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Efforts for combining data and methods of numerical models are ongoing. Nevertheless, no 
metadata profile for models has been established which would describe the models on a 
domain-independent level. The introduction of a metadata standard for computational 
models would ease the comparability between models and their inclusion into Spatial Data 
Infrastructures and furthermore achieve the reproducibility for scientific and legal 
purposes. We propose a metadata profile based on the ISO 19115 Core combined with the 
Content Standard for Computational Models. We also investigate, if the contents of IAHR 
validation documents can be accounted for in this new metadata profile. 
 
MOTIVATION 
 
The exchange of data is a crucial element of the scientific web [1]. The versatile XML 
mark-up language serves as the platform for a number of domain-specific and -unspecific 
formats, which have been developed for the exchange of data. While data exchange has 
been extensively discussed, there are only few approaches to develop mark-up languages 
for computational models. Those descriptions are often directly related to specific research 
fields and do not aim to establish generic descriptions for domain-independent 
computational models, but to handle the problems at hand. Consequently, definitions for 
computational models and concepts are fuzzy in literature and application.  

The core idea of describing and ultimately connecting models was attempted since 
1967 by Chorley and Haggett [2]. Since then, model descriptions have been developed with 
different intentions. There is the pure software documentation, usually about what is 
technically possible with a piece of software and how to use it. On a more advanced level, 
the semantics should show the technical integrity, the model should be validated. The 
validation of a model is a key interest of both the institutions which produce them and its 
users [3]. Dee formulates the validation of a computational model as "… the process of 
formulating and substantiating explicit claims about the applicability and accuracy of 
computational results …" (p. 4).  

In 1994, the International Association for Hydraulic Research (IAHR) published 
“Guidelines for Documenting the Validity of Computational Modelling Software” [4] 
describing a documentation pattern for depicting models and their capabilities. Although 
origins lie in the hydraulic industry, those guidelines are not tailored for this domain only. 
In the past years, a few large modelling frameworks have been documented along these 
guidelines, for instance UnTRIM [5], Telemac [6] or Delft-3D-Flow [7].  

Generic metadata standards were developed in the 1990s by the U.S. Federal 
Geographic Data Committee (FGDC) and the International Standardization Organisation 



(ISO), which resulted, amongst others, in the nowadays broadly used ISO 19115 - 
Geographic Information – Metadata [8] in the geo-data domain. Against this background, 
Hill et al. [9] developed a Content Standard for Computational Models (CSCM). Its concept 
is to be able to describe the modelling software and requirements for appropriate datasets in 
one metadata set. Unfortunately, this standard has obviously been discontinued in 2001 and 
only a set of three models have been described publicly [10].  

With the meanwhile commonly used internet, Geller [11] coined the idea of the model 
web as a concept for a network of connected and interchanging models in 2007. The model 
web has been integrated into the Seventh Framework Programme of the European 
Commission, where the ongoing projects EuroGEOSS, GENESIS and UncertWeb develop 
environmental scenarios for integrated modeling [12]. However, Geller et al. did not go into 
the establishment of technical standards for describing numerical models.  

In the same year, on a more applied level, the European directive INSPIRE [13] came 
into effect, which requires public agencies to publish their geo-data. Therefore, Spatial Data 
Infrastructures (SDIs) as public geo-data inventories, such as the GDI-DE in Germany [14], 
are growing. This development is accompanied with the increasing demand to verify this 
data, for instance, for scientific or legal reasons. Therefore, public agencies such as the 
Federal Waterways Engineering and Research Institute (BAW) need to be able to reproduce 
the results of reports as a legal requirement. The adequate and by INSPIRE required vehicle 
to share data are metadata, with INSPIRE introducing a profile of its own, which slightly 
differs from the ISO 19115.  

The ISO 19115 is therefore the most relevant metadata standard today. Accordingly, a 
profile for computational models enables the inclusion in SDIs and ultimately provides a 
standardized base for connections and comparisons to other models.  

These developments show the importance of a fundamental technical description for 
the representation of models in SDIs and beyond. To approach this task, we will describe in 
a first step, how we merge the last version 1.2 of the CSCM with the ISO 19115:2010, 
which is the metadata basis for geographic information. By developing a minimum 
configuration compliant with both minimum configurations, we ensure interoperability with 
most SDIs using the scientific concepts from the CSCM approach. In a second step, this 
metadata profile will be compared with the outline of the IAHR validation documents 
guidelines, where we study whether the structure is sufficient and whether there are enough 
metadata elements to comply with the metadata profile of ISO and CSCM. We are aware of 
merging three different approaches of standardization which all have more or less different 
intentions of application. Nevertheless, we intend to use elements of all three to develop 
one applicable metadata profile for computational models. 



RELEVANT STANDARDISATION EFFORTS 
 
To approach our goal of finding a suitable aggregation for the three representations into one 
we briefly point out characteristics of each. 
 
ISO 19115: Geographic Information - Metadata 
The ISO 19115: Geographic Information - Metadata [8] specifies the description of digital 
geographic data. The standard has been developed by the ISO Technical Committee 211 
(TC211) in a first version in 2003, it has been revised and extended in 2006. The latest 
version from 2010 encompasses about 409 elements; additionally there is an extension for 
image and raster data with again 138 elements. Important elements besides title, abstract 
and keywords cover information on the spatial and temporal extent, spatial reference, 
distribution details, constraints, quality and contact details of editors of data.  

The ISO 19115 serves as the major metadata structure in European SDIs. Although the 
complete standard is rather comprehensive, the core elements – the mandatory elements, 
which have to be filled to make a metadata set valid – have only the count of about 20, 
depending on the value of hierarchyLevel. This small number makes it easy to adapt 
profiles: While these core elements always have to be met, additional elements can be 
arranged to provide tailored solutions for specific problems. A number of data portals 
providing ocean data have therefore developed their own metadata profiles, using the ISO 
core as the common basis for exchanging data as, for example, the GeoSeaPortal of the 
German Federal Maritime and Hydrographic Agency (BSH) [15], the European portal 
SeaDataNet [16] or the Marine Data Infrastructure Germany (MDI-DE) [17]. 

With the large number of metadata elements, the ISO does consider numerical models 
in some parts, for example, the presentationForm (element #368) can be chosen as 
“modelDigital”, which should be a “multi-dimensional digital representation of a feature, 
process etc”. In spite of the generic nature of the ISO, a lot of model specific elements such 
as properties of input and output data are missing. 
 
Content Standard for Computational Models 
The Content Standard for Computational Models has been developed as part of the 
Alexandria Digital Library Project (ADL) and its successor Alexandria Digital Earth 
Prototype (ADEPT) at the University of California, Santa Barbara [9][18]. Both research 
projects had the goal of organising all kinds of geographic data in a standardized way. The 
CSCM counts 171 elements in the latest version 1.2, a lot of which are mandatory. Its focus 
is set on the description of the capabilities of a model and the input and output data used for 
simulation runs. First thoughts of the TC211 and the definitions from the FGDC have been 
included in the design of the CSCM. Consequently, several elements in the CSCM address 
the same issues also found in the ISO 19115 and are similarly labelled. The CSCM has 
been applied to three smaller models [10] in a tabular form. Obviously, further development 
and application have stopped shortly after completion of the ADAPT project.  

It has to be noted that the CSCM has been developed as a content standard, so the 
capabilities of the software are described as well as a configuration in which the model has 



been applied. This includes properties such as input and output requirements, processing 
and hardware configuration.  

 
IAHR Validation documents 
The Guidelines for Documenting the Validity of Computational Modelling Software [4] 
have been developed by the IAHR in 1994 to describe a documentation pattern for 
validating models primarily from the hydraulic domain by listing its semantic capabilities. 
These guidelines should define and ease the comparability between numerical modelling 
systems by describing the theoretical foundation and the applied techniques. However, 
although the guidelines structure the outline of validation documents, the step towards a 
machine readable format has not been made and was not intended when designing the 
guidelines. Instead, methods and physical equations are described rather extensively, since 
these details are crucial for the behaviour of the models and simulation results.  
 
MAPPING THE CSCM TO THE ISO CORE 
 
To be compliant with current SDIs [14], a metadata profile has to fulfil the ISO 19115 Core 
standard. Consequently, the new modeling profile incorporating CSCM elements has to be 
an extension of the ISO Core metadata set. Additionally, a match for the small number of 
the generic ISO Core elements can be found much easier than for the large number of 
mandatory and highly specific CSCM elements. Finding equivalent matches in the 
respective other standard was supported by the fact that the CSCM was built in parts on the 
ISO and therefore already includes several elements of the ISO Core. Due to the conditional 
structure of the ISO, the core is largely based on the hierarchyLevel Element, which in our 
case is “model”. Thus some elements such as EX_GeographicBoundaryBox, 
EX_VerticalExtent or EX_TemporalExtent, which are required when dealing with a 
“dataset” are not considered here.  

The equivalents for the ISO elements in the respective other standards are shown in 
Table 1. The third column shows the obligation of ISO and CSCM for the elements of the 
rows. “M” means mandatory and “O” optional. Except for the language element (Line 39), 
there is always an equivalent in the CSCM, although definitions have to be observed 
closely. The ISO element abstract is more generic but includes the CSCM counterpart. It 
has to be noted that the compound ISO elements contact or dateStamp still apply to their 
full extent, although they are not listed in Table 1 and do not have an equivalent in the 
CSCM. Mandatory subordinated elements like date or dateType are therefore taken from 
the ISO. Also, the structuring elements of the ISO parentIdentifier, hierarchyLevel and 
hierarchyLevelName are not listed in Table 1 yet are part of the ISO Core. 

Thus an ISO metadata profile can be constructed for the CSCM with little effort. 
However, this only serves the ISO side of this merge-of-standards. The CSCM on the other 
hand has several more mandatory elements, a lot of which consider the data of model 
configuration. Nearly half of the CSCM elements, organized in five metadata blocks, are 
defined to describe details on the valid limits and the capabilities of a model. These 



elements attempt to document system requirements, input and output data requirements, 
data processing and finally calibration efforts and validation of a model with running text. 
Investigations are underway as to what kind of metadata elements are needed to capture the 
essence of how to set up modeling scenarios in standardized elements, which would be 
interoperable, i.e. machine readable.  

 
 

Table 1. The CSCM adapted to the ISO Core for the hierarchy Level model. 
ParentIdentifier, hierarchyLevel, hierarchyLevelName are not listed here, but also part of 
the ISO Core. The subordinated elements of the compound elements Contact and 
dateStamp also apply. Some of those have no equivalent in the CSCM. 
 

ISO 
Line 

ISO  
Element 

Obligations 
ISO – 
CSCM  

Definition 
differences 

CSCM 
Line 

CSCM Element IAHR  

8 Contact M – M - 4 Responsible 
Party of Model 

Front 
Page 

9 DateStamp M – M - 162 Metadata 
Creation Date 

Front 
Page 

25 Abstract M – M CSCM 
more 

specific 

25 Conceptual 
Model 

description 

Not 
manda-

tory 

39 Language M – n/a - - n/a English 

360 Title M – M - 2 Model title Front 
page 

362 Date M – M - 5 Date of 
Creation 

Not 
manda-

tory 

375 Individual- 

Name 

M – M - 167 Metadata 
Responsible 

Party 
Individual 

Name 

Front 
page 

376 Organization- 

Name 

M – M - 168 Organization 
Affiliated with 

Metadata 
Responsible 

Party 

Front 
page 

379 Role M – M - 170 Role of 
Responsible 

Party 

Not 
manda-

tory 



IAHR DOCUMENTS AND THE ISO-CSCM PROFILE 
 
So far, we indicated how the CSCM can be adopted as an ISO 19115 Profile. Now we 
examine how an IAHR validation document fits into this profile. The overall goal is to be 
able to transfer the documentation of general capabilities and limits of a model into a 
machine readable format. We have to consider the different foci of the content standard 
CSCM and the generic metadata standard ISO 19115. The ISO focuses on the description 
of datasets and has only few details for computational models to offer. The CSCM can be 
seen as a mixture of similar, generic sets of metadata elements and the additional possibility 
to describe a scenario configuration for a model run. Thus it basically instantiates a model: 
it is not only about the qualities of a modeling system but about the application of a 
simulation model to a given scenario. CSCM Section 6.3, for example, enables the explicit 
description of input datasets. 

The IAHR validation documents on the other hand describe the modeling system itself, 
its capabilities and the range of possible values for coefficients. The model quality is the 
main focus and not a quantitive complete listing of all external facts. However, there is a 
chapter which describes scenarios (“validation studies”) in which the modeling systems can 
be used. They should clarify the capabilities and limits of the methods described on the 
pages before, but those rarely go into details of used data or dedicated areas. 

In Table 1, the last column shows where equivalents to the metadata elements can be 
found in an IAHR validation document. The listed locations are rather vague because the 
structure of the documents is only given in chapters and subchapters. Comparing the 
validation documents of UnTRIM and Telemac-2D, layout and contents are quite different 
although the IAHR guidelines have been fulfilled. Most information of the classic metadata 
can be found on the first two pages, the rest of the contents can be organised by the editors 
of the document. Additionally, some relevant elements are not required by the IAHR: an 
informative abstract, the creation date (version) of the model and the role of the responsible 
parties.  

Beyond our ISO profile shown in Table 1, further information required by the CSCM 
can only be found implicitly in the IAHR documents and might have been added in an 
unstructured way.  
 
CONCLUSIONS AND FUTURE WORK  
 
We conclude that it is easily possible to merge the ISO 19115:2010 Core with the CSCM 
version 1.2 and establish an ISO compatible profile since the CSCM has been build along a 
pre-ISO version around the year 2000. However, as to be expected, the specific definitions 
of a majority of the CSCM elements have no equivalent in the ISO. Although some 
optional and conditional elements such as spatial and temporal extents are similar, further 
studies are necessary to map the entire set of mandatory elements smoothly into the ISO. A 
metadata profile for models requires much details concerning initial and boundary 
conditions in order to enable the documentation of complete model set-ups. 



On the other hand, the structure of the IAHR Validation Documents is too proprietary 
to automatically extract metadata elements into the previously described ISO-CSCM profile 
and additionally lacks some elements with regard to the core profile. Manual work and 
detailed expertise is necessary when assessing single equations and their relevance.  

We therefore need to introduce more details for an actual comparability between 
models and also consider extending metadata profiles to satisfy details from the IAHR 
validation guidelines. 

Finally, as a proof of concept, it is planned to introduce the metadata sets of the 
UnTRIM and Telemac models into an existing SDI like the MDI-DE. 
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