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Highlights 
• 66 international design guidelines related to harmful algal bloom (HABs) were reviewed. 
• Guidelines’ capability on HABs were assessed using over 200 constructed waterbodies. 
• Suggestions are provided for design guidelines improvement.  

 

Introduction 
Constructed shallow waterbodies for stormwater management are vulnerable to harmful algal blooms 
(HABs). Effective engineering design is vital to reduce HABs risks in these waterbodies. However, 
constructed shallow waterbodies that are consistent with current design guidelines may still experience 
HABs. The impacts of eutrophication, water temperature, light and hydrodynamics on HABs in waterbodies 
have been widely investigated (Anderson et al., 2002; Paerl & Otten, 2013; Stumpf et al., 2012). However it 
is equally important to identify critical design factors that are responsible for reducing HABs in constructed 
shallow waterbodies is important (Melbourne Water, 2005). There are only a limited number of design 
factors that specifically address the risk of HABs in the current design guidelines for constructed 
waterbodies around the world (Mackay City Council, 2008; Melbourne Water, 2017). 
 
In this study, we analysed design criteria from worldwide guidelines and summarised the ranges of 
recommended design parameters. We then tested the effectiveness of common design parameters using a 
dataset of over 200 shallow waterbodies in the Greater Melbourne region, South-eastern Australia. The 
relationship between the design factors and HAB occurrence was tested. This study helps to understand the 
gaps of current design guidelines and provide guidance for future guidelines development.  
 

Methodology 
Meta-Analysis of international guidelines 
In this study, 66 constructed waterbody design guidelines from around the world were sourced and 
assessed in relation to their design criteria regarding algal blooms. Guidelines related to Water Sensitive 
Urban Design (WSUD), Best Management Practices (BMP), Low impact development (LID), Sustainable 
Urban Drainage Systems (SUDS), Alternative Technologies were selected. Constructed wetlands, retention 
ponds and lakes are commonly included in these approaches and the related technical design sections of 
the guideline documents were reviewed.   
 
Analysis of constructed waterbodies 
The design criteria were assessed against a dataset of 222 constructed waterbodies in the Greater 
Melbourne, Australia across 9 years (2009 - 2018). The relationship between bloom occurrence and each 
individual design factor was considered as well as analysing the impact of multiple factors together. K-
Nearest Neighbour (KNN) classification was adopted to analyse the relationship between multiple design 
factors and bloom occurrence. 
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Results and discussion 
The meta-analysis shows that only one-third of global guidelines directly mention algal bloom control 
measures. The remaining guidelines consider algal blooms indirectly for design or do not consider algal 
blooms at all. From the review, we found some common issues with constructed waterbodies design 
include wide use of empirical or ‘Rule of Thumb’ design criteria, old literature is often repeated and 
potentially used outside of its original context. The most common design factors included in design 
guidelines to reduce algal blooms were hydraulic residence time, water depth, aspect ratio, percentage of 
waterbody area to drainage area, macrophyte ratio within waterbodies and hydraulic efficiency. Several 
other design factors that may be important for reducing algal growth are not widely included in the 
reviewed design guidelines.  
 
The analysis of the 222 constructed waterbodies (Figure 1a-b) indicates that macrophyte ratio, fetch and 
shoreline development index (SDI) provide the best ability to discriminate between waterbodies that have 
experienced blooms and ones that have not (Figure 1c-d). Surprisingly aspect ratio and lake area to urban 
area ratio do not have significant differences for blooming and non blooming waterbodies, they are still 
important to achieve for other design intents. Next two- and three-factor combinations were analysed and 
it was found that macrophyte ratio combined with SDI, SDI combined with fetch and all three together 
provide reasonable skill in predicting which waterbodies have experienced blooms.  

 
Figure 1. a) Geographical distribution of 222 constructed waterbodies in the study region; b) distribution of log10 cyanobacterial 

biovolume (mm3/L) across the study sites from 2009 – 2018; Single factor results of key factors that significantly differentiate 
bloom and non-bloom waterbodies, including c) macrophyte ratio, d) SDI and e) fetch.  

 
While KNN models indicate some skill in differentiating between waterbodies with and without blooms, 
some waterbodies lying outside the high-risk multifactorial regions still have blooming events. Our KNN 
model results can guide future studies that may enhance waterbody design guidelines for HABs control, 
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while the analysis also indicates that HABs can still happen in some assets even when recommended design 
values are applied. 
 

Conclusions and future work 
To assess the effectiveness of current design guidelines, a HABs risk analysis was conducted using 222 
constructed shallow urban waterbodies in the Greater Melbourne, southeastern Australia. Three critical 
factors which are recommended to consider in future design guidelines were identified. Some of the design 
factors are rarely included in the current design guidelines. Considering these factors based on the review 
and the test on the studied constructed waterbodies should form a major improvement in the guidelines 
that can help newly constructed waterbodies reduce the HAB occurrence.  
 
We recommend the following areas for future studies to fill the knowledge gaps in HABs design guidelines 
for constructed shallow waterbodies: 

• Apply this methodology to constructed waterbodies in other places of broader geographical scale. 
• Apply remote sensing techniques to supplement field data that improve the spatial and temporal 

coverage of HABs. 
• Reliably test in-situ growth rates for more freshwater cyanobacteria. 
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