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1 Background

DARE is an ARC funded Industrial Transformation Training Centre that is
focused on developing Data Science approaches to identify, quantify, and incor-
porate uncertainty into decision making related to natural resources and the
environment. Part of DARE’s work has specifically targeted groundwater, given
interest in this space from several of our industry partners and the fact that
groundwater management tends to be characterised by large uncertainties. As
the NSW Draft Groundwater Strategy highlights, groundwater is a crucial re-
source for NSW industry and agribusiness due to its reliability and quality, par-
ticularly in the context of the devastating droughts experienced in 2018/2019.

DARE applauds the NSW government for developing a long-term strategy in
relation to groundwater given the timescales of variability in groundwater re-
sources and the fact that the effects of management decisions can take many
years to be visible. Long-term investment in monitoring infrastructure and sci-
ence to support water sharing decisions will pay off over the period considered.

2 Acknowledging and working with uncertainty

DARE strongly believes that any decisions around the management of groundwa-
ter assets must be accompanied by the recognition, inclusion, and quantification
of uncertainty. Uncertainty is common and unavoidable in all the complex pro-
cesses found in natural landscapes. Uncertainty exists in the observations we
make, the analyses we undertake and, in the decision-making process. Incorpo-
rating knowledge about uncertainty in decisions will make them more robust and

∗Contributing authors: J. Simmons, K. Silversides, T. Stenborg, and C. Robinson
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improve how decision makers can mitigate the risks posed by what we do not
know. The NSW Draft Strategy (in particular strategic priority 3) makes refer-
ence to modelling and management decisions in the face of a range of possible
climate scenarios. The strategy places an emphasis on developing and using the
“best available models” with new, more representative datasets as a path forward
in managing groundwater decision making risks. However, even with improved
models and more data, uncertainty will remain. DARE therefore recommends
explicitly acknowledging the presence of uncertainty within this section and the
role uncertainty quantification can play in improving risk management around
groundwater decision making.

Quantified uncertainties will offer greater insight in differences be-
tween decision scenarios, better inform actions to mitigate risks around
decisions, and therefore provide more confidence in chosen scenarios.

Building on these comments, our submission focuses on three main points:

• Data science for efficient and effective groundwater monitoring.

• Decision making for an unknown future.

• Groundwater knowledge capacity building.

2.1 Efficient and effective monitoring (Action 3.4)

In Action 3.4 the NSW Draft Strategy describes the need to upgrade and refocus
the current monitoring network, which currently focuses on production aquifers
in alluvial systems. This concentration creates a situation with many “known
and unknown unknowns” in other areas of NSW. DARE supports the idea of
improving the monitoring framework and applauds the recognition that there are
many unknowns. However the decision on new monitoring, or even the retention
or retirement of existing monitoring, can best be developed “conditional on the
data”. The current data, if analysed within an uncertainty framework based on
existing and well-established data science approaches, can point to those areas
where the most information can be gained from new monitoring points.

Essentially, using standard Data Science approaches, we can combine the
underground geological knowledge about formations and the observations in
groundwater monitoring points, to develop a prediction model that can predict
what the water level would be at any specific location and include the uncer-
tainty around the prediction. If this uncertainty is large, this would point to an
excellent location for a new monitoring point. We can, in the same way, predict
the water level and uncertainty at all the existing monitoring wells and test how
the uncertainty would change, if we remove this monitoring point. If this change
is small, we can easily retire the monitoring point.

We therefore strongly recommend that the strategy includes that the upgrade
and renewal of both groundwater level monitoring and groundwater quality mon-
itoring is based on a data-informed framework and quantified uncertainty.
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The suggested monitoring with uncertainty can be related to three other topics
raised in the draft strategy. We generally support the emphasis in the draft
strategy on the development of new knowledge on important processes such as
groundwater-surface water interaction and recharge in general. And we support
the efforts by the NSW Draft Groundwater Strategy to consider groundwater
and surface water as a connected resource rather than two separate domains.
However, improvement in the information in these areas, apart from increased
monitoring, is also dependent on a better and more detailed mapping of the
aquifers.

While several of the actions mention integration of information and developing
new models, none of the actions is looking at making better use of the existing
drilling data to map the underground, for example by using Data Science ap-
proaches. More generally speaking, just as new instruments and sensors are
being developed, recently developed Data Science approaches can potentially
extract new information and new insights from older data that currently is seen
as uninformative.

2.2 Decision making for an unknown future (actions around
strategic priority 1)

The NSW Draft Strategy describes many actions to protect groundwater re-
sources and the ecosystems that depend on them. Most of these actions highlight
the need to improve information and decision making, and this feeds into the
actions around strategic priority 1, but also has clear links to the actions around
strategic priority 3, particularly in relation to improving models.

We are often faced with making decisions about an unknown future, and this
has become more urgent due to climate change and ecosystem degradation. To
make better decisions for groundwater stewardship, we agree that improved mod-
els and new data to improve those models are needed, particularly in relation to
specific processes (such as groundwater surface water interaction and recharge)
that are not fully understood.

However, as DARE, our recommendation is that quantified uncertainties in the
modelling are needed to provide further opportunities to target investment in
data collection. As highlighted earlier, quantified uncertainties will offer greater
insight in differences between decision scenarios and therefore provide more con-
fidence in the chosen scenario. DARE encourages the focus on a more multi-
disciplinary approach (Action 3.3.1 and 3.3.2) in the Draft Strategy but believes
that the current statements could be broadened. In the context of an increas-
ingly data rich environment, we believe that there is a need for domain experts
to work with specialists in the Data Science area. We therefore recommend that
the NSW Draft Strategy includes reference to opportunities in data-driven or
machine learning modelling as a further option to improve science for decision
making.

Taking a more comprehensive approach to multi-disciplinary and broader view
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of uncertainty in the strategy will create better opportunities to target monitor-
ing, improve modelling and develop better water sharing decisions. All forecast-
ing and modelling should incorporate some level of quantified uncertainties.

Until recently quantified uncertainties have been seen as obscure,
complex and difficult to compute. However, improved computing in-
frastructure available in NSW and several tools and toolboxes are
now easily accessible or can be modified to suit specific needs. As a
result quantifying uncertainties has become very achievable, even for
complex problems.

2.3 Groundwater knowledge capacity building (Action 3.3)

This section of the response is related specifically to Action 3.3.3, but also builds
on the need to build capacity in quantifying uncertainties in models and in
designing monitoring frameworks.

All actions listed in the NSW Draft Strategy are reliant on data and informa-
tion describing complex interactions, people and landscapes. Many of the actions
describe a need to improve models or increase data and information. The tools
to do this are now accessible, and the computing technology is available. What
is often missing is the human capacity and training.

There is a dearth of training opportunities for groundwater specialists in NSW
at the university level. Only Flinders University in South Australia provides a
specialist degree in this area1. This means that in NSW (and in fact on the
Australian east coast) groundwater training is dependent on snippets within
other degrees and “on the job training”. Importantly, there is also no compre-
hensive approach to uncertainty quantification in the training through strong
interdisciplinary integration with Mathematics and Statistics.

The overall lack of opportunities is mainly because the demand for ground-
water hydrologists is still relatively small across Australia and, as highlighted,
uncertainty quantification is seen as difficult. In the current university funding
environment this means that running training in these areas is seen as unsus-
tainable by the University institutions.

As the NSW government develops its long-term strategy on groundwater, it is
worth considering the excellent opportunities that exist to invest in specialised
university-level training, especially if combined with significant Data Science
and numerical simulation model training. There is potential to develop this in
collaboration with industry to build significant new capacity for NSW, leading
to increased capacity in the NSW Government and the private industry.

1Postgraduate courses - Groundwater Hydrology - Flinders University.
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The cover image shows the Murray River, Australia’s longest. The river is of significance for food production
in several states, and as an important aquatic ecosystem.
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