analysis and disaster ma-
nagement (Stollberg and Zipf 2007,
2008), urban waste land determination
and land management (Lonig et al.
2009), and terrain processing (Lanig ef
al. 2008, 2009). Some basic calculati-
ons like buffering are described in (Heier
and Kiehle 2005). A range of processes
have been implemented by the cartogra-
phy research group of the University of
Bonn, Germany, and have been made
available at  http://www.opengeopro
cessing.org.

2.2 GEOPROCESSING IN GRID
COMPUTING ENVIRONMENTS

A grid "coordinates resources that are not
subject to centralized control using stan-
dard, open, general-purpose profocols
and inferfaces, and delivering nontrivial
qualities of service” (Foster 2002). Grid
computing infrastructures use grid middle-
wares for accessing and managing distri-
buted computing and data storage resour-
ces, and to provide security mechanisms.
There exist several grid middlewares. The
currently  most  ufilized and adopted
middlewares are Globus Toolkit (Foster
2005), UNICORE (Uniform Interface to
Computing  Resources) (Streit 2009,
LCG/glite (http://www.glite.org) and
dCache (Fuhrmann 2004).

In 2008, the OGC and the Open
Grid Forum (OGF|, an organization dedi-
cated to the development of standards for
the management of disfributed computing
resources as required for grid computing,
have agreed to work together on harmoni-
zing standards for geoprocessing in the
grid. They have signed a memorandum of
understanding concerning future collabo-
ration (Lee and Percivall 2008). Grid-en-
abling geospatial processes has already

been evaluated in several fields of study.
Research in earth sciences strives for pro-
viding services that process sensor obser-
vations for wildfire applications as part of
the GEOSS architecture (Mandl et al.
2007, lee 2008). The CrossGrid project
investigated the use of grid computing for
flood forecasting (Hluchy et al. 2004).

Geoprocessing workflows and a grid
processing profile for WPS are part of the
OGC Web Services (OWS) Interoperabi-
lity Testbed, phase 6 (OWS-6). Within
the OWS-6 Baranski et al. (2009) and
Schéffer and Schade (2009) deal with
the chaining of geospatial processes and
give guidelines for developing WPS with
access fo a grid computing environment.
Liping Di ef al. (2003, 2008), Baranski
(2008), and Padberg and Kiehle {2009)
give general ideas about linking grid
technology and OWS. One important
aspect is to overcome differences in ser-
vice communication between OWS and
generally SOAP- and WSDL-based grid
services. Hobona, Fairbairn et al. (2007,
2009) have developed a workflow ma-
nagement system (Semanfically-Aware
Workflow Engines for Geospatial VWeb
Service Orchestration, SAW-GEO) sup-
porting the orchestration of grid-enabled
geospatial web services.

Some research has been done on provi-
ding simulation models as geoprocessing
services in a SOA. Floros and Cotronis
(20006) have developed the “Service-Ori-
enfed Simulations” framework (ServOSims)
aiming af composing and executing scienti-
fic simulations as sfateful web services. In
their model, service orchestration is based
on datacentric notifications between ser-
vice instances, but OGC-compliant services
are not considered. Gregersen, Gijsbers
and Westen (2007) designed the "Open
Modeling Interface” (OpenMI) for easy de-
finition and linking of processes in the hydro-
logical domain. However, this approach is
not based on standard web service techno-
logy, so it does not strictly fit info the SOA
paradigm. The GEOSS (Global Earth Ob-
servation System of Sysfems) Architecture
Implementation  Pilot (AP, hitp://www.
ogcnetwork.net/Alpilof), which is part of
the OGC Network, develops and deploys
new process and infrasfructure components
for the GEOSS Common Infrasfructure
(GCl) and the broader GEOSS architecture
based on OGC specifications.
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2.3 RELATED WORK

Within the GDI-Grid project a number of
WPS for the processing of digital elevati-
on models have been developed based
on the deegree framework (Fitzke ef al.
2004) and have been extended for geo-
processing in a grid computing infra-
structure based on the grid middleware
Clobus Toolkit 4 (Padberg and Kiehle
2009). Lanig et al. (2008) have shown
how massive ferrain dafa can be proces-
sed in grid computing environments bo-
sed on OGC standards. We have develo-
ped a 3D Terrain Discretization Grid Ser-
vice (Gaja3D) and evaluated the efficien-
cy of this new fechnology at the creation
of a large-scale two-dimensional flow mo-
del for the estuary of the river Elbe (Ger-
many) from several million measured ele-
vafion points  (Kurzbach and  Pasche
2009). The technology presented below
is based on the results and experiences of
this work. We apply the WPS standard
and Globus Toolkit to implement a flood
modeling architecture suited for integrati-
on in a SDI that is using the German
D-Grid infrastructure.

3. FLOOD MODELING BY HYDRO-
DYNAMIC SIMULATION

A flow model represents the motion of wa-
fer, e. g. in pipe networks, rivers, open
channels or oceans. The common basis
for all flow models is the numerical solufi-
on of the Navier-Stokes equations, a set
of equations that describe the motion of
fluids (Malcherek 2001). For free surface
flow, as it occurs in such moving water bo-
dies as rivers, estuaries, and oceans, two-
dimensional depth-averaged models are
preferred over fully three-dimensional mo-
dels. This simplification results in a set of
equations called shallow water equations
needing to be solved by numerical me-
thods. In some situations the flow process
can be further reduced to a one-dimensio-
nal model. In order to save computation ti-
me, a combination of one- and two-di-
mensional [coupled] models can be ap-
plied (Schrage et al. 2009). The output of
a numerical model includes time-series of
variables like water depth, flow velocity,
tfemperature, salinity, and bed load.

The numerical solution of a hydrody-
namic model is based on a discretization
of the surface topography and other pro-
perties affecting the flow situation, like
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surface roughness, vegetation, hydraulic
structures  [e. g. dikes, and
bridges), as well as wind and waves. A
two-dimensional discretization consists of

weirs,

a nefwork of nodes and elements and is
either a structured, regular grid or an un-
structured mesh. It is usually created ba-
sed on a digital elevation model of the fo-
pography and the bathymetry of a study
area and has fo incorporate characteris-
fics of the terrain that are vital to the simu-
lation (Rath 2007).

High-resolution topographic data for

flood plains is nowadays gained using re-
mote sensing methods (e. g. LIDAR). Initi-
ally, the measured points contain measu-
rement errors, vegefation, and man-made
structures. These have to be filtered prior
fo use. After filtering, the points are trian-
gulated to form a continuous surface mo-
del (Triangulated Irregular Network, TIN).
This TIN can, however, not directly serve
as input for a hydrodynamic simulation
because the number of points is much to
high. In order to make high quality DEMs
manageable for hydrodynamic simulation
it is necessary to generalize and fo simpli-
fy the underlying terrain model while pre-
serving critical ferrain features  (Rath
2007).
Several algorithms are available for gene-
rating multi resolution DEMs at different le-
vels of detail (LODs). Lanig et al. (2008,
2009) have implemented algorithms ba-
sed on the research work by Garland and
Heckbert (1997) as a geoprocessing ser-
vice. This 3D Terrain Generalization VWPS
processes multi-scale DEMs in predefined
LODs. The surface geometry is sfored as a
TIN, and the algorithm is based on an ite-
rative generalization of edge aggregati-
on by vertex pair contraction. The error
approximation for simplification of each
verfex is the sum of squared distances to
the planes. This algorithm cannot be ap-
plied, however, for flow model simplifica-
fion, but is rather suited for display purpo-
ses [e. g. reduction of the number of trian-
gles for different levels of detail depen-
ding on viewer distance).

Flow models have to fulfill a number of
criteria for hydrodynamic  simulatfion.
Most importantly, structural features of the
ferrain have fo be enforced as edges in
the discretization network. Other require-
ments may restrict the element sizes and
internal angles. Structural features [e. g.
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breaklines or contour lines) can be deri-
ved from the DEM or can originate from
external data sources. Detection of structu-
ral features is offen based on a regular,
rasterized version of the DEM using
image processing methods (Rath 2007).
This raster DEM can be interpolated from
the terrain in TIN format with a resolution
appropriate for the defection process.

Applying line generalization methods
to the detected structural lines reduces the
number of points in the resulting flow mo-
del. Based on the Douglas-Peucker algo-
rithm Lanig et al. (2008) have implemen-
ted a 3D Lline Simplification WPS. When
enough structural information and a mo-
del boundary have been gathered, a con-
strained Delaunay triangulation is perfor-
med on the lines. Elevations in the resul-
ting TIN are interpolated from the original
DEM or from the simplified contour lines.
Simulations have shown that this strategy
is well-suited for flow model creation.

The geoprocessing workflow for flood
modeling is depicted in Figure 1. It focu-
ses on flow model creation. Starting with
a DEM, all necessary steps for flow model
creation can principally be performed au-
tomatically. Tiling the input DEM makes it
possible fo execute the raster creation,
breakline detection and generalization
tasks in parallel for different subsets of the
data (denoted by three parallel arrows).

Succeeding the model creation pro-
cess is the calibration of the hydrodyna-
mic model. This means performing a pos-
sibly very large number of simulations
with varying flow parameters so that the
model can correctly represent one or mo-
re previously observed flow situations.
Only if the calibration process has been fi-
nished successfully, the model can be
used fo predict the consequences of a
flood event. Simulations provide the water
level and flow velocity results for creation
of inundation maps. The inundated areas
are derived by infersection of the water le-
vels with the original DEM. A subsequent
flood risk analysis integrates vulnerability
information for the flooded areas to derive
a flood hazard map.

4. GRID-ENABLING SIMULATION
SERVICES

Services for flow simulation and flood mo-

deling require and produce a large volu-

me of data. As shown above they are also

based on multiple resource-intensive pro-
cessing steps, which are nowadays offen
executed on a single computer limiting the
size of flow models, blocking the compu-
ter for the time of a simulation, and clutte-
ring the local hard drives with heaps of si-
mulation results. Grids deliver computatio-
nal power and storage capacities on de-
mand and without the administrative effort
of local computing systems. Making use
of grid computing for geoprocessing and
simulation tasks is thus a logical conse-
quence. However, for adoption in an SDI
the geoprocessing services should con-
form to the WPS standard. Many diffe-
rences between OGC and grid standards
concerning service discovery, descripti-
on

/

messaging, and security methods
lead to interoperability problems between
OWS and grid services. Grid services
based on the VWSRF are described by the
Web  Service Descripfion language
(WSDL) and communicate by means of
Simple Obiject Access Protocol (SOAP),
both standards of the W3C. OGC web
services, on the other hand, are following
a resfful service style that is in conflict with
message style services like WSRF ser-
vices.

In confrast to widely available and
simple spatial algorithms, the majority of
today's simulation models are trusted,
welltested legacy applications written in
a classical  scientific  programming
language like Fortran. Examples for two-
dimensional hydraulic models include Re-
source Management Associates' RMA?2
and RMATO (http://www.rmanet.com),
free RMAKALYPSO developed at Ham-
burg University of Technology, Depart
ment of River and Coastal Engineering
(http://www.tuhh.de/wb), Mike 21 by
DHI (http:/ /www.dhigroup.com),
Delft3D by Deltares (http://www.delta
res.nl), and others. Inputs and outputs are
usually file-based, and processing is mo-
nolithic, which makes the models hard to
be integrated with new technologies or to
be coupled with other simulations.

Simulation services have fo be grid-en-
abled in order to be used in the grid.
Grid-enabling a part of software has be-
come known under the term “gridificati-
on" (lee and Percivall 2008). Aspects of
gridification are making use of grid com-
puting standards like the Web Services
Resource Framework (WSRF) to develop



stateful grid services, and to submit com-
putationally intensive tasks info a compu-
fing cluster, e. g. by means of a Globus
WS-Gram job submission service. Only
recently there have been efforts to provide
SOAP/WSDL interfaces for OWS as
parfs of the standards. As described in the
previous section, simulation services shall
be implemented as OWS, so gridification
includes harmonizing or adapting the in-
terface to the WSRF. The WPS specificati-
on has some potential to be extended
with a WSRF interface thereby gaining
additional capabilities. Dorka (2009)
deals with the advantages of using VWSRF
for WPS. In the OWS-6 Grid Processing
Profile engineering report (Baranski et al.
2009) we have presented our results con-
cerning gridification of the WPS by me-
ans of the WSRF. For example, a stateful
service controls and manages the submit-
fed job and stores references to the re-
sults, which the user can later retfrieve.
Current developments around the WPS
show that there is a need for maintaining
the state of a geospatial process (Schaffer
2008). WSRF grid services provide simi-
lar functionality and the concepts fo imple-
ment a stateful WPS using the WS-Resour-
ce and WSResourceProperties  stan-
dards. Adhering to the WSRF has the ad-
ditional effect that WPS developers get
security “for free”.

Security is a major requirement in mar-
ny grid computing environments. Grid Se-
curity Infrastructure (GS) is a specification
for ensuring privacy, integrity, and dele-
gation of privileges for communication
between grid services and the user. It is
used in grid middlewares like Globus
Toolkit, LCG/glite, and UNICORE. Gridi-
fication of OWS has to solve the security
problem as many grid services rely on
GSI. A problem is that no OWS stan-
dards support security methods like autho-
rization and authentication in the grid. A
number of possible solutions have been
discussed, for instance, refrieving a stored
GSI proxy certificate from a MyProxy ser-
ver based on username and password
credentials for a client (Padberg and Kieh-
le 2009, liping Di et al. 2008). In 2007
the OGC Geo Rights Management Wor-
king Group (GeoRM, formerly GeoDRM)
has issued an abstract model for rights
and access management of geospatial re-
sources (Vowles 2006). This model lacks
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Figure 1: Geoprocessing workflow for flood modeling (focus on flow model creation)

a fechnical integration with W3C stan-
dards like the WS-Security specification,
but a new OGC initiative sfrives to deve-
lop standard ways of performing web ser-
vice authentication using these existing
mechanisms while, at the same time, con-
forming to OWS standards (press release
of August 4, 2009). Former security-rela-
ted activities in the local German SDI
North Rhine-Westphalia (GDI NRW) ha-
ve resulted in the specification of the Web
Authentication Service (WAS) and Web
Security Service (WSS) in 2003. WAS
and WSS are currently only applied in

this context and have not yet been appro-
ved by the OGC.

Another aspect of gridification is that stan-
dards-based  asynchronous  notification
mechanisms are yef missing in WPS.
When a user has submitted a flow model
to a flood simulation service or, likewise,
started o longTunning geoprocessing
workflow, it is not feasible for him to wait
for the results blocking his computer. For
extremely large models the simulation
may run for many hours if not days. The si-
mulation service must be able to execute
asynchronously and fo deliver results
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when requested. The WPS standard sup-
ports this feature, but the client needs to
poll for results. Much more convenient,
and “clean” from a programmer's per-
spective, is an asynchronous notification
WS-Notification  standard,
which is also part of the WSRF specifica-

using the

tion. For this purpose the OGC has issued
the Web Notification Service standard,
which is similar to WS-Notification, but
uses other protocols. This makes it neces-
sary to work on harmonizing the two stan-

dards.

5. 5 BENEFITS OF GRID COMPUTING

FOR FLOOD MODELING IN A SDI
Flood simulation models are an inferesting
candidate for geoprocessing in an SDI.
The current need for many large-scale
flood simulations in Europe could be fulfil-
led by national flood modeling services.
As the models for national rivers and po-
fentially flooded areas are mostly non-
existent, there is a need for services hel-
ping flow model creation. These could be
used by engineering companies for buil-
ding up the necessary models. A predefi-
ned geoprocessing workflow for flood
modeling as shown in Figure 1 would furt-
her simplify the process significantly. A na-
tural precondition is the availability of di-
gital elevation models and other terrain
data in the SDI.

By creation of geoprocessing services
for legacy simulation models the functio-
nality can be made available to a larger
audience. The integration into a SDI and
the specification of a standard service in-
terface enables developers to realize an
added value. There are many benefits in
using grid fechnology for flood simulati-
on. The most important ones from a user's
point-of-view are listed below. They provi-
de the starting point fo set the require-
ments for our flood simulation service ar-
chitecture:

P Processing on a remote machine leav-
ing the user's computer free for other
tasks,

P creation of larger flood models,

» parallel simulation of flow models,

P processing of massive terrain data,

P result management in the grid,

» keeping data confidential, securing it
from unprivileged access, and

» automated execution of complete geo-
processing workflows for flood modeling.
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Users as well as service developers bene-
fit from grid technology. The existence of
grid standards and their implementations
makes it easier to write and to maintain
better software. The existing grid middle-
ware Globus Toolkit 4 (GT4) presents a
reference implementation of the WWSRF in-
cluding GSI. This forms a solid base for
developing  standards-conforming  grid
services for geoprocessing and simulation
as well as submission of jobs info a com-
puting cluster. Our architecture has been
designed to fulfill the mentioned require-
ments, but a complefe practical evaluati-
on is yet open. Nevertheless, we have
quantified the efficiency of a grid service
for terrain processing in (Kurzbach and
Pasche 2009). The results show that a ter-
rain dis-cretization process of the river EI-
be estuary, which would take hours on @
regular desktop computer, can be perfor-
med in less than 20 minutes when execu-
ted on a computing cluster. The input DEM
has been partitioned info 67 tiles and se-
parate grid jobs were run for each proces-
sing step. Input data, infermediate and fi-
nal results have summed up to about 3
GB. A complete model of the river Elbe
from the city of Hamburg to the estuary
would be 7-8 times this size.

The grid consists of a multitude of pro-
cessing and data resources that are either
part of a computing cluster or single com-
puters. A flood simulation service based
on a parallel calculation core can make
use of several resources for a single simu-
lation by application of memory-parallel
(OpenMP) or message-passing (MPI) com-
munication mechanisms. Many flow mo-
dels are already capable of parallel exe-
cution. However, they all lack the possibi-
lity to scale in a WSRF-based grid. Our ef-
forts are to parallelize a flow model while
respecting grid standards. We are cur-
rently developing a Flood Simulation Ser-
vice that can be executed on an arbitrary
number of grid nodes using standardized
grid service communication and a WPS
front-end for the user. Domain decomposi-
fion techniques are applied to exchange
inner boundary conditions of connected
model parts. Boundaries are iterafively
improved to converge fo a global soluti-
on. The Flood Simulation Service will be
evaluated at a partitioned Elbe model that
is created using the existing terrain discre-
tization methods.

6. FLOOD SIMULATION SERVICE

ARCHITECTURE
As part of our work in the GDI-Grid project,
we have implemented different terrain pro-
cessing services based on the WPS specifi-
cation for different surface generalization
functionalities. In a second sfep, we have
extended the WPS inferface using the GT4
middleware so the processes can be seam-
lessly infegrated info the grid. The services
are implemented as grid services either
with GSI through MyProxy credentials or, in
case of the Flood Simulation Service, as a
WPS with a WSRF-conforming interface.
Additional GT4 services include the 3D Li-
ne Simplification and Terrain Generalizati-
on WPS.

The geoprocessing grid services are
then orchestrated using a formal workflow
description  (Business Process Execution
language, BPEL) and a workflow engine
capable of automatically executing the
workflow in the grid (Fleuren and Miller
2008). The workflow engine contacts the
Flood Simulation Service via the VWSRF in-
terface using SOAP messaging. Each grid
service execution resulfs in a job being sub-
mitted to a GT4 WS-Gram service. This en-
ables us to control an arbitrary number of
remofe jobs on gridbased computing re-
sources.

A maijor feature of our implementation is
that no data transfers go through the work-
flow engine, but instead third-party trans-
fers are initiated, and references to the re-
sults are handed over to the control of the
workflow engine (see Figure 2). Data frans-
fers are performed by a Data Access and
Infegration Service (OGSA-DAI) that effi-
ciently gathers data from a large number of
different file and data base sources for pro-
cessing in the grid. For fast file fransfers in
the grid the GridFTP standard is used. VWPS
is the frontend interface to the GDI-Grid in-
frastructure and uses the grid as a back-end
computing environment.

A major problem is staying OGC-com-
pliant while, af the same fime, supporting
GSl and including legacy OWS into the
workflow. Web Feature and Coverage Ser
vices (WFS, WCS] can now easily serve as
data sources in the workflow. The OGSA-
DAl server requests dafa from WFS and
WCS, which in turn may retrieve data from
a spatial data base outside the grid, and de-
livers the results directly fo a location inside
the grid. This ensures that subsequent access
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Figure 2: Distributed architecture for flood modeling service orchestration

fo the data can be done efficiently based on
GridFTP. Regular WS-Security mechanisms
and delegation of proxy certificates to the
OGSADAI WSRF-based service ensure that
the data is kept confidential.

We have implemented a prototypical
geoprocessing workflow for flow model
creation in BPEL based on the workflow
from Figure 1. It is executed on a Mage
BPEL4Crid workflow engine with exfensi-
ons for WSRF-based web services. The
workflow includes retrieving data from an
external WFS, processing a DEM  with
breakline detection and generalization as
well as final TIN creation by Delaunay fri-
angulation. Grid services have been deve-
loped with only open source software using
GT4, the deegree framework, and the KA-
LYPSO simulation platform  (http://kalyp-
so.sourceforge.net).

7. CONCLUSIONS  AND
WORK

The need for computing power and stora-

ge capacity is steadily rising within the

FUTURE

geo-community. In particular LIDAR data is
being used to create high-resolution digi-
fal elevation models for flood modeling,
but processing this terrain data means fo
work with millions of raw data points, and
fo run computationally infensive algo-
rithms. In this arficle, we presented the
possibility to enhance the processing of
massive digital elevation data for flood
modeling using standardized WPS and
grid computing.

We also displayed how this technolo-
gy can aid the creation of flow models in
fimes of high need. The integration of grid-
based geoprocessing services info a spa-
fial dafa infrastructure is a logical next
step. National SDIs could provide flood
modeling services that help in realizing
the Flood Directive, more precisely ser-
vices for flow model creation, and genera-
fion of inundation and flood hazard maps.
Modelers could then save time and money
by using an existing grid infrastructure ins-
tead of buying expensive hardware fo run
their simulations. We have presented an

architecture that uses VWSRF-based grid
services with a WPS front-end.

In future research, the management
and provisioning of flood models in an
SDI should be investigated. SDI and grid
computing together with the appropriate
tools can allow for collaborative modeling
and flow model sharing. Model interfaces
like the OpenMI would create the possibi-
lity to connect different flood models. If the
interface is extended to create stateful
WSRF-based OpenMI grid services, the
shared models could then be run in the
grid in a coupled fashion. This could be
the future of flood modeling.

8. ACKNOWLEDGEMENTS

This work is part of the Spatial Data Infra-
structure  Grid  project  (GDIGrid,
http:/ /www.gdi-grid.de] funded by the
German Federal Ministry of Education and
Research (BMBF). The main goal of the pro-
ject is the efficient mining and processing of
spatial data for the simulation of noise dis-
persion and disaster management. <

GIS.SCIENCE 3/2009 | 95



BENEFITS OF GRID COMPUTING FOR FLOOD MODELING

References

Baranski, B. (2008): Grid Computing Enabled
Web Processing Service. Gl-Days 2008,

Minster, Germany.

Baranski, B.; Shaon, A.; Woolf, A.; Kurzbach,
S. (2009): OWS-6 WPS Grid Processing Profi-
le Engineering Report. OGC 09-041r1.

Barredo, J. (2007): Major flood disasters in Eu-
rope: 1950-2005. In: Natural Hazards, Vol
1, pp. 125-148.

December 2006, Amsterdam, Netherlands, pp.
66-66. Wiley-EEE, Washington DC, USA.

Foerster, T.; Schaffer, B. (2007): A Client for Distri-
buted Geo-processing on the Web: Web and Wi-
reless Geographical Information Systems. Procee-
dings of the 7th International Symposium, W2GIS
2007, Cardiff, UK, November 28-29, 2007.
lecture Notes in Computer Science, Vol. 4857,
pp. 252-263. Springer, Berlin, Heidelberg.

Foster, . (2002): What is the Grid2 — a three point
checklist. In: GRIDtoday, 6.

Di, L; Chen, A;; Yang, W.; Liu, Y.; Wei, Y.;
Mehrotra, P.; Hu, C.; Williams, D. (2008): The
development of a geospatial data Grid by inte-
grating OGC Web services with Globus-based
Grid technology. In: Concurrency and Compu-
fation:  Practice & Experience, 14, pp.
1617-1635.

Di, L.; Chen, A.; Yang, W.; Zhao, P. (2003):
The Integration of Grid Technology with OGC
Web Services (OWS): NWGISS for NASA
EOS Data. GGF8 & HPDC12 2003, pp.
24R27 . Science Press.

Foster, I. (2005): Globus Toolkit Version 4: Soft-
ware for ServiceOriented systems. In: Jin, H.;
Reed, D.; Jiang, W. [Edts.): Network and Parallel
Computing. Proceedings of the IFIP International
Conference, NPC 2005, Beijing, China, Novem-
ber 30-December 3. lecture Notes in Computer
Science, 3779/2005, pp. 2-13. Springer, Ber-
lin, Heidelberg.

In: GIS, pp. 39-43.

Hluchy, L; Tran, V.; Habala, O.; Simo, B.; Ga-
fial, E.; Astalos, J.; Dobrucky, M. [2004): Flood
Forecasting in CrossGrid Project. In: Dikaiakos,
M. (Edt.): Grid Computing. Second European
AcrossGrids Conference, AxGrids 2004, Ni-
cosia, Cyprus, January 28-30, 2004. Revised
Papers. lecture Notes in Computer Science,
Vol. 3165, pp. 51-60. Springer, Berlin, Hei-
delberg.

Hobona, G.; Fairbairn, D.; Hide, H.; James, P.
(2009 [Im Druck]): Orchestration of Grid-Enab-
led Geospatial Web Services in Geoscientific
Workflows. In: IEEE Transactions on Automation

Science and Engineering, 99.

Hobona, G.; Fairbairn, D.; James, P. (2007):
Workflow Enactment of Grid-Enabled Geospati-
al Web Services. Proceedings of the UK e-Sci-
ence All Hands Meeting.

Foster, |.; Kesselman, C. (Edts.) (1999): The Grid:

Blueprint for a New Computing Infrastructure.

Diaz, L.; Granell, C.; Gould, M. (2008): Case
Study: Geospatial Processing Services for VWeb-
based Hydrological Applications. In: Sample,
J.; Shaw, K.; Tu, S.; Abdelguerfi, M. (Edts.):
Geospatial Services and Applications for the In-
ternet, pp. 31-47. Springer Science+Business
Media, New York, USA.

FriisChristensen, A.; Ostlénder, N.; Lutz, M.; Ber
nard, L. (2007): Designing service architectures for
distributed geoprocessing: challenges and future
GIS, 6, pp.

directions. In:  Transactions in

/99-818.

Kiehle, C.; Greve, K.; Heier, C. (2007): Requi-
rements for Next Generation Spatial Data Infra-
structures-Standardized Web Based Geopro-

cessing and Web Service Orchestration. In:

Transactions in GIS, 6, pp. 819-834.

Fuhrmann (2004): dCache, the Overview. White
paper.  hitp://www.dcache.org/manuals/dca
che-whitepaperlight.pdf, accessed August 2009.

European  Commission  (2007):  Directive
2007 /60/EC of the European Parliament and
of the Council of 23 October 2007 on the as-

sessment and management of flood risks: Offici-
al Journal of the European Union, L 288/27.

Garland, M.; Heckbert, P. (1997): Surface simplifi-
cation using quadric error mefrics: Proceedings of
the 24th annual conference on Computer graphics

and interactive techniques, pp. 209-216.

Kurzbach, S.; Braune, S.; Grimm, C.; Pasche,
E. (2009): HochwasserModellierung im Geo-
dateninfrastruktur-Grid. In: Strobl, J.: Blaschke,
T.; Griesebner, G. (Edts.): Angewandte Geoin-
formatik 2009: Beitrége zum 21. AGIT-Sympo-
sium Salzburg. July 7-10, Salzburg, Austria.
Wichmann Verlag.

Fleuren, T.; Miller, P. (2008): BPEL Workflows
Combining Standard OGC Web Services and
Gridenabled OGC Web Services: 34th Euro-
micro Conference on Software Engineering and
Advanced Applications. SEAA '08, Sept. 3-5,
Parma, ltaly, pp. 337-344. The Printing House.

Craul, C.; Zipf, A. (2008): Putting biogeographic
research on the spatial web: Towards interoperab-
le analysis tools for global change based on the
web processing service (WPS). In: Huadong, G.
(Edt.): Digital Earth Summit on Geoinformatics:
Tools for Global Change Research, Vol. 1. Taylor &

Francis.

Kurzbach, S.: Pasche, E. (2009): A 3d Terrain
Discrefization Grid Service for Hydrodynamic
Modeling: Proceedings of the 8th Infernational
Conference on Hydroinformatics [HEIC), Con-

cepcién, Chile.

Floros, E.; Cotronis, Y. (2006): ServOSims: A
Service Oriented Framework for Composing
and Executing Multidisciplinary Simulations. In:
Kellenberger, P. (Edt.): e-Science 2006. Procee-
dings of the Second IEEE International Confe-

rence on e-Science and Grid Computing, 4-6

Gregersen, J.; Gijsbers, P.; Westen, S. (2007):
OpenMI: Open modelling interface. In: Journal of
Hydroinformatics, 3, pp. 175-191.

lanig, S.; Klarle, M.; Zipf, A. (2009): Offenes,
nachhaltiges landmanagement mittels standar-
disierter Web Processing Services (WPS). In:
Strobl, J.; Blaschke, T.; Griesebner, G. (Edts.):
Angewandfe Geoinformatik 2009: Beitrdge
zum 21. AGIT-Symposium Salzburg. July 710,
Salzburg, Austria. Wichmann Verlag.

Heier, C.; Kiehle, C. (2005): Geodatenverarbei-
tung im Internetder OGC Web Processing Service.

lanig, S.; Schilling, A.; Stollberg, B.; Zipf, A.
(2008): Towards Standards-Based Processing of
Digital Elevation Models for Grid Computing
through Web Processing Service (WPS). Work >

96| GIS.SCIENCE 3/2009




GIS.SCIENCE 3 (2009) 89-97

Kongress und Fachmesse fiir Geodadsie,
Geoinformation und Landmanagement
Karlsruhe, 22.-24. September 2009

shop on Information Systems and Informati-
on Technologies (ISIT 2008). In: Gervasi, O.;
lagang, A.; Murgante, B.; Taniar, D.; Mun, Y.;
Gavrilova, M. (Edts.): Proceedings of the Inter-
national Conference on Computational Sci-
ence and its Applications. Perugia, Italy, June
30 = July 03. Llecture Notes in Computer Sci-
ence, Vol. 5073, pp. 191-203. Springer, Ber
lin, Heidelberg.

Lanig, S.; Zipf, A. (2009): Towards generaliza-
tion processes of LIDAR data based on GRID
and OGC Web Processing Services (WPS:
Geoinformatik 2009, Osnabriick, Germany.

poulos, A.; Zevenbergen, C. (Edfs.]: Advances
in Urban Flood Management, pp. 59-89. Tay-
lor & Francis, Leiden, The Netherlands.

Rath, S. (2007): Model discrefization in 2D hy-
droinformatics based on high resolution remote
sensing data and the feasibility of automated
model parameterisation. Dissertation. st ed.
Wasserbau-Schriften.
University of Technology, Hamburg, Germany.

Hamburger Hamburg

Schaffer, B.; Schade, S. (2009): OWS-6 Geo-
processing Workflow Architecture Engineering

Report. 0/=143r1.

lee, C. (2008): Grid Technologies for GEOSS:
The User and the GEOSS Architecture XXV. Per-
spectives on GEOSS Architecture: Principles
and Implementation. Workshop on OGC TC
Plenary, December 3-4th 2008, Palacio de

Congresos, Valencia, Spain.

lee, C.; Percivall, G. (2008): Standards-Based
Computing Capabilities for Distributed Geospa-
tial Applications.  In:
50-57.

Computer, 11, pp.

Schrage, N.; Antanaskovic, D.; Jung, T.; Pa-
sche, E. (2009): KALYPSO — An Open Source
Software Tool for Flood Studies in Rivers: Pro-
ceedings of the 8th Infernational Conference on

Hydroinformatics {HEIC), Concepcién, Chile.

Schut, P.; Whiteside, A. (2007): OGC Web
Processing Service (WPS) Specification. OGC
05-00717.

Malcherek, A. (2001):
Fliebgewdsser. Bericht Nr. 61. Habilitation,

Hydromechanik der

Hannover.

Mandl, D.; Sohlberg, R.; Justice, C.; Ungar, S.;
Ames, T.; Frye, S.; Chien, S.; Cappelaere, P;
Tran, D. (2007): Experiments with user cenfric
GEOSS architectures. In: Geoscience and Re-
mote Sensing Symposium, 2007. IGARSS
2007 IEEE International, pp. 297-300.

Stollberg, B.; Zipf, A. [2007): OGC Web Pro-
cessing Service Inferface for Web Service Or
chesfration — Aggregating Geo-processing Ser
vices in a Bomb Threat Scenario: Web and Wire-
less Geographical Information Systems. Procee-
dings of the 7th Infernational Symposium, W2GIS
2007, Cardiff, UK, November 28-29, 2007 .
lecture Notes in Computer Science, Vol. 4857,
pp. 239-251. Springer, Beilin, Heidelberg.

Nash, E.; Korduan, P; Bill, R. (2007): Optimi-
sing data flows in precision agriculture using
open geospatial web services. In: Precision
Agriculture, pp. 753-759.

Nebert (2004): Developing Spatial Data Infra-
structures: The SDI Cookbook, Version 2.0.

Stollberg, B.; Zipf, A. (2008): Geoprocessing
Services for Spatial Decision Support in the Do-
main of Housing Market Analyses-Experiences
from Applying the OGC Web Processing Ser-
vice Inferface in Practice. In: FriissChristensen,
A.; Pundt, H.; Compte, I. (Edts.): Proceedings
of 11th AGILE International Conference on
Geographic Information Science. Taking Geo-
information Science One Step Further. Girona,
Spain, May 5-8.

Padberg, A.; Kiehle, C. [2009): Geodatenin-
frastrukiuren & Grid-Computing: Akiuvelle He-
rausforderungen und Anwendungsbeispiele. In:
Reinhardt, W.; Kriiger, A.; Ehlers, M. (Edts.):
Geoinformatik 2009, pp. 129-138.

Streit, A. (2009): UNICORE: Getting fo the he-
art of Grid technologies. In: eStrategies — Pro-

jects, 9th editition, March 2009, pp. 8-9.

Pasche, E. (2007): Flood Modelling in Urban
Rivers — the State-ofthe-Art and Where to Go.
In: Ashley, R.; Garvin, S.; Pasche, E.; Vassilo-

Vowles, G.; Herring, J.; Goodwin, C.; Scardi-
na, M.; Matheus, A.; Opincaru, C.; Debeug-
ny, W. [2006): OGC Geospatial Digital Rights
Management Reference Model (GeoDRM RM).
OGC 06-004r3.

22.-24. September 2009
Messe Karlsruhe

Gegen Vorlage dieses Coupons
erhalten GIS.TRENDS+MARKETS-
Leser an den Tageskassen eine
verglnstigte INTERGEO-Tageskarte
fur nur 15 € anstatt 20 €.

Name des Besuchers

Funktion

Firma

Strae, Hausnummer

PLZ, Ort

E-Mail
Der Coupon ist fiir eine Person giltig.

Bahn-Special

Reisen Sie mit der Deutschen Bahn
AG ab 99 € zur INTERGEO nach
Karlsruhe.

q

Informationen unter:

www.intergeo.de

|
1T
DK

HINTE

Messen a Kongresse

Ausstellungen a Events




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed false
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 250
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 356
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.32865
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 250
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 356
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32865
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1000
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check true
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition (ISO Coated \050Prozess-Standard Offset, gestrichenes Papier, 60 L/cm, ISO 12647-2:2004\051)
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /CHT (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /DAN (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /ESP (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /FRA (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /ITA (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /JPN (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /KOR (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /NLD (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /NOR (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /PTB (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /SUO (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /SVE (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /ENU (OFFSET: Creates PDF for offset printing from Composite-PostScript of layout applications \(XPress, InDesign\) with process and spot colors. Quality: 300/1200 dpi, JPEG Medium. Increase JPEG quality for critical images. Increase resolution for higher screen ruling. Preflight: images below 250/1000 dpi generate a warning; job is cancelled if fonts are missing. Attention: can only be used with Distiller 7.x Professional! \(050418/StJ. Use at your own risk. For more information: www.prepress.ch\))
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


