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AWRA-CMS: A framework for

model development



Overview Background

What is the AWRA-CMS

Who are our users?

Enabled by HPC + good software design

• FAST

• FLEXIBLE

• ROBUST

Tools to aid model development

• Workflow

• Implementation

• Calibration

• Validation

• Analysis



What is the AWRA-CMS?

• Operational framework for the Bureau's 

national hydrological model

• Products: 

– Soil moisture

– Runoff

– ET

– Deep drainage

• Wider community: 

– Reduced feature public package on GitHub



Who are our users?

• 144 Registered Users of the AWRA CMS 

(since 2017):

– 80 Research

– 39 Government – State and Federal

– 22 Consultants / Commercial – which 

includes entities such as Snowy Hydro, 

eWater, COFCO Agri, HARC Consulting 

and Jacobs
0

10

20

30

40

50

60

70

80

90

Research Government Consultant /
Commercial

U
s
e
rs

Sector

AWRA-CMS Registered Users



How do we collaborate?

• Training:

– Half day model overview for data users 

– One and half days technical instruction 

including tutorials for model users

– Training notebooks and dataset which 

get shipped with the codebase

• Collaboration tools:

– GitHub: Functionality to review and 

merge model changes 

(https://github.com/awracms/awra_cms)

– Notebooks: Easy for novice user to 

combine code, documentation and 

visualizations



Enabled by HPC and good software design: FAST

How?

• Use of 

– Vectorisation

– Parallel compute across and within nodes

– Parallel IO

– Big data: use of next generation Python 

data science libs

• On the fly

– Data transformation

– Templating and compilation

– Model coupling (e.g. model to routing)

Source: http://martin-jung.github.io/post/2018-xarrayregression/

http://martin-jung.github.io/post/2018-xarrayregression/


Enabled by HPC and good software design: FLEXIBLE

How?

• Configuration manager

– One installation script; installs training 

data, sets paths and settings based on 

installation location

– Training notebooks run out of the box with 

training data

– Complexity abstracted for the user

– Easier for external users to collaborate
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Enabled by HPC and good software design: FLEXIBLE

How?

• Modular workflow design

– Plug and play

– Infrastructure for connecting new 

hydrological models

– Reuse core components / inheritance
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Enabled by HPC and good software design: ROBUST

How?

• Continuous integration

– Training notebooks, plus tests are 

part of a continuous integration 

pipeline

– Metrics collected for performance, 

stability etc

– Linting

– Check for security vulnerabilities

– Run on multiple platforms including 

HPC

• Testing

– Ensure adequate test coverage

– Stress testing

Source: https://www.hurricanelabs.com/splunk-tutorials/

splunk-app-development-continuous-integration

https://www.hurricanelabs.com/splunk-tutorials/splunk-app-development-continuous-integration
https://www.hurricanelabs.com/splunk-tutorials/splunk-app-development-continuous-integration


Model development workflow:

Field variable Observation data set

Streamflow Streamflow gauge timeseries

(Zhang et al. 2013)

Evapotranspiration OzFlux, CMRSET

Soil moisture ASCAT, SASMAS, OzNet, 

AMSR-E

Ground water deep drainage Recharge timeseries (Crosbie et 

al. 2010, 2015)



Model development workflow: Model implementation

• Wrappers and templating:

– Implement your own 

hydrological model in the 

CMS using python 

wrapper files which setup 

the inputs and outputs to 

your model code 

– Model code templating

functionality for the user 

to change/set inputs and 

outputs on the fly

– Can also use templating

functionality to make 

changes to the model 

code itself



Model development workflow: Model calibration
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Model development workflow: Model validation
Frost & Wright, 2018



Model development workflow: Model analysis

Frost & Wright, 2018



Summary
To aid model development:

=>We’ve tried to build a fast, flexible and robust modelling system which is easy to use

1. Fast

• Good software design (optimization, parallelism, load balancing etc.)

2. Flexible

• Build your own workflows 

• Can be installed on different platforms

• Different models can be implemented in the same framework

3. Robust

• CI pipeline and extensive test coverage

4. Ease of use

• Use of interactive python to set up and run simulations, calibrations and validations

• Training notebooks for self directed learning



Thanks for listening
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