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Harmful Algae BloomsSewage/Pollution

• Over three billion people are at risk of illness from 
poor water quality due partly to a lack of 
monitoring (UN, 2023).

• Aquatic ecosystems rapidly degrading: 35% of 
wetlands and 15% of coral has been lost since 
1970 (Convention on Wetlands, 2021; Souter et 
al., 2021).

• Comprehensive monitoring of inland and coastal 
waters needed for effective management and 
conservation.

Water Quality:
a global challenge
 



In-situ sensor 
network

Satellite missions 
for water quality

ADIAS – AquaWatch Data
Integration and Analytics System

Water quality modelling 
and forecast



AquaWatch Data System
A cloud-based solution for water quality 
monitoring and forecasting



Inland Water Quality Modeling and Forecasting 



The CFD Governing Equations

Physical processes in a lake
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k−ε−turbulence model
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Biological competition processes in a lake
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Population dynamics

Specific growth rate

Light field

Growth/loss function 



The CFD Workflow



The CFD Solver – Why Fortran and C++?



The CFD Solver with Python?



LAKEoneD Python wrapper using cffi

GitHub:
csiro-hydroinformatics/c-interop



Hydrodynamics Python wrapper from notebooks



Hypertuning
• Manual method:

 Trial and error by guessing the parameter values (floats)

 Run lake1D, which takes a few minutes.

 Compare the results with the ground truth.

 Rinse, repeat maybe 100s of times, and still not be near the global optima.

• Better approach:

 We want to do the "trial and error" search in parallel and at scale.

 We need to automate this, so it finds the best parameter set for us auto-magically.

 We want the "trial and error" search to be smart and directed towards the global optima.

 We want to do it with as little code as possible and as efficiently as possible.

 Optuna!

Hyperparameters 
o Light: 

  clear_water_att

o Bottom boundary: 

  bottom_stress_coeff

o Wind: 

  wind_factor

o Turbulence:

 min_tdiff

o Meteorological scaling factors: 

  irr_scale

  vel_scale

  hum_scale

 temp_scale

Credit: Viky Akbartama



Hypertuning – Optuna

• What is Optuna:

o Open-source framework for automated hyperparameter optimisation. 

o Built for machine learning, deep learning, and general optimisation.

o Designed to find the best model configuration with minimal manual tuning. 

• Why we chose Optuna:

o Optuna provides the best balance of power, flexibility, and usability, making 
it ideal for most modern machine learning workflows  with great 
results with minimal code/effort.

• Comparisons with other frameworks:
Feature / Framework Optuna Hyperopt Ray Tune Scikit-Optimize Bayesian Optimization 

(bayes_opt)

Language Python Python Python Python Python

Search Algorithms Many (incl, TPE, CMA-ES, Grid, 
Random)

TPE, Random Many (incl. TPE, PBT, BOHB) GP, RF, Random Bayesian (GP), Random

Define-by-Run Yes No Yes No No

Pruning Support Yes Limited Yes No No

Parallelisation Yes Limited Yes No Limited

Ease of Use Very Easy Easy Complex Simple Easy

Credit: Optuna core-dev. GitHub: c-bata



Hypertuning – Optuna - CmaEsSampler

The CmaEsSampler is based on the Covariance Matrix Adaptation Evolution 
Strategy (CMA-ES), a powerful evolutionary algorithm that’s particularly well-
suited for complex, multi-variate, continuous, high-dimensional, non-linear, 
and noisy optimization problems:

• Less likely to get stuck on local optima, CMA-ES can explore the global space 
effectively.

• Learns parameter correlations. This lets it explore interactions between 
hyperparameters intelligently.

• Useful for small trial budgets. CMA-ES often finds good solutions quicker.

• Having said that, it's trivial to plug-in another sampler and try!
Credit: Optuna core-dev. GitHub: c-bata



Cell 
counts(z,t)

Growth
Model

Hydrodynamic
Model

T(z,t)
Diff(z,t)

HydraSpectra
cell countsMeteorology

Hyperparameter tuning

AquaWatch Web 
Services/Dashboards:
Stratification, mixing, and 
Chl-a monitoring. Algal 
forecasting products.

Estimating 
chlorophyll

4 equations:

~64 million 
combinations

Generic 
Programming

Hydrodynamic: 12 parameters

Growth: 9 parameters

C++ to Python wrapper



Hypertuning – Results

Manually

Optuna



Layers of abstraction are needed to distribute CFD code for operational use



• On-ground pilot sites and product validation (eg 
California – UCMerced)

• R&D collaboration on key AquaWatch 
technology/science areas

• Citizen-science collaborations w. First Nations and 
Education Organisations

• Implementation of integrated AquaWatch system in 
new countries 

• Cloud-computing data analytics platform 
implementation in host organisation

• Ground-to-Space in-situ data-relay trials and 
implementation 

• Space Optics Collaborations (via CSIRO 
Manufacturing)

• Earth observation constellation partnership and 
development via eg. PPP

• Space Segment - Dual-use Options

Partnership Opportunities
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