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ABSTRACT: 
 
This paper is about the impact climate change has and will have on the regional 
development of towns and cities in the Lower Murray Darling Basin of Australia.  The case of 
climate change and its impact on available water for human communities is established in 
terms of existing and most probable loss of future water yields, together with the socio-
economic implications for future regional development. The City of Bendigo, Campaspe 
Irrigation Area and Eppalock catchment are presented as an example and a dire warning for 
what could be in store for the Lower Murray Darling Basin.  Short term responses to 
Bendigo’s and the region’s water shortages (State election year) are discussed together with 
a sustainable water supply strategy that will sustain long-term regional development in the 
Lower Murray Darling Basin for the foreseeable future. 
 

1.  INTRODUCTION 

This paper can be considered to be written in two parts. The first part presents data to support 
the proposition that a changing climate in the Bendigo region and changes to the characteristics 
of the Eppalock catchment are responsible for significant reductions in inflow to Lake Eppalock 
and these reductions cause community hardship. The second part identifies the inadequacies of 
existing water governance, identifies a fundamental flaw in the methodology of planning future 
water resources and discusses short and long term responses to the water crisis being 
experienced in the Bendigo region and possibly very soon in the Lower Murray Darling Basin. 
 
 
2.  LOCATION AND WEATHER 

Northern Central Victoria in shown in figure 1.  This figure shows the extent of the irrigation area 
in northern Victoria. The Great Dividing Range runs from east to west in the bottom of the figure 
and the Murray River flows from east to west through the centre of the figure.  The Eppalock 
catchment is located in north central Victoria on the Campaspe River which rises in the Great 
Dividing Range and flows north into the Murray River at Echuca.  The Lower Murray Darling 
Basin extends north into New South Wales and is defined by the Lachlan and Murrumbidgee 
catchments in this paper. 
 
The three major tributaries flowing into Lake Eppalock are the Wild Duck Creek in the east, the 
Campaspe River flowing centrally from south to north and the Coliban River in the south west of 
the catchment.  The upper Coliban Catchment contains three reservoirs, Upper Coliban, 
Lauriston and Malmsbury.  Water from these three reservoirs is diverted by an open channel to 
the Coliban System where it is used for irrigation and water supply to a number of towns and 
cities including Kyneton, Castlemaine and Bendigo.  A small quantity of water is released into 
the Coliban River as environmental flow. 
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Figure 1  The Goulburn-Murray Water Region in North Central Victoria showing  

the Headworks and Extent of Irrigation.     Map published by G-M Water 
 
Lake Eppalock's catchment is in a rain-shadow which is caused by the southerly proximity of the 
Great Dividing Range and the predominant directions of the primary weather systems. 

 
(1) The primary weather systems typically originating from the south or the west. (Cold 
fronts and low pressure systems), 

(2) The second system, moist jet streams, from the northwest enhancing the primary 
system. 

(3)  The third system mainly only in La Nina years, Northeast moisture flows from the 
Pacific also enhancing the cold fronts. 

 
The weather that is enhanced from the north east, the third weather system, provides Lake 
Eppalock with most of its inflow.  It is the combination of these three weather systems which 
determine the extent of inflow into the lake. I.e. during the El Niño years the weather originating 
in the north east is weakened or is non-existent and below average rains typically provides little 
inflow to the lake.  In the La Nina seasons all weather systems are usually operating so the 
inflows into Lake Eppalock are usually large. This is the reason for the great variability of flow 
extremes into Lake Eppalock. This La Nina system has been increasingly weakened in recent 
years by the warming of the Philippine Sea caused by increased pollution levels from India and 
China. ( Named by Kevin Long “The Chinese Effect”)    
 
 
3.  GLOBAL WEATHER UNCERTAINTY 

Most world nations, in recent times, have expressed their concern and in some cases alarm, at 
the level of uncertainty in the global weather patterns.  There has been argument about the 
issue of global warming, its causes and implications.  A consensus view appears to be emerging 
which identifies the burning of fossil fuel with the rising of the Earth's temperature; global 
warming.  The evidence indicates that there have always been changes to the global 
temperature; however, the concern is over the unprecedented rate of temperature rise in recent 
years. 
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The purpose of this paper is not to enter into the argument about global warming but to place on 
record findings in climate change as they relate to the Bendigo region and the impact upon the 
economic livelihood of those who depend upon regular rain and irrigation water in the region 
including the Lower Murray Basin.  The major factors influencing the rapid temperature change 
include; 
 

1. The level of net radiation flux reaching the earth from the sun  
2. global dimming due to air-travel 
3. global pollution of particulates smaller than 2.5 micron 
4. global warming gases due to human activity and 
5. The rapid changing of carbon sinks. I.e. loss of forests, reduction of soil carbon 
etc. 

 
The major symptoms resulting from the above include; 
 

1. A weakening of trade winds 
2. melting of glaciers, permafrost, Arctic and Antarctic ice 
3. slowing of the Gulf-stream 
4. extremes in droughts, fires, floods 
5. acidification of the oceans and 
6. The maintenance of abnormally warm South China and Philippines Seas. 
 

The increase in the incident and intensities of the El Niño phenomenon in the last 30 years, the 
unprecedented sea temperature anomalies and differential warming of the Earth’s hemispheres 
are strong indicators of climate change and global warming. 
 
 
4.   WEATHER SYSTEMS AND WEATHERING CYCLES 
 
Detailed scientific studies into global warming has shown that climatic change is a ongoing 
process and throughout recent history, the last 30,000 years, there has been major changes in 
the earth's climate, however, it is the unprecedented rate of rise of temperature that is causing 
anxiety. These changes have occurred in what could be called geological time and in most 
cases there has been adequate time for biodiversity adaptation, however, the challenge to the 
community in the Bendigo region is how to adapt to climate change when the rate of change is 
unprecedentedly faster and the economic resilience of the farming community is only a matter of 
a few years before the farming enterprises fail and the farmers walk off the land. 
 
 
5.   WET AND DRY SEQUENCE IN THE BENDIGO REGION 
 
History indicates that during the first 35 years of European settlement (1788 to 1823)  drought 
conditions were the dominate feature of life on the land, however, it was during the above 
average seasonal conditions from 1824 to 1874  that Australia developed much of its agriculture 
and mining industries.  Again a dry period prevailed from 1874 to 1952 where the rainfall was 
well below the long-term average. The period 1952 to 1996 was a wet period similar to1824 to 
1874 and was marked by above-average rainfall. Figure 2 depicts Bendigo's five-year average 
weighted rainfall readings for the last 140 years showing the wet and dry sequences and the 
average rainfall for each sequence.  The long-term average rainfall for Bendigo is 540 mm.  
Future predictions to 2032 are included.  (Long, 2004) (Bendigo Advertiser, 2003)  It is to be 
remembered the rainfall measuring station was shifted from the Bendigo Jail, in the centre of the 
city, to the Bendigo Airport located on the outskirts of the north east of Bendigo in 1992. The 
informal difference is assumed to be in the range of 40 to 60 mm less at the airport. 
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Figure 2 – Bendigo’s Five-Year Rainfall Average Chart showing Wet and Dry Sequences 
and corresponding Average Rainfall for Sequence    * Adjusted for weather station shift. 
 
Since 1992 to now there has been a steady decline in the average long-term rainfall and drought 
conditions have dominated since1997.  The last 9 years have the lowest average rainfall on 
record. The CSIRO observed that the rainfall had flip-flopped from a long-term wet to a dry 
sequence in 1992. (Jones, 1997)  Autumn rainfall averages in the Upper Campaspe Catchment 
have averaged 40% less over the last 14 years. (Burns, 2006:3) 
 
 
6.   CLIMATE CHANGE REFLECTED IN THE CAMPASPE RIVER FLOWS 
 
The Campaspe River inflows to Lake Eppalock for the last 114 years showing the wet and dry 
sequences are shown in figure 3. The 5 and 10 year averages even out the yearly inflows and 
accentuated the wet and dry sequences.  A trend line for the last twelve years shows how the 
annual inflow is decreasing, at an alarming  and unsustainable rate. The predicted inflow for 
2006 is shown in red at the extreme right of the figure.  
 
[ Update added at end of 2007 ]  
 
Inflow for 2007 (the latest of four failed La-Nina cycles in a row) yielded only 21% inflow.  

Long term average 

Wet Sequence 1952-1996 Dry Sequence 1874-1852 Dry Prediction 

Average Rainfall 518mm 

Average Rainfall 596mm 

516* 
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Figure 3 – Campaspe Inflow to Lake Eppalock. 
 
 
7.   CATCHMENT YIELDS 
 

7.1 The Changing Yield Performance 
 
Based on river flow records of the previous dry sequence (1878 to 1952) Lake Eppalock was 
expected to average inflows of 153,000 ML per year. This is in stark contrast to the actual inflow 
into Lake Eppalock during the recent wet sequence which has delivered an average of 206,000 
ML inflow over the period 1962 to 1996 and is in further contrast to the last six years (dry 
sequence) where the inflow has averaged only 25,000 ML per year. 
  
An indication of the past catchment performance of the Upper Campaspe Catchment has been 
attained by the study of the rainfall records at Metcalfe over the period of the recent wet and the 
present dry sequence. Metcalfe is located approximately in the centre of the Upper Campaspe 
Catchment and offers a continuous rainfall record from 1900 to 2005.  (Mactier, 2006).   
 
A summary of the average yearly rainfall at Metcalfe and the resultant average effective rainfall 
(runoff) across the catchment into Lake Eppalock is shown in table 1. 

Decreasing 

annual inflow 

Dry Sequence 

1878 to1952 

Wet Sequence 

1952 to 1996 

Dry 
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Table 1 - A Summary of the Relationship between the Average Yearly Rainfall at Metcalfe 
and Inflow into Lake Eppalock.  Note: 1mm of effective runoff equates to approximately 1% of 
reservoir fill. (Goulburn-Murray Water, 2005) 
 
Period Average Yearly 

Rainfall at 
Metcalfe  

Average 
Effective Rainfall 
(runoff) Across 
Catchment 

Average Inflow 
to Lake 
Eppalock          
ML/Year 

Average % of 
Inflow to Lake 
Eppalock/year 

Wet Sequence 
1952 to 1996 

680 mm 66 mm 206,000 66% 

Dry Sequence 
1997 to 2006  

560 mm 21 mm 65,000 21% 

Dry     Sequence   
2001 to 2006 

526 mm 7mm 25,000 7% 

 
From Table 1 above it can be seen that during the wet sequence the average effective rainfall 
(runoff) across the catchment was only 66 mm which corresponds to an average inflow to Lake 
Eppalock of 206,000 ML/year: a very large inflow.  From this it can be seen that only small 
reductions in average yearly rainfall, compounded by land care practices, has resulted in 
significant reductions to the inflow to Lake Eppalock. 
 
Alternatively, the increased water consumption due to land care practices during the wet 
sequence is relatively small and has little effect when there are large inflows; however, during 
the dry sequence increased consumption of water due to land care practices has a major effect 
on the inflow potential.  
 
7.2  Factors Influencing a Decrease in Catchment Yield include: 
 

7.2.1 The Landcare movement's success has resulted in an increase in the local biomass 
and biodiversity which has contributed to a decrease in the catchment yield. 
7.2.2 The new awareness in farming practices such as the introduction of perennial species 
and improved ploughing techniques have also contributed to a decrease in the catchment 
yield. 
7.2.3 The Calicivirus (biological rabbit control) has enabled the regeneration of vegetation 
which has resulted in improve water quality but significant less runoff to Lake Eppalock. 
7.2.4 Ongoing land subdivision and lifestyle farming activities has resulted in the 
construction of numerous small dams.  The Department of Sustainability and Environment 
have estimated the capacity of the dams in the catchment to be of the order of 40,000 ML. 
7.2.5 Further, in 2006 the State government made $1 million available for the fencing of the 
Coliban River in the upper catchment with the intention of improving water quality, 
revegetating buffer zones and increasing biodiversity.  The authors contend that these major 
works in the Coliban River is a current example of the ad hoc, well-intentioned, but 
uncoordinated environmental investment in the Upper Eppalock Catchment that will further 
reduce the total inflows to Lake Eppalock, especially during critically dry years 
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7.3  Reduced Catchment Yield 
 
During this most resent dry cycle the catchment is yielding progressively less. A comparison of 
catchment yields for successive dry sequences, 1874 To 1952 and 1997 to 2006, indicates a 
difference of 88,000 ML/year. i.e.  During 1874 to 1952 the catchment averaged 153,000 ML/per 
year. During the most resent dry cycle an alarming trend of raducing yields is evident, a 50% 
loss of yield this time compaid to the extended dry pierid of 1874 to 1952.   
1997 to 2007 yielded only 65,000ML/per year. 2001to 2007 yielded only 20,000ML/per year  
The author’s apportion the reduced catchment yield in the following way; 
 

• Additional number of farm dams.     25,000 ML/year 
• Less autumn and winter rainfalls. (less effective rainfall) 25,000 ML/year 
• All other listed factors in 7.2 above.    38,000 ML/year 

Total Inflow Losses 88,000 ML/year 
7.4 Reduced Catchment Yields 2000 - 2006 

 
The drastic decrease of inflow into Lake Eppalock due to the factors affecting catchment runoff 
and climate change is shown graphically in a figure 4. 

 
Figure 4 Eppalock Inflow Actual May 2000 to October 2005 and Average Inflow Envelope 
for Wet Sequence 1954 – 1996   (Zero inflow for 2006 as at 8th October 2006) 
 
7.5 Outlook for 2006 - 2007 
 
The outlook for inflow as at the 8th of October 2006 is dire with no reservoir rise to date and a 
very dry catchment.  Goulburn-Murray Water has announced a 20% entitlement for the Goulburn 
irrigation season and the Campaspe and Loddon irrigation systems remain on zero. (this will be 
amended if the situation improves). Coliban Water has announced Emergency Restrictions (no 
outside watering) and there has been 3000 ML reallocated from the urban reserve to supply the 
horticultural industry in the Coliban system this season. 
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8.   WINNERS AND LOSERS 
 
The marked decline in yield from the Coliban and Upper Campaspe catchments can be 
attributed to the many factors referred to in this paper. This marked decline is made more 
obvious during this period of drought and hence the winners and losers are more apparent. For 
this dry period the total Lake Eppalock inflow reductions amounts to about 88,000 ML/year and 
equates to a reduced deliverable allocation downstream of Lake Eppalock of 40,000 ML/year 
(30,000 ML less for irrigation and 10,000 ML less for Coliban Water). This reduced inflow is 
effectively transposing 88,000 ML/year of irrigation and Coliban water, previously used below the 
Eppalock Embankment, to the Upper Eppalock Catchment. 
 

8.1 The winners. 
 
The winners (except for the Harcourt apple growers on the Coliban system) are located in the 
Upper Eppalock Catchment where what rain that falls is now mostly retained on the land with 
minimal runoff. I.e.  The effective rainfall (runoff) has been substantially reduced. The changes 
have resulted in enhanced riparian zones, improved water quality, re-generation of native flora 
and fauna, less soil compaction, improved agricultural grazing, overall increased biomass, 
improved soil structures and in total a more appealing landscape for the life-style occupants in 
the upper catchment. 
 

8.2 The losers – and there are many. 
 
The perception and reality of running out of water in rural and urban areas has a 

devastating impact on morale and the opportunity for future development; all of the regional 
inhabitants are affected in one way or another and to varying degrees by such a crisis. 

 
8.2.1 The downstream losers 

 
Many of the downstream users have lost their irrigation water and as a consequence they have 
lost their farms, their livelihoods and generations of endeavour.  During the first 34 years while 
the yield into Lake Eppalock was more than adequate and sustained a thriving irrigation area, a 
vibrant tourist industry and recreational activities in Central Victoria.  For the last six years the 
irrigators in the Lower Campaspe Catchment have endured a reduction of 85% of average 
inflows, or in other words, instead of enjoying the normal water allocation of 190% the irrigators 
have been limited to an average allocation of only 35% over the last two years and zero this 
irrigation season. 
 
The irony of the above is that during this period of significantly reduced water allocation and 
subsequent loss of production the irrigators have been bound to pay the full cost of their water 
allocation and licence fees. 
 
Most of the irrigation farmers in the Campaspe Irrigation System have been severely 
compromised, or have sold their water allocation and or farms to pay for water that could not be 
supplied.  Approximately, 50 out of 100 irrigation farms have sold off permanently their water 
allocation rights. This water allocation has been predominantly sold to needy neighbours who 
were encouraged by government authorities in the past to fully develop their farms in the belief 
of an average supply of 190% of their water allocation.  Such a supply was honoured until 2003 
when the residual water ran out. Up to 2% of the water right is permanently sold downstream 
each year. (This 2% limit is soon to be removed.) 
 
 8.2.2 The Lake Eppalock losers 
 
The progression of this drought over the last 11 years has led to the devastation of most of the 
recreational industries around Lake Eppalock. The Greater Bendigo City Council conducted an 
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economic study in 2003 (GBCC, 2003) and established that the recreational industries centred 
on Lake Eppalock injected $15 million per year into the region’s economy. Approximately 25% of 
the recreational leases have been abandoned due to low water levels, escalating costs and 
increasing pressures from Goulburn-Murray Water. The major commercial businesses, 
Nankervis Boat Service facility, the Eppalock Hotel/Motel and one of the major caravan parks 
have all been forced to close.  With no commercial compensation for their losses. 
 
The economic and commercial activity centring on Lake Eppalock is now in question and the 
prognosis is getting worse as this season progresses. Drought assistance is being paid to 
effected irrigation farmers in increasing numbers. 
 
 8.2.3 The upstream losers 
 
Harcourt Apple Orchardists on the 31st of August 2006 at a Public Meeting in the Bendigo Town 
Hall expressed their concern that a zero water allocation for the current irrigation season, from 
the Coliban System, would devastate their industry and cause a loss of up to half a million apple 
trees.  Subsequently, Coliban Water has reallocated 3000 ML, plus losses, from the urban 
reserve to the irrigation horticulturalist dependent on the Coliban System.  
 
        8.2.4 The Goulburn Valley irrigators - potential losers 
 
At a resent public meeting representatives from the Goulburn Valley Irrigators stated that they 
are on a small fraction of their water allocation, supplied from the Eildon Reservoir (only 23%), 
and that any water acquired from the Eildon system for the Coliban System would further 
compound their difficulties. 
  
 8.2.5 The residents of the urban areas - losers 
 
All the residents in the Bendigo region are losers to varying degrees as a result of the over 
allocation of irrigation water and the emptying of the reservoirs.  Currently, water restrictions in 
Bendigo, Castlemaine and Kyneton are extreme in that reticulated water can be used only inside 
the house.  Industrial users of water suffer no restrictions and carted water will be needed to 
preserve heritage trees and the botanical gardens. All rural residents depend on tank supplies 
and water cartage since dams are no longer filled by Coliban water. It now appears all water 
reserves will be consumed by this winter (June 2007) and bore water will become the only 
supply available most likely till September 2008. 
 
9.   GOVERNANCE OF WATER - IN TURMOIL 

The earlier sections of this paper have attempted to show the main reasons for the water supply 
crisis in the Bendigo region. A summary of these main reasons are; 
  

(1) The ‘flip/flop from a wet to a dry weather sequence in 1992 went unrecognised and 
therefore was not acknowledged in strategic planning by the water authorities, 

(2) The extent of the transformation of the Eppalock catchment went unrecognised.  
(3) The dry weather sequence and the transformation of the catchment coincided and  
(4) accelerated global climate change has started to impact on local weather patterns.  
  

This section of the paper will attempt to put the case that; 
 

(1)  The existing water governance instruments (bulk entitlements) are inappropriate for 
the present dry sequence, 

(2) Current water strategies are fatally flawed and 
(3) the current approach in the development of sustainable water strategies are now so 

complex that they are unable to address the crises in the rural communities unless a 
different paradigm is adopted within the political sphere: although the knowledge 
exists to meet the challenges ahead. 
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9.1  Council of Australian Governments (COAG) 
 

COAG water reforms were essential and were finalised in 1995. They are unfinished but provide 
a framework for all States and Territories to develop water management policies. (Cullen, 2002).  
The water reforms included; the ability to trade water rights, separation of water rights from land 
title, improvement of water efficiencies, provisions for environmental flows and the opportunity to 
maximise the return from available water. These reforms were essential to counter the 
escalating environmental pressure of over-allocation and to address the public’s concern with 
declining river health. The Victorian Government energetically embraced the COAG reforms and 
set about drafting new legislation that has fundamentally altered the water sector.  The 
application of tradable water rights to create an ‘Environmental Reserve’ was to be critical for the 
success of the new legislation.  However, modifying the incumbent legislation, dutifully 
addressing existing prior claims to water and planning for a secure, and sustainable water future 
has proven to be a complex and time-consuming task particularly during a time of 
unprecedented climate change. 
 
         9.2 Water Governance and Paralysis 

 
The development of the new water legislation has come at a price.  During the time it has taken 
to implement the COAG water reforms Victoria has been in the grip of the worst drought on 
record and consequently the bulk entitlements governing the allocation and distribution of water 
have been tested and found inadequate.  Unfortunately, as discussed in section 9.3 below, the 
Campaspe Bulk Water Entitlement has failed the Bendigo regional community and has caused 
them, and will continue to cause them, significant hardship until such time that the Minister 
directs that the bulk water entitlement as described in "[Campaspe System-Goulburn-Murray-
Water] Conversion Order 2000" be rewritten to accommodate the new climatic and hydrological 
conditions to ensure security of supply to regional communities. 
 

9.3 Failed Bulk Water Entitlement 

A Bulk Water Entitlement is a legally binding document under the 1989 Water Act and allocates 
the use of water flowing in rivers, streams and impounded in reservoirs. Bulk Entitlements; 
supposedly considers all factors involved with security and yield of water. They set out specific 
rules under which such water can be allocated. Bulk Entitlements can be complex documents 
and their preparation requires a detailed understanding of climate, hydrology, infrastructure 
capability, operational and demand requirements. They are expected to be all encompassing 
and offer security to all dependent water users and the environment through the complete 
drought and flood cycle. 
 
The Bulk Water Entitlement controlling the operation and deliveries from Lake Eppalock was 
rewritten and concluded in the "[Campaspe System-Goulburn-Murray Water] Conversion Order 
2000".  This is a sophisticated document dependent upon complex computer modelling of 
various hydrological scenarios: relating to historical inflows. it is unfortunate that the modelling 
appears to be biased by the wet sequence from 1952 to 1996.  Some provisions were made In 
the Bulk Water Entitlement for identifiable changes in the hydrological conditions. However in 
this case, the provisions were insensitive and are not capable of making the necessary 
adjustments to the current dry sequence and/or the changes in the hydrological sequence have 
not been observed and included in the modelling for the seasonal allocation of water.  
Consequently the Bulk Water Entitlement (BE) has proven to be inappropriate for the following 
reasons; 
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• There is no water conservation provision. 
• 100% allocation (if available), is given each season without considering security 
for the next season. 

• No water is reserved for the following year for environmental flows, 
social/community needs, and sporting/recreational uses. 

• Fails to conserve water for the next season’s stock and domestic supply or 
operational losses. 

• The computer modelling within the bulk entitlement would appear unable to adjust 
to the rapidly reducing inflows into Lake Eppalock. 

 
Figure 5 shows the combined seasonal inflow and drawdown on Lake Eppalock from July 1996 
to July 2006.  In 2000/1, 2001/2 and 2002/3 there was a drawdown of 330,000 ML which 
provided 190%, 130% and 100% of allocation to the irrigators including 25,000 ML as 
Supplementary Delivery in 2000/1 and 2001/2 into the Western Waranga Channel. This large 
draw-down left very little reserve in Lake Eppalock and gambled on seasonal winter rain in the 
following year to replenish the supplies.  This gamble did not pay off and resulted in the 
Campaspe irrigators receiving only 39% and 31% of allocation in 2003/4 and 2004/5 
respectively.  The allocation of the 2006/7 at the present time is zero, with zero inflow.  The 
outlook for allocations in 2007/8 is not encouraging with signs of a developing El Nino event 
becoming evident. 
 

 
 
Figure 5.  Shows the Combined Seasonal Inflow and Drawdown on Lake Eppalock from 
July 1996 to July 2006: In Hindsight a Gambol that did not Payoff. 
 
In general, Bulk Entitlements were developed in response to the end of an era where there was 
plentiful water and water returning to the sea was seen as a lost opportunity. .The Bulk 
Entitlement was to apportion and regulate water resources to existing users, guarantee certainty 
of supply (96 or 99 years in a hundred) and to acknowledge the existence of environmental 
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needs.  It was unfortunate in the formalisation of these bulk entitlements that there was little or 
no understanding of the variance of the hydrological wet/dry sequences in the local climate.  
Unfortunately, the current Campaspe Bulk Entitlement is an extension of the above level of 
awareness which is found to be lacking during this period of drought. 
 
This Bulk Water Entitlement has failed to deliver its main responsibilities for three consecutive 
years (including this year) and has failed to provide a sustainable irrigation allocation.  It would 
appear there has been a failure to review the Bulk Water Entitlement and the trigger points 
(written into the BE) have long since passed.  The result is that 50% of the Eppalock Campaspe 
Irrigation System is all but destroyed and 25% of the lakeside recreational leases have been 
given up.  Three of the main recreational support industries have now been closed down by 
Goulburn-Murray Water.  The inadequacies of the Bulk Water Entitlement is directly related to 
the partial loss of $15 million per year (GCB,2003).  Over the last four years additional yearly 
financial losses have resulted from Goulburn-Murray Water’s imposed recreational restrictions 
because of the low water levels in the lake. 
  
In summary, the existing bulk water entitlement [Campaspe Systems Goulburn-Murray Water] 
Conservation Order 2000 has acted as an impediment to many livelihoods in the region during 
this period of drought and the Minister has not moved to remedy the situation. 
He has failed his duty of care to all concerned. 
 

9.4  A Fundamental Flaw 
 

The experience in the Eppalock catchment highlights a fundamental flaw in water resource 
analyses underpinning decisions by COAG, the Murray Darling Basin Ministerial Council and the 
Victorian Government. Initially, COAG and the Murray Darling Basin Ministerial Council operated 
on the assumption that the water resource yield would remain unchanged and that the major 
focus was to ‘Cap’ the growth and reduce the over-allocation of water in the Murray Darling 
Basin (MDB). Even in the Final Report of the National Program for Sustainable Irrigation dated 
July 2004 (Centre for International Economics, 2004) reference was still being made to a “Run-
off” unchanged into the future. Refer to the figure below. 
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Figure 6 Impact of Cap on Diversions and Future Development for Constant Run-off 
 
The above figure was an attempt to graphically display the over-allocation of a national irrigation 
resource as a function of time and to demonstrate the extent of “Forgone diversions” once 
provision has been made for environmental and other inescapable provisions.  To have the 
“Run-off” as a horizontal line extending into the future is carelessness, if not misleading, 
particularly since at this time both the impact of climate change and of the fires in the 
catchments of the Murray and Mitta Mitta Rivers were known and could have been included. 
 
 Based on the experience in the Eppalock catchment the “Run-off” line in figure 6 could be 
conceivably halved in 10 years.  I.e. “Run-off” is shown on the figure above at 23,850 GL would 
be reduced to approximately 12,000 GL which implies there would be zero average ‘diversions’ 
once the full allowance is made for evaporation, wetland consumption, transfers into the MDB 
and provisions made for outflow to the sea.  This means under average future conditions 
there would be no irrigation in the southern parts of the Murray Darling Basin after 10 
years. 
 
Further, the Final Report of the National Program for Sustainable Irrigation discussed the 
forgone development opportunity in terms of improved supply reliability. Figure 7 clearly shows 
the reassuring improvement in the security of supply the Cap would offer any ‘announced 
allocation’. 
   

 
 
Figure 7 Impact of the Cap on the Reliability of Supplying an Announced Allocation 
 
A stated major benefit of the introduction of the Cap was, 
 
 "The Cap has put in place a framework that is conducive to trading and the 

establishment of secure water rights.  This will help to prevent the costly conflicts and 
legal disputes between irrigation groups and between regions that could be expected 
under a full development scenario." (Centre for International Economics, 2004). 
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The implication of this statement is that the Cap has averted ‘…costly conflicts and legal 
disputes between…that could be expected under a full development scenario.’, however, it could 
also be concluded if the “Run-off” is drastically reduced a difficult future scenario in the regions is 
not averted.  What would be the social implications if the average irrigation  ‘diversions’ in 
the lower part of the Murray Darling basin was 10% in ten years time? 
 
Moreover, in a recent study conducted by the Victorian Government titled, "Draft for Community 
Comment SUSTAINABLE WATER STRATEGY Central Region" the impact of climate change on 
stream flows were included.  The study stated that, "Climate change impacts could reduce 
stream flows by as little as 7% or by as much as 64% by 2055” (DSE, 2005).  For the purpose of 
the above study a ‘medium climate change’ was selected for water availability in rivers and 
reservoirs to 2055 that resulted in a 24% reduction (ibid, 2005). It is to be noted in Table 1, of 
this paper, during the dry sequence, 1997 to 2006, there was a 79% reduction and in 2001 to 
2006 there was a 92% reduction in inflow.  
 
The above research findings for the Eppalock catchment indicate the range of reduced stream 
inflows adopted by the Department of Sustainability and Environment for future planning are not 
representative of what is occurring and a state-wide review of all catchments should be 
conducted as the reduced stream flows (effective runoff) for other catchments could be 
potentially much greater than expected and occur over a much smaller period. 
 
The experience in the Eppalock catchment also shows that the effective rainfall (run-off), during 
a wet sequence, is of the order of 10% of the annual average rainfall and as such is super-
sensitive to both the reduction in average annual rainfall and additional infiltration and evapo-
transpiration losses.  The combination of Landcare activity, revegetation, Calicivirus (Rabbit de-
population), contour ploughing, additional small dams, and catchment management authority 
targeted buffer zone activity, lifestyle farming and depressed farm commodity prices (less 
grazing) all contribute to greater infiltration of rainfall and so less run-off. The transition from a 
yield (run-off) to no yield situation can occur over a very short period.  
 
The current prognosis for the upper Eppalock catchment is that now two consecutive winter 
months in excess of 100 mm rainfall is necessary for a substantial run-off from the catchment 
and with the current shift from autumn (40% less) and winter (30% less) rains to the spring (20% 
less) rains it is unlikely that such consecutive events can occur on a regular basis.  The net 
result of the above is that Eppalock catchments and similar catchments will be transformed from 
catchments which can yield significant quantities of water to effectively dry catchments.  The 
realisation of this possibility needs to be written into future bulk entitlements such that the 
security of existing communities can be assured. 
 

9.5  Australia’s Changing Climate 
 
Tim Flannery in his recent book, “The Weather Makers”, presents Australia’s changing weather 
patterns over the last 54 years.  The patterns show eastern Australia loosing rainfall and central 
and northern Australia gaining rainfall. (Flannery, 2005)  Table 1, of this paper, shows a 
reduction of 120mm between the wet and dry sequences which is confirmed by the weather 
pattern information presented by Tim Flannery for the Eppalock area. 
 
The research in this paper into rainfall in the Eppalock catchment presents an even more 
alarming picture because the rate of reduction of inflow is over 14 years and not 54 years as is 
the impression gained from Tim Flannery’s work. The implication from this is the Lower Murray 
Darling Basin is accelerating into a dry sequence faster than was previously thought.  E.g.  Lake 
Eildon is low and the Goulburn Valley irrigations have the lowest October water allocation ever 
(20%) with no security provision left for next year’s allocation: a repeat of what happened with 
Lake Eppalock in 2005. Dartmouth and the Hume reservoirs have been fully allocated this 
season leaving no reserves for next season. 
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10.  BENDIGO'S ‘SUPER-PIPELINE’ 
 
The proposed ‘Super-Pipeline’ has met the political imperatives of an election year.  The pipeline 
will connect the Waranga Western Channel via a pressure pipeline to Bendigo. The Waranga 
Western Channel distributes water from Lake Eildon on the Goulburn River catchment. At this 
stage it is unclear who will pay for the cost of the capital works.  The interest payment would 
amount to approximately $100 per capita per year. Pumping energy costs would be 
approximately 5cents/kilolitre. It is proposed the pipeline will be needed about 1 year in four.  It is 
estimated that without exceptional rains in the next 12 months Bendigo could be out of water 3 
to 4 months before the pipeline is commissioned. It is to be noted that by the time the Super-
Pipeline is commissioned Bendigo will have been on Emergency Stage 4 restrictions for 18 
months. 
 
In hindsight water planning for the worst scenario could have avoided the above predicament by 
replacing the existing wasteful Coliban irrigation system with a reticulated rural water supply 
(Similar to the Wimmera-Mallee Pipeline where small dams were replaced with troughs and 
tanks) and reusing the City of Greater Bendigo’s stormwater as replacement water in the 
system. It has been suggested an alternative pipeline connected to the Murray River would offer 
a much higher level of water security in the future (Long, 2006).  
 
 
11. A LONG-TERM VISION IN WATER SUSTAINABILITY FOR NORTH CENTRAL VICTORIA 
 
If the findings in this paper persist for any length of time the effects on the development of the 
region and the Lower Murray Darling Basin will be far-reaching. The ‘Super-Pipeline’ may meet 
the immediate crisis faced by those living within the Coliban Water Supply District, however, 
such a solution draws water from other catchments in the Lower Murray Darling catchment for 
which the future “run-off” prognosis is alarming. The fundamental question could arise, “Who 
should be structurally readjusted? the Harcourt Apple Industry or the apple industry in the 
Goulburn Valley!  Do we let the market decide? It is clear that ‘Bendigo Gold’ in a water market 
economy will prevail over the Goulburn Valley irrigators for the last water in Lake Eildon, but the 
question remains, “What will happen to the Harcourt Apple Industry?”. 
 
A long-term vision for water sustainability for north central Victoria and the Lower Murray Basin 
is overdue. 
 
Just as there is a new paradigm developing for Peak Oil and the protocols to manage the 
decline in its availability a new paradigm is required for water in the region and the Lower Murray 
Darling Basin.  Water is a scarce, valuable and essential resource and there may be much less 
of it for irrigation in the future. The shortage of irrigation water may not only stall the projected 
growth scenarios but cause severe contraction, requiring the realisation and public 
acknowledgement that some irrigation industries will need to be ‘structurally readjusted’; a 
euphuism for the dismantling of an agricultural industry and further fragmentation of existing 
rural communities in the Lower Murray Darling Basin. 
 
Through yet to be written water governance instruments and the adoption of sustainability 
principles the foundation should be laid for a sustainable and a secure water future where the 
bulk entitlement are not dependent on probabilistic yields but determined by the reserve of water 
in the reservoirs. I.e. An ‘outcomes based’ modelling approach that ‘uses half and saves half’ 
once a ‘trigger’ level in the reservoir is encountered.  
 
The implementation of an Integrated Catchment Management regime would ensure attention to 
a catchment water balance and avoid the ad hoc development resultant from secular interests.  
Environmental flow could and should mimic the flows of pre-European settlement particularly 
during a dry sequence. 
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12.  CONCLUSIONS 
 
It is concluded that: 
 
1. The historical records of rainfall show there are identifiable sequences of wet and dry 

periods and that these sequences have markedly increased or decreased the yields of the 
Campaspe River over long periods. 

 
2. Inflows into Lake Eppalock are not only influenced by the wet and dry sequences but are 

significantly reduced by the Landcare activities, improved farming practices and other 
factors in the catchment. 

 
3. As a result of catchment change there are now identifiable winners and losers in the 

Campaspe catchment. 
 
4. The ad hoc historical exploitation of water resources, the absence of an integrated natural 

resource management framework in the catchment, little institutional understanding of 
social aspirations and government agencies inability to recognise and adapt to climatic 
change has resulted in both winners and losers in the Bendigo region. 

 
5. The future challenge for Landcare and the government agencies is how to integrate the 

management of the natural resources in the Eppalock Catchment so as to enhance the 
natural resources and simultaneously maintain the inflows to Lake Eppalock during a time 
of decreasing effective runoff.  

 
6. The existing Bulk Water Entitlement [Campaspe System-Goulburn-Murray Water 

Conversion Order 2000] requires an immediate review to return water security to all the 
users and the environment. 

 
7. There are innocent losers and their plight should be remedied. 
 
8. Fundamental flaws exists in the analyses of water resources where the ‘run-off’ is 

considered constant over time.  Clearly the ‘run-off’ or the yield is diminishing rapidly and 
the question must be asked, “What would be the social implications if the average irrigation 
‘diversions’ in the lower part of the Murray Darling Basin was only 10% of allocation in ten 
years time?”.        

 
9. Governance of water is now a critical State and Federal issue. 
 
10. Existing water governance instruments are obsolete because they cannot deliver security of 

supply in times of rapidly reducing stream flows: the water availability paradigm has 
changed. 

 
11. New water governance instruments are needed to address issues of future water security.  

Such instruments are to be focussed on actual water reserves and not probabilistic 
expectations. 

 
12. A new paradigm for water be adopted that considers scarcity, worst case scenarios, 

sustainability principles, water security and water as an essential community resource not 
to be privatized. 

 



 

 
 
A Failed Lake Eppalock: A Dire Indicator for a Parched Murray-Darling Basin Downloaded from:    
Dr John Russell (La Trobe University) & Mr Kevin Long (K.E.V. Engineering)  - 1 Dec 2006 www.TheLongView.com.au 17 of  17 

ACKNOWLEDGEMENTS 
 
Bendigo Advertiser for publishing the Bendigo Rainfall Chart 1863 to 2002 
 
Mr Frank Hill, for access to his historical documents.  Mr Hill is a lifetime resident and past 
councillor of Heathcote and lives on the eastern shore of Lake Eppalock. 
 
Mrs Evelyn Mactier for access to her personal rainfall records for Metcalfe. 
 
Coliban Water, Goulburn-Murray Water and the Eppalock Action Group for the provision of 
information. 
 
The La Trobe University Bendigo for making this paper possible. 
 
 
REFERENCES: 
 
Bendigo Advertiser (2003) Bendigo Rainfall Chart 1863 to 2002 Bendigo Advertiser Friday, 
January 31 Friday 2003 
 
Burns, C. (2006) Farm Dam Research in the Campaspe Catchment Fact or Fiction Lake 
Eppalock Action Group June 2006 
 
Callinan, B. (1948) Evidence Submitted to the Parliamentary Public Works Committee on 
Wednesday, the 20th of October, 1948 
 
Centre for International Economics (2004) Implications for water reforms for the national 
economy National Program for Sustainable Irrigation July 2004 
 
GCB (2003) Drought Impact Report - 2003 - Lake Eppalock (2003) Greater City of Bendigo 
 
Cullen, P. (2003) Water: The Key to Sustainability in a Dry Land, “In Search of Sustainability” 
Online Conference February – November 2003, Available from: 
http://www.isosconference.org.au/ 
 
Flannery, T. (2005) the Weather Makers Text Publishing Melbourne Australia 
 
Goulburn-Murray Water (2006) Draft Fact Sheet Number 1 for the Campaspe System Water 
Resource Management, Campaspe System Hydrology. Goulburn-Murray Water.  Tatura 
 
Goulburn-Murray Water (2005) Communication between G-MW officers and Mr Kevin Long 
 
Jones, R. (1997) Climatic Change Seminar (1997) La Trobe University, Bendigo, Victoria. 
 
Long, K. (2004) Notes of Statistical Studies of Rainfall at Bendigo and Inflows into Lake 
Eppalock 
 
Long, K.  (2006) Echuca to Epsom Pipeline Media News Release 10-9-2006 
 
Mactier, E. (2006) Personal Rainfall Records, "North Lodge” Metcalfe, Victoria. 
 
PPWC (1949) The Parliamentary Public Works Report (1949) Parliament House Melbourne, 

Victoria. 
 
 

 


