Testing timies undertoot

JANE CHAMBERS AND GAIA NUGENT FROM MURDOCH UNIVERSITY DESCRIBE A
NEW APPROACH DEVELOPED IN WESTERN AUSTRALIA FOR MANAGING DECLINING
GROUNDWATER LEVELS EXPECTED AS A RESULT OF CLIMATE CHANGE, LANDUSE

CHANGE AND WATER RESOURCE DEVELOPMENT.
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An innovative risk assessment framework will
soon be available to help water managers identify
the key factors impacting on groundwater
dependent ecosystems, as well as providing
targets for monitoring and management.

The framework can be modified and
used for aquatic ecosystems dependent on
groundwater, or surface water inputs. It is also
user-friendly and applicable to different areas
throughout Australia.

The research was carried out in the south
of Western Australia, a biodiversity hotspot, by a
team of ecologists, modellers and hydrogeologists
from a range of different agencies.

Declining groundwater levels
There has been a 15 per cent decline in
rainfall and a 55 per cent decline in run off in
south-western Australia since 1975. Climate
change projections suggest this drying trend
will continue to increase in intensity and
duration by up to 20 per cent across Australia
and by 40 per cent in the south-west. This
highlights the vulnerability of freshwater
ecosystems to climate change.

Groundwater dependent ecosystems
have already been impacted in the south-west
by lowering of the water table, which has
reduced surface expression of groundwater,
water levels and flow in wetland, river and
cave ecosystems.

Opposite: Quin Brook on
the northern Gnangara
mound, when there still
used to be water in 2008.
Photo courtesy of Bea
Sommer.

The severity of risk in this biodiversity
hotspot highlighted the need for a risk
assessment and decision support framework.
The research in south-western Australia,
provided a ‘living experiment’ to validate the
framework against observed changes in three
case studies: wetlands of the Gnangara Mound,
a section of the Blackwood River dependent on
the Yarragadee Aquifer for groundwater base-
flow during summer, and subsurface lakes in
the Leeuwin Ridge Caves.

These ecosystems were chosen as examples
of a range of ecosystem types being placed
under different stresses relating to groundwater
decline. These stresses included climate change,
landuse change and water resource development.
Ecosystems at all locations showed evidence
of significant change in response to reduced
groundwater levels, with the root mat
communities of the Leeuwin Ridge Caves
listed as a threatened ecological community.

The new framework
The framework is based on a standard Risk
Assessment Framework, which consists of
five steps:
1. Identify the hazard.
2. Determine exposure and vulnerability
of the ecosystem.
3. Assess effects.
Characterise risk.
5. Manage risk.
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Applications for decision support are
presented at each step of the framework to
improve understanding of the vulnerability
of groundwater dependent ecosystems to
changing groundwater levels.

In Steps 1 and 2, the likelihood of declining
water over time and the associated biophysical
responses are identified. In Step 3, a conceptual
model is developed to describe these inter-
relationships. An excellent way of assessing
whether biota will be harmed is to determine the
thresholds at which populations may decline in
response to key environmental parameters. These
thresholds define the upper and lower limits of
environmental conditions in which organisms
exist. Outside these thresholds the likelihood
of an adverse effect on organisms increases. The
final stage in characterising and managing risk
(Steps 4 and 5) is to identify these thresholds.

Environmental interactions

Management of declining groundwater levels
requires an understanding of the interactions
between climate, hydrology, physicochemistry
and the environmental requirements of biota.
In Step 4, a conceptual model (see Figure 1)
is used to capture these inter-relationships.
Using a Bayesian Belief Network, ecosystem
responses are predicted for a number of
future groundwater scenarios. Where adequate
information is available, the results from the
Bayesian Analysis can be represented using
Global Information Systems to show the spatial
distribution of relative risk.

Figure 1: Once a conceptual model has been developed it forms the basis of a quantitative
Bayesian Belief Network, incorporating ecological thresholds. The conceptual model can then
be used for top-down or bottom-up prediction and subsequently assessment of ecological risk.
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Figure 2: Spatial risk assessment for fish in the Blackwood River shows a bleak outlook and identifies only limited potential refuges under climate change
projections for 2030 CMid Scenario from the South West Sustainable Yields project (CSIRO 2009).
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The benefit of this approach is that it can be used to identify
ecosystem consequences of declining groundwater levels due to increased
abstraction or climate change (a top-down approach), or the critical
thresholds at which a change in groundwater levels will result in some
predicted environmental or biological response (a bottom-up approach).
A top-down approach could include specific scenario testing, for example
the effect of withdrawing 45 megalitres of groundwater or the projected
fall in groundwater levels due to climate change.

If it is not possible to quantify future changes to groundwater
levels, then different scenarios can be assessed to identify the minimum
groundwater level below which ecosystems are likely to be impacted. This
can be used to inform policy conditions such as groundwater extraction
licences, or planning decisions.

The bottom-up approach could be applied if there is concern for
a particular species, functional groups of biota, or guilds of biota such
as plants or frogs. As part of this approach, spatial mapping of risk can
provide key information for the maintenance of freshwater biodiversity
(see Figure 2).

From its beginnings in the south of Western Australia as a framework
for groundwater dependent ecosystems, this approach is flexible enough
for application to a range of ecosystems and purposes across Australia.

It empowers people to manage aquatic ecosystems effectively, hopefully
ensuring their survival into the future.

FOR FURTHER INFORMATION
Gaia Nugent—g.nugent@murdoch.edu.au
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for distribution to river managers throughout Australia.

The ARRG, in collaboration with Greening Australia Capital Region

is managing a project that will link native vegetation with previously
rehabilitated sites throughout the upper Murrumbidgee and Upper Lachlan
catchments to form intact riparian corridors— creating ‘rivers of carbon’.

As part of our communication effort we are delighted to launch the first in
the new ARRC Technical Guideline series...

Rivers of Carbon

The Guideline explains what biodiverse carbon
is, where it is found and how it relates to river
management.

The Guideline is easy to read and provides
the science behind the carbon cycle, greenhouse
gases, carbon sequestration, and how we can
create ‘rivers of carbon’ for environmental and
economic benefits.

Written by Jann Williams, Phil Price, Michael
Rooney and Siwan Lovett, it moves beyond a simple
fact sheet to provide clear, concise and accurate
information about the opportunities ‘biodiverse
carbon’ offers for landholders.

The Guideline is part of the suite of products
for the Rivers of Carbon: Southern Riparian
Linkages project being managed by the ARRC
on behalf of the Australian Government’s Clean
Energy Future Biodiversity Fund. You can find out
more about this project by visiting the website
www.riversofcarbon.org.au and joining us on
Facebook, Twitter and LinkedIn.

The Rivers of Carbon’ project enables farmers
to achieve production and biodiversity goals now,
while also getting carbon into the landscape at
subsidised rates for which they may later be able
to claim carbon credits.

To order go to the new ARRC Shop at
www.arrc.com.au/shop

"lechnically speaking

Do you have some research and practice you would like to share with
others? Why not consider working with the ARRC to produce a technical
guideline for you? Siwan Lovett and Phil Price edit these guidelines and
can help you create an attractive, yet scientifically rigorous publication

enquiries@arrc.com.au

Rivers.of Carbest =

What is blodiverse carbon, where is it found,
and how does it relate to river management?




