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Abstract— Research in hydroinformatics extensively studies
approaches on reducing the complexity of modeling processes.
Input data, the CFD-processing and visualization of results are
combined in various ways into so-called integrated modeling
frameworks or management systems. Community Modeling
Systems (CMS) provide users with a concentrated view on data
handling and coupling resources and models, in particular.
Unfortunately, most web-based hydroinformatics environments
lack consistent, standardized documentation of the modeling
process. A reusability or reproducibility outside a CMS is only
given for single elements like standardized webservices or
metadata descriptions for datasets. Using elements of Spatial
Data Infrastructures (SDIs), we propose a concept for a
metadata-driven architecture for Computational Fluid Dynamics
simulations and to integrate model descriptions into SDIs. We
illustrate the abilities of such a metadata-based system with two
use cases an extensive outlook.

Keywords—metadata; data management system; spatial data
infrastructures

L MOTIVATION

Within the science of hydroinformatics, information
technology methods and tools are applied on problems from
the water domain [1]. A central concern is the reduction of
complex workflows along with handling an increasing data
volume. Modeling processes require constantly more
processing power producing more and more data to store; data
comes from and goes into distributed environments for
different users. Consequently, Internet technologies more and
more become part of numerical modeling. To cope with the
increasing demands, Community Modeling Systems (CMS)
have been or are under development to enable users to have a
concentrated view on modeling processes. A major goal is to
couple different models or model modules to archive an
integrated and harmonized view on a domain or a special field
of interest. Mostly different data sources are assembled and a
user interface is designed.

Most CMS contain elements of Geographic Information
Systems (GIS). GIS as a collective of hardware, software, data
and applications manage, model, and analyze spatial data for in
multi-user environments [2]. Input-output routines for spatial
data, or geodata, and visualization capabilities always are part
of a GIS. With the rise of online computing, more and more of
those characteristics move to web-based platforms into so-

called WebGIS. While the handling in WebGIS stays similar,
the infrastructure of data allocation changes towards distributed
sources: standardized webservices supply users with data. The
access to Spatial Data Infrastructures (SDIs) via a geoportals,
which effectively have similar capabilities as WebGIS,
represent the online version of a GIS with arbitrary distributed
sources and are seen as a way to publish and disseminate
spatial data not only to expert users but also to a broad public.
Within an SDI, metadata for webservices and datasets build the
backbone for data exchange: Metadata is wused as
documentation by the producer of data and users in an SDI
searches on these documentations only and not on the data
itself. Elements of the metadata are standardized to enable
machine-processing and distribution between different
metadata catalogues.

Most CMS use standards for webservices or data formats,
which are useful in SDIs as well. However, only certain parts
of a modeling process can be integrated in a SDIs so far, those
are usually input data and output data. The model core used for
processing usually stays named only, described with free text
or in a non-standardized structure. A complete description of
the modeling process from input data over processing details to
output data is missing [3]. The integration of such a scenario
into an SDI has several benefits:

e Quality control: Modeling systems are used, when
forecasts are made or pure measurement data alone is
insufficient to make trustful decisions. Measured data
can only be used with metadata on methods and
confidence, forecasts gain with the quantification of
uncertainties: How can a model result be assessed, how
seriously can the results be taken be stakeholders or
decision makers if there is no documentation on the
processing? The European Water Framework Directive
even suggests the usage of modeled data to solve
extensive problems [4]. Consequently, closing the gap
in the documentation would help to ease stakeholders’
doubts on scientific results.

e Reproducibility: If modeled results are scientifically
used, scientists need to know the details of a previous
model run when reusing results. When decisions are
made for large public projects such as deepening of
navigation channels or the construction of a harbor,
modeling results also have to be legally accounted for.

978-0-933957-40-4 ©2013 MTS This is a DRAFT. As such it may not be cited in other works.
The citable Proceedings of the Conference will be published in

IEEE Xplore shortly after the conclusion of the conference.



e Sharing: Sharing and propagation of a models run
becomes much simpler when using a common format.
While a documentation or protocol of a model run can
be produced by each owner, sharing requires non-
proprietary exchange formats.

We propose a concept for a metadata-based modeling
system, where metadata takes the role of a protocol and at the
same time is able to be published in an SDI. The metadata set
is standardized with ISO 19115 — Geographic Information
Metadata [5], which core elements form the minimal exchange
quantity between metadata systems in most SDIs. We address
the issue of updating the history between a modeling system
and a metadata set. Two use cases show the relevance and
abilities of the approach and conclude with options for the
further usage of such a system.

II.  LINKING SDIS AND NUMERICAL MODELING

Spatial Data Infrastructures and numerical modeling as part
of engineering already have some overlapping characteristics
(Fig. 1). Input and output data can possibly be found in both
worlds, although modeling results are likely to be processed
towards a presentation and therefore are more likely to be
found in SDIs. As mentioned before, modeling applications or,
on a larger level, CMS and GIS have a lot of features in
common. Barely anything in common with the respective other
side have model engines and elaborated data products such as
data products for reporting or maps. As the glue in between the
so far separated items we propose metadata, incorporating the
relevant parts from engineering and geographic information
science.

In the following, we will shortly describe the relevant
elements from both worlds and previous work on how they can
be connected.

A.  Numerical Modeling

Scientifically speaking, a model can be seen as a hypothesis
on the structure and behavior of the real world. In the water
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engineering domain, simple models might just consist of one
equation like the forecast for the temperature at one location,
based on previous measurements. In computational fluid
dynamics (CFD), numerical models forecast and hindcast not
only more parameters but also more locations, the space in
between those locations, continuous or discrete time steps, or
the interaction between the parameters, as for example the
movement of tides in the ocean. As being a hypothesis, the
results of the model should be able to be verified of falsified,
although an exact image of nature is impossible [6]. Thus an
adequate documentation for sharing results with other experts
points in the right direction.

When interacting with models, we have to differentiate the
term ‘model’ [7]: A model of an abstracted world always
consists of data that goes into a modeling engine and of data
coming out of the modeling engine, the results are naturally
restricted by the input data. The term ‘model’ however is used
in two ways: To describe the ‘model engine’ (or ‘model core’)
which contains the capabilities expressed in numerical
equations with its valuations or to describe a complete model
set up with input and output data, which we try to specify as
‘model scenario’ or ‘model run’. This explicitly includes all in-
or outcoming data used as part of a particular model run, which
might only use a part of the overall capabilities of the model
core. In this paper, we aim to describe model scenarios as the
base for modeling products.

B. Community Modeling Systems

Community Modeling Systems are usually developed to
simplify the process of numerical modeling by providing an
easier data access, guiding the modeler with a graphical user
interface or visualizing the data and results and enable a
coupling of models or model modules. CMS are generally
large software projects, which require know-how with
sufficient staff and technical equipment during the setup and
later for maintenance. Therefore only larger organizations or
companies start the development of such comprehensive
systems. While smaller projects may focus on developing
result-oriented prototypes, larger projects need to organize the
data volume and apply standards as part of an effective and
sustainable data management.

There are a few examples of CMS, which started with
different intentions and therefore realized different elements,
also in terms of a standardized data management. The
extensive CUASHI online Hydrologic Information System
(HIS) set the main focus on sharing hydrological data,
including databases, servers and client applications using web
services as the connecting technique [8]. Users can discover,
access and publish data in various ways. Combined with the
Open Modeling Interface (OpenMI) it is possible to control and
couple model processes in the graphical user interface of the
HIS, the HydroDesktop [9]. Another CMS, the free and open
source initiative OpenEarth, provides and hosts tools and
environmental data [10]. An emphasis lies on models and their
coupling using the netCDF format. The INTAMAP
(Interoperability and Automated Mapping) [11] research
project funded by the European Union focused on the
interoperable use of web processing services and other services
put forward by the Open Geospatial Consortium, with the aim



of developing an integrated environment with corresponding
tools. The BASINS system' is a multi-purpose environmental
analysis system and provides extensive metadata for the
offered datasets. However, there is little focus on the history or
lineage of the dataset.

C. Spatial Data Infrastructures

A Spatial Data Infrastructure is a distributed structure
consisting of geodata, metadata, geodata webservices, network
services and —technology. Major geodata webservices are
developed under the administration of the OpenGeoSpatial
Consortium (OGC)*. Well known are the Web Mapping
Service (WMS) [13] for displaying geodata or the Web Feature
Service (WFS) [14] for accessing vector-based geodata. On the
non-technological side, there are agreements on usage, access
as well as mechanisms and processes for coordination and
(quality) control. The overall goal is to make geodata available
in an interoperable way. Therefore an SDI comprises
technological standards as well as organizational
conventions [12].

Several SDIs have been developed primarily to make data
from state-owned agencies available to the public. Large
examples are the National Spatial Data Infrastructure of the
United States [15] or the European INSPIRE framework
directive [16], both providing the technical and organizational
requirements for a US-wide, or European-wide SDI,
respectively. Its views focus on data sets, web services and
how both can be disseminated efficiently in a service-oriented
architecture (SOA) based on above mentioned standards. In
Europe, the member states implement the directive by
formulating guidelines for its data providing agencies.

Numerical modeling is seen as one data source among
others, documentation standards do not differ from those of
field or monitoring data. However, even in European
Directives as the Marine Strategy Framework Directive the
usage of modeling as a tool to generate and improve results is
suggested [4].

D. Metadata

Metadata present the core element to exchange information
in an SDI. Users search for data and webservices on the
descriptions of data, which has been preprocessed from XML
to human-readable format by a geoportal or another kind of
client. The ISO 191xx family standardizes general information,
spatial and temporal extent, quality and more properties of
geodatasets and -services. ISO 19115 - Geographic
Information - Metadata [5] assumes a central role as being the
de-facto standard for geodatasets in SDIs worldwide. It
contains a large number of elements; it is quite common to use
the “recommended core” subset of those elements, which
ensures the interoperability between different metadata
systems.

Metadata information systems (MIS) such as GeoNetWork®
or NOKIS, the German North Sea and Baltic Sea Coastal

! http://water.epa.gov/scitech/datait/models/basins/index.cfm
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Information System [17], commonly contain a database, a user
interface for saving and editing metadatasets and a user
management module. An additional crucial role in an MIS
plays the OGC Catalogue Service Web Standard (CSW) [18]
for editing, inserting, and exchanging metadatasets. The CSW
enables filtering metadatasets based on the requirements of the
receiving MIS, for example only datasets containing a pre-
defined keyword. The catalogue service also is able to edit
elements within an existing metadataset.

Numerical models are not explicitly covered in the
ISO 19115. However, extensions can be defined for domain-
specific data making the ISO a variable base for well adapted
metadata profiles. A few approaches towards a metadata
profile for documenting modeling scenarios have been made to
create standardized and machine-readable descriptions. The
Content Standard for Computational Models [19] was the first
concept for a holistic documentation of numerical model runs,
including input- and output data for complete model scenarios.
Crosier et al. [20] further elaborated the approach into a
framework for sharing environmental models. It was updated
and refined to sharpen the proposed profile and to perform a
mapping with the IAHR Validations documents and the current
ISO version by Wosniok and Lehfeldt [21].

Other approaches go further towards an all-embracing
design of model metadata, but omit interoperability and
therefore the path towards the integration into an SDI. Islam
and Piasecki [22] proposed a metadata structure based on an
ontology in the Web Ontology Language (OWL) as a step
towards the semantic web. However, OWL is not yet
compatible with today’s SDIs. Another approach was made in
the ECOBAS project4 to document the modeling process;
however the structure is relatively closed in itself. The concept
of the model web [23] as a web of connected and exchanging
models has been subject of a few large projects but an SDI-
compatible metadata profile has not been developed yet.
Granell et al. [24] describe the usage of webservices in the
model web, but a discussion on metadata is omitted.

In a previous paper [3] we illustrated special characteristics
in metadata of a model run. Sections of a metadata set should
encompass:

e The underlying digital evaluation model ‘carrying’ the
model on a structured or unstructured grid.

e The start values: The first set up for the parameters a
model scenario.

e The boundary values: Steering incoming parameters
from the borders of the modeling area, for example the
currents in or out of a water body.

e Driving model parameters: modules or physical
parameters defining capabilities of the model, including
level of details as for example the number of vertical
layers in the water column.

We will further elaborate on versioning of a model run in
section III A., as this plays a crucial role in metadata-driven
modeling systems.

4 http://www.ecobas.org



III. STRUCTURE OF A METADATA-DRIVEN MODELING
SYSTEM

We identified several similar elements between the
concepts and implementation of Spatial Data Infrastructures
and Community Modeling Systems. Most modeling
frameworks use standardized technology; standardized
components such as netCDF or OGC web services are well-
known and widely accepted. Nevertheless most are more or
less stand-alone systems. We want to use metadata to open
CMS their way into SDIs.

As pointed out above, there is no standardized scripting or
history format which would capture the relevant steps of a
modeling process that at the same time could save the complete
process in an interoperable way. In Fig. 2, the role of metadata
in our concept is depicted. A central metadataset accompanies
the modeling process. The metadataset is created when the
modeling process is run by the modeler the first time: The
model specific metadata elements are written into the
metadataset, along with the references to metadata of input
datasets. The metadata for input datasets can be saved locally
or remote, in the last case accessed via the CSW-interface.

Within the metadatasets, the links to the actual data can again
point to local or remote data stores, repositories or, in case of
webservices, to webservers. If the modeler chooses to edit the
model run and starts it again under different conditions, this
step will be saved in the metadataset as well. We further
elaborate on this mechanism in the next section.

The central modeling process happens within a modeling
system, which per se is independent of the metadata catalogue
and can contain other software elements such as an elaborated
user interface. For our concept, we focused on the modeling
process itself, the steering and configuration of a model
scenario. The modeling software needs an extension which
grabs the relevant model metadata from configuration files and
writes this information via a CSW-interface into the model
metadataset. This requires some manual work, as each model
has its own specific configuration format. This part can hardly
be standardized; however, libraries for communicating with the
MIS can support the implementation.

Most of the elements can be retrieved automatically
reducing error-proneness and workload for the modeler.
Nevertheless, metadata elements like title, abstract or purpose
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need to be filled, either by providing suitable input fields as
part of a mini-GUI in the modeling system or directly in the
MIS. The latter would require the modeler to directly access
the MIS, the first requires more implementation work in the
modeling system. Either way, the concept minimized the effort
of creating metadata for the operator of the model.

A. Versioning

When simulating complex scenarios, more than one model
run is performed to archive the best or a different result.
Usually several runs are made, each time changing parameters
or the modeling time frame. This versioning characteristic
when performing simulations using numerical models needs to
be reflected in the concept of a metadata-based modeling
system: Each step needs to be noted to give outstanding
modelers the opportunity what has been performed. Methods
of how such a history is kept vary, most organizations
modeling climate change or weather scenarios use their own,
proprietary solutions tailored on their specific data
management. In our concept, parts of the metadata will have to
be added with every variation of a model run. There are nearly
unlimited possibilities on how a model run could look like,
considering there are three major categories of model specific
metadata elements (start values, boundary values and driving
model parameters) which can be split into several sub-
elements. Further, these sub-elements are not only binary
values (use/ do not use), but also floating numbers or other
models as for example for wind fields.

Within the earth science community different options for
persistent identifiers are debated to identify and track changes
[25]. Duerr et al. [26] discussed different identifiers towards
their ability to identify, locate and cite items or datasets in such
environments, with the result that every option has its
shortcomings but specifically that none of the examined
options were able address scientific datasets as a whole.
Universally Unique Identifiers (UUIDs) however were
detected to be the most suitable to identify unique items.
UUIDs are already known as being used in ISO 19115
metadatasets for giving a dataset a unique identificator within
MIS. Unlike URLs or DOIs, UUIDs itself are not able to locate
items. This drawback comes only in effect for remote MIS,
where it can be compensated with the by wrapping UUIDs in
URLSs using the CSW-standard. Although this makes handling
of identifiers within a metadata-driven system more complex,
the fact that UUIDs are a known and established in metadata
and SDIs counterbalances the complications. Consequently, we
use UUIDs for our concept, where the references are either
realized by UUIDs directly or by UUIDs wrapped in CSW-
URLs. Each UUID identifies a step in the history of the
simulation, which is added, possibly with the help of the CSW,
to the ISO 19115 element ‘lineage’. To encapsulate the
complexity, referencing to other models would be done using
UUIDs as well, similar to input datasets.

We also have to add that borders of when a simulation is
called 'simulation run number X' or 'new simulation' are fluid
and lie in the hands of the model operator. The history of a
simulation could therefore be very short.

B. Use Cases

The relevance of the concept drawn above becomes easily
visible when applying real world problems. We demonstrate
two use cases, the first being a sensitivity study on the impact
of wind changes on different parameters in the German Bight,
the second showing the demand for detailed product histories
in consistent bathymetries for data-based modeling. Both use
cases origin from the AufMod project (,Long-term analysis of
morphosedimentary processes within the German Bight with
integrated modeling‘) [27], an extensive project on
morphodynamics and sediment flux in the German Bight using
different numerical modeling systems.

1) Sensitivity Study

The German Bight as part of the North Sea is roughly
shaped in a 90° angle opened towards the North-West. This is
also the most common wind direction which is why wind has a
critical impact on the coast especially in extreme weather
events. To identify the impact of wind in the German Bight 12
simulation runs have been made to derive changes of 22 tidal
characteristic values. Examples are high and low tide, flood
and ebb duration, bottom friction and other values relevant for
analyzing tide or morphodynamic attributes. Eight simulation
runs have been performed with wind eight directions of North,
North-East, East until North-West at a wind speed of 12.5 m/s,
three runs with wind direction West at a wind speed of 0, 6 and
25 m/s and one run without wind but covering the complete
year of 2006 instead for 2 days (21st of August — 23rd of
August 2006) for all other runs.

Setting this study in our concept, the granularity of
metadata has to be chosen by the modeler. In this use case,
with the large number of 222 single results (22 characteristic
values times 11 simulation runs), it is hardly recommendable to
create a metadataset for each dataset. We propose to split up
the sensitivity study in 22 metadata sets, one for each
characteristic value, as we think a user would first search for a
characteristic value. Other options would be to create one
metadata set for each of the 12 simulation runs, for each wind
direction or even just a single metadataset for the complete
study, although this would cover a large amount of data.

Inserted into the concept drawn above, each of the 22
model metadatasets would have 12 history steps, one for each
of the 12 simulation runs. Except for the name of characteristic
and the history, the metadatasets would be similar. Input and
output datasets can be referenced using the data source given in
model steering files. In case of output files this might be a
proprietary format, which could, as part of the postprocessing,
be transformed into more shareable formats or into
webservices.

2) Consistent Bathymetries

The German Bight is an economically densely used area,
the biggest part of German imports from oversea are handled
via the estuaries Elbe, Weser and Ems. These transport
channels are regularly monitored and gauged for depth to
ensure a secure passage way. Due to the high effort of regular
measurements, large areas of the German Bight are examined
only on demand, for example when constructing offshore wind



parks, or as part of research projects. Consequently, the quality
of the available bathymetry is spatially and temporally
inconsistent, which is a requirement for long term studies on
the tidal system in the German Bight.

As part of the AufMod project, a consistent bathymetry
dataset of the German Bight was processed based on datasets
from several distinct monitoring activities by different
institutions over 30 years [28]. The dataset was compiled of all
available data to yearly bathymetries from 1982 to 2012. This
means for some areas, especially far off the coast, the last
measurement could have been several years ago and
additionally of a different quality in terms of method or
precision. Therefore the publicly available datasets’ are limited
from the 20 meter depth line, as the data below is too fuzzy. To
advise the user of the data, each year is provided with
confidence datasets on the quality (fuzziness) of the measured
data and on the temporal distance to the next measurement.

Again, there are different options to model the metadata
granularity; either use one metadataset to describe the complete
dataset or to split it up. Here, the year would be the sorting
criteria. In this case, we decide for one metadataset, as the data
is internally directly connected. The important step is to
connect the yearly bathymetries with the two respective
confidence datasets. This is archived by referencing to files
within the lineage of the dataset.

IV.  OPTIONS FOR POSTPROCESSING

The integration of model runs into SDIs using standardized
metadata opens the path towards further analysis. Being part of
SDIs implicitly means to have different model run descriptions
saved in metadata information systems which are available to
the public and connected over interoperable interfaces to other
MIS. The detailed descriptions offer further options for
investigating internal model structures and different post-
processing opportunities.

A. Model Core Analysis

Adding model runs from different model cores
automatically creates a database of model cores and their
capabilities. An application of the extensive descriptions would
be the use as a repostory for supporting the recommendation of
model cores for certain problem statements as part of a CMS,
without the need to be an expert for every modeling system
available. Searching on the model descriptions for keywords
such as ‘morphodynamic’ or ‘run off” could already give hints
on model cores to use. Using the model core descriptions, even
a coarse categorization of model cores becomes possible.

The definition of a model is very broad and even within
domains such as CFD the possibilities to get an overview on
available modeling systems and their capabilities are scarce.
Additionally, modeling systems like Delft-3d or Telemac have
modules to simulate certain tasks such as Telemac-Sisyphe for
morphodynamics or Delft-3d Swan for waves, preventing
universal statements such as ‘model xy is able to realize...’.

3 downloadable at http://www.mdi-de.org

There are always conditions attached. However, a general
categorization is possible. An example gives the US Federal
Emergency Management Agency (FEMA) by allocating 60
accepted models under the conditions of the "National Flood
Insurance Program"®. They are further distinguished as coastal
models, hydraulic models or hydrologic models, which again
have up to three subcategories. For coastal models coastal
storm surges, coastal wave heights, and coastal wave effects
are listed.

Metadata descriptions of model purposes can be of more
use. As part of the KLIWAS project’ (‘Impacts of climate
change on waterways and navigation - Searching for options of
adaptation’), different modeling systems used to investigate
climate change impact scenarios have been described in
metadatasets®. The purposes have been archived within the
keywords, but although the ISO 19115 is applied detailed
information on the models are only expressed in free text:
Keywords such as ‘run off’, ‘precipitation’, ‘snow’ or ‘soil
moisture’ give general hints. Those broad categories and
manual keywords could be refined with more and standardized
metadata elements, optimally collected automatically.

B.  Processing with Webservices

Central elements of SDIs are OGC webservices for
distributing, displaying and allocating geodata. The
development of some webservices such as Web Mapping
Service of Web Feature Services have been consolidated,
others are still under discussion such as the Web Processing
Service (WPS) [29]. The WPS offers a container for starting
spatial processes online, from simple transforming or merging
processes to theoretically large modeling workflows. However,
large processes pose not fully resolved issues with extensive
requirement of resources, process chaining or uncertainty
communication [30]. Nevertheless, geospatial standards in
service-oriented architecture support the interoperable coupling
of data sources, workflows, and modeling systems in online-
based modeling systems [24].

Coupling the simulation software and the MIS can be eased
with a WPS. One or more WPS could be implemented to
perform tasks such as retrieving data from model steering files,
transforming data  formats and  orchestrating the
communication between a MIS and the modeling system with
the CSW-standard. A direct application simplified by the
concept proposed in this paper would be the validation of
numerical models. The comparison of modeled data against the
measured, real-world data could automatically be triggered
after a model run: The sources of model input data and the
results are already in one dataset. Several elements belong to
such a task such as handling differences in temporal time steps,
interpolating over spatial distances between measured and
modeled points plus the handling of different input and output

6 http://www.fema.gov/national-flood-insurance-program-flood-

hazard-mapping/numerical-models-meeting-minimum-requirements

7 http://www.kliwas.de/KLIWAS/EN/Home/homepage node.html;js
essionid=D3832E47F8465BE1 DEF2B01BA205B0DB.live2053

8 https://geoportal.bafg.de/portal/Start.do



formats.

V. CONCLUSION

Combining and extending previous ideas and methods, we
propose a new concept of a metadata-driven infrastructure for
Computational Fluid Dynamics simulations. A metadata set
accompanies the modeling process which documents all user
and machine triggered actions, starting with the selection of
input data sets over processing parameters to the selection of
output formats. This means a significant improvement of
quality assurances with respect to the lineage of simulation
results. Full traceability can be achieved for the modeling
process. The possible searching for single steps of the
modeling process leads to transparent data products, for
example for assessment studies. In addition, by complying with
the ISO as an international standard, the exchange of such
metadata is possible on machine to machine basis and enables
the inclusion in most SDIs which offering further possibilities
for an online postprocessing.

ACKNOWLEDGMENT

The work presented here is funded by the Federal Ministry
for Education and Research (BMBF) through Project
Management Jillich (PtJ) under grant number 03KIS089
(Marine Data Portal). The authors gratefully acknowledge this
support as well as the contributions from co-workers and other
partners to this research project.

REFERENCES

[1] M. Piasecki and B. Lu, “Community modeling systems: classification
and relevance to hydrologic modeling”, in J. Hydroinformatics, vol. 14,
pp. 840-856, 2012.

[2] P. Longley, M. Goodchild, D.J. Maguire, and D.W. Rhind, Geographic
Information Systems & Science. 3rd ed., Hoboken, NJ: Wiley, 2011.

[3] C. Wosniok and R. Lehfeldt, “A metadata profile for numerical
modeling systems”, in The 10th Int. Conf. on Hydrosci. and Eng.
(ICHE-2012), Orlando, FL, 2012.

[4] European Union (ed.), “Directive 2000/60/EC of the European
Parliament and of the Council of 23 October 2000: establishing a
framework for Community action in the field of water policy.”, L 327,
2000.

[51 Geographic Information — Metadata. ISO 19115, 2003.

[6] N. Oreskes, K. Shrader-Frenchette, and K. Belitz, “Verification,
Validation, and Confirmation of Numerical Models in Earth Science”, in
Science, vol. 263, no. 5147, 1994, pp. 641-645.

[7] D. P. Dee, “A pragmatic approach to model validation”, Quantitative
Skill Assessment for Coastal Ocean Models. Coastal and Estuarine
Studies, vol. 47, pp. 1-13, 1995.

[8] J. S. Horsburgh, “Hydrologic Information Systems: Advancing
Cyberinfrastructure ~ for  Environmental Observatories.”,  Ph.D.
dissertation, Utah State Univ., Logan, UT, 2008.

[91 A. M. Castronova, J. L. Goodall, and M. B. Ercan, “Integrated modeling
within a Hydrologic Information System: An OpenMI based approach”,
Environmental Modelling & Software, vol. 39, 2013, pp. 263-273.

[10] K. M. Wijnberg, E. M. Horstman, W. M. Kranenburg, G. J. de Boer, F.
Baart, A. Bruens et al., “OpenEarth: using Google Earth as outreach for
NCK’s data”, in NCK-days 2012: Crossing borders in coastal research,
Enschede, the Netherlands, 2012.

[11] L. Bastin, D. Cornford, R. Jones, G. B. M. Heuvelink, E. Pebesma, C.
Stasch et al., “Managing uncertainty in integrated environmental
modelling: The UncertWeb framework”, Environmental Modelling &
Software, vol. 39,2013, pp. 116-134.

[12] A. Rajabifard and 1. P. Williamson, “Spatial Data Infrastructures:
Concept, SDI Hierarchy and Future Directions”, in Proc. of
GEOMATICS'80 Conference, Tehran, Iran, 2001.

[13] OpenGIS Web Map Server Implementation, OGC 06-042, 2006.
[14] OpenGIS Web Feature Service Implementation, OGC 04-094, 2005.

[15] Office of Management and Budget (ed.), Circular No. A-16 Revised,
2009.

[16] European Union (ed.), “Directive 2007/2/EC of the European Parliament
and of the Council of 14 March 2007 establishing an Infrastructure for
Spatial Information in the European Community (INSPIRE)”, L 108,
2007.

[17] R. Lehfeldt, H-C. Reimers, J. Kohlus, and F. Sellerhoff, “A Network of
Metadata and Web Services for Integrated Coastal Zone Management”,
in COPEDEC VII, Dubai, 2008.

[18] OpenGIS Catalogue Services Specification, OGC 07-006r1, 2007.

[19] L. Hill, S. J. Crosier, T. Smith, and M. Goodchild, “Content Standard for
Computational Models”, D-Lib Magazine, vol. 6, 2001, digital.

[20] S. J. Crosier, M. Goodchild, L. Hill, and T. Smith, “Developing an
infrastructure for sharing environmental models”, Environment and
Planning B: Planning and Design, vol. 30, 2003, pp. 487-501.

[21] C. Wosniok and R. Lehfeldt, “A Metadata Profile for Computational
Models”, in HIC 2012 - 10th Int. Conf. on Hydroinformatics, Hamburg,
Germany, 2012.

[22] A. S Islam and M. Piasecki, “Ontology based web simulation system for
hydrodynamic modeling”, Simulation Modelling Practice and Theory,
vol. 16, 2008, pp. 754-767.

[23] G. N. Geller and F. Melton, “Looking forward: Applying an ecological
model web to assess impacts of climate change”, Biodiversity, vol. 9,
no. 3-4, 2008, pp. 79-83.

[24] C. Granell, L. Diaz, and M. Gould, “Service-oriented applications for
environmental models: Reusable geospatial services”, Environmental
Modelling & Software, vol. 25, 2010, pp. 182-198.

[25] T. Weigel, M. Lautenschlager, F. Toussaint, and S. Kindermann, “A
Framework for Extended Persistent Identification of Scientific Assets”,
Data Sci. J., vol. 12,2013, pp. 10-22.

[26] R. E. Duerr, R. R. Downs, C. Tilmes, B. Barkstrom, W. C. Lenhardt, J.
Glassy et. al., “On the utility of identification schemes for digital earth
science data: an assessment and recommendations”, Earth Science
Informatics, vol. 4, no. 3, 2011, pp. 139-160.

[27] F. Kosters, A. Plif, M. Kastens, and H. Heyer, “Long-term
morphodynamic modeling of the German Bight: model set-up and
validation”, in 5th Short Conf. on Applied Coastal Research, Aachen,
Germany, 2011.

[28] P. Milbradt, “Analysis of the morphodanymics of the german north sea
coast on the basis of a functional seabed model”, in The 10th Int. Conf.
on Hydrosci. and Eng. (ICHE-2012), Orlando, FL, 2012.

[29] OpenGIS Web Processing Service, OGC 05-007r7, 2007.

[30] P. Maué¢, C. Stasch, G. Athanasopoulos, and L. Gerharz, “Geospatial
Standards for Web-enabled Environmental Models”, Int. J. of Spatial
Data Infrastructures Research, vol. 6, 2011, pp. 145-167.



	Select a link below
	Return to main menu
	Return to previous view



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /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 true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomDGR-Bold
    /NimbusRomDGR-BoldItal
    /NimbusRomDGR-Regu
    /NimbusRomDGR-ReguItal
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




