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This report summarises the key information contained in 
three detailed technical papers prepared by AECOM for the 
Riverina Eastern Regional Organisation of Councils (REROC). 
These reports are:

•	 Businesses and Industry Water Consumption (Discussion 
Paper 3 – June 2011)

•	 Scenario Planning: Potential Impacts of Reduced Water 
Availability (Discussion Paper 4 – June 2011)

•	 Water Saving Initiatives (Discussion Paper 5 – June 2011)

This report provides an overview of the social and economic 
factors that are present within the REROC area. An overview 
of the general issues facing the region from an economic, 
environmental and social perspective is presented. 
Seperate to questions of water availability, the three most 
important issues affecting REROC as a regional Australian 
area are global commodity prices, technological innovation 
and changing consumer preferences. 

A summary of some of the key industries operating within 
the REROC region is presented. The summary focuses on 
describing important aspects of each industry, with a 
particular focus on water usage, and water quality and 
quantity requirements. Elements of best practice within 
each industry are canvassed as a means of presenting 
potential areas for improvement. 

Future scenarios are that may affect the region, or specific 
industries are considered. These scenarios encompass 
reductions in rainfall, increased drought frequency and 
climate variability, and reductions in water allocations. 
Individually and collectively these scenarios represent real 
possibilities for the region, and in some cases identify 
specific geographic, or industry vulnerabilities. In other 
cases, these scenarios can indicate potential increases in 
output and employment, with increased investment. A 
summary of the economic implications of less water 
availability in the REROC region is provided. 

In response to the adaptation needs identified from the 
scenario modelling process, a number of adaptation actions 
are put forward. These include industry specific adaptation 
actions, broader scale awareness actions, and legislative 
and policy responses. For each action, a detailed 
description, and implantation summary is provided. 

A greater level of information on the background, 
methodology and results of climate and water assessments 
at both a regional and Local Government Area (LGA) scale 
can be found in the abovementioned discussion papers. 

Executive Summary
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Adaptation commonly refers to adjustments in social, 
economic, or ecological systems in response to actual or 
expected climatic stimuli, and the effects or impacts these 
stimuli may have. It often refers to changes in processes, 
practices, and structures to moderate potential damages 
to, or benefits associated with climate change and its 
associated impacts. 

The Climate and Water Resources Stage 1 Report shows 
that general trends for the future climate of the REROC 
region include a decrease in mean annual rainfall, a limited 
increase in mean annual evaporation, and an increase in 
mean and seasonal air temperature. 

In general terms these trends indicate a future with less 
water than has been available in the past. Accordingly, 
water savings, or changes in the social and economic profile 
need to be considered. For this reason, the focus of this 
paper is to identify those areas that may be most at risk 
from potential changes, and identify actions that could be 
implemented to respond to these challenges. These actions 
form the basis of adaptation strategies for industries, LGAs, 
and in some cases the entire REROC region. A summary of 
the adaptation and water saving actions put forward is 
presented below (further detail on these actions is 
presented in Section 5).

1.0   Adaptation overview

Areas for further consideration in developing adaptation and water saving strategies
Residential water program Over the long term, reductions in residential water usage will reduce the pressure 

on water supply, allowing a more efficient use of water per capita. Such measures 
also contribute to raise awareness within the community and improve adaptive 
capacity in the event of prolonged water shortages.

Industry water program There are a number of industries in REROC which depend directly or indirectly on 
water resources for their business operations. As detailed in Discussion Paper 3, 
different industries have varying water requirements in terms of water quantity 
and water quality. A series of water initiatives targeting REROC businesses and 
industries will help reduce their water consumption and further enhance their 
resilience to decreases in water availability.

Community awareness With a varied population, it is important to understand the best methods of 
communicating adaptation and water security needs to the different REROC 
community groups. Consideration should be given to ways of communicating with 
different target groups (youth and young, elderly, rural and urban groups, etc.) 
about potential implications of climate change, and practical ways REROC, 
councils and the community can work together to respond to these challenges.

NSW Office of Water best 
practice guidelines

The NSW Office of Water (NOW) has encouraged best practice management of 
water supply and sewerage since the mid 1990s. The implementation of NOW 
recommendations achieves multiple outcomes from improved community 
resilience to improve efficiency of local water utilities (LWU).

Diversification and increased 
security of water supply

A secure and diversified water supply will contribute to the continuation of 
population and economic growth within the REROC region. Securing and 
diversifying supply also requires consideration of the population that currently 
(and in the future will) live outside of the reticulated network.

STP Efficiency Improvement Through STP efficiency audits and implementation of measures to limit losses, the 
whole STP process should be improved to maximise the potential reuse volume.

Climate change risk 
assessment

Undertaking a climate change risk assessment will enable LGAs to identify which 
climate change risks are the most threatening for their assets.

Regional Water Trading Forum A regional water management planning framework will help the REROC region to 
address many of the water management challenges that its local governments and 
businesses are now facing.

Economic Diversification As significant changes can be expected from reduced water availability and other 
socio-economic drivers, an understanding of the potential for economic 
diversification is necessary.
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manufacturing and 
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The Riverina Eastern Regional Organisation of Councils 
(REROC) is an association of local councils located in the 
eastern Riverina region of NSW. Covering an area of more 
than 43 000 square kilometres over mostly wide flat plains, 
the region is an agricultural hub of, and foodbowl for both 
NSW and Australia in addition to being a significant 
contributor of fresh and processed food products, paper 
and timer products to Australia’s export trade. Bordered on 
the east by the Great Dividing Range and Victoria on the 
South it is positioned between Sydney, Melbourne and 
Canberra.

Of the Shires examined in the five reports AECOM has 
prepared, there is a combined population of over 110,000 
people. Population density as of 2008 was 3.1 people per 
square kilometre which is only marginally higher than the 
2.8 per square kilometres in Australia. The largest 
population bracket within the REROC region is between the 
ages of 15 to 19 years of age (around 7.5 % of the total 
population for the region). While in the statistical 
information provided in Discussion Paper 4 (scenario 
modelling) documents the percentage of the population in 
each Shire that identifies as indigenous, this information is 
not available from the Australian Bureau of Statistics (ABS) 
for the wider region.

As of 2008 the largest industry (by number of businesses) 
within REROC was agriculture, forestry and fisheries (35 %), 
followed by property and business services (13 %) and 
construction (13 %). Other important industries for the 
region include transport and storage, defence, education, 
retail trade, mining, tourism, viticulture and aviation. The 
rural economy is built on lamb, beef, wool, wheat and other 
crops. Alongside these primary agribusinesses, there is also 
agricultural manufacturing and forestry processing (such as 
abattoirs and timber processing) and many support 
services such as wool storage and brokerage, chemical and 
fertiliser suppliers and agricultural equipment suppliers.

Employment opportunities in REROC are strongly centred 
towards the primary and secondary industries as well as 
large numbers of employers in retail trade, service and 
professional services. While an unemployment rate for the 
entire region is not available from ABS data in 2007, the 
unemployment rate ranged from 2.4 and 2.7 % in 
Tumbarumba and Coolamon respectively to 4.3 and 5 % in 
Cootamundra and Junee respectively. These figures all fall 
closely within the 4.2 % rate of unemployment Australia 
wide at the same time. The average annual taxable income 
for the region per individual varied from $27,824 in Temora 
to $37,907 in Wagga Wagga. 

2.0   Socio economic profile
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Figure 1 Shire councils in REROC examined by AECOMFigure 1 Study area
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2.1   General pressures
While the three reports AECOM has prepared for REROC in 
the Strengthening Basin Communities project focus on 
industry sector water usage, scenario modelling of changed 
water availability and water saving initiatives and 
adaptations, it is critical to recognise that the Region is and 
will continue to be influenced by a number of factors which 
will need to be continually accounted for and addressed in 
the future. The Strengthening Basin Communities project is 
not occurring in isolation.

Trends in environment, society and economy, in Australia 
and across the globe, may all affect the key industries in the 
REROC region. While it is possible to determine some 
external influences which are particular to a key industry, 
for example the corollary of a rising Australian dollar on the 
meat processing industry, there will be broader 
developments which have the potential to have an impact 
regardless of the uniqueness of the industry. 

Some of the three most important impacts in REROC are 
global commodity prices, technological innovation and 
changing consumer preferences. Each of these will have an 
effect on the ability of the industries to continue to profit 
off domestic and international markets in the coming years. 
It is essential to acknowledge that external influences do 
not necessarily indicate an inefficiency or problem, in some 
cases in fact providing opportunities. 

The following figures outline the broader external influence 
on the REROC system. An in-depth study of particular 
influences on each of the key industries in the REROC region 
can be sourced from Discussion Paper 3.

Figure 2  Social and political, economic and technological and environmen-
tal influences (AECOM, 2011)
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Our previous system 
was fed by a natural 
spring on the 
company’s land. We 
realised we needed to 
do something when the 
spring began running 
dry up to once a week.
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The following section outlines some of the key water 
dependent industries in REROC, their water usage and 
critical issues the industry faces in regards to current and 
future water usage. The four industries covered are:

•	 Dryland agriculture; 

•	 Livestock processing; 

•	 Mining; and 

•	 Forestry

3.1.1 Is usage justified?
In valuing water usage it is important to first note that the 
relationship between gross water consumption and added 
value varies greatly from one industry to the other. While the 
water intensity of an industry (expressed in litres of water 
use per dollar generated) is a useful measure, it does not 
capture broader societal benefits from an industry such as 
employment and liveability of a region. 

Figure 3 has been constructed by AECOM using data from 
the Balancing Act: A Triple Bottom Line Analysis of the 
Australian Economy (CSIRO/UNSW, 2005) report. More than 
one hundred industries were assessed in the study, 
however only the most relevant to REROC have been 
selected. It should be noted that these figures are based on 
irrigation activities for agriculture production. It is clear 
from this graphic that agriculture industries use more water 
to generate wealth than businesses linked to mining and 
forestry. The beef and meat (including abattoir) industries, 
and wineries are shown to be the most water resource 
intensive.
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3.0 Industry Overview
The following section outlines some of the key water dependent industries in REROC, their water usage and 
critical issues the industry faces in regards to current and future water usage. The four industries covered are:

- Dryland agriculture; 

- Livestock processing; 

- Mining; and 

- Forestry.

3.1.1 Is usage justified?

In valuing water usage it is important to first note that the relationship between gross water consumption and 
added value varies greatly from one industry to the other. While the water intensity of an industry (expressed in 
litres of water use per dollar generated) is a useful measure, it does not capture broader societal benefits from an 
industry such as employment and liveability of a region. 

Figure 3 has been constructed by AECOM using data from the Balancing Act: A Triple Bottom Line Analysis of the 
Australian Economy (CSIRO/UNSW, 2005) report. More than one hundred industries were assessed in the study, 
however only the most relevant to REROC have been selected. It should be noted that these figures are based on 
irrigation activities for agriculture production. It is clear from this graphic that agriculture industries use more water 
to generate wealth than businesses linked to mining and forestry. The beef and meat (including abattoir) 
industries, and wineries are shown to be the most water resource intensive.

Figure 3 – Water intensity of various sectors of the Australian economy (data: CSIRO/UNSW 2005, graph: AECOM 2011)
Figure 3  Water intensity of various sectors of the Australian economy (data: 
CSIRO/UNSW 2005, graph: AECOM 2011)

3.0   Industry Overview
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3.2   Dryland agriculture
Dryland agriculture supports 93% of Australia’s grain 
production (Carberry et al., 2010), 80% of the sheep and 
50% of the meat cattle (ABARES 2010). It is a unique 
industry, as reflected in the importance of livestock 
products, particularly sheep, and wheat as export 
commodities; the availability of pasture legumes for 
incorporation into crop rotations; and the need for 
efficiency imposed by farm size to the agricultural industry 
(FAO, 2010). Some of the key features of Australia’s dryland 
agricultural region are low rainfall, high rainfall variability 
(both year to year and seasonally) and long wet and dry 
periods (Freebairn et al., 2006). Australia’s variable climate 
provides elements of risk to dryland agriculturalists 
including: variability in economic returns, risk of failure or 
environmental risks from soil degradation and climate 
change.

Dryland agriculture is largely a water limited industry. 
Improved farming techniques have helped increase the 
water use efficiency (WUE) of crops, but the industry is still 
reliant on the climate, which determines the timing and 
amount of rainfall. Of the rain that falls, some will 
contribute to runoff, some will evaporate directly from the 
soil surface and the remainder will infiltrate into the soil; 
and under wetter conditions some of the latter may drain 
below the root zone if the soil profile is already saturated 
(Carberry et al.. 2010).

CSIRO (2000) characterise the key water issues facing 
dryland managers as: 

•	 Predicting recharge from dryland farming systems over 
large catchments; 

•	 Minimising impacts of salt on farming systems, riparian 
vegetation and wetlands;

•	 Determining effects of dryland farming on stream 
salinity; 

•	 Contribution of sheet/rill and gully/channel bank erosion 
to river sediments;

•	 Relative contributions of ‘native’ and introduced phos-
phorus on river systems; and

•	 Identifying potential sources of sediments and nutrients 
to river systems; 

Additionally, the seasonality of rainfall and the amount of 
rainfall are critical water issues to Australian dryland 
agriculture. Importantly, the timing and amount of rainfall 
has a significant impact on the volume of crop which is 
produced each season. For example, rain falling at 
flowering/early grain-fill can make a very large contribution 
to yield, whereas rain falling at the end of grain filling is of 
little use. 

The major external influences on dryland agriculture 
currently and into the future are:

•	 The ‘emerging plateau in agricultural productivity both 
internationally and in Australia, where the impressive 
annual productivity gains of the past 50 years are starting 
to slow’ (Carberry, 2011).

•	 Global slowing of growth in yields of grain crops and their 
ability to feed a growing population (Fischer et al. 2009, 
Pardey 2010).

•	 Access to human capital with the increasing commerciali-
sation of Australian farms. 

•	 The Australian Government’s Carbon Farming Initiative to 
reduce farmers greenhouse gas emissions. 
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3.3 Livestock processing
The Australian livestock processing industry is currently 
characterised by “weak export market demand, an 
appreciating dollar and constraints on livestock supply” 
(IBIS 2011). In financial terms the sector’s turnover is 
dominated by the processing of beef and sheep meat (65%), 
poultry (22%) and pig meat (13%) (Foran 2005). Australia 
produces over 2 million tonnes of beef annually, consumes 
730 000 tonnes and exports 1.4 million. Sheep meat 
production is 340 000 tonnes annually of which 220 000 
tonnes are consumed domestically, and 120 000 tonnes 
exported. Annual production of pig meat is 400 000 tonnes, 
while poultry is 740 000 tonnes. Per capita consumption is 
37 kg for beef and veal, 15 kg for lamb and mutton, 21 kg for 
pig meat and 36 kg for poultry (Foran 2005). 

In constant dollar terms over the last 30 years, fresh meat 
has tripled as the expense of preserved meat has halved, 
while poultry has increased by 60%, and its by-products 
have remained nearly stable. Turnover is currently about 
$14.6 billion and involves over 800 enterprises. In financial 
terms, exports are 100 times the size of imports. 
Interestingly, the growth rate of yearly slaughters has 
slowed over the past 5 years (to 2011), a phenomena which 
has left many processing plants operating below capacity 
(IBIS 2011). 

The processing of livestock is heavily water dependent, 
largely due to strict food safety standards. Considerable 
amounts of hot, warm and cold water are used in the 
cleaning and sanitising of plants and equipment, 
suppressing dust and washing contaminants from carcases 
(MLA 2011). Hot for sterilising equipment such as: knives, 
hooks, viscera tables and halving saws, and warm mainly for 
hand and apron washing. Significant amounts of energy are 
required to heat the water to required levels.

The typical water uses in a livestock processing plant is 
shown in Figure 4.

The most critical water issues faced by the livestock 
processing industry are:

•	 Water quality;

•	 Consistent supply; and

•	 The limits of diversification of water resources. 

Within an abattoir, water quality is vital due to hygiene 
requirements. For example food safety regulations do not 
allow the use of recycled water within the processing area. 

The cost of water in the processing of livestock is tripled as 
producers have to pay at three different stages: for the 
incoming water, the treatment process and disposing of the 
resulting wastewater (MLA 2011). These significant costs to 
producers’ are likely to rise in Australia as the price of water 
and trade waste rises (Smith 2010). Consequently, the 
availability and security of water has been identified as the 
most significant issue limiting the growth potential and size 
of the feedlot sector. 

AECOM Summary Report 2
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The processing of livestock is heavily water dependent, largely due to strict food safety standards. Considerable 
amounts of hot, warm and cold water are used in the cleaning and sanitising of plants and equipment, 
suppressing dust and washing contaminants from carcases (MLA 2011). Hot for sterilising equipment such as:
knives, hooks, viscera tables and halving saws, and warm mainly for hand and apron washing. Significant 
amounts of energy are required to heat the water to required levels.

The typical water uses in a livestock processing plant is shown in Figure 4.

Figure 4 – Example of water use in a livestock processing plant (Source: Pagan and Prasad 2011)

The most critical water issues faced by the livestock processing industry are:

- Water quality;

- Consistent supply; and

- The limits of diversification of water resources. 

Within an abattoir, water quality is vital due to hygiene requirements. For example food safety regulations do not 
allow the use of recycled water within the processing area. 

The cost of water in the processing of livestock is tripled as producers have to pay at three different stages: for the 
incoming water, the treatment process and disposing of the resulting wastewater (MLA 2011). These significant 
costs to producers’ are likely to rise in Australia as the price of water and trade waste rises (Smith 2010). 
Consequently, the availability and security of water has been identified as the most significant issue limiting the 
growth potential and size of the feedlot sector. 

3.4 Mining industry
The region’s mining sector is largely centred on the Barrick Gold Mine operations in Bland Shire Council 
(contributing to more than 20% of its economic output) with smaller mining operations located throughout various 
other councils. Accounting for approximately 0.5% of the regional workforce, mining contributes approximately 3% 
to the regional economic output making it the highest value add industry by employment. Mining and related 
activities are water intensive industries, with water being used for exploration, ore extraction and processing, dust 
suppression, site amenities and for the irrigation of surrounding lands and rehabilitated areas. 

While not one of the major water intensive industries in terms of the relationship between megalitres used for 
each dollar of value add, the sheer size of mining operations make this industry one of the larger gross water 
users in the region. The sector’s demand for water is relatively inelastic in that it cannot adapt as easily to reduced 
water availability as other industries such as agriculture. With substantial deposits of iron having been identified in 
the region, it is possible that the future water requirements of this industry could increase in the future.

Access to reliable water sources is essential for mining operations. However the complexity of water rights, 
multiple (and at times conflicting) stakeholders and differing values makes water use in mining processes a 
challenging balancing act. The primary water use in mining operations is for washing products, supplementary 
uses include dust management, drilling and human consumption (Evans et al.. 2003). While water quality is 
important for some aspects of mining and minerals processing, lower quality water such as saline groundwater 

Figure 4  Example of water use in a livestock processing plant (Source: 
Pagan and Prasad 2011
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3.4 Mining industry
The region’s mining sector is largely centred on the Barrick 
Gold Mine operations in Bland Shire Council (contributing to 
more than 20% of its economic output) with smaller mining 
operations located throughout various other councils. 
Accounting for approximately 0.5% of the regional 
workforce, mining contributes approximately 3% to the 
regional economic output making it the highest value add 
industry by employment. Mining and related activities are 
water intensive industries, with water being used for 
exploration, ore extraction and processing, dust 
suppression, site amenities and for the irrigation of 
surrounding lands and rehabilitated areas. 

While not one of the major water intensive industries in 
terms of the relationship between megalitres used for each 
dollar of value add, the sheer size of mining operations 
make this industry one of the larger gross water users in the 
region. The sector’s demand for water is relatively inelastic 
in that it cannot adapt as easily to reduced water 
availability as other industries such as agriculture. With 
substantial deposits of iron having been identified in the 
region, it is possible that the future water requirements of 
this industry could increase in the future. 

Access to reliable water sources is essential for mining 
operations. However the complexity of water rights, 
multiple (and at times conflicting) stakeholders and 
differing values makes water use in mining processes a 
challenging balancing act. The primary water use in mining 
operations is for washing products, supplementary uses 
include dust management, drilling and human consumption 
(Evans et al.. 2003). While water quality is important for 
some aspects of mining and minerals processing, lower 
quality water such as saline groundwater can be used for 
some purposes and reduce the mine’s demand for higher 
quality water (Gilbert and Associates 2008). Reports have 
shown that approximately 200 L of fresh water can be 
consumed for every tonne of coal produced (Evans et al.. 
2003). This procedure entails the controversial conversion 
of fresh water to dirty water, a process which is at the top of 
the public agenda. 

The Cowal mine operation is reportedly reducing its reliance 
on fresh water by sourcing saline groundwater for use in the 
operation’s processing plant. Saltwater is not suitable for 
livestock, farming or household purposes. The mine has 
committed to reduce freshwater reliance by a million litres 
per day. Using saline water has the added environmental 
benefit of reducing possible soil salinity. Cowal is a zero 
water-discharge site, designed to collect and recycle water 
drawn from boreholes or rainfall. 

Cowal is participating in a pilot study with the Minerals 
Council of Australia, adopting a new system to measure and 
account for water use in the mining industry by developing a 
water footprint of individual mining operations.  Water 
footprinting is a new generation of indicator that can be 
used to report on water use, both direct and indirect. It is 
expected to improve the mining industries reporting of 
sustainable water use and benefit regulators and 
stakeholders. 

The critical issues facing mining operators are:

•	 Water availability and reliability 

•	 Disposal of wastewater 

•	 Water pollution – from mine waste rock and tailings

•	 Disturbance of natural water processes

•	 Sedimentation from road construction

There are also some external specific influences on the 
mining industry including the Australian Federal 
Government’s tax on mining profit (effecting gold 
exportation in particular), domestic valuing of gold and gold 
commodity prices.
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can be used for some purposes and reduce the mine’s demand for higher quality water (Gilbert and Associates 
2008). Reports have shown that approximately 200 L of fresh water can be consumed for every tonne of coal 
produced (Evans et al.. 2003). This procedure entails the controversial conversion of fresh water to dirty water, a 
process which is at the top of the public agenda. 

The Cowal mine operation is reportedly reducing its reliance on fresh water by sourcing saline groundwater for 
use in the operation’s processing plant. Saltwater is not suitable for livestock, farming or household purposes. The 
mine has committed to reduce freshwater reliance by a million litres per day. Using saline water has the added 
environmental benefit of reducing possible soil salinity. Cowal is a zero water-discharge site, designed to collect 
and recycle water drawn from boreholes or rainfall.

Cowal is participating in a pilot study with the Minerals Council of Australia, adopting a new system to measure 
and account for water use in the mining industry by developing a water footprint of individual mining operations. 
Water footprinting is a new generation of indicator that can be used to report on water use, both direct and 
indirect. It is expected to improve the mining industries reporting of sustainable water use and benefit regulators 
and stakeholders. 

The critical issues facing mining operators are:

- Water availability and reliability 

- Disposal of wastewater 

- Water pollution – from mine waste rock and tailings

- Disturbance of natural water processes

- Sedimentation from road construction

There are also some external specific influences on the mining industry including the Australian Federal 
Government’s tax on mining profit (effecting gold exportation in particular), domestic valuing of gold and gold 
commodity prices.

3.5 Forestry
“It is an inescapable conclusion that, in general, trees use more water than grasses or agricultural crops because 
of their deeper roots, longer-growing seasons, ability to absorb more radiation, and greater height and roughness 

of canopy that tends to increase evaporation” (Benyon et al.. 2007).

Forestry related industries are very important to the eastern REROC councils of Tumbarumba and Tumut, where
forestry, timber processing and paper and wood product manufacturing account for approximately 15% of 
employment and contribute significantly to the local government areas (LGA) economic output. While not as water 
intensive as other agricultural activities, each aspect of the forestry and related timber and paper processing 
industries requires a substantial amount of water, with these industries accounting for about two thirds of a 
percent of the total yearly national water consumption (Water Account Australia, 2005).  

Figure 5: Map of Australia’s forest resources (Source: DAFF 2011)

3.5 Forestry
“It is an inescapable conclusion that, in general, trees use 
more water than grasses or agricultural crops because of 
their deeper roots, longer-growing seasons, ability to absorb 
more radiation, and greater height and roughness of canopy 
that tends to increase evaporation” (Benyon et al.. 2007).

Forestry related industries are very important to the 
eastern REROC councils of Tumbarumba and Tumut, where 
forestry, timber processing and paper and wood product 
manufacturing account for approximately 15% of 
employment and contribute significantly to the local 
government areas (LGA) economic output. While not as 
water intensive as other agricultural activities, each aspect 
of the forestry and related timber and paper processing 
industries requires a substantial amount of water, with 
these industries accounting for about two thirds of a 
percent of the total yearly national water consumption 
(Water Account Australia, 2005).

2010 statistics showed Australia had 147.4 million hectares 
of native forests (Figure 5) (of which 22.3 million is privately 
owned or leasehold, and 23 million are in conservation 
reserves), and approximately 2 million hectares of 
plantations, most of which are introduced softwoods (DAFF 
2010; IFA 2011). Australia’s forests store an estimated 12 
billion tonnes of carbon, and on average, 70 000 hectares of 
new plantations are reported each year (although this rate 
of expansion is expected to decrease in the coming years). 
Plantations and native forests sequestered approximately 
18.9 million tonnes in 2007, reducing Australia’s total 
emissions by 2.2%. 

Figure 5  Map of Australia’s forest resources 
(Source: DAFF 2011)
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Forestry is a water dependent industry as significant 
resources are required during the growth and processing 
stages. The processing of forest products such as pulp, and 
milling use water at a number of different stages, such as 
(Knapp 2010): 

•	 Stock dilution;

•	 Bonding of fibres;

•	 Showers;

•	 Pulper dilution;

•	 Hydraulic cooling;

•	 Seal water; 

•	  Cleaning; 

•	 Roll cooling;

•	 Condensers; 

•	  Wash-up hoses; 

•	 Cooling towers; 

•	 Lubricating;

•	 Boilers; and

•	 Chemical make-up.

Forestry managers may use fresh or treated water, 
depending on their requirements. Some of the current 
critical water issues for the forestry industry include:

•	 Understanding and utilising groundwater resources; 

•	 Trees prevent recharge and use water directly from the 
aquifer (perceptions that will potentially lead to a 
decrease in water allocations); 

•	 Changes in legislation that enables the licensing of water, 
and water  affecting activity permits; 

•	 Climate Change; and

•	 Age and location of plantation. 

The conversion of pasture to plantation forestry presents a 
water management issue as there is likely to be a decrease 
in available surface and groundwater for other uses. In 
addition, forestry plantations can pose a threat to water 
quality if they trigger the release of sulfuric acid and metals 
from soils into streams. However, it is important to 
acknowledge that although forests may impact on water 
yields, they offer net benefits such as salinity mitigation, 
erosion control, carbon sequestration, biodiversity 
enhancement and diversification of rural economies 
(Benyon et al., 2007). Further, effects from forestry 
lantations on stream flow in a catchment can be reduced by 
concentrating plantings in elevated parts of a catchment 
(Keenan et al.. 2006).

In addition, the forestry industry is likely to be influenced by 
other non-water related factors including:

•	 Changes to the industries structure; 

•	 Movements in the international marketplace; 

•	 Environmental issues, including consumer expectations; 
and

•	 Community apathy towards the industry Scenarios.
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Without knowing how 
much water is used at 
each step of the 
process, the industry 
has no way of 
understanding and 
minimising that use.
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4.1 Overview
The primary threats to future water availability and 
sustainability in the REROC region have been identified and 
assessed in two scenarios. These scenarios represent 
threats to the region’s water future and potential 
adaptation needs. The scenarios considered are:

•	 Potential reduction in water availability because of 
changes in regulation; and

•	 Potential reduction in water availability because of 
climate change.

4.1.1 Potential reduction in water 
availability because of changes in regulation 
Regulatory regime
The Murray–Darling Basin Authority (the Authority) is 
charged with developing a Basin Plan within the framework 
of the Water Act 2007.The Water Act requires the Authority 
to determine the volume of water required to maintain and 
restore environmental assets, using best available science 
and the principles of ecologically sustainable development. 

As a precursor to the Basin Plan, the Authority developed 
the Guide, which provides an overview of the proposed 
Basin Plan, and the rationale behind the proposals 
presented by the Authority for discussion. The Guide sets 
out discussions on environmental water requirements, 
volumes of water that can be taken for consumptive use 
-  known as long-term average sustainable diversion limits 
-  for surface water and groundwater, and transitional 
arrangements to support implementation of the SDLs. The 
Guide also outlines how the Authority proposes to put the 
Basin Plan into effect.

Sustainable Diversion Limits
The Sustainable Diversion Limit (SDL) is the maximum 
amount of water that can be diverted from a catchment, 
beyond which the risk that further extraction will cause 
environmental degradation is unacceptably high.SDL 
proposals will be set by the Authority, will apply to all forms 
of water extraction (surface and ground) and include 
watercourse diversions for: town and community water 
supplies, irrigation and industries, floodplain harvesting 
and interception activities such as farm dams and forestry 
plantations. The current limits on the volumes of water for 
these uses are referred to as the current diversion limits. In 
setting the SDLs the Authority is required to:

•	 Deliver additional water to the environment to meet the 
environmental water requirements, consistent with the 
Water Act 2007. At this point the MDBA anticipate the 
range of additional water needed for the environment is 
between 3,000 GL/y and 7,600 GL/y

•	 Optimise economic, social and environmental outcomes 
from these changes.

The development of SDLs as proposed within the Guide, are 
based on three scenarios for providing additional water to 
the environment at the lower end of the range. These 
scenarios are for an increase in water available to the 
environment of 3,000 GL/y, 3,500 GL/y and 4,000 GL/y. This 
represents proposed average reductions of between 22% 
and 29% in current diversion limits for surface water at the 
Basin scale.

Water Licence buybacks
Australia has the largest cap and trade water market in the 
world, which exists in the Murray-Darling Basin (MDB). A cap 
on the issuing of new water licences in most of the MDB 
commenced in 1995. Any new business which requires 
irrigation water in the MDB will need to enter the market to 
purchase water. The market has grown rapidly in activity 
and value of water traded since its inception. In the 2008-
2009 financial year, $2.74 billion was traded, an increase of 
75% from 2007- 2008.

The Federal Government’s purchase of water licences for 
the environment means that less water will be available for 
cities, industry and irrigation. Many water market 
forecasters expect that the Government ‘buy-back’ of water 
will force the price of water licences higher over the long 
term. The Federal Government has allocated $3.1 billion to 
purchase water for the environment and by the end of last 
year 651 gigalitres (GL) of water has been bought at a cost of 
just over $1 billion. An additional $270 million has been 
allocated for the purchase of more water licences.

4.1.2 Potential reduction in water 
availability because of climate change
Discussion Paper 1 of the REROC SBC project provides a 
detailed assessment of current weather patterns, past 
climate trends and future climate scenarios for the REROC 
region as well as the individual LGAs. 

4.0   Scenario modelling
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Current climate
REROC is a large and contrasted region in terms of climate. 
At the REROC scale, there is a very clear south-east to 
north-west gradient. The mountainous south-east region 
presents the coldest and wettest climate with the lowest 
evaporation and the highest number of days <0°C. On the 
other hand, the plains of the north-west are drier and hotter 
and present much higher rates of evaporation and a lower 
annual number of days <0°C.

Past climate
The evolutions in the climate across REROC differ 
depending on the area, highlighting the local variations in 
the climate. However the following general trends can be 
drawn for REROC:

•	 Mean annual minimum and maximum temperature have 
increased at all weather monitoring stations within 
REROC;

•	 Mean seasonal minimum and maximum temperature have 
increased at most weather monitoring stations within 
REROC with some local variations in Wagga Wagga (slight 
decrease in autumn minimum temperature) and 
Tumbarumba (no changes in maximum summer tempera-
ture and minimum autumn temperature);

•	 Annual rainfall has decreased at most weather monitoring 
stations within REROC;

•	 Seasonal rainfall showed a varying evolution which 
cannot be classified as any overall trends for REROC;

•	 The annual number of rainfall days decreased at most 
weather monitoring stations within REROC; 

•	 The seasonal number of rainfall days show varying 
evolutionary trends which do not provide an overall 
picture for REROC. Some similarity in trends were found 
in several LGAs, for instance the summer and autumn 
rainfall have been increasing in Cootamundra, 
Tumbarumba, Tumut and Wagga Wagga, while the number 
of rainy days in summer and autumn has decreased. 
These trends suggest than summer and autumn rainfall 
tended to be less frequent but either more intense or 
longer in duration;

•	 The only station with consistent evaporation data shows 
an increased evaporation rate at the annual and spring 
scale, while remaining stable for the other seasons.

Projected changes in rainfall and evaporation
For the purpose of this study AECOM commissioned the 
Commonwealth Scientific and Industrial Research 
Organisation (CSIRO) to generate locally relevant climate 
projections. Two emissions scenarios representing both 
ends of the emission spectrum were chosen: A1FI for the 
“high” emission scenario and B2 for the “low” emission 
scenario. These emission scenarios were used by CSIRO as 
input data to run a pool of 18 climate models. The results of 
the models were then distributed between the “most likely 
future” (i.e. most models agree and the scenario represent 
the most likely evolution of the climate in REROC) and the 
“worst case scenario” (i.e. a limited number of models 
agrees and this scenario represents the worst case 
evolution of the REROC climate but remains plausible). The 
climate variables considered in these scenarios included: 
air temperature, mean rainfall, relative humidity, and 
potential evaporation. The general trends for each scenario 
are:

•	 An increase in mean annual air and seasonal temperature 
for all time horizons ranging between + 0.85°C (2030) and 
+ 3.9°C (2070 High) for annual values in the most likely 
scenario and ranging between + 1.4°C (2030) and + 6.6°C 
(2070 High) for annual values in the worst case scenario).

•	  A decrease in mean annual rainfall for all time horizons 
ranging between -5% (2030) and -24% (2070 High) for 
annual values in the most likely scenario and ranging 
between -6% (2030) and -26% (2070 High) for annual 
values in the worst case scenario); seasonal trends are 
similar except for autumn in the most likely scenario (no 
changes) and summer in the worst case scenario 
(increase between 3% and 13%).

•	 A limited increase in mean annual evaporation for all time 
horizons ranging between +1% (2030) and +6% (2070 High) 
for annual values in the most likely scenario and ranging 
between +2% (2030) and +11% (2070 High) for annual 
values in the worst case scenario); seasonal trends show 
similar trends except spring in the most likely scenario 
with a decrease ranging between -1% (2030) and -5% 
(2070 High) and spring in the most likely scenario with a 
decrease ranging between -1% (2030) and -3% (2070 
High).

•	  A decrease in mean annual and seasonal humidity for all 
time horizons ranging between -2% (2030) and -11% (2070 
High) for annual values in the most likely scenario and 
ranging between -5% (2030) and -21% (2070 High) for 
annual values in the worst case scenario.
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Drought frequency and intensity
Assessment of changes in drought frequency and intensity 
was not part of the Discussion Paper 1 but some 
understanding of possible changes in drought patterns was 
required to conduct the risk assessment. Australia is 
recognised as the direst inhabited continent, with more 
than 60% of the continent considered as arid or semi-arid 
(LeHouerou, 1996). Australia is also exposed to recurring 
droughts and the past decade has been characterised by 
long lasting drought conditions especially in the south-
eastern region (see Figure 6). 

The drought identified in Figure 6 was characterised by the 
following particulars: it was largely confined to the southern 
Australian region; there was year to year variability in 
rainfall with no “wet years”; the decline was the strongest in 
autumn but there were reductions in winter and springs as 
well (similar to previous droughts). 

Some of the key changes explaining these long lasting 
drought conditions include: a disproportionate fall in 
rainfall amount during autumn resulting in very dry soil 
conditions at the beginning of the runoff season (with little 
infiltration in the first horizons of the soil and limited 
recharge of aquifers); a decline in rainfall during winter and 
spring when most of the runoff usually occurs, higher air 
temperature and lack of high rainfall events (SEACI, 2010).

4.1.3 Sharing Reductions in Water
The risks associated with water reduction policies and 
water reduction as a changing climate will be borne by 
either, or both the relevant Governments and the water 
entitlement holders, depending on the cause of the 
reduction, as follows (MDBA 2009):

•	 Water entitlement holders: water reduction as a result of 
periodic natural events such as bushfires or drought, or 
long term or seasonal changes in climate 

•	 Government: water reduction as a result of Government 
policy

•	 Water entitlement holders and Government: water 
reduction as a result of improvements in knowledge about 
the environmentally sustainable level of take water
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- A decrease in mean annual and seasonal humidity for all time horizons ranging between -2% (2030) and 
-11% (2070 High) for annual values in the most likely scenario and ranging between -5% (2030) and -21% 
(2070 High) for annual values in the worst case scenario.

Drought frequency and intensity

Assessment of changes in drought frequency and intensity was not part of the Discussion Paper 1 but some 
understanding of possible changes in drought patterns was required to conduct the risk assessment. Australia is 
recognised as the direst inhabited continent, with more than 60% of the continent considered as arid or semi-arid 
(LeHouerou, 1996). Australia is also exposed to recurring droughts and the past decade has been characterised
by long lasting drought conditions especially in the south-eastern region (see Figure 6). 

Figure 6 – Rainfall deciles across Australia between January 1997 and December 2009 (SEACI, 2010)

The drought identified in Figure 6 was characterised by the following particulars: it was largely confined to the 
southern Australian region; there was year to year variability in rainfall with no “wet years”; the decline was the 
strongest in autumn but there were reductions in winter and springs as well (similar to previous droughts). 

Some of the key changes explaining these long lasting drought conditions include: a disproportionate fall in rainfall 
amount during autumn resulting in very dry soil conditions at the beginning of the runoff season (with little 
infiltration in the first horizons of the soil and limited recharge of aquifers); a decline in rainfall during winter and 
spring when most of the runoff usually occurs, higher air temperature and lack of high rainfall events (SEACI, 
2010).

Changes in runoff

As part of the Discussion Paper 2 “Water resources and consumption”, data outlining historical and projected 
runoff was sourced from the SEACI project and used to map runoff patterns across the REROC region. The 
differences between historical and projected runoff was also mapped. As shown in Figure 7, the highest changes 
in runoff are expected for the central region of REROC from Cootamundra to Wagga Wagga. 

Figure 6 Rainfall deciles across Australia between January 1997 and 
December 2009 (SEACI, 2010)
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The following pie charts outline an example of a current 
water sharing situation alongside two hypothetical 
situations that could occur if these risks were to be 
realised. 

(Note: all the numbers and relative quantities used here are 
hypothetical and for illustrative purposes only. There are a 
number of factors which would also have to be considered 
including climate change which are not part of this 
hypothetical. The hypothetical is drawn from a Murray 
Darling Basin Authority Fact Sheet on Sustainable Diversion 
Limits (SDLs) and the Impacts of Environmental Water 
Purchases.)

Figure 7 Historical (left) and historical vs. projected runoff (right) for the 2nd 
driest scenario (SEACI/AECOM, 2010)
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Figure 7 – Historical (left) and historical vs. projected runoff (right) for the 2nd driest scenario (SEACI/AECOM, 2010)

4.1.3 Sharing Reductions in Water

The risks associated with water reduction policies and water reduction as a changing climate will be borne by 
either, or both the relevant Governments and the water entitlement holders, depending on the cause of the 
reduction, as follows (MDBA 2009):
- Water entitlement holders: water reduction as a result of periodic natural events such as bushfires or 

drought, or long term or seasonal changes in climate 
- Government: water reduction as a result of Government policy
- Water entitlement holders and Government: water reduction as a result of improvements in knowledge 

about the environmentally sustainable level of take water
The following pie charts outline an example of a current water sharing situation alongside two hypothetical 
situations that could occur if these risks were to be realised.

(Note: all the numbers and relative quantities used here are hypothetical and for illustrative purposes only. There 
are a number of factors which would also have to be considered including climate change which are not part of 
this hypothetical. The hypothetical is drawn from a Murray Darling Basin Authority Fact Sheet on Sustainable 
Diversion Limits (SDLs) and the Impacts of Environmental Water Purchases.)
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In the pie chart below, a potential current water sharing 
arrangement is displayed whereby the total available water 
is 100 units and the amount of water currently permitted to 
be taken from this water resource for consumptive 
purposes is 70 units. The remaining water, 30 units, is 
‘planned environmental water’ under existing conditions i.e. 
water that is committed and/or preserved under state 
legislation for environmental use only.

If the SDL consumptive use is set at 50 units, then there are 
two pathways possible to reduce the amount of water being 
taken for consumptive use from 70 units to 50 units. 

Pathway to meet SLD: reduce supply of water to 
entitlements generally
The first pathway, detailed on the right above, assumes 
there is no purchase of entitlements for the environment 
and that all of the additional environmental water comes 
from reducing allocations to consumptive users. The 
pathway achieves SDL compliance by applying a factor of 
50/70 (or 71%) to all the allocations against entitlements 
that divert water from this water resource. That is, an 
entitlement previously receiving an allocation of 10 units 
would receive an allocation of 7.1 units. The additional 20 
units of water made available to the environment as a result 
would be additional planned environmental water. 

Required 
reduction to 

meet SDL

Additional 
planned 

environmental 
water (20units)

Planned 
environment 

al water  
(30 units)

Planned 
environment 

al water  
(30 units)

Consumptive 
water use  
(70 units)

Consumptive 
water use  
(50 units)

SDL

SDL
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Pathway to meet SDL: reduce supply of water to 
entitlements generally, impact offset by purchased 
environmental water entitlements
The second pathway assumes that part of the additional 
water for the environment comes from purchased 
entitlements. By purchasing 15 units of water for 
environmental purposes, the amount of water being used 
for consumptive purposes is reduced to 55 units.

To meet new SDL requirements the consumptive use must 
be further reduced from 55 to 50 units. This is addressed by 
applying a factor of 50/55 (or 91%) to all the allocations 
against entitlements that divert water from this water 
resource, including those purchased for environmental 
purposes.

Following this reduction, 50 units of water would be 
available for consumptive use and 50 units would be 
available to the environment. The 50 units is available to the 
environment would comprise:

•	 30 units of planned environmental water originally 
available

•	 13.6 units of held environmental water (being the 15 units 
of purchased environmental water reduced in volume by 
applying a factor of 91%) – this is water available under a 
water access right, a water delivery right or an irrigation 
right for the purpose of achieving environmental 
outcomes

•	 6.4 units of additional planned environmental water that 
is made available by applying a factor of 91% to all water 
use associated with entitlements. 

Planned 
environmen-
tal water (30 

units)

Purchased 
environmental 

water (15 
units)

Consumptive 
water use  
(55 units)

SDL

Planned 
environmental 

water (30 units)Additional 
planned 

envirnomental 
water (6.4 

units)

Purchased 
environmental 

water (13.6 
units) Consumptive 

water use  
(50 units)
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4.2 Implications for the REROC 
Region
The most tangible implication of less water availability on 
the regional agricultural industry is a potential decrease in 
production, in terms of both land use and yield of crops. 
Affected subsectors would be dry land farming, livestock 
processing and to a lesser degree, forestry. 

To ensure their continued operation, each of these 
subsectors will have to adapt to temporary (increased 
weather volatility) and permanent (SDL cutback or 
government buyback of entitlements) water availability 
reductions. Water reductions may increase farmers 
operational costs, consequently inducing farmers to shift to 
crops or farming methods that need less water but require 
increased labour or capital investment. Agricultural land 
values represent the expected long-run profitability of 
farming and thus may also fall in response to water supply 
cutbacks. Climate-driven water scarcity may generally lead 
to increases in farm gate prices, however a change of crops 
may not deliver adequate commercial outcomes if this 
results in an oversupply of products.

Lower levels of primary production would initially result in a 
reduction in activity across a number of industries which 
support agriculture including: food processing; transport 
and logistics; equipment manufacturing; and a number of 
other agribusiness subsectors. The impact of reduced 
primary production could potentially flow through to all 
sectors of the regional economy.

The impact of substantial water cutbacks on employment is 
likely to be significant if the correct adjustment/adaptation 
strategy is not implemented. Lower agricultural profitability 
could drive farm workers to seek job opportunities in other 
economic sectors. Shifts to more labour-intensive crops or 
irrigation systems may partly offset the reduction in 
farming activities and in the amount of acreage farmed.

Reduced primary production due to lessened water 
availability also has the potential to impact regional 
economies and communities as the population in rural 
areas continues to decline with people leaving their farms 
and the region in search of economic opportunities in major 
regional or metropolitan centres. Their departure also 
equates to a loss of skills for the region, potentially 
exacerbating the already evident skill shortage prevalent 
throughout regional New South Wales and Australia. A 
decreased pool of labour and workforce can in turn limit 

opportunities for future investment, economic 
diversification and development, as well as affecting the 
social fabric of regional communities. Decreased 
productivity of the region’s primary producers could lead to 
increased cost of inputs for businesses and increased 
grocery prices for the retail consumer.

Table 1 provides an overview of the potential economic 
implications of less water availability on key sectors in the 
REROC region.

The impacts of lower water availability on the REROC region 
as a whole will be greater without the implementation of an 
effective management framework for the efficient 
allocation of the region’s water to higher value added 
activities and for economic development purposes. Without 
this framework, the region might not have the capacity to 
support growth, both economic and in terms of population. 
If the REROC region cannot efficiently and effectively 
allocate water where it is most needed, it could encounter 
difficulties with attracting new industries, thus hindering 
its potential for economic diversification and employment 
growth.  

The above analysis has largely focused on the potentially 
detrimental implications of a future with less water 
availability in the REROC region. It is, however, important to 
consider that there are several potential positive 
implications of this future should the region develop and 
implement a sustainable water adaptation and 
management strategy:

1. In adopting more water efficient practices and strate-
gies, the regional agricultural sector has the opportunity 
to diversify itself and broaden its options through the 
selection of less water intensive crops and more 
technological inputs into primary production.

2. More efficient allocation of water would enhance water 
availability and security of supply, which in turn could 
allow for new higher value adding industries to be 
attracted to the region. The region could support 
continued economic diversification, allowing for a 
gradual transfer of skills from lower value adding 
agricultural activities to higher value adding economic 
activities. The shift to less water intensive practices for 
households and industry could foster innovation and 
lead to a more efficient utilisation of region’s allocation 
or water.
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Industry or 
Sector

Likely Water 
Availability 
Compared to 
Present

Likely Price 
Increase

Impact on 
Output

Impact on 
Employment Investment

Agriculture 
– Low Value 
Add

Less Significant 
Increase

Decreasing 
output

Decline Less investment

Agriculture 
– High Value 
Add

Less (partially 
offset from 
transfer from low 
value sector)

Significant 
Increase

Increasing 
output

Increase (from low 
value sector)

More investment

Mining Most demands 
are met

Significant 
increase

Increasing 
output 
(based on 
increased 
exploratiaon 
in region)

Increase (based on 
increased exploration 
in region)

More investment

General 
Industry

Most demands 
are met 
Certain exclusions 
apply 
Changing mix of 
supply

Higher due to 
cost of demand 
management

Stable 
output

Potential decline in 
supporting industries 
for low value add 
agriculture 
Potential increase in 
supporting industries 
for high value add 
agriculture 

Higher cost of more 
water efficient 
equipment  
More investment if 
sustainable 
demand 
management 
strategy is 
implemented 

Households Most demands 
are met 
Water restrictions 
retained 
Changing mix of 
supply 

Higher due to 
cost of demand 
management

Not 
applicable

Not applicable Higher cost of more 
water efficient 
appliances and 
housing

Table 1  Economic Implications of Less Water Availability on 
REROC Region
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Adaptation strategies 
need to be developed 
across Local 
Government areas, key 
industries, and in some 
cases the entire region. 
These strategies should 
include infrastructure 
solutions, improvements 
to water management 
and general awareness 
actions.
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A climate change adaptation strategy can be defined as 
“Actions in response to actual or projected climate change 
and impacts that lead to a reduction in risks or a realisation 
of benefits. A distinction can be made between a planned or 
anticipatory approach to adaptation (i.e. risk prevention) and 
an approach that relies on unplanned or reactive 
adjustments. The adaptation can be private or public”.

The REROC adaptation strategy aims to (i) protect persons 
and assets by acting on public health and risk management, 
(ii) integrate a social dimension and avoid inequalities when 
facing risks, (iii) limit costs whilst taking advantage of 
opportunities and (iv) preserve the natural environment. 

Usually priority is given to “win-win” and “no-regrets” 
program. Win-win refers to measures that address the 
targeted climate change risks while having other 
environmental, social or economic benefits. No-regrets 
refer to measures that should be taken anyway, regardless 
of whether climate change is an issue. Figure 8 highlights 
the key processes involved in developing the adaptation 
strategy. 
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5.0 Adaptation strategies
A climate change adaptation strategy can be defined as “Actions in response to actual or projected climate 
change and impacts that lead to a reduction in risks or a realisation of benefits. A distinction can be made 
between a planned or anticipatory approach to adaptation (i.e. risk prevention) and an approach that relies on 
unplanned or reactive adjustments. The adaptation can be private or public”.

The REROC adaptation strategy aims to (i) protect persons and assets by acting on public health and risk 
management, (ii) integrate a social dimension and avoid inequalities when facing risks, (iii) limit costs whilst taking
advantage of opportunities and (iv) preserve the natural environment. 
Usually priority is given to “win-win” and “no-regrets” program. Win-win refers to measures that address the 
targeted climate change risks while having other environmental, social or economic benefits. No-regrets refer to 
measures that should be taken anyway, regardless of whether climate change is an issue. Figure 8 highlights the 
key processes involved in developing the adaptation strategy. 
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Figure 8 – Strategic axis for adaptation

Based on the outcomes of Discussion Papers 1 to 4, and in consideration of how these changes might influence 
current industries and activities in the REROC region, the following keys aspects have been identified as areas for 
further investigation in developing adaptation strategies:

Paper 1 to Paper 4

Paper 5 and Stage 
3 of the REROC 
SBC Program

Figure 8  Strategic axis for adaptation

5.0   Adaptation strategies
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Residential Audit Program

Objective
1. Promote water awareness

2. Provide some data on households’ consumption 
profiles

3. Identify water saving/efficiency opportunities

Description
The residential water audit program is a household audit 
of water use, to determine their consumption profile and 
evaluate the current performance of the indoor and 
outdoor water use. The benefits of an audit include 
increasing awareness of water efficiency, improved water 
efficiency and the sourcing of end use data specific to 
each LGA, which could enhance future planning. Typically 
a 10% to 15% uptake is assumed for these types of 
residential initiatives. 

An alternative to this approach is to provide a kit for a “Do 
It Yourself” home audit. This kit would include audit forms 
and supporting materials to help the residents perform 
the audit on his/her property and report the results. Some 
resources would need to be devoted to the analysis of the 
data collected through these DIY audits. 

Implementation
The implementation for this aspect would be driven by the 
individual LGA’s in coordination with REROC and the 
relevant LWU’s.

Residential Small Fixture and Rainwater Tank Program

Objectives

1. Improve residential water efficiency in the home

2. Minimise water wastage through leak reduction

3. Increase community awareness of water efficiency

4. Reduce demand on potable water supply

Description
The residential small fixture and rainwater tank program 
would involve the replacement of indoor and outdoor 
water fixtures to improve current water consumption by 
installing water-efficient taps, showerheads, toilets and 
appliances as well as providing recommendations for 
smarter watering of outdoor areas.

The program could include: flow restricted taps; spring 
loaded taps; duel flush toilets; low flow urinals; no flow 
urinals; flow restricted shower heads; biannual 
replacement of toilet cistern valves; review of appliance 
efficiency and replacements; and flow restricting devices 
in shower piping. 

Another aspect of the program to be explored would be 
the requirement for every new residential development to 
fit a rainwater tank to supply water for toilet flushing, cold 
water to the washing machine and outdoor use. A rebate 
scheme could also be developed to increase the 
installation rate and use of water tanks for existing 
houses. 

Implementation
The program implementation would be driven by the 
individual LGA’s in coordination with REROC and the 
relevant LWU’s.

5.1 Residential water program
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Evaporative Cooling System Audit Program

Objective
1. Promote water awareness

2. Identify water saving opportunities

3.  Improve water efficiency

Description
This initiative would focus on an evaluation of the 
potential to replace existing air conditioning units with 
evaporative cooling units for both residential and non 
residential customers. 

Additionally an audit of the existing cooling towers in each 
LGA. Cooling towers require ‘make-up’ water to replace 
losses which occur via the following processes:

•	 Evaporation – water is lost via evaporation which occurs 
as air passes over the water, removing the heat.

•	 Drift – water is lost as droplets are caught in the 
exhaust air from the towers.

•	 Bleed – once the Total Dissolved Solids (TDS) level in a 
cooling tower reaches a set point, water from the 
cooling tower basin is dumped and fresh water added to 
lower the TDS.

•	 Splash – water lost through splashing which occurs as 
water falls within the tower.

•	 Overflow – when the water level in the cooling tower 
basin exceeds a set point, water is dumped in the sewer 
to prevent the basin from overflowing.

•	 Leakage – can occur in cooling towers if there is a 
problem with float valves or the structural integrity of 
the tower.

Typically 80-90% of the water entering the tower is lost by 
the processes above. An audit of the cooling towers would 
ensure that they are maintained to the correct standards 
and that they are operating without excessive water 
losses. 

Implementation
The program implementation would be driven by the Local 
Councils. Funding to support this activity may be available 
under the Strengthening Basin Communities program.

Industry and Agriculture Water Audit Program

Objective
1. Promote water awareness

2. Identify water saving opportunities

3. Improve water efficiency

Description
Building on the Industry Water usage analysis already 
conducted as part of this study, this approach would 
entail:

1. Checklist development

2. Identification for a number o practical case studies 
critically assessing water use efficiency covering a 
range of industries

3. Development of Energy and Water Use Models for each 
case study

4. Database construction and analysis

5. Reporting

6. In-region presentations of the report and findings

This audit would also identify any need for training in 
relation to water management planning within industry.

Implementation
The implementation for this aspect would be driven at a 
regional level by REROC in collaboration with LGA’s and 
water utilities. 

5.2 Industry water program
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5.3 Community awareness
Industry Water Management Planning Guides

Objective
1. Promote water awareness

2. Share examples ‘best practice’

3. Build capacity within the region to identify water 
saving opportunities

4. Improve water efficiency

Description
For each of the audited industries (and key industries 
identified in section 3) it is proposed that a guideline is 
developed for water management planning. The guideline 
would specify best practice water management and 
include:

•	 Identifying key resources currently available

•	 Presenting best practice examples as drawn from water 
audits and research

•	 Providing an outline of the key requirements for water 
management plan and the steps to take in its 
development

•	 Establishing a regional forum and accessibility to 
resources available to support planned development

Given the widely accepted understanding that water is 
likely to become scarcer and its importance to many 
industries, water management planning will become a key 
factor in successfully managing a business. By building 
capacity and preparedness within the region the overall 
resilience of the community is enhanced and potential 
impacts will be minimised.

Implementation
The implementation would be driven at a regional level by 
REROC in collaboration with LGAs and LWU’s. 

Water Awareness Brochure

Objective
1. Provide REROC with a brochure to raise awareness of 

water issues among the community

Description
Preparing a water awareness brochure represents the 
simplest step in terms of raising awareness among the 
REROC community. The preparation of a single brochure 
would be cost effective, and be general enough to capture 
different target groups. 

The brochure could present some of the key findings of 
the REROC SBC study and some key actions that can be 
implemented by individual households in terms of water 
saving measures. Examples of such brochures are 
provided below:

Implementation
This initiative should be managed and implemented by 
REROC with support from the regions LGA’s. The 
community awareness program would require limited 
inputs from the individual LGA for dissemination and 
follow-up. 
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5.3 Community awareness

Water Awareness Brochure

Objective
1. Provide REROC with a brochure to raise awareness of water issues among the community

Description
Preparing a water awareness brochure represents the simplest step in terms of raising awareness among the 
REROC community. The preparation of a single brochure would be cost effective, and be general enough to 
capture different target groups.

The brochure could present some of the key findings of the REROC SBC study and some key actions that can be 
implemented by individual households in terms of water saving measures. Examples of such brochures are 
provided below:

Implementation
This initiative should be managed and implemented by REROC with support from the regions LGA’s. The 
community awareness program would require limited inputs from the individual LGA for dissemination and follow-
up. 

Comprehensive Water Awareness Campaign

Objective
1. Provide REROC and associated LGAs with a comprehensive strategy targeting different community 

groups 
2. Addressing various objectives in terms of encouraging behaviour around water use and 

implementation/acceptance of initiatives
Description
Initially three groups would be targeted for the awareness program: households, industries and dryland farmers. 
The identification of barriers will ensure that relevant strategies are in place to address the different types of: (1)
subjective barriers - linked to the perception in the community and stakeholders; and (2) objective barriers -
linked to factual issues. The determination of benefits (associated with the general community, specific roles or 
individual) will help to refine the objectives and to find possible avenues to deliver some of the initiatives.

The awareness program should be linked to some of the initiatives to maximise their efficiency. This is 
particularly relevant for the residential initiatives (e.g. water tank rebates, residential audits) and some of the 
industrial initiatives. The materials prepared should include a mix of posters, brochures and stickers presenting a 
common theme in terms of graphic layout.
It is suggested that the awareness campaign use existing communication channels in the LGA (such as a local 
newsletter) rather than trying to develop stand alone channels.

Implementation
This could be delivered for the most part by REROC, with some level of engagement from the LGA.
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Preparing a water awareness brochure represents the simplest step in terms of raising awareness among the 
REROC community. The preparation of a single brochure would be cost effective, and be general enough to 
capture different target groups.

The brochure could present some of the key findings of the REROC SBC study and some key actions that can be 
implemented by individual households in terms of water saving measures. Examples of such brochures are 
provided below:

Implementation
This initiative should be managed and implemented by REROC with support from the regions LGA’s. The 
community awareness program would require limited inputs from the individual LGA for dissemination and follow-
up. 

Comprehensive Water Awareness Campaign
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1. Provide REROC and associated LGAs with a comprehensive strategy targeting different community 

groups 
2. Addressing various objectives in terms of encouraging behaviour around water use and 

implementation/acceptance of initiatives
Description
Initially three groups would be targeted for the awareness program: households, industries and dryland farmers. 
The identification of barriers will ensure that relevant strategies are in place to address the different types of: (1)
subjective barriers - linked to the perception in the community and stakeholders; and (2) objective barriers -
linked to factual issues. The determination of benefits (associated with the general community, specific roles or 
individual) will help to refine the objectives and to find possible avenues to deliver some of the initiatives.

The awareness program should be linked to some of the initiatives to maximise their efficiency. This is 
particularly relevant for the residential initiatives (e.g. water tank rebates, residential audits) and some of the 
industrial initiatives. The materials prepared should include a mix of posters, brochures and stickers presenting a 
common theme in terms of graphic layout.
It is suggested that the awareness campaign use existing communication channels in the LGA (such as a local 
newsletter) rather than trying to develop stand alone channels.

Implementation
This could be delivered for the most part by REROC, with some level of engagement from the LGA.
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Water Awareness Brochure

Objective
1. Provide REROC with a brochure to raise awareness of water issues among the community

Description
Preparing a water awareness brochure represents the simplest step in terms of raising awareness among the 
REROC community. The preparation of a single brochure would be cost effective, and be general enough to 
capture different target groups.

The brochure could present some of the key findings of the REROC SBC study and some key actions that can be 
implemented by individual households in terms of water saving measures. Examples of such brochures are 
provided below:

Implementation
This initiative should be managed and implemented by REROC with support from the regions LGA’s. The 
community awareness program would require limited inputs from the individual LGA for dissemination and follow-
up. 

Comprehensive Water Awareness Campaign

Objective
1. Provide REROC and associated LGAs with a comprehensive strategy targeting different community 

groups 
2. Addressing various objectives in terms of encouraging behaviour around water use and 

implementation/acceptance of initiatives
Description
Initially three groups would be targeted for the awareness program: households, industries and dryland farmers. 
The identification of barriers will ensure that relevant strategies are in place to address the different types of: (1)
subjective barriers - linked to the perception in the community and stakeholders; and (2) objective barriers -
linked to factual issues. The determination of benefits (associated with the general community, specific roles or 
individual) will help to refine the objectives and to find possible avenues to deliver some of the initiatives.

The awareness program should be linked to some of the initiatives to maximise their efficiency. This is 
particularly relevant for the residential initiatives (e.g. water tank rebates, residential audits) and some of the 
industrial initiatives. The materials prepared should include a mix of posters, brochures and stickers presenting a 
common theme in terms of graphic layout.
It is suggested that the awareness campaign use existing communication channels in the LGA (such as a local 
newsletter) rather than trying to develop stand alone channels.

Implementation
This could be delivered for the most part by REROC, with some level of engagement from the LGA.
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Comprehensive Water Awareness Campaign

Objective
1. Provide REROC and associated LGAs with a compre-

hensive strategy targeting different community 
groups 

2. Addressing various objectives in terms of encouraging 
behaviour around water use and implementation/
acceptance of initiatives

Description
Initially three groups would be targeted for the awareness 
program: households, industries and dryland farmers. The 
identification of barriers will ensure that relevant 
strategies are in place to address the different types of: 
(1) subjective barriers - linked to the perception in the 
community and stakeholders; and (2) objective barriers 
- linked to factual issues. The determination of benefits 
(associated with the general community, specific roles or 
individual) will help to refine the objectives and to find 
possible avenues to deliver some of the initiatives.

The awareness program should be linked to some of the 
initiatives to maximise their efficiency. This is particularly 
relevant for the residential initiatives (e.g. water tank 
rebates, residential audits) and some of the industrial 
initiatives. The materials prepared should include a mix of 
posters, brochures and stickers presenting a common 
theme in terms of graphic layout.

It is suggested that the awareness campaign use existing 
communication channels in the LGA (such as a local 
newsletter) rather than trying to develop stand alone 
channels.

Implementation
This could be delivered for the most part by REROC, with 
some level of engagement from the LGA.

The NSW Office of Water has encouraged best practice 
management of water supply and sewerage since 1995 
(NOW, 2007). Best practice management is defined in the 
‘Best Practice Management of Water Supply and Sewerage 
Guidelines’. There are six elements to the guidelines (see 
Table 2 for details on the elements and corresponding 
deliverables).

Element Deliverable

Strategic Business 
Planning

Strategic Business Plan and 
Financial Plan

Best Practice Pricing Pricing that is in accordance with 
the guidelines

Water Conservation Demand Management Plan

Drought Management Drought Management Plan

Performance 
Reporting

Annual performance reporting to 
the NSW Office of Water

Integrated Water 
Cycle Management

Integrated Water Cycle 
Management Plan

The functions of the guidelines are to:

•	 Assist the Minister for Water Utilities in overseeing the 
performance of Local Water Utilities (LWUs) and demon-
strate compliance with relevant policies and legislation

•	 Define ‘Best Practice’ in the management of water supply 
and sewerage, according to the NSW Government and in a 
format that is consistent with the National Water Initiative 
(NWI)

•	 Enable the assessment of LWUs using the same criteria

•	 Enable benchmarking and comparison of LWUs

•	 Provide criteria for the payment of a dividend from the 
LWU’s water supply and sewerage fund 

•	 Provide criteria for financial assistance under the Country 
Towns Water Supply and Sewerage Program

•	 Encourage appropriate and efficient delivery of water and 
wastewater services

•	 Promote the efficient use of resources

•	 Aim to increase the resilience of LWUs and their communi-
ties in times of drought

•	 Support the long term sustainability of LWUs

5.4 NSW Best Practice 
Guidelines for Water Supply and 
Sewerage
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5.5 Diversification and Security 
of Water Supply and Storage

Identify the relative costs of reuse options compared to 
alternative sources

Objective
1. Understand the relative cost and certainty of water 

recycling options relative to other water supply 
options, including purchasing water in the open market 
for each LGA.

2. Ensure water security into the future in the most cost 
effective manner

Description
The diversification of the water supply includes 
undertaking a detailed assessment of the relative cost 
and certainty of water reuse options relative to other 
water supply options, including purchasing water in the 
open market. The assessment will be completed by 
reviewing existing studies and information on potential 
potable and non-potable water supply options in each 
LGA.

This information provides an understanding of the role 
and cost of each of the above supply sources within an 
options planning framework that can help determine 
selection of portfolios with greater flexibility, and the 
avoidance of early major capital commitment while 
continuing to deliver adequate security. In particular, the 
estimated levelised costs of various options (or schemes) 
can be compared.

Implementation
The implementation for this aspect would be driven by the 
LGAs and LWU’s. Funding to support this activity may be 
available under the Strengthening Basin Communities 
program.

Non Potable Water Master Plans

Objective
1. Identify water saving opportunities

2. Minimise the demand for potable water supply for 
lower order usage

Description
Across Australia, water supply agencies are planning and 
implementing more integrated approaches to meet the 
water demands of a growing population with less water. 
These approaches recommend the utilisation of a 
combination of existing water supply systems, water 
efficiency and alternative water supply options to balance 
supply and demand at the lowest net social cost. The 
focus on balancing supply and demand at lowest social 
cost recognises that need to provide a level of reliability 
at the lowest cost borne by the community.

Integrated water resource planning recognises that no 
single water supply or water efficiency option will be 
sufficient to balance supply and demand on its own. 
Rather, achieving this balance will require a whole suite of 
options, including water-efficiency options (to conserve 
water and increase the efficiency of its use) and supply-
side options (to increase the available supply of suitable 
water from various sources).

Implementation
Local councils and water utilities would be charged with 
the implementation of the non-potable water master plan.

1.
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Development of a WSUD Strategy for Specific Areas

Objective
1. Provide assessment of the WSUD potential for a site

2. Detail WSUD actions to be implemented 

Description
A WSUD strategy would incorporate a detailed site 
analysis and water assessment, followed by an 
assessment of the end use and treatment required. 

The following site characteristics should be considered as 
part of a detailed site analysis:

•	 Climate (i.e. rainfall - annual average, seasonal 
variation)

•	 Topography (i.e. slope, vicinity to natural waterways)

•	 Soils and geology (i.e. suitability for infiltration)

•	 Groundwater (i.e. depth to water table)

•	 Salinity (i.e. acid sulphate soils)

•	 Space (i.e. potential areas for water treatment and 
storage)

•	 Services (i.e. conflicts between existing and proposed)

•	 Environmental (i.e. significant species)

•	 Heritage (i.e. retrofitting plumbing on heritage listed 
buildings).

The assessment of the end use and treatment required 
should include at least a general water breakdown in 
terms of: 

•	 Internal water use: drinking, showers, toilets and 
laundry;

•	 External water use: irrigation, industrial plant, cooling 
towers, vehicle washdown.

In addition to an assessment of the suitability of 
alternative water sources (rainwater, stormwater, 
groundwater and recycled water). 

Finally the strategy should determine the right balance of 
green infrastructure such as constructed wetlands 
(shown below) to be considered for the site as well as the 
monitoring, management and maintenance process to be 
implemented, which will ensure the long term efficiency 
of the WSUD measures. 

Implementation
This initiative should be implemented by LGAs or even 
business. For example Wagga Wagga City Council 
expressed interest in developing a WSUD strategy for the 
Bomen industrial area. 
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Development of a WSUD Strategy for Specific Areas

Objective
1. Provide assessment of the WSUD potential for a site
2. Detail WSUD actions to be implemented 

Description
A WSUD strategy would incorporate a detailed site analysis and water assessment, followed by an assessment 
of the end use and treatment required. 

The following site characteristics should be considered as part of a detailed site analysis:

- Climate (i.e. rainfall - annual average, seasonal variation)
- Topography (i.e. slope, vicinity to natural waterways)
- Soils and geology (i.e. suitability for infiltration)
- Groundwater (i.e. depth to water table)
- Salinity (i.e. acid sulphate soils)
- Space (i.e. potential areas for water treatment and storage)
- Services (i.e. conflicts between existing and proposed)
- Environmental (i.e. significant species)
- Heritage (i.e. retrofitting plumbing on heritage listed buildings).
The assessment of the end use and treatment required should include at least a general water breakdown in 
terms of: 

- Internal water use: drinking, showers, toilets and laundry;
- External water use: irrigation, industrial plant, cooling towers, vehicle washdown.
In addition to an assessment of the suitability of alternative water sources (rainwater, stormwater, groundwater 
and recycled water). 

Finally the strategy should determine the right balance of green infrastructure such as constructed wetlands
(shown below) to be considered for the site as well as the monitoring, management and maintenance process to 
be implemented, which will ensure the long term efficiency of the WSUD measures. 
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Implementation
This initiative should be implemented by LGAs or even business. For example Wagga Wagga City Council 
expressed interest in developing a WSUD strategy for the Bomen industrial area. 
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STP Audit Program

Objective
1. Identify water saving opportunities

Description
An STP audit project would review the Sewage Treatment 
Plant (STP) operations across LGAs within REROC to 
determine what volume of water losses may be 
preventable. Stakeholder interviews have indicated the 
current stock of STPs are up to 70 years old and losses in 
settling ponds through groundwater egress and 
evaporation are up to 60%. 

This resource is relied upon particularly during drought to 
supply water to recreational facilities and minimise the 
usage of potable water supply. The social value of 
recreational facilities in regional centres is particularly 
important. It can also be used to maintain the aesthetic of 
the towns’ parks and gardens, and reduce demand for 
potable water supplies.

Implementation
The implementation for this aspect would be driven via 
the LGAs. 

Feasibility Study for STP water saving initiatives

Objective
1. Maximise water available for beneficial reuse

2. Minimise water losses

Description
The treated effluent from the sewerage treatment 
processes is a valuable resource particularly during 
drought periods. During the recent drought treated 
effluent become the prime water source in many areas for 
sporting fields, parks and gardens. Losses through the 
system can be quite significant (up to 60% of the treated 
volume). A range of options exist for minimising losses 
from within the STP processes. The major loss points 
occur during the settlement phase and within storage 
ponds where water evaporates or is lost through 
groundwater egress. 

The key strategies to maximise water saving are:

•	 Lining of ponds with an impermeable barrier, and

•	 Providing coverage of the pond surface to mitigate 
evaporation.

Implementation
The implementation of STP water saving initiatives would 
be driven by the Local Councils.

5.6 STP Efficiency Improvement
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5.6 STP Efficiency Improvement

STP Audit Program

Objective
1. Identify water saving opportunities

Description
An STP audit project would review the Sewage Treatment Plant (STP) operations across LGAs within REROC to 
determine what volume of water losses may be preventable. Stakeholder interviews have indicated the current 
stock of STPs are up to 70 years old and losses in settling ponds through groundwater egress and evaporation 
are up to 60%. 

This resource is relied upon particularly during drought to supply water to recreational facilities and minimise the 
usage of potable water supply. The social value of recreational facilities in regional centres is particularly 
important. It can also be used to maintain the aesthetic of the towns’ parks and gardens, and reduce demand for 
potable water supplies.

Implementation
The implementation for this aspect would be driven via the LGAs. 

Feasibility Study for STP water saving initiatives

Objective
1. Maximise water available for beneficial reuse
2. Minimise water losses

Description
The treated effluent from the sewerage treatment processes is a valuable resource particularly during drought 
periods. During the recent drought treated effluent become the prime water source in many areas for sporting 
fields, parks and gardens. Losses through the system can be quite significant (up to 60% of the treated volume).
A range of options exist for minimising losses from within the STP processes. The major loss points occur during 
the settlement phase and within storage ponds where water evaporates or is lost through groundwater egress. 

The key strategies to maximise water saving are:

- Lining of ponds with an impermeable barrier, and
- Providing coverage of the pond surface to mitigate evaporation.

Implementation
The implementation of STP water saving initiatives would be driven by the Local Councils.
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STP Audit Program

Objective
1. Identify water saving opportunities

Description
An STP audit project would review the Sewage Treatment Plant (STP) operations across LGAs within REROC to 
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are up to 60%. 
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usage of potable water supply. The social value of recreational facilities in regional centres is particularly 
important. It can also be used to maintain the aesthetic of the towns’ parks and gardens, and reduce demand for 
potable water supplies.

Implementation
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2. Minimise water losses

Description
The treated effluent from the sewerage treatment processes is a valuable resource particularly during drought 
periods. During the recent drought treated effluent become the prime water source in many areas for sporting 
fields, parks and gardens. Losses through the system can be quite significant (up to 60% of the treated volume).
A range of options exist for minimising losses from within the STP processes. The major loss points occur during 
the settlement phase and within storage ponds where water evaporates or is lost through groundwater egress. 

The key strategies to maximise water saving are:

- Lining of ponds with an impermeable barrier, and
- Providing coverage of the pond surface to mitigate evaporation.

Implementation
The implementation of STP water saving initiatives would be driven by the Local Councils.
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5.7 Climate change risk 
assessment

Climate Change Risk Assessment for LGAs Assets

Objective
1. Identify risks brought by climate change to a council’s 

assets. 

2. Analyse the risks in terms of likelihood and conse-
quences and determine which risks are the most 
threatening and which assets are the most at risk.

3. Consider implication for a council’s asset and risk 
management systems.

Description
The risks to a council’s assets associated with climate 
change would be analysed as a combination of the 
likelihood of the risk occurring and the consequences if 
this risks occurs. The risks would be classified in four 
risks classes and scored from 1 to 25 (see table below).

One of the outcomes of the risk assessment is a list of 
risks showing which ones are the most threatening (see 
indicative example below).

 

The risk assessment would typically involve the following 
steps: a review of councils existing assets and current 
asset management plans (including maintenance regime), 
review and sourcing of additional climate change 
information (gradual changes were analysed as part of the 
first phase of the REROC SBC project but not changes in 
extreme events), site visit, risk workshop with the council 
and other stakeholders and drafting of the risk 
assessment. 

Additionally some specific risks (such as the most 
threatening risks) can be further analysed and result in 
detailed scientific or engineering studies. For instance 
detailed flood modelling could be performed for areas of 
specific concern

Implementation
This option should be implemented at the LGA level. The 
climate change risk assessment will require some inputs 
from councils in terms of data and existing plans but will 
be mostly developed by an external consultant. 

The Cootamundra Shire Council expressed strong interest 
in understanding the vulnerability of some of its assets to 
climate change including the stormwater drainage 
network and some of the roads regularly exposed to wash 
off from the local creek. 
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5.7 Climate change risk assessment

Climate Change Risk Assessment for LGAs Assets

Objective
1. Identify risks brought by climate change to a council’s assets. 
2. Analyse the risks in terms of likelihood and consequences and determine which risks are the most 

threatening and which assets are the most at risk.
3. Consider implication for a council’s asset and risk management systems.

Description
The risks to a council’s assets associated with climate change would be analysed as a combination of the 
likelihood of the risk occurring and the consequences if this risks occurs. The risks would be classified in four 
risks classes and scored from 1 to 25 (see table below).

One of the outcomes of the risk assessment is a list of risks showing which ones are the most threatening (see 
indicative example below). 

The risk assessment would typically involve the following steps: a review of councils existing assets and current 
asset management plans (including maintenance regime), review and sourcing of additional climate change 
information (gradual changes were analysed as part of the first phase of the REROC SBC project but not 
changes in extreme events), site visit, risk workshop with the council and other stakeholders and drafting of the 
risk assessment. 

Additionally some specific risks (such as the most threatening risks) can be further analysed and result in 
detailed scientific or engineering studies. For instance detailed flood modelling could be performed for areas of 
specific concern 

Implementation
This option should be implemented at the LGA level. The climate change risk assessment will require some
inputs from councils in terms of data and existing plans but will be mostly developed by an external consultant. 

The Cootamundra Shire Council expressed strong interest in understanding the vulnerability of some of its 
assets to climate change including the stormwater drainage network and some of the roads regularly exposed 
to wash off from the local creek.
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Climate Change Risk Assessment for LGAs Assets

Objective
1. Identify risks brought by climate change to a council’s assets. 
2. Analyse the risks in terms of likelihood and consequences and determine which risks are the most 

threatening and which assets are the most at risk.
3. Consider implication for a council’s asset and risk management systems.

Description
The risks to a council’s assets associated with climate change would be analysed as a combination of the 
likelihood of the risk occurring and the consequences if this risks occurs. The risks would be classified in four 
risks classes and scored from 1 to 25 (see table below).

One of the outcomes of the risk assessment is a list of risks showing which ones are the most threatening (see 
indicative example below). 

The risk assessment would typically involve the following steps: a review of councils existing assets and current 
asset management plans (including maintenance regime), review and sourcing of additional climate change 
information (gradual changes were analysed as part of the first phase of the REROC SBC project but not 
changes in extreme events), site visit, risk workshop with the council and other stakeholders and drafting of the 
risk assessment. 

Additionally some specific risks (such as the most threatening risks) can be further analysed and result in 
detailed scientific or engineering studies. For instance detailed flood modelling could be performed for areas of 
specific concern 

Implementation
This option should be implemented at the LGA level. The climate change risk assessment will require some
inputs from councils in terms of data and existing plans but will be mostly developed by an external consultant. 

The Cootamundra Shire Council expressed strong interest in understanding the vulnerability of some of its 
assets to climate change including the stormwater drainage network and some of the roads regularly exposed 
to wash off from the local creek.



40 AECOM

5.8 Regional Water Trading 
Forum

Water Management Planning Framework

Objective
1. Mitigate risk over water security 

2. Maximise regional economic development through 
preparing and fostering a planning framework which 
seeks regional water management solutions as a 
collective body and responds to local issues and 
needs with its regional capacity

Description
A regional based water management planning framework 
will help the REROC region to address many of the water 
management challenges that its local governments and 
businesses are now facing. These include how to manage 
volatility and the loss of growth opportunities such as 
with the inability to service new industries seeking 
investment in the region due to a lack of water security.  

Process and programs that are currently being 
implemented by regional water authorities and primary 
producers include:

•	  Demand management plans;

•	 Water adaptation strategies including re-use 
opportunities; 

•	 Water management plans; and

•	 Better planning and flexibility in regard to crop schedul-
ing and selection. 

The water planning framework would be based upon a 
number of principles which all share the common 
objective of using the region’s aggregate water allocation 
in a more efficient and effective manner and in a way that 
benefits the entire region. By providing the mechanism to 
facilitate knowledge of all water availability in the region, 
and to project its use, the planning framework would 
allow for the allocation of the pooled resources to those 
individual users who need it most. 

The benefits of developing this framework would be to 
increase the region’s flexibility to respond to water 
allocation issues, improve market performance, address 
deficiencies with regional capacity, and to increase water 
use efficiency to facilitate greater regional benefits.

Implementation
The development of this framework will require the 
cooperation of water utilities who, if not interested in 
formal amalgamations, should at least have shared 
services and integrated core operations which will allow 
for them to pool their services and capacities and to work 
as a regional authority
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5.8 Regional Water Trading Forum

Water Management Planning Framework 

Objective
1. Mitigate risk over water security 
2. Maximise regional economic development through preparing and fostering a planning framework which 

seeks regional water management solutions as a collective body and responds to local issues and 
needs with its regional capacity

Description
A regional based water management planning framework will help the REROC region to address many of the 
water management challenges that its local governments and businesses are now facing. These include how to 
manage volatility and the loss of growth opportunities such as with the inability to service new industries seeking 
investment in the region due to a lack of water security.  

Process and programs that are currently being implemented by regional water authorities and primary producers 
include:

- Demand management plans;
- Water adaptation strategies including re-use opportunities; 
- Water management plans; and
- Better planning and flexibility in regard to crop scheduling and selection. 

The water planning framework would be based upon a number of principles which all share the common 
objective of using the region’s aggregate water allocation in a more efficient and effective manner and in a way 
that benefits the entire region. By providing the mechanism to facilitate knowledge of all water availability in the 
region, and to project its use, the planning framework would allow for the allocation of the pooled resources to 
those individual users who need it most. 

The benefits of developing this framework would be to increase the region’s flexibility to respond to water 
allocation issues, improve market performance, address deficiencies with regional capacity, and to increase 
water use efficiency to facilitate greater regional benefits. 

Implementation

The development of this framework will require the cooperation of water utilities who, if not interested in formal 
amalgamations, should at least have shared services and integrated core operations which will allow for them to 
pool their services and capacities and to work as a regional authority.
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5.8 Regional Water Trading Forum

Water Management Planning Framework 

Objective
1. Mitigate risk over water security 
2. Maximise regional economic development through preparing and fostering a planning framework which 

seeks regional water management solutions as a collective body and responds to local issues and 
needs with its regional capacity

Description
A regional based water management planning framework will help the REROC region to address many of the 
water management challenges that its local governments and businesses are now facing. These include how to 
manage volatility and the loss of growth opportunities such as with the inability to service new industries seeking 
investment in the region due to a lack of water security.  

Process and programs that are currently being implemented by regional water authorities and primary producers 
include:

- Demand management plans;
- Water adaptation strategies including re-use opportunities; 
- Water management plans; and
- Better planning and flexibility in regard to crop scheduling and selection. 

The water planning framework would be based upon a number of principles which all share the common 
objective of using the region’s aggregate water allocation in a more efficient and effective manner and in a way 
that benefits the entire region. By providing the mechanism to facilitate knowledge of all water availability in the 
region, and to project its use, the planning framework would allow for the allocation of the pooled resources to 
those individual users who need it most. 

The benefits of developing this framework would be to increase the region’s flexibility to respond to water 
allocation issues, improve market performance, address deficiencies with regional capacity, and to increase 
water use efficiency to facilitate greater regional benefits. 

Implementation

The development of this framework will require the cooperation of water utilities who, if not interested in formal 
amalgamations, should at least have shared services and integrated core operations which will allow for them to 
pool their services and capacities and to work as a regional authority.
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Economic Diversification Strategy

Objective
1. Assess the potential for regional economy and its 

various industry sectors, and specifically the agricul-
tural sector, to both diversify and adapt

2. Provide an overall strategy outlining what actions 
could be implemented to facilitate the transformation 
both at the individual level (skills transfer) and at the 
business/sector level (diversification) 

Description
The first steps of the strategy are to identify the 
competitive and comparative advantages within the 
region and LGAs, and to build upon or leverage these 
advantages to facilitate economic development and make 
investing in the region attractive. Processes necessary to 
identify these advantages include the development of a 
comprehensive industry and economic profile utilising 
qualitative and quantitative tools such as location 
quotient modelling, strategic asset assessments, cluster 
mapping and detailed stakeholder consultation.

Location quotients demonstrate the degree to which a 
local economy is specialised by examining the proportion 
of employment in an industry sector to a larger economy. 
The economy of a LGA can be compared to neighbouring 
councils or to the region as a whole; and a regional 
economy can be compared to the state and national 
economy. Location quotient modelling identifies the 
strengths and weaknesses of the local economy and its 
natural comparative advantages.

Cluster mapping builds upon location quotient modelling 
by comparing the local industry employment against 
employment growth over time on a national and state 
level. This allows for the identification of growth 
opportunities in specific industry sectors where a 
competitive advantage already exists. 

A strategic asset assessment builds further on the 
location quotients to identify additional competitive 
advantages by highlighting unique and specific assets in 
the region that can be leveraged for economic 
development. These assets can include: key transport 
infrastructure, geographic and environmental 
characteristics, skill sets of the local or regional 
workforce, proximity to tertiary education facilities or 
scientific institutions or any other assets of the local 
economy that can provide opportunities for significant 
growth when combined with other existing competitive 
advantages. 

Compiling and assessing the data from these tools 
coupled with findings from detailed consultation process 
with local government and industry stakeholders allows 
for the identification of the regional and local competitive 
advantages that can be built upon to attract new 
industries and investment. By identifying what the region 
is good at, what strategic assets can be leveraged and 
what kind of new industries would be synergetic with the 
skill set of the workforce and existing industries, a 
narrowly targeted program of attracting investment can 
be developed. Over time this is likely to lead to the 
diversification of the economy, thus contributing to its 
sustainability.

Implementation
The REROC LGAs would need to work closely with state 
and national agencies to develop policy that fosters 
innovation, promotes the transfer of skills to increase the 
potential for value adding, knowledge based economic 
development. The private sector and the community need 
to embrace the notion that the diversification of the 
economy and the gradual shift to higher value adding 
activities will lead to greater sustainability of the regional 
economy and strengthen their community. This initiative 
could be promoted and managed by REROC. 

5.9 Economic Diversification
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