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INTRODUCTION
The NSW government has a strong position on data 
driven leadership and this also applies to managing 
water security and its associated infrastructure [1]. To 
align with the NSW Government objectives to become 
a World Leader in whole of government data analytics 
and insights, the NSW Department of Industries (DoI) 
Water has embarked on a big data project to provide 
the NSW Government with a more comprehensive 
picture of water demand requirements[1].  The focus of 
the project is to address the complex problem of being 
able to ensure water security and the quality of supply 
to meet the immediate and future long-term health, 
environmental and economic prosperity of communities 
and metropolitan areas across the state, whilst adapting 
to changes in water demand and availability based on 
climate and population variability[2, 3].  This also includes 
ensuring available water supplies for high security and 
productive economic sectors of agriculture and mining 

which contribute over $33 billion to the NSW economy.

The project aimed to develop a smart decision 
support tool based on data analytics and data mining 
that collectively incorporates the datasets currently 

maintained by DoI-Water, in addition to other 
government departments. This enabled the system 
to rapidly process factors such as hydrological 
information, future population growth and 
industry information, social, health and 
economic related information to identify 
issues and risks to each water source 
and Local Government Authority 
(LGA), through a Catchment Needs 
Assessment Framework (CNAF) [2, 4].  

The CNAF Digitised System will 
enable government to look across the 
state and identify regions that would 
collectively benefit from infrastructure 
upgrades and therefore rationalise 
the economic costs associated with 
infrastructure building for regions. 
It would also enable DoI-Water to 
identify what socio-hydrological and 
environmental issues are affecting water 
security supply and demand, in order for the 
State to achieve long term water security. 
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The CNAF Digitised System 
will enable government to look 
across the state and identify 
regions that would collectively 
benefit from infrastructure 
upgrades and therefore 
rationalise the economic costs 
associated with infrastructure 
building for regions. It would 
also enable DoI Water to 
identify what socio-hydrological 
and environmental issues are 
affecting water security supply 
and demand, in order for the 
State to achieve long term water 
security. Through this process 
DoI Water and Infrastructure 
NSW are then able to ascertain 
the environmental, economic 
and social risk to the community 
if water demands are not 
satisfied and pre-emptively 
mitigate this occurring. 

HIGHLIGHTS
•	A digitised CNAF Decision 

Support Tool for Regulated 
and Unregulated River 
catchments was developed 
on the basis of the NSW 
government’s key principles 
relating to data innovation.

•	The Decision Support Tool 
included a visual analytic 
system which facilitates enhanced situational 
awareness to explore granularity CNAF including 
the ability to rapidly identify water security hot 
spots across the region.

•	Water report cards for each priority valley and 
Local Government Area (LGA) can be produced 
using this tool.

•	The output from this project will lead to increased 
operational efficiencies, infrastructure and cost 
optimization and risk mitigation for a variety of big 
water projects.

METHODOLOGY/ PROCESS
The CNAF was built around four primary qualitative 
indices [5] that were expanded to capture additional 
pertinent information around the social, environmental 
and economic resilience of a region:

•	Irrigation Drought Security Index (DSI) 
•	Flow Utilization Index 
•	Flood Management Index
•	Delivery Efficiency Index 

The predictive methods and optimisation models 
considered an array of inputs including variables related 
to ecosystem, river networks, agriculture, natural 

resources and mines and health.
The CNAF model for regulated and unregulated 
catchments was developed using advanced machine 
learning methods (e.g. random forest [6], and multiple 
variable optimisation techniques [7] with expert opinion 
of priority to establish a robust CNAF index, which can 
map a wide range of variables with optimising targets 
such as water supply hot spots to develop a water 
security report card for each local government authority. 

Figure 1. Shows a schematic overview of how the digitised CNAF project was developed 
including data visualisation outputs. 
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The CNAF was quantified for 
each of the indices between 
zero and one, where zero 
indicates no need to avoid risk 
and one indicates there is a 
significant need to mitigate risk. 

The project used advanced 
data mining and machine 
learning techniques to identify 
the causes for hot spots in each 
LGA, based on raw data inputs.  
The Data Mining involved 
pre-processing, contextual 
understandings, feature 
building, data preparation and 
model design and subsequent 
sequential pattern mining.  
The outputs from the data 
analytic tools and pattern 
mining applied, were visually 
presented, so it was easier for 
a end-user to identify patterns 
or risks to catchment, from 
data that would otherwise 
be displayed in an excel 
spreadsheet.

RESULTS/ 
OUTCOMES
A digitised CNAF decision 
support tool was built to provide 
the NSW Government with 
data analytics and insight to 
provide rapid evidenced-based 
decision making, of complex issues associated with ensuring 
immediate and long-term water security information. 
The CNAF was comprised of regulated and unregulated 
priority catchments.  An unregulated CNAF was able to be 
developed based on inconsistent and limited data across the 
State, to develop a qualitative index set to determine water 
security issues.  This has never been done before.  The CNAF 
decision support tool was sufficiently able to compare and 
perform projected current and future forecasts to identify 
issues and types of risks to each water source.  It has also 
provided enhanced insights to improve water security for 
a region through a rigorous and defensible assessment 
method.  A comprehensive visual analytic system facilitates 
DoI-Water to explore the granularity of attributes with visual 
panel filters.  This makes it easier for the end-user to identify 
areas of concern or opportunity.

Based on the indices we were able to quantify risks to each 
regulated catchment and explore the risks at a regional 
level.  It gives an overall report card of the region and 
identifies the ‘hot spot’ focus areas in each catchment 
which should be further investigated.

It was evident from the analysis of the data that some 
catchments had similar Drought Security Index(DSI), 
despite having different historical drought sequences 
patterns (Figure 2). 

The traditional IDSI is not able to characterise the 
impacts that sequential droughts have on a region. 
Therefore, we incorporated a risk and consequence 
score, to assess a regions ability to recover easily from 
periods of significant drought. Since the traditional DSI 
is not able to characterise the impacts that sequential 
droughts have on a region.
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Figure 2. Shows an overview of 2 Catchments Drought Sequence Patterns and how new 
Drought severity risk can be used to characterise and quantify drought resilience patterns. 
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A scenario of balance 
percentage sequences 
of two catchments are 
visualized in Figure 2. 
The x-axis and y-axis 
represent the time and 
balance percentage 
respectively which 
is derived using the 
standard calculation 
formula [5]. Very 
similar DSI for two 
catchments, namely  
38%.  Although the 
two catchments both 
have six years at 80%, 
two years at 45% and 
two years at 10% in 
sequences, they occur 
over different time 
periods. For example, 
the first catchment 1 
has two years at 80% between the first two drought years 
(1992 and 1993) and the second two drought years (1996. 
and 1997), while for catchment 2 there are four continuous 
drought years (1992-1995) where the balance percentage 
≤ 50%. Therefore, actual drought situation of Catchment 2 
has long periods of continuous drought years.

Figure 3 shows how the new Drought Severity Risk 
(DSR) can be used to characterise and quantify drought 
resilience patterns of a region. It accounts for the length 
of time a catchment is in drought and the catchment’s 
ability to recover. This was included in current rankings of 
regulated catchments to identify regions of priority and it 
did change the ranking of catchment 1 and catchment 2 
(as shown below).  

Parallel coordinates and corresponding leaflet mapping 
for the regulated CNAF were used to visually identify 
“hot spots” in the region (Figure 4 a and b) and provide 
a report card currently at the LGA level, so government 
end-users can understand the impacts of water security 
on local communities and business.  Whereas the parallel 
coordinates in Figure 4 c can demonstrate how it can 
be used at a catchment level. For example, it indicated 
there were only two secure water catchments in terms 
of satisfying the 4 overall water security indexes.  
This indicated areas where there could be further 
enhancements to meet the long-term needs regions. 
Figure 4 c enabled the exploration of the causes and 

linked with figure 4 a and 4 b explore the risks to the 

LGAs in those catchments, based on water requirements.  

UNREGULATED CATCHMENTS
The unregulated catchments decision support tool 
shown in Figure 5 provides DoI-Water and Department of 
Infrastructure NSW with an interactive snap shot of how 
each catchment at a LGA level is being affected by climatic, 
agricultural, social economic conditions using parallel 
coordinates. As previously mentioned this type of mapping 
had never been done before, as it was based on inconsistent 
or limited data sets, compared to the regulated catchment. 

From the data we can visualise patterns that are 
affecting the region (including identifying ‘hot spot’ 
areas or where there are opportunities for infrastructure 
investments to support the regional economies and 
communities. The benefits of the tools is that it can 
easily identify regions with low flow utilisation that could 
be used to support nearby regions with low drought 
security. It can also be used to identify areas of potential 
economic opportunity that have been underutilised.

For example, if we explore the parallel coordinate named 
“Weighted Index” (shown in Figure 5 a and b) for the 
unregulated catchments, we can easily select the top 
LGAs that have low FUI.  From this we can explore its 
drought security and total entitlements patterns (based 
on industry and populations in the regions), as well as 
availability of water with a high availability of irrigable land.  

Figure 3. Shows an overview of 2 Catchments Drought Sequence Patterns comparing 
Traditional Drought Security Index and New Drought Severity index  
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This information could be used to 
identify where there is a surplus of 
water and with adequate infrastructure 
could improve the gross regional 
product of that area or provide water 
security support to a neighbouring 
region with low drought security.

CONCLUSION
A novel approach to determine water 
security hot spots for the NSW region 
was developed via data analytics and data 
visualisation, to support evidence based 
decision making for water security. It 
enables DoI-Water to rapidly explore large 
volumes of information pertaining to water 
security, in a visual and understandable 
manner. This provides additional benefits 
when comparing and forecasting 
scenarios at a state, regional and local 
government level, to identify how to better 
ensure future water security.

The analysis was carried out in LGA level 
and catchment level. Further analysis at 
the sub-LGA scale is needed to plan at 
the project scale. 

A

B
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Figure 4. a and b Shows an overview of all the regulated catchments based on climatic, agricultural and social economic 
conditions visually at the LGA level using parallel coordinates and leaflet mapping and c) using parallel coordinates at the 
catchment level  to ascertain the factors affecting catchment water security. Note: Catchments/LGAs have been De- identified 
for publication purposes

Figure 5. Figure 5 a) shows the information at a LGA level 
and b) Shows an overview of all the unregulated supplies 
based on climatic, agricultural and social economic 
conditions using parallel coordinates. 

Note: Catchments/LGAs have been De- identified for 
publication purposes A

B
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