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Modelling Area

• Chesapeake Bay is the largest estuary in North America stretching across 
165,000 sq. km.

• The length of the coastline is longer than the entire US West Coast.

• The Bay’s land-to-water ratio (14:1) is the largest in the world; thus land use has 
a big impact on the Bay’s health

• As the host to the US capital 
and several large 
metropolitan areas the 
region is unique in terms of 
the competing interests 
among agriculture, land use 
change, urbanisation and 
transportation.





Model
Environ

ment

Operation

System

Developer/

Licensing

Number

of runs

Time per 

run *
Overall 

Runtime 

MSTM CUBE Windows
Scripts: Open source 

CUBE: CitiLabs
3

3 hour

(16 hour)
9 hour

SILO Java Multi-platform Open source 39 9 min 6 hour

MEM CUBE Windows
EPA (MOVES) /

CitiLabs
2 30 min 1 hour

BEM R Multi-platform Open source 2 30 min 1 hour

CBLCM C / C++
CentOS

Windows
USGS 2 3 hour 6 hour

* Server: 20 x AMD Opteron Processor 6328 @ 3.20GHz, 42GB RAM, Windows 7 23 hour

Model Characteristics



Processing flow order & simulation periods

2001-2007

• SILO

2007

• MSTM

2007-2030

• SILO

2030

• MSTM 

• MEM

• BEM

• CBLCM

2030-2040

• SILO

2040

• MSTM 

• MEM

• BEM

• CBLCM

Number of runs  
(simulated years)

SILO 39

MSTM 3

MEM 2

BEM 2

CBLCM 2



Data flow between the models

MSTM
Transport Model

SILO
Land Use Model

MEM
Mobile Emission 

Model

BEM
Building 

Emission Model

CBLCM
Land Cover 

Model

• Population

• Employment

• Auto availability

• Auto travel time 

• Transit travel time 

• Auto-operating costs

• Building data: type, age, area, 

rooms, occupation, heating 

fuel,  location, etc.

• All trips within the region

• Average speed distribution

• Population

• Employment

• Accessibility by 

auto & transit
2 (3)

2 (39)

3 (39)

2 (39)



• Ability to develop models independently, such that they 

may be plugged-in easily.

• A modular approach supporting reusability and adding 

new components.

• User friendly graphical interface.

• Minimizing manual data transfer.

• Minimal or no change in source codes of the models.

• Capacity to link models developed in different 

programming languages and environments.

• Ability to deal with different licensing requirements.

• Compatibility with GIS for easy data visualization and 

spatial analysis.

• Minimal costs and efficient timing for implementation.

Key Requirements of Integration



Progression of coupling methodologies

Source: Brandmeyer, J. E. & H. A. Karimi (2000). "Coupling methodologies for environmental
models." Environmental Modelling & Software 15(5): 479-488.



Manual Data Transfer

Model A Model B

Data Data

• extraction 

• transfer

• conversion 

• editing



Loose Coupling

Model A Model B

Data Data

• extraction 

• transfer

• conversion 

• editing



User Interface Coupling

Model A Model B

Data Data

• extraction 

• transfer

• conversion 

• editing



Data Coupling

Model A Model B

Data



Embedded Coupling

Model A

Model B

Data



Tool Coupling

Model A Model B

Engine

Data Management 
System Framework

Code library



Model Coupling Tools

• Open Modelling Interface (OpenMI)

• Community Surface Dynamics Modeling System (CSDMS)

• Earth System Modeling Framework (ESMF)

• Model Coupling Toolkit (MCT)

• O-PALM

• OASIS

• FLUX

• Kepler



Open Modelling Interface

http://www.openmi.org

Compliant components can
• be configured to exchange data during 

computation (at run-time)

• run simultaneously and share information 
at each timestep.

Linked components may 
• come from different suppliers, 

• represent data and processes from 
different domains, 

• be based on different concepts, 

• have different spatial and temporal 
resolutions and representations.

void                             Initialize(IArgument[] properties)

string                           ComponentID
string                           ComponentDescription
string                           ModelID
string                           ModelDescription
ITimeSpan TimeHorizon

IInputExchangeItem GetInputExchangeItem(int index)
IOutputExchangeItem GetOutputExchangeItem(int idex)
int InputExchangeItemCount
int OutputExchangeItemCount

void                             AddLink (ILink link)
void                             RemoveLink(string linkID)
string                           Validate()

void                             Prepare()
IValueSet                    GetValues(ITime time, string linkID)
ITimeStamp                EarliestInputTime 

void                             Finish()
void                             Dispose()

Implementation requirements:

1. Save the model in DLL format.

2. Separate initialization, Perform 
time step և finalization parts in the 
source code.

http://www.openmi.org/


http://csdms.colorado.edu/

• Provides open-access to 
numerical models.

• Converts existing models into 
plug-and-play components.

• Can be applied for the models 
developed in C, C++, Fortran, 
Java և Python.

• Requires specific changes in 
the code.

Deals with the Earth's surface - dynamic interface between 
lithosphere, hydrosphere, cryosphere, and atmosphere.

http://csdms.colorado.edu/


Source: Brandmeyer, J. E. & H. A. Karimi (2000). "Coupling methodologies for
environmental models." Environmental Modelling & Software 15(5): 479-488.



Loose Coupling with 

Shared User Interface

Model A Model B

Data Data

• extraction 

• transfer

• conversion 

• editing



Python for Model Integration

• Specific libraries:
– scientific programming (SciPy), 

– modeling and data analysis (Pandas), 

– visualizations and parallel computing (IPython)

• Language interoperability - often used to glue other programming 
languages:
– MatLab (MLabWrap), R (RPy), Excel (OpenPyxl), FORTRAN (F2PY, PyFort), 

Delphi (Python4Delphi), Java (Jyton,  JPype, Jepp), Perl (PyPerl), PHP (PiP), 
C/C++ (Ctypes, Cython, SWIG)

• Runs natively on Windows, Mac and Linux.



Python Wrappers & ArcGIS Model Builder



Organizing Data Flow

SILO
Household & 

Employment by 
transport zones

ArcGIS Tool: 

SILO2CBLCM

Household & 
Employment by 

urban/rural areas 
and by county

CBLCM
Residential and 

Commercial Growth 
Areas



Adapting SILO Output for CBLCM

Counts commercial (JJ) 
and residential (HH) 
cells in rural and urban 
areas based on CBLCM 
growth images.  

Calculates the ratio 
of the rural and 
urban residential 
and commercial cells 
and joins the table 
with SILO 
households and jobs 
table

Calculates the CBLCM demand 
table as the rural and urban 
job and household numbers.

Exports the CBLCM demand table 
as a csv file and saves it in 4 
separate text files as required by 
CBLCM





Benefits
– No need to change the source codes of the models.

– Runs models developed in different environments. 

– Can be extended with additional models over time.

– General user interface showing process flow.

– Rich visualisation & mapping capabilities with ArcGIS.

– Easy to implement.

Limitations
– Parallel model runs and dynamic data exchange during simulation 

time steps are not supported.

– Model processes run independently from one another.

– Data exchanged between modules are written to and read from a 
hard drive. No in-memory data exchange.

Python Wrappers



Reasons for loose coupling and 

tight integration

Courtesy of Dr Rolf Moeckel



MSTM
Transport 

Model

SILO
Land Use 

Model

MEM
Mobile 

Emission 
Model

BEM
Building 
Emission 

Model

CBLCM
Land Cover 

Model

HSPF
Water Quality 

Model

Loose Coupling System 
Developed through Python & ArcGIS Model 

Builder
ChesROMS

Estuarine 
Physics Model 

Air 
Quality 
Model

Models Current Data Exchange

Installed and coupled on the SESYNC server Automatic data transfer (loose coupling)

Installed on different remote servers or PCs Potential links

Status & Potential Enhancement

Habitat 
Models

ITHIM
Integrated 

Transport & 
Health Impact 

MATSim
Agent-based
transport model

Dublin
application





Dublin Case Study

Three-quarters of all Europeans now live in 

urban areas and this is expected to rise to 90 

per cent by 2020 based on current trends (EEA)
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Population and Employment 
Trends

Transport 
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Land Use Transition in the 
MOLAND Model

Time step: 1 year
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(5 counties in the Region)
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Sample MOLAND Simulation



SLAM: Source Loading Apportionment Model

A source-oriented model that calculates the nitrogen & phosphorus losses
to surface water from each sector in a catchment using monitoring data
where available and GIS datasets.

– Purpose: To rank the sources (e.g. Agriculture, UWWTP) contributing to nutrient
loads in a catchment.

– Output: Maps & charts showing proportion of nutrients attributed to each sector.

SLAM output example for Suir SLAM output for Ara sub-catchment



SLAM Sub-Models

Input screen for SLAM ArcGIS 

toolbox.
Courtesy of Dr. Eva Mockler



Coupling MOLAND and SLAM

MOLAND Land use

SLAM

Proportion of nutrients 
attributed to each 

sector in case of various 
future scenarios
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