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A Data Transformation and Model Calibration System for Carbon and Nutrient 
Dynamics in Australian Ecosystems 
Scientists study ecosystem dynamics by monitoring change in carbon cycles and the flow of nutrients in soil 
and vegetation. 
Ecosystem process models provide a valuable tool for Scientists to analyse soil and vegetation dynamics across 
agro-ecosystems.  
Models use empirical data to demonstrate how nutrients and energy flow in the ecosystems.  The results can 
be used to simulate future changes and predict their effects.  
Understanding the dynamics of the ecosystem (how it responds to disturbance) can aid environmental 
management decision and policy making.  
 
 
Current predictive modelling is a manual process.    
Raw data needs to be prepared to use as input for the simulation model. The data is run through the modelling 
software. Model results are compared to historical data to calibrate the software to local conditions.  
 
Semaphore will transform the manual transformation and calibration activity into a semi- or fully-automated 
process.  
Automation reduces the possibility of human error when processing and analysing the data. It also helps 
provide provenance information to trace and validate predictions and model calibrations. 
The use of scientific workflow software will ensure that the methods for model calibration and validation can 
be replicated and modified by other scientists. 
 
 
The Semaphore software consists of four components.  

• A  research data repository where the data for running the modelling software is curated and stored in 
an appropriate format 

• Scientific scripts that feed the data to the modelling software and automatically perform calibration 
according to user-defined parameters 

• A software system that automatically accesses the research data collections, executes scientific scripts 
and runs the modelling tools on Nectar’s cloud environment 

• A user interface for users to nominate data sources and define model calibration parameters  

 
In phase one of the project the automated workflow and modelling tools will be run as a desktop application. 
In the second phase, simulation results from the desktop application will then be fed through the modelling 
tool, run as a web service and the data recalibrated.    
The final phase of the project will see the complete workflow process run as a web application on the NeCTAR 
cloud environment.  
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Figure 1: Semaphore phases 

 
Two reference data sets from Australian ecosystems are being used as sample input data for this project: the 
Brigalow Catchment study in central Queensland and the Hermitage cropping trial in southern Queensland. 
The data collected contains land use information soil and weather measurements covering a period of 40 
years. Long term data such as this is necessary to make long range modelling possible.  
 
Scientists will be observed performing the manual tasks of processing the data and running the modelling 
software. The modelling and model calibration to Australian conditions will use two commonly available 
modelling tools: Century and Daycent. Daycent is a daily version of Century and both tools run 
biogeochemical models to simulate fluxes of carbon and nitrogen in the atmosphere, vegetation, and soil. 
 
The aim is to develop automating scripts that are not only used for simulating nutrient and energy flows but 
can also be adapted for any predictive modelling of ecosystem dynamics. 
The processes used to prepare the data, calibrate the models and validate the models will be captured in a 
scientific workflow script that describes how the data is used for modelling.  
This script can then be used by scientific workflow software to re-create and automate the calibration process.  
 
 
All software and tools in the Semaphore project will be made open source to the research community.  The 
script will also be made available to the research community for analysis in the future.  
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