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• Frameworks, or environments, support modular model development through 

provision of libraries of core environmental modelling modules, as well as 

reusable tools for data manipulation, analysis and visualisation.

» Workbench is a suite of tools, standards, documents, and resources that collectively 

provide a modular environment 

• Model interoperation/Interoperability 

• Engines (simulators) - Engines, when populated with data, become models

• UML: Unified Modeling Language

Definitions
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• model integration for at the operational level

• software ecosystem for flexible, interoperable, and ever-improving research

» Process interactions

» Integrated approach for environmental management

• multidisciplinary research project 

» models founded on different concepts, with different spatio-temporal scales, … 

• Example 

» To explore the cause-and-effect relationships (in a multi-sector system) e.g. between an 

emission and its impact on river water quality

» environmental assessment e.g. the effectiveness of regulatory measures on river quality

Background – model integration and coupling
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• Different frameworks 

» Spatial Modelling Environment (SME), 

» OpenMI

» Integrated Component Modelling System (ICMS)

» CDMS, etc. 

Platforms – model integration and coupling
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• Different frameworks 

Platforms – model integration and coupling
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Platforms – model integration and coupling
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• Different frameworks 



• OpenMI Association https://publicwiki.deltares.nl/display/OPENMI/Home

• OpenMI is a standard for coupling environmental numerical models

• developed by a series of European research projects over a period of over ten years

• Originally integrated water resource management → environmental management

• Individual models are adapted to become OpenMI components

» allowing independent numerical model components to interact (exchange data)

» without fundamental changes to the core of the components themselves

Background – openMI
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• It is an open standard and available through the Open Geospatial 

Consortium (OGC) (http://www.opengeospatial.org/standards/openmi).

» OGC: is an international consortium of more than 500 businesses, government agencies, 

research organizations, and universities driven to make geospatial (location) information 

and services FAIR - Findable, Accessible, Interoperable, and Reusable.

Background – openMI
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Protocols and Standards
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• Structure: The OpenMI 2.0 interfaces act as a code wrapper around 

the core numerical model code.

» Migrating models (wrapping pattern)

• Exchange Items

» Only Exchange Items will be able to be passed from one numerical model to 

another via the OpenMI interface.

• Parameters and units

• Spatio-temporal structure

• Adopters 

Protocols and Standards

10



• Adapters

» Two independently developed OpenMI 2.0 compatible numerical models can have their 

inputs and outputs connected according to the desire of the modeller: input exchange 

items to output exchange items.

» Requires adjustment  

Protocols and Standards
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1. Scientific variables are multi-faceted: a phenomenon of observation, physical quantity being 

measured, spatiotemporal context and reference, mathematical operations applied to transform the 

physical quantity, etc.

2. terminology varies across disciplines → semantic mediation task two variables represent 

compatible concepts

Protocols and Standards – Example for interoperability
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Standard Names (by CSDMS)

object part (a phenomenon or object of observation)

quantity part ()

land_surface_water__runoff_volume_flux

The double-underscore __ separates the object (surface water on land) from the quantity 

(the volume flux of runoff). The word “flux” implies a quantity per time per surface area, and 

thus the implied dimensions are length per time.



• Making models OpenMI 2.0 compliant

» if it implements a set of interfaces that can connect to and interact with the OpenMI 2.0 

component interface IBaseLinkableComponent or its specialisations

Protocols and Standards – Example for interoperability
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• Software Development Kit (SDK) to facilitate the wrapping of numerical models into 

OpenMI 2.0 components 

• a Graphical User Interface (GUI) to assemble compositions of components into 

compositions and to run these compositions

Implementations of openMI 2.0 – two main components
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Resources for future work… 
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