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Afforestation Caveat 
Since the publication of this report, the Bureau of Rural Sciences has revised the 
estimates of the area of land in the Murray-Darling Basin currently under plantation 
and projected growth by 2020 provided in the 2005 update of the National Plantation 
Inventory. The revised estimates have implications for the estimated impact upon the 
shared water resources of the Murray-Darling Basin in the Afforestation section of 
this report (pages 7-10 and 26-28). 
 

Plantation area difference Estimates in this report 
(hectares) 

Revised BRS 
2006 estimate 

(hectares) 
Current plantation area 460,000 284,000 
Additional plantation area 141,000 to 920,000 50,000 

The Commission has adopted the revised figures to refine the current estimates of the 
affects of afforestation to inform the development of policy responses to the risks to 
shared water resources.     
 



Murray-Darling Basin Commission  
Values Statement 

 
We will manage and conduct our business in a highly professional and ethical 
manner, and according to the values jointly agreed with the Community Advisory 
Committee. These values require particular behaviours that will cement our 
relationships with our stakeholders and the wider community, and will underlie all 
decisions, actions and relationships we enter into. We will promote the values so that 
all people and organisations which have dealings with the Commission know what to 
expect from us and what we expect from them. 
 

Our values 
We agree to work together, and ensure that our behaviour reflects the following 
values. 
 
Courage 
We will take a visionary approach, provide leadership and be prepared to make 
difficult decisions. 

Inclusiveness 
We will build relationships based on trust and sharing, considering the needs of future 
generations, and working together in a true partnership. 
We will engage all partners, including Indigenous communities, and ensure that 
partners have the capacity to be fully engaged. 

Commitment 
We will act with passion and decisiveness, taking the long-term view and aiming for 
stability in decision making. 
We will take a Basin perspective and a non-partisan approach to Basin management. 

Respect and honesty 
We will respect different views, respect each other and acknowledge the reality of 
each other’s situation. 
We will act with integrity, openness and honesty, be fair and credible, and share 
knowledge and information. 
We will use resources equitably and respect the environment. 

Flexibility 
We will accept reform where it is needed, be willing to change, and continuously 
improve our actions through a learning approach. 

Practicability 
We will choose practicable, long term outcomes and select viable solutions to achieve 
these outcomes. 

Mutual obligation 
We will share responsibility and accountability, and act responsibly, with fairness and 
justice. 
We will support each other through necessary change. 



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 

 

Contents 

Introduction .............................................................................................................. 1 
Climate change......................................................................................................... 3 
Reafforestation......................................................................................................... 5 
Groundwater Extraction .......................................................................................... 7 
Changes to drainage and return flows from irrigation areas............................... 9 
Farm dams.............................................................................................................. 12 
Vegetation regrowth in the upper catchment post the 2003 bushfires............. 16 
Industry change ..................................................................................................... 19 
Water trade ............................................................................................................. 21 
Comments............................................................................................................... 23 
Conclusions............................................................................................................ 25 
Appendices 
Appendix A - Climate Change 
Appendix B - Reafforestation 
Appendix C - Groundwater Extraction 
Appendix D - Changes to drainage and return flows from irrigation areas 

including the impacts of improved on-farm water use efficiency 
Appendix E - Farm Dams 
Appendix F - Vegetation re-growth in the upper catchment post the 2003 

bushfires 
Appendix G - Industry Change 
Appendix H - Water Trade 
 
 

6003040.R01V04Final Summary(MDBC).doc    



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

Introduction 
The following report has been prepared by Earth Tech Engineering Pty Ltd (Earth 
Tech) with the assistance of the CRC for Catchment Hydrology (CRCCH), CSIRO, 
Marsden Jacob and Associates and Resource and Environmental Management 
(REM) for the Murray Darling Basin Commission (MDBC).  The objective of the 
report is to document the current state of knowledge on a number of factors that 
have the potential to affect the flow patterns in the River Murray and consequently 
the outcomes of the MDBC’s Living Murray Initiative. 

The MDBC initiative titled “The Living Murray” includes the analysis of the water 
sharing implications associated with the provision of an average of 350, 750 and 
1500 GL/year for the environment. Modelling of these flow scenarios is being 
undertaken by the MDBC. The analysis is being undertaken for an intact flow regime 
and flow regime associated with development at the time of the introduction of “the 
cap”. The modelling analysis uses estimated stream flows for these two conditions 
over a 108-year flow period from 1886 to 1994. However there are a number of 
factors that have the potential to impact on the future volume of water within the 
River Murray System that will be available for allocation to the environment and 
other users.  This report reviews the current knowledge and the likely changes to 
flow regime associated with eight of these factors. The eight nominated factors and 
contributors to this project are provided in Table 1. 

Short papers on the eight nominated factors are provided in the appendices to this 
report. Summaries of these papers are provided in the body of this report.  

Project Scope and Limitations 
The project has sought to identify the most likely and worst-case scenarios of impact 
from the factors on stream flow for 20 and 50 years from today. Where information 
has been readily available we have included an estimate of the likely impact of the 
factors on the period between the introduction of the “cap” and today.   

We have also attempted to put some bounds around the accuracy of the estimates 
that have been provided. For a number of factors there is considerable uncertainty 
and as a consequence debate over the likely and worst case impacts. Further 
research is required to provide an improved estimate of impact. The information 
contained in this report should be read in the context of the limited project scope and 
the level of uncertainty contained in the estimates of impact on flows associated with 
each of the factors reviewed. 
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Table 1. Nominated Factors Affecting Future Flow in the River Murray System  

Factor affecting future flows Research Author/s Appendix No 

Climate Change  Francis Chiew, (University of 
Melbourne / CRCCH) 

A 

Reafforestation  Lu Zhang, (CSIRO / CRCCH) B 

Groundwater Extraction  Stuart Richardson and Don 
McCarthy, (REM) 

C 

Changes to drainage and return flows from 
irrigation areas including the impacts of 
improved on-farm water use efficiency  

Evan Christen, Shahbaz Khan 
and John Hornbuckle, (CSIRO) 

D 

Farm dams  Earth Tech and Sergei 
Schreider, (Monash University 
/CRCCH) 

E 

Vegetation re-growth in the upper catchment 
post the 2003 bushfires  

Rob Vertessy, (CSIRO / 
CRCCH) 

F 

Industry change  Earth Tech  G 

Water Trade  (Matthew Toulmin Marsden 
Jacob and Associates) 

H 

The project has sought to identify the impact of the above factors on flows in the 
River Murray System. The River Murray System is complex with numerous points of 
flow input and extraction. There are also numerous rules governing its operations 
and numerous agreements between states and within states. The impact of the 
factors assessed on stream flow is largely a function of physical processes. 
However the impact of the factors on the River Murray System is also dependant on 
their location within the system and the agreements and regulations in place to 
manage the System.  

Many of the factors have been assessed in terms of their impact on flows within the 
Murray Darling Basin and not specifically the River Murray System. Some 
interpolation and interpretation of results will be required by the MDBC prior to the 
incorporation of results into the River Murray Modelling programs to assess their 
implications for the Living Murray Initiative.    
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Climate Change 

Introduction 
Chiew (refer Appendix A) has prepared a brief paper on the likely impacts of climate 
change on flows in the Murray Darling Basin.  According to Chiew “ there is now 
strong evidence that global warming is occurring.  This will lead to changes in 
precipitation patterns and other climate variables, which will in turn impact on 
catchment runoff.  The change in runoff is most sensitive to the change in rainfall, 
and in temperate areas, the percentage change in runoff is typically about twice the 
percentage change in rainfall.” 

Extracts from Paper 
Extracts from Chiew's report are provided below: 

The biggest uncertainty in estimating climate change impact on catchment runoff is 
in the estimation of rainfall in a greenhouse-enhanced environment.  Climate change 
projections depend on how much greenhouse gas emission will continue to 
increase, the climate sensitivity to the increase in greenhouse gas concentration and 
the type of global climate model (GCM) used to model the climate system. 

A simple and rough rainfall-runoff sensitivity analysis using the climate change 
projections of CSIRO Atmospheric Research, which take into account some of these 
uncertainties, suggest that in 20 years, summer flows in the River Murray system 
are likely to change by 20% while winter/spring flows are likely to decrease by up 
to 20%.  Annual stream flows are likely to reduce by 5% over the next 20 years 
and by 20% in the worst-case scenario.  In 50 years, the summer flows are likely 
to change by 50% and the winter/spring flows are likely to decrease by up to 50%.  
Annual stream flows are likely to reduce by 15% over the next 50 years and by 
50% in the worst-case scenario.  Although the projections show a decrease in the 
average rainfall, many GCMs estimate an increase in the extreme daily rainfall 
(rainfall that is exceeded about 1% of the time), which will translate to an increase in 
the extreme daily runoff. 

±

±

Summary  
The estimate of the decline in stream flow within the Murray Darling Basin is 
provided in the following table. 

The impact is related to future flows within the entire Murray Darling Basin and not 
just the River Murray System. However the estimated percentage reductions 
provided by Chiew could be applied to the River Murray System to enable a 
simplistic estimate of impact.   
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Table 2 Impacts of Climate change on stream flow in the Murray Darling Basin. 

20 year scenarios 2000/01 onwards 50 year scenarios 2000/01 onwards Factor 
affecting 

flow 
regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst foreseeable Likely Worst foreseeable 

Climate 
change 

Not 
Quantified 

5% reduction in 
stream flow 

approx 
1,100GL/annum**

20%* reduction in 
stream flow 

approx 
4,400GL/annum**

15% reduction in 
stream flow 

approx 
3,300GL/annum** 

50%* reduction in 
stream flow 

approx 
11,000GL/annum**

Range of 
Uncertainty  -20% to +10% change in flow -50% to +20% change in flow 

Notes 
* worst case scenario based on adoption of the maximum likely reduction in flow  
**based on mean annual flow of 22,000GL. Relative to 1961-1990 climate. 

From the factors assessed, climate change is estimated to create the largest, “most 
likely” reduction in flow from the Murray Darling Basin (and from the River Murray 
system). Climate change has also been identified as one of the least predictable 
factors affecting future flows. There is a possibility that climate change may increase 
stream flow in the Murray Darling Basin. Further, this is the only factor on which we 
have limited direct management intervention options to prevent its occurrence.   

Chiew (refer appendix A) provides a number of recommendations for the MDBC on 
means by which the level of confidence in the estimates on future flows could be 
improved for the River Murray System. 
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Reafforestation 
Introduction 
Zhang, Best, Hairsine and Vertessy (refer appendix B) have prepared a brief paper 
on the impacts of reafforestation on catchment yield and stream flow in the Murray 
Darling Basin. The estimates of reduced yield are based on estimates of the growth 
of plantation forestry, the location of such plantations and research into the impacts 
of forest plantations on catchment yield. 

Extracts from Paper 
There are plans to treble plantation area in Australia in the coming decades (DPIE, 
1997).  These plans are motivated by a range of commercial and environmental 
considerations, including the management of dryland salinity.  Clearing of native 
forest and woodland for agriculture since the European settlement has greatly 
affected the hydrology of the catchments in the Murray-Darling Basin, leading to 
increased water yield and groundwater recharge.  The growth of irrigated agriculture 
and other consumptive water users has a very large impact on the flow in rivers.  
Large-scale expansion of forest plantations on current pastureland is expected to 
reduce water yield and therefore intensify the competition for water.     

It is now generally established that on an average annual basis trees use more 
water compared with pastures or crops.  As result, less runoff is generated from 
forested catchments under similar climatic conditions.  However, it is not always 
obvious what the processes responsible for such a difference is as the dominant 
factors may change from catchment to catchment.  The key is to understand how 
vegetation affects different components of the hydrological cycle.  This will help us 
to interpret results from field experiments and make appropriate generalisations 
about reafforestation effects on streamflow. 

A number of paired catchment experiments have been conducted to understand 
how vegetation changes affect the hydrological processes.  On a mean annual 
basis, results from these experiments showed that increasing forest cover causes 
reduction in mean annual water yield and the response is species dependent.   

Holmes and Sinclair (1986) analysed mean annual evapotranspiration and rainfall 
data for large catchments in Victoria and found some empirical relationships for 
catchments under forest and pasture covers.  Zhang et al. (1999, 2001) developed a 
conceptual model by considering only first order factors controlling catchment water 
balance and tested the model using mean annual rainfall and runoff data from over 
250 catchments worldwide.  The relationships developed by Zhang et al. (1999, 
2001) showed that converting pasture land to forest decreases mean annual water 
yield and the reduction is greater in higher rainfall areas.  For example, in an 800 
mm rainfall zone conversion from annual pastures to trees results in an average 
annual water yield reduction of 150 mm, which is equivalent to 150 ML for each 
square kilometre planted.   

Paired catchment studies revealed that plantations can affect total flow and low flow 
differently (Scott and Smith, 1997, Vertessy, 2000, Best et al., 2003a).  Figure 5 
shows the generalised relationships for percentage reduction in total and low flows  
after pine and eucalypt afforestation in South Africa (Scott and Smith, 1997).  Similar 
responses were observed for Australian catchments (Best et al., 2003a).  For 
example, the results from the Redhill catchment near Tumut showed that significant  
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reduction in low flows, leading to no flows for 40% of the time following pine 
plantation establishment as shown in Figure 6.  Other catchments in Victoria and 
New South Wales also showed significant increase in number of zero-flow days 
after conversion of pasture to forest (Lane et al., 2003).   

 

Summary 
A summary of the reduction in catchment yield associated with catchment 
reafforestation is provided in the following table.  

The estimates of reduction in catchment yield provided by Zhang et al (refer 
appendix B) are based on mature forests.   The estimates assume that any new 
plantations will be managed and that we do not anticipate any decrease in yield, 
through the plantation establishment phase, in excess of that for a mature forest. 

The estimates have been developed for the entire Murray Darling Basin. However 
the majority of the most suitable land for plantation forestry is within the southern 
portion of the basin. As a consequence we estimate a potentially disproportionately 
higher impact within the River Murray System than that associated with other 
regions of the Basin.  

The estimates made for this factor are based on sound science. The uncertainty for 
this factor lies largely in the location and areal extent extent of future reafforestation.  

Table 3 Estimated Impact of Reafforestation on stream flow in the Murray Darling 
Basin (GL/Annum) 

20 year scenarios 2000/01 
onwards 50 year scenarios 2000/01 onwards 

Factors affecting 
flow regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst foreseeable Likely Worst 
foreseeable 

Reafforestation Impact  6001 

GL/annum 

(457,000 Ha of 
new planting-
double 
current) 

14002 GL/annum 

(917,000 Ha of 
new planting-triple 
current) 

11003 GL/annum 

(917,000 Ha of 
new planting-triple 
current) 

21004 GL/annum 

(1,400,000 Ha of 
new planting-
quadruple 
current) 

 Range of 
Uncertainty 

550 - 1400 GL/annum5 11003-21004 GL/annum 

Uncertainty lies in the location (most suitable or moderately suitable) of land used and area of new planting 
1 Based on 457,000 Ha of new planting ie double current area of plantation area on 50:50 most suitable and 
moderately suitable land   
2 Based on 917,000 Ha of new planting-triple current plantation area on most suitable land  
3 Based on 917,000 Ha of new planting-triple current plantation area on moderately suitable land 
4 Based on 1,400,000 Ha of new planting-quadruple current plantation area on most suitable land 
5 Based on double planting area on moderately suitable land to triple area on highly suitable land 
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Groundwater Extraction 

Introduction 
Richardson and McCarthy (refer appendix C) have estimated the reduction in 
stream flow within the Murray Darling Basin associated with ongoing groundwater 
extractions. The estimates are based on existing research into the rate of increase 
in groundwater extraction, the sustainable yields set for groundwater resources 
across the basin and the potential connectivity between groundwater and streams.   

Extracts from Paper 
The magnitude of the likely increase in groundwater use will depend on whether the 
sustainable yield is set as the upper limit or whether allocation is the upper limit. The 
goal of all States is to manage groundwater use to the sustainable yield, but this will 
take some time. For example, in over developed Groundwater Management Units 
(GMUs) in NSW such as the Namoi the use will be lowered progressively over the 
next 10 years. 

For the purposes of this simplified assessment it is assumed that in the medium 
term (10 to 20 years) the use will be limited to the current estimate of the 
sustainable yield. Although it needs to be recognised that the current estimate of 
sustainable yield may also change as more technical studies are completed and 
more water management plans are implemented. In Victoria, a review of the 
capacity of aquifers in Groundwater Supply Protection Areas is undertaken once the 
use reaches 70% of the sustainable yield. The assessment may result in a reduction 
in the sustainable yield. 

Based on a simplified assessment of MDB scale future groundwater use, allocation 
and yield (for 2000/01) it is estimated that stream flow could be reduced by 275 to 
550 GL if groundwater use increases to a limit set by the current estimate of 
sustainable yield.   

Comment 
The above range of estimate is based on between 50% and 100% connectivity 
between groundwater and stream flow.  Assuming that 60% of increased 
groundwater use will come from stream flows across all connected systems within 
the MDB, the likely loss of stream flows will be around 330 GL.  A worst case 
scenario into the future would be the loss of 550 GL of stream flow.   

This analysis has used 2000/01 as the benchmark year (because of data 
availability) and use of an earlier year could change the estimate of the impact 
significantly.  It is estimated that groundwater extraction increased by approximately 
300GL between the introduction of the Cap and 1999. Again assuming that 60% of 
groundwater extraction has come from surface flow it is estimated that there has 
been a reduction in surface flow of approximately 180 GL since the introduction of 
the Cap.  Assuming that groundwater extractions will be limited to the current 
estimate of sustainable yield and this limit will be reached in 20 years (assuming a 
3% annual increase in the use), the 50-year scenario will be no worse than the 20-
year scenario. 
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This analysis is somewhat limited by the use of 2000/01 groundwater data. Drought 
conditions have meant that groundwater use has increased dramatically over the 
last couple of years so that a large part of the projected increase use has already 
been taken. For example, groundwater use in 2002/03 in the Lower Murrumbidgee 
Alluvium is around 120 GL greater than in 2000/01. The magnitude in the reduction 
of use following the drought is unclear, and there are some suggestions that it may 
not fall significantly.  

Current estimates of sustainable yield are also changing as water-sharing plans are 
prepared and implemented. If estimates of sustainable yield decline (and used to 
cap groundwater use) then the long term (20 to 50 year) impact on the Living Murray 
Initiative will decrease. 

It is estimated by River Murray Water (pers comm. Phil Pfeifer) that existing 
interception schemes currently intercept 14 to 17 GL of groundwater each year (that 
would otherwise be discharged to Rivers). New salt interception schemes are 
expected to add 6 to 8 GL to this volume by 2007.  

Summary 
A summary of the estimated decline in stream flow in the Murray-Darling Basin 
associated with groundwater extractions is provided in the following table.  

Table 4 Impact of Groundwater Extractions on stream flow in the Murray Darling Basin 

20 year scenarios 2000/01 onwards 50 year scenarios 2000/01 onwards 
Factors affecting 

flow regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst 
foreseeable Likely Worst 

foreseeable 

Groundwater 
extraction 180 3301 GL/annum 5503  GL/annum 3301  GL/annum 5503  GL/annum 

Range of 
Uncertainty 

Not 
estimated 275-550 GL/annum 275-550 GL/annum 

Salt Interception 
Schemes 152 72 72 302 302 

Notes 
1. Estimation based on capping groundwater extractions to sustainable yield  
2. Estimated volume of groundwater interception schemes. Volume is within error limits of 

groundwater extraction estimates and not added into summary table (Table 13).  
3. Estimation of worst case increase in groundwater extractions up to sustainable yield based on 

upper limit of range of estimate 

The volumes included in the salt interception schemes are very small compared to 
the range of allocations to the environment considered within the Living Murray 
Initiative. These volumes are also within the error bands of the estimated reduction 
in flow associated with groundwater extractions. Further, it should be noted that the 
flow lost from the river resulting from the saline groundwater extractions under the 
salt interception schemes provide no significant benefit to the river and under most 
criteria and in most locations provide a disbenefit to river health.  A limited 
contribution to the flushing of the Murray mouth is a conceivable benefit for such 
flow volumes.  
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Changes to drainage and return flows from 
irrigation areas 

Introduction 
Christen, Khan and Hornbuckle (refer Appendix D) have estimated the reduction in 
drainage returns from irrigation districts within the Murray Darling Basin. The 
estimates have been based on trends in irrigation return flow from the Shepparton, 
Coleambally and Murrumbidgee Irrigation areas.   

Extracts from Paper 
The key driving factors behind the volumes of return flows from irrigation areas to 
rivers can be summarised as: 

- Declining water availability and improving on farm efficiency 

- Improving drainage water quality and increasing reuse 

- Implementation of waterlogging and salinity control 

- Rising river salinity 

- Increasing delivery efficiency  

- Climatic variability 

Based on a qualitative analysis of these factors and general trends and drivers over 
the past decade likely future scenarios have been developed for extended time 
periods requested by MDBC. Future scenarios were found to be: 

Considering the driving factors and recent trends it is clear that there is a shift 
toward greater control over irrigation water and enhanced use of rainfall. These can 
only lead to a continuing decline in the volumes of drainage from irrigated areas as a 
proportion of allocation and rainfall.  Obviously in any particular year the drainage 
volume will be highly influenced by the amount and timing of rainfall and irrigation 
allocation. Taking the current trends and extrapolating over the next twenty years 
would indicate that drainage flows from irrigated areas would be at least halved. 

The worst foreseeable scenario for the River Murray in terms of return flows in the 
next twenty years would be one where irrigation efficiency is improved dramatically, 
to the point where irrigation run off is practically nil, on farm and any delivery losses 
are picked up and completely reused within the irrigation area. The worst-case 
scenario losses to groundwater would be when recharge is minimised on farm to the 
leaching requirement (say 10% of irrigation) and losses from supply channels are 
halved.  Recharge from rainfall will still occur but at a somewhat reduced rate due to 
a greater unsaturated depth under the farms. Within this scenario it would be 
reasonable to suggest that under average rainfall intensities runoff volumes may be 
halved due to improved irrigation efficiency, changed cropping (a greater shift 
towards winter cropping) and some rainfall harvesting. The overall result would be 
irrigation return flows a quarter or less than existing levels. The variation in return 
flows between normal/dry years versus wet years will be much increased. 
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It would be prudent to assume that the likely 50-year scenario would be the same as 
the worst case 20-year scenario. 

The worst-case scenario in 50 years time would be on average zero irrigation runoff 
from irrigated areas and only 5-10% of current rainfall runoff due to the highly 
efficient irrigation and on-farm recycling systems effectively using more rainfall and 
widespread rainfall harvesting works in place. In very wet years there could still be 
large amounts of run off. However, the frequency of this would be reduced to longer 
return period rainfalls as the volume of rainfall required to generate runoff beyond 
soil storage, rainfall harvesting, on-route storage etc will be much higher. 

Worst-case groundwater recharge would be those that meet the minimum root zone 
salt leaching requirement e.g. 10% and there will be much reduced rainfall recharge. 
Also by this time most of this recharge may not reach the river due to extensive 
interception schemes to control river salinity levels. 

Additional Comments and Summary  
The estimation of reduced flow in the Murray Darling Basin and in particular the 
River Murray System is reliant on long-term drainage return flow data.  Christen et al 
provide an indication of Coleambally, Shepparton and Murrumbidgee irrigation area 
drainage for periods in the mid 1990’s.  The indicative return flows from these areas 
are provided in the following table.  

Table 5 Indicative return flows from drainage areas 

Drainage Area Data Period Indicative current drainage return flow 
(GL/annum) 

Coleambally 1996-2002 100 

Murrumbidgee 1996-2002 160 

Shepparton 1994-1999 500 

The impact of changes in irrigation efficiency and therefore drainage return flows on 
stream flow in the Murray River System is also dependant on the basis of the 
allocations to water users.  

A number of irrigation areas have water licenses based on net diversion i.e. Net 
Diversion = Total Diversion – Total Drainage.  As these areas have a license for a 
net volume (allocation) of water, any water use efficiency improvements that lead to 
a reduction in drainage returns to the river must also be accompanied by a reduction 
in total diversion volume.  As a consequence irrigation efficiency improvements 
made within these areas may not result in a decline in stream flow in the river 
system. We have not accounted for the impact of difference between the net and 
gross water entitlements in the estimates of impact provided in the following 
summary table.   
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Table 6 Estimate of impact of reduced return flows on flow in the Murray Darling Basin 

20 year scenarios 2000/01 
onwards 

50 year scenarios 2000/01 
onwards Factors affecting flow 

regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst 
foreseeable Likely Worst 

foreseeable 

Impact* Return flows 
reduced to 
50% of 
current 

Return flows 
reduced to 
25% of 
current 

Return flows 
reduced to 
25% of 
current 

Return flows 
reduced to 5% 
of current 

Drainage 
and return 
flows 

Uncertainty 

Not 
Quantified 

*Refer note *Refer note Refer note Refer note 

*Note: Uncertainty exists in current return flows from all users. Reduction in flow in River Murray 
System is a function of existing return flows and the basis of allocation ie net or gross allocation to all 
users including irrigation districts. 

Some decline in the volume of water in the River Murray System is anticipated as a 
result of improved irrigation efficiency and reduced drainage return flows. However 
this decline in flow should be considered in light of the considerable advantages to 
landholders and the basin associated with increased production from available 
resources and reduced groundwater recharge and irrigation induced salinity.    
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Farm Dams 

Introduction 
The extent of future farm dam construction and their impacts on flows in the Murray 
Darling Basin and the River Murray System has proved to be the most difficult factor 
to define.  

Earth Tech undertook the preparation of a preliminary paper on the impact of farm 
dam construction on stream flow in the Murray Darling Basin, based on recent work 
by the MDBC.  The estimated impact on future flows, resulting from farm dam 
construction, based on the work of the MDBC, was found to be very high (1000 to 
3000 Gl/annum), potentially greater than the combination of all other impacts.  A 
subsequent paper was commissioned by Earth Tech under this project to provide an 
independent assessment of the likely and worst case impact of farm dam 
construction on flows in the Murray Darling System. This paper was prepared by 
Schreider and is included in Appendix E.  

It is generally considered that an increase in the number and volume of on-farm 
storages in a catchment will reduce the mean annual discharge from the catchment.  
The reduction in catchment outflow is due to two major reasons.  Firstly, there are 
significant direct water losses from farm dams relating to the evaporation of water 
and infiltration losses.  Secondly, farmers mostly store water in dams for irrigation 
needs, hence, an amount of water is used by the crops. 

Case study works quoted in the papers in Appendix E indicate that the impact of 
farm dam development on catchment streamflow is always negative and ranges 
from a 10% to 85% reduction in flow depending on climate and level of agricultural 
development in the catchment under study. However there is also evidence (refer 
Schreider in appendix E) to suggest that the impact is not linear but increases with 
increased density of farm dams within a catchment, and that the incremental impact 
of each new farm dam can exceed 100% ie a greater impact on yield than the 
volume of new storage.  

Comments and Summary 
The estimates of reduced flow in the basin provided by Schreider have been used in 
this report. The estimated impact on flows based on the work of the MDBC has been 
used to provide the upper limit of the range of uncertainty that exists in the 
assessments. While we recognise the inconsistencies in using two different 
approaches for estimating future losses, adequate information for a consistent 
approach is unavailable at this time. To some extent the approaches by the MDBC 
and Schreider both provide justifiable long- term estimates of farm dam growth and 
impact on catchment yield. 

In projecting the losses associated with farm dam construction into the future, 
Schreider has adopted a different approach to that of the MDBC. The approach by 
Schreider accounts for the recent changes in legislation limiting ongoing farm dam 
construction by assuming in the “likely” scenario that the rate of new dam 
construction will decline at a similar rate to that which he estimates has occurred in 
recent years.  The approach is based on a constant rate of change in the increase in 
farm dam construction i.e. a constant in the second derivative of farm dam growth. 
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This approach is in contrast to Nanningar (pers.com.)  who has adopted a constant 
rate of dam growth ie a constant in the first derivative of farm dam growth.  

According to Nanningar there is no documented evidence to suggest that recent 
changes in farm dam legislation in NSW and Victoria are having any impact on the 
rate of farm dam construction. We are of the opinion that the case of no decline in 
farm dam construction as a result of new legislation is applicable to a worst-case 
scenario.  

Further the approaches differ in the method of estimating the impact of farm dams 
on catchment yield. As previously discussed the approach adopted by Schreider 
(refer Appendix E) includes an estimation of future losses in flow based on a non-
linear impact of farm dam construction on catchment yield. That is, an incremental 
increase in farm dam storage capacity within a catchment may result in a several-
fold decrease in stream flow. 

Earth Tech’s interpretation of impact on stream flow in the Murray Darling Basin 
based on of work of the MDBC is provided in the table below. 

Table 7 Earth Tech interpretation of work by the MDBC on the impact of farm dam 
construction on stream flow in the Murray Darling Basin  

Scenario 
Potential range of 

reductions in annual 
stream flows 

Assumptions 

Outcome in 
20 years 
time 

1,000 – 3,000 GL Linear extrapolation of limited current trend 
data assuming between 300 and 900 GL 
increase in farm dam construction between 
1994 and 2001/02  

Outcome in 
50 years 
time 

2,000 – 4,5001 (14,0002) 
GL 

 

Range from the mid-point between the 20 
year forecast to: 
1upper limit of estimated rate of farm dam 
construction over period from 1994 to 2000 
projected over 50 years  
2 basin reaching the maximum storage 
density measured to date (2 Ha/ML, Ten 
Mile Creek, Vic). 

 

Schrieder’s estimates of impact on stream flow in the Murray Darling Basin are 
provided in the following table. 
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Table 8 Schreider estimate of Impact of farm dam construction on stream flow in the 
Murray Darling Basin  

Reduction of mean annual discharge as a result of farm dam 
construction (in GL/annum) 

Basins 

Mean 
annual 
outflow 

discharge 
(GL) 

Likely loss 
from 

introduction 
of cap to 
2000/01 

Likely 
outcome 

in 20 
years time 

Worst 
foreseeable 
outcome in 

20 years 
time 

Likely 
outcome 

in 50 
years time 

Worst 
foreseeable 
outcome in 

50 years 
time 

NSW and Qld 11,900 NA 200 2000 300 3000 

Victoria and 
SA 5,830 NA 50 350 100 500 

Headwaters 4,625 NA 0 20 0 40 

Total 22,350 NA 250 2370 400 3540 

There are many limitations to the methodology used to develop the above data.  
Firstly, Schreider has relied on the modelling results obtained in ICAM (1999).  The 
application of other rainfall-runoff models can change the estimates provided.  
Another significant limitation is data on farm dam development.  This data is very 
unreliable especially for the headwater catchments.  Finally, Schrieder has not 
accounted for farm dam volumes in some regions being sourced from groundwater 
resources and in particular large dam construction in the Gwydir and Namoi valleys  

The variability in the results within the likely scenario and between the likely and 
worst case scenario is a function of the uncertainty in these flow loss estimates. 

Our summary table on the estimate of impact of farm dam construction on stream 
flows in the Murray Darling Basin is provided below. The table is based on the work 
of both Schreider and the MDBC.  

Table 9 Estimate the impact of future farm dam construction on stream flow in the 
Murray Darling Basin  

Scenario Likely outcome 
in 20 years time 

Worst foreseeable 
outcome in 20 

years time 
Likely outcome in 

50 years time 

Worst 
foreseeable 

outcome in 50 
years time 

Estimate of 
Impact 2501 GL/Annum 25001 GL/Annum 4001 GL/Annum 35001 

GL/Annum 

Range of 
Uncertainty 250 - 3,000 GL/Annum 400 – 4,500 GL/Annum 

1Impact estimate based on analysis by Schreider refer Appendix E. 

Range of uncertainty based on interpretation of MDBC data and on analysis by Schreider (refer also 
Appendix E) 
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Recommended Investigations 
The following are the primary knowledge gaps that constrain our ability to forecast 
the impacts farm dams will have on stream flows in the future: 

• The number of farm dams in the catchment 
• The volume of farm dams in the catchment 
• The impact of farm dams on catchment yields 
• Historic growth trends in the number and capacity of farm dams 
• Future growth trends for farm dams.  With emphasis on the constraints 

that will affect these trends.  For example, the potential future constraint of 
a lack of suitable sites and adequate catchment areas available for new 
dams.  The affect of new legislation and new compliance work on growth 
trends for dams. 
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Vegetation regrowth in the upper catchment 
post the 2003 bushfires 

Introduction 
Investigations have revealed that there has been no modelling of the likely impact of 
the 2002/03 bush fires on stream flow in the River Murray System. Vertessy (refer 
Appendix F) has prepared a brief paper on the likely impacts of vegetation regrowth 
on flows in four sub catchments of the Murray Darling Basin, the Upper Murray, 
Mitta Mitta, Kiewa and Ovens Rivers, all of which were severely impacted by the 
fires. This analysis and report are based on preliminary modelling undertaken for 
this Project.  The modelling has been based on limited information that was sourced 
during the short duration of this project. The information available has not included 
that for the Murrumbidgee catchment and only limited information was available for 
the NSW portion of the Upper Murray Catchment.   

Extracts from Paper 
Assumptions used by Vertessy are described below: 

The ‘likely case’ scenario assumes that the age of the tall eucalypt forest burnt was 
all 1939 re-growth and that 50% of this was killed.  It is assumed that the remaining 
50% was fire-tolerant species that would regenerate via epicormic growth.  The 
‘worst case’ scenario assumes that the tall eucalypt forest burnt was a 50:50 mix of 
1939 re-growth and old-growth and that 75% of this was killed. The key assumptions 
adopted in this study are as follows: 

1. Only tall eucalypt forest exhibits a yield response to wildfire.  Hence, yield 
from areas with vegetation other that tall eucalypt forest remains unchanged 
after the fire. 

2. All tall eucalypt forest in the catchments exhibits an age-yield relationship 
similar in shape to that observed for mountain ash forest.  This is a 
reasonable assumption, based on findings of Cornish and Vertessy (2001) 
and Roberts et al. (2001). 

3. The magnitude of the catchment response to wildfire increases in relation to 
the mean annual rainfall of the catchment and the age of the forest stand 
that was killed by wildfire.  It should be noted that the catchment estimates 
for both of these values are fairly uncertain and should be checked.  Better 
estimates can be easily substituted into the accompanying spreadsheet for a 
revised yield prediction. 

4. If the burnt (killed) forest is 1939 re-growth (ie age=64 years), then the peak 
reduction in water yield will be one-third of that expected if the burnt (killed) 
forest was over-mature or old-growth (ie age>150 years).  This one-third rule 
is a crude average; various studies indicate a range of one-half to one-
quarter. 

5. The peak impact on water yield will occur 20 years after the fire.  
Conventional wisdom, largely based on Kuczera (1995), suggests that the 
peak impact occurs at age 25-30 years.  More recent studies indicate that 20 
years is a suitable and perhaps more appropriate age to use. 
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6. At 50 years after the fire (2053), flow reductions from 1939 re-growth stands 
are equivalent to 10% of the peak flow reduction, assumed to occur at 20 
years after the fire (2023). 

7. At 50 years after the fire (2053), flow reductions from old-growth stands are 
equivalent to 80% of the peak flow reduction, assumed to occur at 20 years 
after the fire (2023). 

8. Old-growth and 1939 re-growth vegetation is spread evenly across the 
catchment (ie across the same isohyetal range). 

9. Under the ‘likely case’ scenario, 50% of the burnt tall eucalypt forest is killed 
and the stand age is dominated by 1939 re-growth. 

10. Under the ‘worst case’ scenario, 75% of the burnt tall eucalypt forest is killed 
and the stand age is a 50/50 split of 1939 re-growth and old-growth. 

11. The impact of other yield-modifying influences, such as climate change, 
plantation establishment and farm dam development are not considered. 

12. No consideration has been given to the effect of the dams on streamflow 
relations.  This may be a problem, particularly in the case of Mitta 
Mitta@Tallandoon which has a lower than expected mean annual runoff. 

Summary 
Significant research has been undertaken into the impacts of wildfire on catchment 
yield. Further there is increasing information becoming available on the extent 
severity and tree death resulting from the 2002/03 wild fires. However we are not 
aware of any existing estimates of the impact of the 2002/03 fires on yield to the 
River Murray System. A simple, first pass, analysis has been undertaken to assess 
the hydrologic impact of the 2002-3 wildfires on the Upper Murray catchments.  
Although the analysis is crude, it points to a reasonably large water yield reduction 
(approximately 430 GL/yr) in the Upper Murray system by 2023.  This yield 
reduction decreases significantly to approximately 40 GL/yr by 2053 under the ‘likely 
case’ scenario analysed. The results are provided in the following table. 

Table 10 Estimated impact of 2002/03 bushfires on stream flow in the Upper Murray, 
Mitta Mitta, Kiewa and Ovens Catchments  

20 year scenarios 2000/01 onwards 50 year scenarios 2000/01 onwards 
Factors affecting 

flow regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst 
foreseeable Likely Worst 

foreseeable 

Impact NA 4301  GL/Annum  13001 GL/Annum  401 GL/Annum  8101 GL/Annum  

Uncertainty  Not assessed Not assessed Not assessed Not assessed 
1Based on preliminary estimated undertaken for this project. Estimates based on Upper Murray, Mitta 
Mitta, Kiewa and Ovens Catchments. Does not include Murrumbidgee River or contribution from 
Snowy River via Snowy Mountains Scheme. 

Note: Uncertainty for the catchments assessed includes, mean annual rainfall in the subject 
catchments, severity of burning with in the tall ash forests and the extent of canopy recovery and the 
age of the tall ash forests burnt. 
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Some caution must be excercised in the use of these flow reduction in the MDBC 
modelling and in particular for any stochaistic analysis. The fires are in some way 
similar to the extensive bush fires that occurred in 1939 and as a consequence the 
impact of wildfires is already included in the data set used by the MDBC in their 
modelling and analysis.  

While we are relatively confident in the magnitude of the impact of the fires on 
catchment yield in the Upper Murray catchments, the results are based on a number 
of assumptions that require confirmation. Further, we have not made an estimate of 
reduced yield from the Murrumbidgee River catchment or that from the Snowy 
Catchment delivered to the Murray and Murrumbidgee Catchments via the Snowy 
Mountains Scheme. The extent of current research and the information readily 
available make the analysis of likely impacts on flows in the River Murray System 
relatively straight forward.  The analysis can be tightened up by verifying the 
assumed mean annual rainfall and forest age structure for the catchments analysed.  
These parameters are particularly sensitive in the yield estimation procedure 
adopted in this study.  

Given the significance of these yield impacts, it is strongly recommended that a 
detailed modelling analysis be undertaken on the Upper Murray catchments and 
Murrumbidgee Catchments.  At minimum, a simple mean annual yield analysis 
should be undertaken preferably though, a daily time-step yield model such as 
Macaque should be applied to the catchments.  In addition to refining the gross 
water balance estimates, such modelling would also offer insight into changed 
seasonal patterns of flow as well as changed flow duration characteristics of the 
catchment. 
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Industry change 

Introduction 
Harman and Judd (refer Appendix G) have reviewed the impacts of industry change 
on the volume and timing of flow in the Murray Darling Basin. Their analysis is 
based on the southern connected sections of the basin.  

The investigations into industry change have attempted to separate out the issues of 
water trading and irrigation efficiencies, as these are addressed in other papers 
prepared as a component of this project.  

Extracts From Paper 
Industry Change will lead to and respond to changes in water use and availability. 
Changes in three agricultural industries have been investigated and are summarised 
below:  

Rice consumes most of the water used to irrigate crops in the Murray. Water 
consumption is restricted to 5 months between October and February. New 
technologies and techniques may in the future delay the start of the high 
demand period to December, reduce the volume required in the initial 
growing period and bring forward the end of irrigation to mid February. 
However water consumption during the peak demand period is unlikely to 
reduce. 
 
The dairy industry consumes about half the irrigation water taken from the 
Murray Darling. In response to reductions in water availability farmers may 
choose to hand-feed stock in summer and use their limited allocations to 
irrigate pasture in the lower evaporation periods of autumn and spring. 
Similarly as a result of an increase value placed on water, dairy farmers may 
choose to achieve irrigation efficiencies by reducing summer watering and 
either expand the area under spring and autumn watering or sell a portion of 
their allocation that would have been used in summer.  

The timing of water demand from horticulture is unlikely to change, as 
efficiency gains and changing crop types generally affect only the amount of 
water required, not when it is required. 

Summary 
The investigations have revealed that some change in industry is likely to occur. 
Changes are likely as a result of changes in economics of production and increasing 
market value of water licenses. Most of the impacts of Industry Change have been 
addressed in the discussion on factors such as Irrigation Efficiency and Water Trade 
and no significant additional impact on flow volumes in the Murray Darling Basin is 
anticipated as a result of Industry Change. 

There are likely to be some changes in the timing of flows associated with individual 
industries.  However preliminary analysis suggests that there may not be a 
significant change in overall timing of irrigation watering and irrigation demand.  
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Table 11 Impact of Industry Change on Stream Flow in the Murray Darling Basin 

20 year scenarios 2000/01 onwards 50 year scenarios 2000/01 onwards 
Factors affecting 

flow regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst 
foreseeable Likely Worst 

foreseeable 

Industry change  No net change No net change No net change No net change 
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Water trade 

Introduction 
Toulmin (refer Appendix H) has reviewed the likely impacts on flow in the Murray 
Darling Basin associated with the introduction of water trading.  

Extracts from Paper 
Historically some 20% of water entitlement across the MDB is not used in any year.1 
The latest data available from the MDBC in 2001 suggests that ‘use as a percentage 
of authorised valley use’ is approximately 80%2 

However, as the value of water increases both in the temporary and permanent 
markets there is a raised probability that some of that sleeper and dozer holding will 
be activated effectively increasing the % of entitlement in use in any one year. 

The impact of this on environmental flows will depend on a number of factors: 

• where aggregate diversions are compliant with the MDBMC Cap but fully utilise 
that capacity then the effect of increased activation will be a reduction in security 
of supply for existing irrigators in NSW and Victoria or a reduction in the 
availability of lower security water entitlements such as ‘sales-water’.  This 
impact of water trading should have no effect on environmental flows provided 
these are taken prior to the setting of diversion allocations; 

• where aggregate diversions are currently below the ceiling set by the Cap, then 
greater activation will increase total diversions and may reduce environmental 
flows.  This may impact both in the river and in any connected system down-
stream. 

The nature of the effect on environmental flows will depend on the hierarchy of the 
access rules for different classes of entitlement.  If the environmental flows are taken 
as a pre-requisite before consumptive flows then the effects should be small.  
However, if environmental flows are allocated an explicit entitlement equivalent to 
the rights of other entitlement holders then any reduction in the overall security of 
supply would apply equally to the environmental entitlement thereby potentially 
reducing environmental flows in the event of greater sleeper activation. 

Water Trading may also have impacts on the level of losses, some of which may 
have beneficial outcomes.  These changes can occur through a number of 
mechanisms: 

• improvement of water-use-efficiency on-farm or in a distribution system may 
reduce losses, some of which currently provide return flows to the river.  If that 
water is then sold and used to increase the area under cultivation then this may 
reduce environmental flows; 

• transfer of water from one sector to another through trade, eg from flooding of 
pasture to drip feed of wine-grape, may also see an aggregate increase in water-
use efficiency with the same outcome; 

                                                 
1  MDBC (2001), Water Audit Monitoring Report 1999/2000, table 11, p 44. 
2  outside the Lower Murray Swamps. 
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• transfer of water-use from older irrigation districts, where water is supplied 
through channels, to newer districts or private irrigation, where water is supplied 
through a pumped piped system, may lead to a reduction in the levels of water 
which are ‘lost’ between the river and the farm-gate.  Some of that water may 
have constituted return flows to the river – albeit out of season; 

Water trading should provide a set of positive benefits which will promote 
environmental flows: 

it will minimise the overall economic impact of any reduction in diversion rights 
and so encourage government to adopt such a strategy; 

• 

• it will allow an ‘environmental flow manager’ to be an active player in the market 
taking advantage of counter-cyclical characteristics to sell in dry years when the 
market is high and to buy in wet years when the market is low and additional 
environmental flows could allow piggy-backing on flood-flows. 

In the absence of other constraints a further growth to 15% additional active usage 
appears probable over the longer term. 

Summary 
It is anticipated that there will be a 10 to 15% increase in demand for water 
associated with the uptake of sleeper and dozer licenses as a result of water trading 
and a subsequent increase in the value of water. There is some potential for a 
decrease in river flow within sections of the Murray Darling Basin where current use 
is below the limits set under the cap. However for the most part an increase in the 
active licenses associated with awakening of sleepers and dozers will result in a 
reduced volume and or security of supply to water users. Discussions with officers of 
the MDBC reveal that preliminary rules have been established that will provide for 
the protection of the value of any water allocation acquired on behalf of the 
environment.   

Table 12 Impact of Water Trade on Stream flow in the Murray Darling Basin  

20 year scenarios 2000/01 onwards 50 year scenarios 2000/01 onwards 
Factors affecting 

flow regime 

Likely 
Impact 

between 
cap and 
2000/01 

Likely Worst 
foreseeable Likely Worst 

foreseeable 

Water trade  No net Change No net Change No net Change No net Change 
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Comments 

Interactions between factors 
The factors that affect flow patterns in the Murray River are not independent and do 
influence each other.  There is potential for feedback between these factors 
resulting in potential double counting of some flow losses and under estimation of 
others. We have not attempted to account for any such feedback in this analysis.  
However there is some merit in identifying potential over and underestimation of flow 
reductions associated with interaction between factors. 

The one factor that will have a pervasive influence across all other factors will be 
climate change.  A change in climate will affect the sustainable yield of aquifers, the 
runoff from plantations and regenerating native forests from wildfire and the flows 
captured by farm dams.  Climate change has the potential to increase demand for 
available water, encouraging the activation of more ‘sleeper’ licences.  Climate 
change is likely to result in reduced yield in streams and increase the variability of 
flow. These outcomes may lead to increased pressure for small and large-scale dam 
construction.  The introduction of legislation to limit farm dam construction may 
mitigate the rate of dam construction and therefore the adverse impacts. The decline 
in surface water yield and availability is also likely to increase the demand for 
groundwater. Again the introduction of sustainable yields will limit the impact on 
stream flow.   While legislation is in place to limit the extent of these potential 
secondary impacts of climate change, these feedback mechanisms may result in the 
forecasts herein for losses in stream flows being realised over a shorter time frame.  

However we note that climate change is a factor with considerable uncertainty of 
impact. Unlike other the other factors assessed there is some potential for an 
increase in flow as a result of climate change. Again this would have implications for 
most other factors assessed.  

Other interactions of note include the following: 

• Reafforestation has the potential to influence groundwater recharge and 
the runoff captured by farm dams.  
o reafforestation could lead to a reduction in the available groundwater. 

If groundwater extraction rates remain as forecast and the 
sustainable yield not adjusted, this could result in a greater impact on 
stream flow than that predicted.  

• Water Trading will lead to irrigation efficiency improvements, and to 
changes in industry accelerating the impacts arsing from these processes. 

As discussed above, we acknowledge these and the many other interactions that 
exist between the factors. However we have not attempted to include these 
interactions in the estimates of impact provided in the individual tables and summary 
table included in this report. 
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Inclusion of results in MDBC modelling 
Some caution should be applied to the application of the results of this analysis to 
the MDBC’s modelling of impacts on future flow regimes. The modelling approach 
used by the MDBC is based on a stochastic analysis using 108 years of synthetic 
(modelled) and actual data. Within this data series are events such as the 1939 
fires. Some caution is required in the application of the impact of the 2002/03 fires to 
the period affected by the 1939 fires to avoid and or understand the potential for 
double counting of fire impacts.      
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Conclusions 
Earth Tech, with the assistance of the CRCCH, CSIRO, Marsden Jacob and 
Associates and REM, have reviewed the potential future impact of the following 
eight factors on flows in the River Murray System: 

• Climate change 
• Reafforestation 
• Groundwater extraction 
• Changes to drainage and return flows from irrigation areas 
• Farm dams 
• Vegetation re-growth in the upper catchment post the 2003 bushfires 
• Industry change 
• Water trade 

It is concluded that these factors are collectively likely to have a very substantial 
impact on stream flows in the River Murray System.  The relative significance of 
each of these factors varies.   

Climate change and the construction of farm dams appear to be the factors with the 
greatest degree of uncertainty. Climate change and farm dams have been identified 
to have the greatest worst case scenario impacts on stream flows in the future.   

Reafforestation and the impact of fires were found to factors with a relatively high 
level of understanding. However the impact of the recent fires requires further 
analysis to confirm the results included in this report.  Ongoing research and 
monitoring is required to identify where reafforestation is taking place within the 
basin.  

Groundwater extractions and irrigation return flows have the potential to have 
significant impacts on flow. However within both there is a considerable level of 
uncertainty on the impacts on the River Murray System.  

With the cap in place water trade and industry change are unlikely to impact on the 
volume of water in the River Murray System. However trade and industry change 
are likely to change the location where water is used and have potential to change 
the timing for which irrigation flows are required. Both of these have potential to 
impact on the capacity of the MDBC to supply peak demand.  

In the context of the Living Murray initiative, the eight factors investigated have the 
potential to substantially reduce the volume of water within the River Murray system 
over the forthcoming 20 to 50 year period and thereby the outcomes sought through 
the Living Murray Initiative. 

The following table summarises the reductions in flows that are expected over the 
next 20 and 50 years as a consequence of the eight factors. 
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Table 13 Summary Table of Estimated Impact of Factors on Stream Flow in the Murray Darling Basin 

20 year scenarios 2000/01 
onwards 50 year scenarios 2000/01 onwards Factors 

affecting flow 
regime 

 

Likely 
Impact 

between 
Cap and 
2000/01 

Likely Worst 
foreseeable Likely Worst 

foreseeable 

Notes and Assumptions 

Impact  Not 
Quantified 

5% reduction in 
stream flow 

(approx 
1,100GL/annum1) 

20% reduction in 
stream flow 

(approx 
4,400GL/annum1) 

15% reduction in 
stream flow 

(approx 
3,300GL/annum1) 

50% reduction in 
stream flow 

(approx 
11,000GL/annum1) 

Climate change 

Uncertainty  -20% to +10% change in flow -50% to +20% change in flow 

1  Based on mean annual flow of 22,000GL. Relative to 1961-1990 climate. 

Impact  Not 
Quantified 

6001 GL/annum 

(457,000 Ha of 
new planting-
double current) 

14002 GL/annum 

(917,000 Ha of 
new planting-triple 
current) 

11003 GL/annum 

(917,000 Ha of 
new planting-triple 
current) 

21004 GL/annum 

(1,400,000 Ha of 
new planting-
quadruple current) 

Reafforestation 

Uncertainty  550 - 1400 GL/annum5 11003-21004 GL/annum 

Uncertainty lies in the location (most suitable or moderately suitable) of land used and area of new planting 
1 Based on 457,000 Ha of new planting ie double current area of plantation area on 50:50 most suitable and moderately 
suitable land   

2 Based on 917,000 Ha of new planting-triple current plantation area on most suitable land  
3 Based on 917,000 Ha of new planting-triple current plantation area on moderately suitable land 
4 Based on 1,400,000 Ha of new planting-quadruple current plantation area on most suitable land 
5 based on double planting area on moderately suitable land to triple area on highly suitable land) 

Impact   1803Gl/annum 3301 GL/annum 5502  GL/annum 3301  GL/annum 5502  GL/annum Groundwater 
extraction Uncertainty  Not

Quantified 
275-550 GL/annum 275-550 GL/annum 

1 Estimation based on Capping groundwater extractions to sustainable yield  
2. Estimation of worst case increase in groundwater extractions up to sustainable yield based on upper limit of range of 
estimate 
3 Based on approximately 60% of the estimated increase in groundwater extraction between 1993 and 1999  

Range of uncertainty based on uncertainty on the level of connectivity between groundwater and stream flow.  

Impact Return flows
reduced to 50% 
of current 

  Return flows 
reduced to 25% of 
current 

Return flows 
reduced to 25% of 
current 

Return flows 
reduced to 5% of 
current 

Impact does not account for potentially reduced impact associated with net volume entitlements associated with a number of 
irrigation districts. 

Drainage and 
return flows 

Uncertainty 

Not 
Quantified 

Refer note Refer note Refer note Refer note 

Impact  2501 GL/Annum 25001 GL/Annum 4001 GL/Annum 35001 GL/Annum 

Note: Uncertainty exists in current return flows from all users. Reduction in flow in River Murray System is a function of existing 
return flows and the basis of allocation ie net or gross allocation to all users including irrigation districts. 

Farm dams 
Uncertainty  250 - 3,000 GL/Annum 400 – 4,500 GL/Annum Range of uncertainty based on interpretation of MDBC data and on analysis by Schreider  

Impact  NA 4301  GL/Annum  13001 GL/Annum  401 GL/Annum  8101 GL/Annum  Bushfires 

Uncertainty  

Not assessed Not assessed Not assessed Not assessed 

1Based on preliminary estimated undertaken for this project. Estimates based on Upper Murray, Mitta Mitta, Kiewa and Ovens 
Catchments. Does not include Murrumbidgee River or contribution from Snowy River via Snowy Mountains Scheme. 

Uncertainty for the catchments assessed includes, mean annual rainfall in the subject catchments, severity of 
burning with in the tall ash forests and the extent of canopy recovery and the age of the tall ash forests burnt. 

Impact No net change No net change No net change No net change Industry change 
Uncertainty 

Not 
Quantified 

NA    NA NA NA

 

Impact No net change No net change No net change No net change Water trade 

Uncertainty 

Not 
Quantified 

NA NA NA NA 
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There is considerable uncertainty associated with the estimates provided in this 
table.  This is often the result of extrapolating what may be good local data, over a 
wider geographic area and long temporal period.  In the appendices to this report 
the authors of the individual papers have provided recommendations for additional 
research required to improve the level of accuracy with the predictions of impact. 

Future Investigations 
The recommendations for additional research and monitoring include but are not 
limited to the following: 

• In terms of scale of issue climate change has the greatest potential to impact on 
flows in the River Murray System. This factor also has considerable uncertainty. 
This factor requires ongoing monitoring, research and analysis. 

• The uncertainty of the impact of farm dams warrants further attention. 
Considerable uncertainty exists in the number and volume of dams, the rate of 
growth in construction and the impact of these on stream flow. Within this 
research is a recommendation for investigations into the effectiveness of recent 
changes in state legislation on farm dam construction. 

• We believe that the issue of salt interception schemes is relatively minor but the 
volume is quite definitive. No specific research on this topic is required other 
than resolution of the issue of whether a license is required for the loss of flow 
associated with the installation of the scheme and or whether a reduction in the 
cap should be provided with this allocation.  

• Ongoing research is required into the connectivity between groundwater and 
stream flow within the basin and adjustments made to the sustainable yields. 
Further there would be value in investigations leading to the linking of 
groundwater extractions to surface water licences and or a reduction in the 
surface water cap associated with allocation of groundwater licenses.  

• Irrigation improvements and reduced drainage releases require ongoing 
monitoring review and analysis. It is recognised that improvements in irrigation 
efficiency are of value in terms of production and reduced irrigation induced 
salinity. However, reduced return flows can reduce the volume of water in the 
River Murray System available for other users and uses.  

• The impact of water trading on water sharing and the availability of environmental 
allocations needs careful investigation and consideration.   There is concern 
regarding the ongoing availability of any allocation to the environment if this is 
acquired as a low security license. As with all similar licenses, the ongoing 
awaking of sleeper licenses will continue to erode the value (volume/ security) of 
any such license unless it is acquired either as  
o a high security allocation or  

o the cap is reduced by an equivalent amount to that acquired for the 
environment.  

We understand that this issue has been the subject of recent discussion and 
briefing papers within the MDBC.  

• Industry change is unlikely to have an impact on the volume of flows within the 
River Murray System, to the same scale as that for the other factors discussed. 
As a consequence it is considered a lower priority for further research on its 
volumetric impact on stream flow.   
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Appendix A –  
Climate Change 
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Climate Change Impact on River 
Murray Flows 
 

Francis Chiew 

Cooperative Research Centre for Catchment Hydrology 

University of Melbourne 
Summary 
There is now strong evidence that global warming is occurring.  This will lead to changes in 

precipitation patterns and other climate variables, which will in turn impact on catchment 

runoff.  The change in runoff is most sensitive to the change in rainfall, and in temperate areas, 

the percentage change in runoff is typically about twice the percentage change in rainfall. 

 

The biggest uncertainty in estimating climate change impact on catchment runoff is in the 

estimation of rainfall in a greenhouse-enhanced environment.  Climate change projections 

depend on how much greenhouse gas emission will continue to increase, the climate sensitivity 

to the increase in greenhouse gas concentration and the type of global climate model (GCM) 

used to model the climate system. 

 

A simple and rough rainfall-runoff sensitivity analysis using the climate change projections of 

CSIRO Atmospheric Research, which take into account some of these uncertainties, suggest 

that in 20 years, summer flows in the River Murray system are likely to change by 20% 

while winter/spring flows are likely to decrease by up to 20%.  In 50 years, the summer 

flows are likely to change by 50% and the winter/spring flows are likely to decrease by 

up to 50%.  Although the projections show a decrease in the average rainfall, many GCMs 

estimate an increase in the extreme daily rainfall (rainfall that is exceeded about 1% of the 

time), which will translate to an increase in the extreme daily runoff. 

±

±

 

This document provides an overview of climate change and water resources management, 

describes approaches that can be used to model the climate change impact on catchment 

runoff, presents a simple rainfall-runoff analysis to provide a rough estimate of likely scenarios 

of River Murray flows, and discusses hydrological modelling studies that can be undertaken by 

the Murray Darling Basin Commission to improve the estimate of climate change impact on 

River Murray flow patterns. 
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Global warming, rainfall and streamflow 
There is now strong evidence that global warming caused by increases in greenhouse gas 

concentrations is occurring.  The global and Australian temperature has risen by 0.5 to 1.0 oC 

over the last century (Intergovernmental Panel on Climate Change, 2001).  The global 

warming will lead to changes in precipitation pattern and other climate variables.  Changes in 

precipitation are almost always amplified in runoff.  Higher temperatures increase potential 

evapotranspiration, which may lead to a reduction in runoff and soil moisture levels.  These 

changes may require a significant planning response for land and water resources design and 

management. 

It is difficult to confirm statistically a climate change trend in rainfall or streamflow data 

because of the short record length and high variability in the hydroclimate system (see Chiew 

and McMahon, 1993; and Kundzewicz and Robson, 2000).  In addition, the data also suggest 

that some of the larger changes may have occurred over the last several decades.  Nevertheless, 

the present persistent dry conditions in southeast Australia are consistent with most global 

climate model (GCM) simulations of reduced rainfall in southeast Australia in a greenhouse-

enhanced environment.  However, there are large uncertainties in the model simulations, and it 

is difficult to tell conclusively whether the present dry conditions are a result of global 

warming or part of the natural variability in the climate system. 

 

Given the large uncertainties in climate change prediction, the policies related to long-term 

management should not be based on particular predictions, but instead should focus on policy 

alternatives that make sense for a wide range of plausible climatic conditions.  Climate change 

should also be considered together with short-term and long-term climate variability.  For 

example, the rainfall and runoff in southeast Australia in the second half of the 20th century are 

significantly higher than the rainfall and runoff in the first half of the century.  Over a shorter 

time scale, the serial correlation in river flows and the relationship between streamflow and El 

Niño/Southern Oscillation can be exploited to forecast river flows several months ahead, which 

can help improve the management of available water resources. 
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Estimation of climate change impact on streamflow 
Hydrological modelling 

The potential climate change impact on runoff (and other hydrological variables) is commonly 

estimated by comparing runoff simulated by a hydrological model using the present climate 

data and using future climate change scenarios predicted by GCMs.  The parameters in the 

hydrological model are optimised against the historical streamflow data, and the same model 

parameter values are used for simulations of the present climate and greenhouse-enhanced 

climate.  There are literally hundreds of papers in the literature that present the use of this 

approach to estimate climate change impact on hydrological fluxes over regional areas and 

local catchments.  Australian examples include Chiew and McMahon (2002), Jones and Page 

(2001), Schreider et al. (1996) and Bouma et al. (1994). 

 

The biggest uncertainty in estimating climate change impact on streamflow is in the estimation 

of the climate change scenarios.  This is because the climate system is governed by many 

interrelated factors, and the change in climate variables, particularly rainfall, is difficult to 

estimate reliably. 

 

Another limitation of this modelling approach is that the use of the same parameter values in 

the hydrological model to simulate both the present climate and the greenhouse-enhanced 

climate assumes that the catchments and hydrological processes will continue to behave as 

they do at present.  Potential feedbacks between the surface and the atmosphere are also not 

taken into account.  For example, in the case of vegetation, higher CO2 levels will increase 

plant water use efficiency and reduce transpiration rates per unit leaf area.  However, the 

increase in leaf area and root extension in a higher CO2 environment will counteract this effect.  

In addition, the amount of vegetation will increase where rainfall increases and vice versa.  

Some research groups are starting to model vegetation as a dynamic component in coupled 

atmospheric and hydrological models (see Arora, 2002) in an attempt to more reliably quantify 

climate change impact. 
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Reflecting climate change in rainfall data 
To model climate change impact on streamflow, the historical climate data are modified to 

reflect the changes estimated by GCMs in a future climate.  The simplest method for reflecting 

climate change in the input data is to increase the historical temperature and scale the observed 

catchment rainfall by changes estimated by GCMs.  This is by far the most commonly used 

method where a constant factor for each month or season is used to scale all the daily rainfall 

in the month or season (see Chiew and McMahon, 2002).  Because the method is simple, the 

uncertainty in the climate change scenarios can be easily considered by running the 

hydrological model with scenarios obtained from many different GCMs for various climate 

sensitivities and greenhouse gas emissions.  The main limitation of this constant scaling 

method is that it ignores the changes in the temporal distribution and the magnitude and 

frequency of rainfall events. 

 

A daily scaling method can be used to overcome some of the limitations of the constant scaling 

method.  In the daily scaling method, the pattern of change in the ranked GCM daily rainfalls is 

used to scale the ranked historical catchment daily rainfalls (see Harrold and Jones, 2003; and 

Chiew et al., 2003).  The daily scaling method also does not consider changes in the temporal 

distribution of rainfall, but it takes into account the different changes to the different rainfall 

amounts, and the frequency of wet days simulated in the GCM.  This is important because 

although the GCMs estimate a reduction in the mean annual rainfall in southeast Australia, 

they estimate an increase in the extreme daily rainfall.  Because the method is still relatively 

simple, it can also be applied with different GCMs and different global warming scenarios. 

 

The stochastic weather generator and stochastic downscaling methods can be used to model 

changes in the temporal distribution and the magnitude and frequency of rainfall events.  The 

stochastic weather generator method uses a stochastic model to simulate present catchment 

rainfall.  To reflect climate change, the parameters in the stochastic model are modified so that 

the change in the mean and variance (and other statistics) in the catchment rainfall in a future 

climate matches the change in the mean and variance that occur at the GCM scale (see Wang et 

al., 1999; and Bates et al., 1994).  The modified parameters can then be used to generate 

stochastic rainfall time series in a future climate.  Considerably more effort is required to use 

this method compared to the constant and daily scaling methods because relationships between 

the historical catchment rainfall, present rainfall simulated by the GCM and future rainfall 

simulated by the GCM must be established.  Because of this, most studies consider results 
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from only one GCM simulation, and therefore do not take into account the range of 

uncertainties in the climate change scenarios. 

The stochastic downscaling method relates large synoptic-scale atmospheric circulation 

variables to catchment scale data (see Charles et al., 1999).  This method has an advantage over 

the above methods because GCM simulations of atmospheric circulation variables are 

considerably better than GCM simulations of rainfall.  This method can also take into account 

changes in the characteristics and relative frequency of synoptic patterns in a future climate.  

However, the calibration of a stochastic downscaling model and the choice of appropriate 

atmospheric variables to relate to catchment scale variables involve a laborious process. 

 

Climate change impact on flows in the River Murray system 
The numerous hydrological modelling studies (see earlier references) indicate that runoff is 

most sensitive to the rainfall.  In general, for temperate areas, the percentage change in runoff 

is typically about twice the percentage change in rainfall. 

 

It is difficult to reliably estimate the rainfall in a greenhouse-enhanced environment because 

the climate system is governed by many interrelated factors.  The main uncertainties are in the 

projection of greenhouse gas emission, estimation of change in the radiative balance of the 

atmosphere resulting from increased greenhouse gas (climate sensitivity), and GCM modelling 

of the climate system. 

 

The best source of climate change projections for Australia is from CSIRO Atmospheric 

Research (www.dar.csiro.au/publications/projections2001.pdf).  The CSIRO considers the 

range of IPCC scenarios of global warming resulting from different scenarios of greenhouse 

gas emission and climate sensitivity, and simulations from various GCMs to estimate the 

plausible range of changes to Australian rainfall and temperature.  The CSIRO projections for 

rainfall in the River Murray region for 2030 (relative to 1961-1990 climate) are given in 

Table 1. 

 

The higher potential evapotranspiration (PET) resulting from global warming may reduce 

runoff but runoff is much more sensitive to changes in rainfall than the increase in PET.  The 

CSIRO projections show a temperature increase of up to 2 oC in the River Murray region by 

2030.  Depending on the changes in humidity and solar radiation, this translates to an increase 

in areal PET of 5 to 15%. 
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The CSIRO has also developed a computer software, OzClim that generates climate change 

scenarios (see www.dar.csiro.au/publlications/ozclim.htm and Page and Jones, 2003).  To 

account for the range of uncertainties, the OzClim software can be used to generate different 

climate change scenarios by combining regional results from various GCMs with different 

global warming scenarios. 

 

Table 1 shows a simple rainfall-runoff sensitivity analysis to provide a rough estimate of 

climate change impact on River Murray flows by 2030 compared to the present (1961-1990 

climate).  The CSIRO projections of changes in rainfall by 2030 are used together with the 

assumptions that the percentage change in runoff is twice the percentage change in rainfall, the 

higher APET alone will reduce runoff by 5%, and 60% of the flows occur over winter and 

spring and 40% over summer and autumn. 

 

Estimates of the likely scenarios for River Murray flows 20 years and 50 years into the future 

are given in Tables 2 and 3.  The values for 20 years and 50 years into the future are estimated 

as 67% and 167% respectively of the values in Table 1. 

 

It should be noted that although the projections show a decrease in the average rainfall and 

runoff, many GCMs estimate an increase in the extreme daily rainfall (rainfall that is exceeded 

about 1% of the time), which will translate to an increase in the extreme daily runoff. 

 

Table 1   Percentage change in rainfall and runoff in the River Murray 

region by 2030 compared to the present (1961-1990 climate) 
 

 Percentage of 

annual flows 

% change in 

rainfall 

% change in 

runoff 

Summer 20 -12 to +20 -29 to +35 

Autumn 20 -12 to +12 -29 to +19 

Winter 30 -12 to +4 -29 to +3 

Spring 30 -12 to +4 -29 to +3 

Annual  -12 to +9 -29 to 13 
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Table 2   Percentage change in River Murray flows 

20 years into the future 
 

 “Likely” 

scenario 

Median of “likely” 

scenario 

Summer/Autumn -20 to +20 0 

Winter/Spring -20 to 0 -10 

Annual -20 to +10 -5 

 

Table 3   Percentage change in River Murray flows 

50 years into the future 
 

 “Likely” 

scenario 

Median of “likely” 

scenario 

Summer/Autumn -50 to +50 0 

Winter/Spring -50 to 0 -25 

Annual -50 to +20 -15 
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Future Studies 
It is useful to establish a hydrological or water system model of the River Murray system (with 

appropriate parameter values for all the catchments in the system) that can be used to model 

climate change impact on the patterns of the total River Murray flows.  A simple modelling 

exercise can then be carried out with the input rainfall and PET data scaled by the CSIRO 

lower limit and upper limit climate change projections to estimate plausible changes in the 

river flow patterns.  The Murray Darling Basin Commission has completed some preliminary 

climate change impact modelling studies.  Future studies should consider using the daily 

scaling method rather than the constant scaling method to scale the historical rainfall series to 

reflect climate change because the GCMs show different changes to the different rainfall 

amounts.  In these studies, the CSIRO OzClim software can be used to provide a range of 

climate change scenarios. 

There are many ongoing research studies in climate groups in Australia and overseas carried 

out to better understand and model the climate system, and it is likely that the uncertainties in 

the climate change projections will reduce in the future.  Once the hydrological models have 

been developed for the River Murray system, the climate change impact study can be easily 

repeated as climate change projections improve. 

For a longer-term investment, the Murray Darling Basin Commission should consider 

developing a stochastic downscaling model for the River Murray region.  The stochastic 

downscaling model relates the catchment rainfall directly to the large-scale atmospheric 

circulation variables that the GCMs can simulate better than the rainfall.  The stochastic 

downscaling method can be used to provide stochastic rainfall sequences that consider changes 

in the temporal distribution and the magnitude and frequency of rainfall events as well as the 

correlation between rainfalls from the different catchments in the region. 
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Reafforestation and Water Yield Reduction in the Murray-Darling Basin 

 

Reafforestation and Water Yield Reduction in the Murray-Darling Basin 

 

Lu Zhang, Alice Best, Peter Hairsine, and Rob Vertessy 

CSIRO Land and Water, Cooperative Research Centre for Catchment Hydrology, 

GPO Box 1666, ACT 2601 

 

1. Background 

There are plans to treble plantation area in Australia in the coming decades (DPIE, 
1997).  These plans were motivated by a range of commercial and environmental 
considerations, including the management of dryland salinity.  Clearing of native 
forest and woodland for agriculture since the European settlement has greatly 
affected the hydrology of the catchments in the Murray-Darling Basin, leading to 
increased water yield and groundwater recharge.  The growth of irrigated agriculture 
and other consumptive water users has a very large impact on the flow in rivers.  As 
a result, the current water resources system in the Basin is already under 
considerable stress.  Large-scale expansion of forest plantations on current 
pastureland is expected to reduce water yield and therefore intensify the competition 
for water.  This will impact on provision of environmental flows.  There are clear 
environmental benefits associated with reafforestation including decreased 
groundwater recharge and carbon sequestration.  The impact on water yield needs 
to be considered in planning new plantations in the Basin (Vertessy et al., 2003).  
The purpose of this report is to describe the current state of knowledge on this issue 
and provide some estimates of the magnitude of reafforestation on water yield in the 
Basin. 

 

2. The State of knowledge 

It is now generally established that on an average annual basis trees use more 
water compared with pastures or crops.  As result, less runoff is generated from 
forested catchments under similar climatic conditions.  However, it is not always 
obvious what the processes responsible for such a difference is as the dominant 
factors may change from catchment to catchment.  The key is to understand how 
vegetation affects different components of the hydrological cycle.  This will help us 
to interpret results from field experiments and make appropriate generalisations 
about reafforestation effects on streamflow. 
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2.1. Water balance and vegetation characteristics 

The water balance equation is based on the conservation of mass.  In the simplest 
form, it states that any change in soil water storage of a given catchment during a 
specified period must be equal to the difference between the amount of water added 
to the catchment and the amount of water withdrawn from it.  In other words, the 
change in soil water storage of the catchment will be equal to precipitation minus 
evapotranspiration, runoff, and recharge.   

 

Precipitation is the largest term in the water balance equation and it varies both 
temporally and spatially.  For most of the hydrological applications, it is appropriate 
to assume that precipitation is independent of vegetation type [Calder, 1998].  
However, on a continental scale some studies using General Circulation Models 
(GCMs) suggest that vegetation types may affect precipitation [Rowntree, 1988; 
Institute of Hydrology, 1994; Xue, 1997].  Evapotranspiration is the second or third 
largest term in the water balance equation and it is closely linked with soil and 
vegetation characteristics.  In arid and semi-arid regions, evapotranspiration is often 
nearly equal to precipitation, while in humid areas it is limited by available energy.  
Runoff is also an important component of the water balance and it can be generated 
when the soil is saturated with water or when rainfall intensity exceeds infiltration 
capacity.  Runoff is affected by the presence of vegetation through rainfall 
interception, infiltration and transpiration.  On an annual basis, surface runoff will 
generally show good correlation with annual rainfall, particularly in areas with winter 
dominant rainfall [Budyko, 1974].  Recharge is the amount of infiltrated water that 
reaches a groundwater system and it occurs when too much water is available to be 
used by vegetation or to be stored in the root zone.  Recharge is generally the 
smallest term in the water balance and is usually inferred from precipitation and 
evapotranspiration measurements.  The last term in the water balance equation is 
the change in soil water storage.  Over a long period of time (i.e. 5 to 10 years), it is 
reasonable to assume that changes in soil water storage are negligible. 

 

The presence of vegetation can affect the different components of catchment water 
balance and therefore modify streamflow characteristics.  The key controls on 
evapotranspiration are rainfall interception, net radiation, advection, turbulent 
transport, leaf area, canopy conductance, and plant available water capacity.  
Runoff generation can also be affected by vegetation through changes in infiltration 
characteristics and soil moisture content.  The degree of control these factors 
exerted on streamflow depends on climate, soil, and vegetation conditions.  The 
observed difference in evapotranspiration between forests and pastures is mainly 
because forests have 

• Higher and more persistent leaf area: Fully developed trees generally have 
more constant leaf area index all year around compared to crops and 
pastures. This helps forests to intercept more precipitation and maintain 
greater transpiration on a mean annual basis. 

• Deeper rooting depth, allowing forests to access more soil water and retain 
higher transpiration during dry periods.  However, when soil is shallow there 
is little difference in the rooting depth between trees and crops. 
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• Lower albedo: It is estimated that forests can receive 20% more net radiation 
than pasture, enabling greater evapotranspiration. 

• Greater advection: Forests are believed to be able to evaporate at much 
higher rates than pasture due to additional energy received through 
advection. 

• More efficient turbulent transfer: One process responsible for continuous 
evapotranspiration is the transfer of water vapour from vegetation surfaces to 
the atmosphere by turbulence.  Forests having much greater aerodynamic 
roughness and exposed to higher wind speeds enable more efficient 
turbulent transfer. 

 

2.2. Changes in mean annual water yield 

 

2.2.1. Results from paired catchment experiments 

A number of paired catchment experiments have been conducted to understand 
how vegetation changes affect the hydrological processes.  On a mean annual 
basis, results from these experiments showed that increasing forest cover causes 
reduction in mean annual water yield and the response is species dependent (Bosch 
and Hewlett, 1982, Sahin and Hall, 1996, Stednick, 1996, Vertessy, 1999, Best et 
al., 2003a).  These results are summarised in Figures 1 and 2. 

 

 

 
Figure 1: Water yield changes as a result of changes in vegetation cover from Bosch 
and Hewlett (1982), Sahin and Hall (1996) and Stednick (1996). Results from Bosch 
and Hewlett and Stednick represent the maximum increase in the first 5 years after 
treatment for deforestation, regrowth and forest conversion experiments or maximum 
change in water yield for afforestation experiments. The results from Salin and Hall 
are the average increases in water yield in the first five years after treatment. 
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Figure 2: Distribution of water yield changes (scaled to 100% change in cover) a 
function of mean annual rainfall for the studies shown in Figure 1. 

2.2.2. Results from time trend studies 

Paired catchment studies provide detail information about vegetation change and 
streamflow response following treatment.  However, these catchments are generally 
small  (< 1000 ha) and it is a challenge to extrapolate the results to large 
catchments.  Holmes and Sinclair (1986) analysed mean annual evapotranspiration 
and rainfall data for large catchments in Victoria and found some empirical 
relationships for catchments under forest and pasture covers.  Zhang et al. (1999, 
2001) developed a conceptual model by considering only first order factors 
controlling catchment water balance and tested the model using mean annual 
rainfall and runoff data from over 250 catchments worldwide.  Some of these studies 
can be considered as time trend studies providing circumstantial evidence of the 
impact of vegetation on mean annual water yield.  The relationships developed by 
Zhang et al. (1999, 2001) showed that converting pasture land to forest decreases 
mean annual water yield and the reduction is greater in higher rainfall areas.  For 
example, in an 800 mm rainfall zone conversion from annual pastures to trees 
results in an average annual water yield reduction of 150 mm, which is equivalent to 
150 ML for each square kilometre planted as illustrated in Figure 3. 
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Figure 3. Relationships between mean annual water yield and rainfall for forested and 
grassed catchments. 

 

Figure 4 provides a comparison of the mean annual water yield changes predicted 
by the relationships shown in Figure 3 and the results obtained from the paired 
catchment studies.  There is general agreement between the model predictions and 
the paired catchment results, particularly for the conifer and eucalypt.  

  

 

Figure 4: Prediction of change in water yield based on the relationships shown in Figure 3 
compared with results from paired catchment studies for different vegetation types.  
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2.3. Changes in annual flow regime 

While change to mean annual water yield is important, the impacts of reafforestation 
on annual flow regime can be more significant from both environmental and 
extractive water use perspectives.  A commonly used approach for making such 
predictions is to rely on detailed physically based models or statistical models 
derived from paired catchment studies (Sivapalan et al., 1996; Scott and Smith, 
1997). However, use of physically based models in large catchments is problematic 
because of data availability and parameter estimation.  Zhang et al. (2003) and Best 
et al. (2003b) developed alternative methods for estimating the impact of 
reafforestation on annual flow regime by combining flow duration curve (FDC) 
analysis with paired catchment studies. 
 
A FDC represents the relationship between the magnitude and frequency of stream 
flow for a catchment.  It provides an estimate of the percentage of the time a given 
flow was equalled or exceeded.  Paired catchment studies revealed that plantations 
can affect total flow and low flow differently (Scott and Smith, 1997, Vertessy, 2000, 
Best et al., 2003a).  Figure 5 shows the generalised relationships for percentage 
reduction in total and low flows after pine and eucalypt afforestation in South Africa 
(Scott and Smith, 1997).  Similar responses were observed for Australian catchments 
(Best et al., 2003a).  For example, the results from the Redhill catchment near Tumut 
showed that significant reduction in low flows, leading to no flows for 40% of the 
time following pine plantation establishment as shown in Figure 6.  Other catchments 
in Victoria and New South Wales also showed significant increase in number of 
zero-flow days after conversion of pasture to forest (Lane et al., 2003).  Reduction in 
low flows is of great concern in terms of water resources security and environmental 
flows in unregulated streams.   

 
Figure 5. Generalised curves from estimating the percentage reduction in total and low flow 
after 100% afforestation with pine and eucalypt afforestation (Scott and Smith, 1997). 
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Figure 6. Flow Duration curves for the Redhill catchment, near Tumut, New South 
Wales, Australia. 1 year old pines and 8 year old pines. (after Vertessy, 2000). 

 

3. Impact of Afforestation on Mean Annual Water Yield in the Murray-Darling 
Basin 

The model used in this analysis was developed by Zhang et al. (2001), implemented 
into a GIS framework by Bradford et al. (2001).  The model requires three key 
datasets: mean annual rainfall, land cover (i.e. forest /grassland/crops), and 
catchment boundaries.  Mean annual rainfall was obtained from the Bureau of 
Meteorology (BOM, 1999).  Current land use was estimated based on the M305 
vegetation dataset obtained from Ritman (1995).  Plantation suitability was based on 
the dataset developed by Booth and Jovanovic (1991) by considering precipitation, 
topography, soils, and pest and diseases.  The suitable area for plantation in the 
basin is estimated to be over 50,000 km2. 

 

The first scenario assumes trebling plantation area in the Murray-Darling Basin by 
2020, which can be considered as a worst case scenario.  It is estimated current 
plantation area in the Basin is 457, 000 ha based on our proportioning of the values 
presented in Table 3 of Stanton (2001) to areas inside and outside of the basin.  
This means 914, 000 ha of new plantation area, which is approximately 18% of the 
suitable area estimated by Booth and Jovanovic (1991).  If we assume the 
plantation development will take place in the high suitability class with average 
annual rainfall of 800 mm, the reduction in mean annual water yield from pasture to 
plantation is 150 mm.  This is equivalent of 1371 GL per year lost in water yield.  
The reduction in water yield is 1097 GL per year if we assume the plantation 
development will occur in the moderate suitability class. 
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The second scenario, which is more likely to occur, assumes doubling plantation 
area in the Basin by 2020.  Then the increased plantation area is 457, 000 ha.  
Similarly, if the plantation development will occur in the high suitability class, the 
reduction in mean annual water yield is 686 GL per year.  If we assume the 
plantation will take place in the moderate suitability class, then the mean annual 
water reduction is 548 GL per year. 

 

4. Conclusions 

There are many commercial and environmental benefits association with 
reafforestation.  However, the impact of large-scale reafforestation on water yield 
needs to be considered in catchment management planning.  Failure to recognise 
this issue will lead to negative hydrologic consequence, i.e. significant streamflow 
reduction.  Our understanding of reafforestation impact on mean annual water yield 
has well advanced and there are tools available for predicting mean annual water 
yield change as result of vegetation alteration.  From water resources security point 
of view, it is important acknowledge the effects of inter-annual variability of rainfall 
on annual water yield.  Reafforestation can also affect seasonal distribution of 
streamflow and results from paired catchment studies showed that reduction in low 
flows can be significant for catchments with limited rainfall. 

 

Impact of reafforestation on mean annual water yield in the Murray-Darling Basin 
was estimated using a simple water balance model.  The analysis is based on 
doubling and trebling plantation area in the Basin by 2020.  Trebling plantation area 
can be considered as a worst case scenario resulting 1097 to 1371 GL per year 
water yield reduction.  While, a more likely scenario assuming doubling plantation 
area will lead to 548 to 686 GL per year water yield reduction. 
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Introduction 
Resource & Environmental Management Pty Ltd (REM) is pleased to provide this 
letter report describing a summary of the potential implications of increasing 
groundwater use within the Murray-Darling Basin (MDB) on the proposal to recover 
water as part of the Living Murray Initiative (LMI). The LMI involves the 
consideration of water sharing implications associated with the recovery of 350, 750 
and 1500 gigalitres of water per year (GL/year). 

The objectives of this summary assessment are to describe the current state of 
knowledge regarding this issue, provide a qualitative (and possibly quantitative) 
appraisal of the magnitude of the potential impact of groundwater extraction on 
future river flows, describe the uncertainties in the assumptions and outputs, and 
provide recommendations for areas of further investigation and research. 

This assessment does not include Groundwater Management Units (GMUs) within 
the Unincorporated Areas (where demand and water quality is low) and the aquifers 
of the Great Artesian Basin (GAB). 

Information and Data Sources 
Information for this assessment has been derived from the following main sources: 

• groundwater use, sustainable yield and groundwater allocation data for 
aquifers in the MDB for the 2000/01 water use year – collation of State data 
by REM (2003a); 

• classification of stream-aquifer interaction for the main river reaches within 
the MDB – collation of State data by REM (2003b); 

• an analysis of the implications of groundwater extraction on the Cap by 
Sinclair Knight Merz (SKM, 2003); 

• an analysis of stream – aquifer interaction in the NSW part of the MDB by 
Braatan and Gates (2002a and 2002b); and 

• data on the volume of groundwater intercepted by salt interception schemes 
provided by the River Murray Water (Phil Pfeifer, 2003). 

There are many other reports that describe the hydrogeology, derivation of 
sustainable yields and approaches to groundwater management at the GMU scale 
that haven’t been explicitly reviewed as part of this limited study. 

Discussions have also been held with various State based government officers and 
consultants. 

Groundwater Use, Sustainable Yield and Allocation 
Groundwater use, sustainable yield and allocation (entitlement in NSW) data for the 
2000/01-year has been collated from State records for each GMU. A GMU is 
defined by SKM (2003) as ‘ a hydraulically connected groundwater system that is 
defined and recognised by Territory and State agencies’.  

A graphical summary of the use, sustainable yield and allocation within each State 
for the 2000/01 year is provided within Figure 1.  
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The total groundwater use within the MDB (excluding the unincorporated areas and 
the GAB) for the 2000/01-year was around 1250 GL across all GMUs. This 
represents around 10% of the total water used within the MDB (surface water use in 
2000/01 was 12 000 GL), which is mainly used for irrigation. SKM (2003) estimated 
that, in the 1999/00 water use year, 65% of the groundwater was used for irrigation. 

The use in 2000/01 was nearly 1200 GL less than the sustainable yield and nearly 
2000 GL less than the allocation. The distribution of the use, yield and allocation 
status for GMUs is shown in Figures 2 to 5. 

At a MDB scale it appears there is potential for groundwater use to increase 
substantially from the 2000/01 levels of extraction and still remain within the limits of 
the current estimates of sustainable yield and allocation. 

Growth in Groundwater Use 
The magnitude of the likely increase in groundwater use will depend on whether the 
sustainable yield is set as the upper limit or whether allocation is the upper limit. The 
goal of all States is to manage groundwater use to the sustainable yield, but this will 
take some time. For example, in over developed GMUs in NSW such as the Namoi 
the use will be reduced progressively over the life of water sharing plans. 

For the purposes of this simplified assessment it is assumed that in the medium 
term (10 to 20 years) the use will be limited to the current estimate of the 
sustainable yield. Although it needs to be recognised that the current estimate of 
sustainable yield may also change as more technical studies are completed and 
more water management plans are implemented. In Victoria, a review of the 
capacity of aquifers in Groundwater Supply Protection Areas is undertaken once the 
use reaches 70% of the sustainable yield. The assessment may result in a reduction 
in the sustainable yield. 

Using the 2000/01 values of use, it is estimated that groundwater use could increase 
by around 1200 GL to reach the limit set by the sustainable yield. Some of that 
additional groundwater has already been taken up because of the drought and an 
increasing reliance on alternative sources of water. There has also been an increase 
in groundwater use due to new development of large irrigation areas using 
allocations from the transfer market and ‘sleeper licences’. For example, 
groundwater use in the Lower Lachlan Alluvium has increased from around 49 GL in 
2000/01 to 120 GL in 2002/03. Similarly the groundwater use in the Lower 
Murrumbidgee Alluvium increased from around 230 GL in 2000/01 to 350 GL in 
2002/03 (pers comm. George Gates, DIPNR).  

It is clear that the drought and new development has had a major impact on 
groundwater use, but it is less clear whether the groundwater use will decline to pre-
drought levels. It could be argued that investment in infrastructure to extract larger 
volumes of groundwater (e.g. new bores) may mean that an increased amount of 
groundwater use may continue. 

SKM (2003) undertook an assessment for the MDBC looking at the potential 
implications of increasing groundwater use on the surface water cap (the Cap) and 
assumed that groundwater use would increase at a rate between 1 and 5% per year 
over a 50-year period. This was partly based on the observation that groundwater 
use increased between 1993 and 1999 by 310 GL.  
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Taking a 3% annual growth it is estimated that the groundwater use will be equal to 
the current estimates of sustainable yield in 20 to 25 years. Therefore, assuming no 
allocation above current estimates of sustainable yield, the outlook for a “likely” (3%) 
and “worst case”  (5%) scenario regarding impacts of groundwater extractions on 
water flow  would be the same for 2020 as for 2050 because growth is capped at 
sustainable yield after 2020. In reality the rate of growth will be controlled by several 
factors including: 

• Occurrence of low and high rainfall cycles; 

• Trends in groundwater salinity; 

• Aquifer yield; 

• Limits of land capability for irrigation; 

• Changing regulatory regime; and 

• Changing estimates of sustainable yield. 

An example is the Loddon GMU in Victoria where the groundwater salinity may limit 
increased groundwater use. Fractured rock aquifers are generally low yielding and 
widespread use of groundwater may be less likely in these systems. 

Further analysis of this issue should include consideration of these (potentially) 
limiting factors for growth in groundwater use at the GMU scale. 

Stream – Aquifer Interaction 
Many of the aquifer systems within the MDB are connected with surface water 
systems. The type and degree of connection can vary significantly, but there are a 
significant number of GMUs where the aquifer is either recharged by leakage from 
the stream or where groundwater discharges to the stream (baseflow). SKM (2001) 
estimated that baseflow in unregulated stream varied between 4 and 76% of 
average flow. In another assessment, SKM (2003) noted that 10 to 90% of 
groundwater pumped from MDB aquifers would have otherwise been surface water. 
This study used an average value of 60%. For this prediction to have less 
uncertainty, the fraction of pumped groundwater that intercepts stream flow  would 
need to be investigated in more detail. In well connected systems it is possible that 
100% of the extracted groundwater comes from stream flow (pers comm. Rob 
Braatan, DIPNR). 

The degree of connection is not well understood in many important GMUs and 
additional work is required to quantify the interaction on a site specific basis. It is 
also important that work is undertaken to better define the timeframes between 
increased groundwater use and impact to stream flow. Information on the response 
times will allow improved understanding of planning timeframes especially in relation 
to the protection of groundwater dependent ecosystems. 

REM (2003b) classified the stream – aquifer connections across the MDB (using 
existing information) as part of the Watermark program. REM identified systems that 
were either dis-connected or connected, and either gaining or losing. In connected 
systems it was assumed that the stream and aquifer are connected via saturated 
sediments. Under connected conditions it is assumed that an increase in 
groundwater use will potentially impact on stream flow. 
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High rates of groundwater pumping can rapidly cause the groundwater level to fall 
near the well. The radius of the zone of influence of the well (capture zone) 
increases with time. If the well is near a connected stream the falling groundwater 
near the stream causes the rate of discharge to the stream to be reduced, or the 
rate of leakage from the stream to increase. The stream flow is reduced in both 
cases.       

In disconnected systems it was assumed that there are unsaturated conditions 
between the base of the stream and the water table, which means that extraction of 
groundwater will not impact on stream flow. The distinction between dis-connected 
and connected systems should not be mis-interpreted to infer that dis-connected 
systems are not important to the conjunctive management of surface water - 
groundwater systems. However, dis-connected systems are excluded from this 
analysis because increased groundwater pumping will not impact on stream flow. 

Leakage from dis-connected streams is an important recharge mechanism for many 
GMUs (especially on the riverine plain) and consideration of transmission losses 
should be part of a conjunctive use approach to the management of water resources 
in the MDB. For example, the water recovered for the LMI could simply become 
additional leakage to the underlying aquifer, rather than providing an additional 
downstream benefits.  

Quantification of the increased transmission losses associated with the LMI is 
outside the scope of this assessment. 

The location of dis-connected and connected (gaining and losing) streams overlain 
on the GMU maps are provided in Figures 2 to 5. These maps provide a Basin-scale 
view of the connections, but inevitably a classification at this scale may be in error at 
the sub-catchment scale. The classifications shown in the figures do not reflect the 
dynamic nature of surface water – groundwater interactions and it is possible that 
some streams may alternate between being connected and dis-connected with an 
underlying aquifer. 

Potential Impact of Increased Groundwater Use on 
Stream Flow 
It is possible to identify the likely areas where increased groundwater use can 
potentially occur and impact stream flow by overlaying the map of stream-aquifer 
classification on the map of the ratio of groundwater use to sustainable yield for 
each GMU (Figures 2 and 3). The priority areas will be those GMUs or river reaches 
where there is capacity for increased groundwater use, effective hydraulic 
connection between the stream and aquifer, and where the response time between 
pumping and reduced stream flow is short (Braatan and Gates, 2002b). 

The areas that could potentially become hot-spots (i.e. where there appears to be a 
capacity to increase use in a connected system) include the eastern GMUs in 
Queensland (e.g. Condamine), Lower Gwydir, Upper Namoi, Lower Macquarie, 
Upper Lachlan, Murrumbidgee in NSW and upland GMUs in Victoria. The GMUs in 
South Australia are not connected to surface water systems in the MDB and are not 
considered further. 

The Lachlan River does not flow to the lower reaches of the MDB system, but 
surface water use from the Lachlan is counted as part of the Cap and so it is 
included in this assessment.  
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The differences in the volume between the 2000/01 use and the current estimates of 
sustainable yield for connected systems within each jurisdiction are shown in Figure 
6. The total volume of additional groundwater that could be used (up to the 
sustainable yield) in connected systems within the MDB is 550 GL based on the 
2000/01 use values.  

The question is how much of this increased use will come from stream flow? SKM 
(2003) assumed 60% across all connected and dis-connected systems within the 
MDB.  In well connected systems it is possible that 100% of extracted groundwater 
will come from the stream. However, this value is probably high (on average) 
because in several GMUs such as the Lower Macquarie Alluvium, the connected 
stream extends only part way across the GMU and so future magnitude and timing 
of impacts within the GMU will depend on the location of the extraction wells relative 
to the connected stream.  

Taking a range of 50 to 100% it is estimated that stream flow could be reduced by 
275 to 550 GL/year. This range compares reasonably well with an estimate of 309 
GL provided by Braatan and Gates (2002b) for NSW where the largest groundwater 
supplies exist.  

This range in volumes potentially lost from stream flow represents around 35 to 75% 
of the 750 GL LMI scenario.  

Lag Times 
One of the other uncertainties in this estimate is that it is unknown what fraction of 
current groundwater use has not yet impacted on stream flow because response 
times may be of the order of decades. This means that the full impact of the 
increase in groundwater use seen over the last decade, and in particular over last 
three years, may not be seen for some time. 

The response time is a function of several parameters, including aquifer properties 
(ratio of transmissivity to storage), distance between bores and the stream, and 
rates of groundwater extraction. 

This analysis has used 2000/01 as the benchmark year (because of data 
availability) and use of an earlier year, say 1993/94, could change the estimate of 
the impact significantly (perhaps by 300 GL SKM (2003)). In GMUs with a mature 
level of groundwater development (e.g. Namoi) it is possible the groundwater use 
has fallen since 1993/94 and may continue to fall with management intervention. 
However, in GMUs with less mature groundwater development it is likely that the 
current groundwater use is higher than in 1993/94. This means that the impacts 
discussed in Section 5 are conservative and that the significance of the impact is 
limited by the lag between pumping and changing on stream flow. 

More detailed investigations are required at the GMU scale to quantify the response 
times and to develop appropriate management responses. 

Potential Impact from Salt Interception Schemes 
Salt interception schemes (SIS) are being built within the southern parts of the MDB 
to intercept saline groundwater that would otherwise discharge to the river. Most 
schemes are in the Sunraysia area near Mildura in Victoria and between Waikerie 
and Renmark in the South Australian Riverland. 
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It is estimated by River Murray Water (pers comm. Phil Pfeifer) that existing 
interception schemes currently intercept 14 to 17 GL of groundwater each year (that 
would otherwise be discharged to Rivers). New SIS are expected to add 6 to 8 GL to 
this volume by 2007. These volume are very small compared to the 750 GL LMI 
scenario. 

Conclusions and Recommendations 
Based on a simplified assessment of MDB scale future groundwater use, allocation 
and yield (for 2000/01) it is estimated that stream flow could be reduced by 275 to 
550 GL if groundwater use increases to a limit set by the current estimate of 
sustainable yield. This represents 35 to 75% of the 750 GL LMI scenario. 

This analysis is somewhat limited by the use of 2000/01 groundwater data. Drought 
conditions have meant that groundwater use has increased dramatically over the 
last couple of years so that part of the projected increase use has already been 
taken. For example, groundwater use in 2002/03 in the Lower Murrumbidgee 
Alluvium is around 120 GL greater than in 2000/01. The magnitude in the reduction 
of use following the drought is unclear, and there are some suggestions that it may 
not fall significantly.  

Current estimates of sustainable yield are also changing as water sharing plans are 
prepared and implemented. If estimates of sustainable yield decline then the long 
term (20 to 50 year) impact on the LMI will decrease. 

This analysis has used 2000/01 as the benchmark year (because of data 
availability) and use of an earlier year, say 1993/94, could change the estimate of 
the impact significantly.  

Transmission losses may also mean that increased stream flow will leak to the 
aquifer where the stream and aquifer are disconnected, rather than provide a 
downstream environmental benefit. The magnitude of this issue is not considered in 
this report. 

Several knowledge and data gaps have been identified in undertaking this 
assessment and the following recommendations are provided to fill those gaps: 

• Undertake a more detailed evaluation of the issue by examining groundwater 
trends, undertaking a comparison of trends in groundwater use and stream 
flow and examining various hydrogeological reports and water sharing plans 
to provide a GMU scale evaluation of the degree of connection between 
streams and aquifer, and identify hotspots; 

• Update this assessment to include 2002/03 groundwater data and factor in 
the impacts at a GMU scale of changes to groundwater use since 1993/94; 

• Evaluate the likelihood of an increase in groundwater use based on factors 
such as demand, groundwater salinity, aquifer yield and land capability; 

• Develop an improved understanding of the response times between changes 
in the rate of groundwater pumping and the impacts in stream flow and 
groundwater dependent ecosystems; 

• Undertake specific assessments to quantify the connections between 
selected stream and aquifers.  This involves improved methodologies for 
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relating geomorphic and aquifer properties with models that predict impacts 
on stream flow for given pumping regimes; and 

• Evaluate the likely increased transmission losses associated with increased 
flow from the LMI. 
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Proposed Salt Interception Schemes – unpublished MDBC data, 2003 

 

Scheme 

 

Flow 
Intercepted 
(GL/Year) 

Salt Load 
Intercepted 

(t/year) 

Status 

Bookpurnong & Loxton 1.6 45,300 Under 
consideration 

Pyramid Creek 1.0 22,000 Under 
consideration 

Bar Creek Serial 
Biological Concentration 

Potentially 6 
assuming 
6Ml/ha for 
1000 Ha 

development 

- Under 
consideration 

Qualco Sunland 1.0 7,300 Constructed 

Waikerie Phase II 1.0 7,300 Constructed 

Sunraysia Region 
Estimates 

   

Victoria Tile Drainage 9.9 9,000  

Lake Hawthorn 2.8 3,000  

Lambert Swamp 0.1 8,000  

Victorian Floodplain 
Discharge 

2.4 99,000  

Victorian GW inflow to 
river directly 

2.6 62,000  

NSW GW inflow to river 
directly 

2.9 86,000  

NSW floodplain 
discharge 

1.2 35,600  

NSW tile drainage 1.8 1,900  

Total 34.3 386,400  
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Appendix D –  
Changes to drainage and 
return flows from irrigation 
areas including the impacts 
of improved on-farm water 
use efficiency 

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

Drainage and Return Flows from Irrigation 
Areas 
Including the Impacts of Improved on-farm Water Use Efficiency 

 

Consultancy Report Prepared for Earth Tech Engineering Pty Ltd 

 

Prepared by 

Dr Evan Christen, Dr Shahbaz Khan and John Hornbuckle 

Sustainable Irrigation Systems Directorate 

 

CSIRO Land and Water, Griffith, NSW, 2680 

© 2003 CSIRO To the extent permitted by law, all rights are reserved and no part of 
this publication covered by copyright may be reproduced or copied in any form or by 
any means except with the written permission of CSIRO Land and Water. 

 

Important Disclaimer: 

CSIRO Land and Water advises that the information contained in this publication 
comprises general statements based on scientific research. The reader is advised 
and needs to be aware that such information may be incomplete or unable to be 
used in any specific situation. No reliance or actions must therefore be made on that 
information without seeking prior expert professional, scientific and technical advice. 
To the extent permitted by law, CSIRO Land and Water (including its employees 
and consultants) excludes all liability to any person for any consequences, including 
but not limited to all losses, damages, costs, expenses and any other compensation, 
arising directly or indirectly from using this publication (in part or in whole) and any 
information or material contained in it. 

Executive Summary 
This report provides a general overview of the possible changes to drainage and 
return flows from irrigation areas, with particular emphasis on the effects of on farm 
improvements in water use efficiency. It provides a ‘best bet’ analysis of likely 
scenarios of return flows to rivers as requested by Earth Tech Engineering Pty Ltd 
for the MDBC project ‘Review of selected factors that change future flow patterns in 
the River Murray System’. Due to the time frame and budget available little 
quantitative information is provided and prediction of likely scenarios are based on a 
qualitative assessment of data collected in the limited time period available and 
previous experience of these issues. 
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The key driving factors behind the volumes of return flows from irrigation areas 
to rivers can be summarised as: 

- Declining water availability and improving on farm efficiency 

- Improving drainage water quality and increasing reuse 

- Implementation of waterlogging and salinity control 

- Rising river salinity 

- Increasing delivery efficiency  

- Climatic variability 

Based on a qualitative analysis of these factors and general trends and drivers over 
the past decade likely future scenarios have been developed for extended time 
periods requested by MDBC. Future scenarios were found to be: 

..a ‘likely’ scenario 20 years into the future 

Considering the driving factors and recent trends it is clear that there is a shift 
toward greater control over irrigation water and enhanced use of rainfall. These can 
only lead to a continuing decline in the volumes of drainage from irrigated areas as a 
proportion of allocation and rainfall.  Obviously in any particular year the drainage 
volume will be highly influenced by the amount and timing of rainfall and irrigation 
allocation. Taking the current trends and extrapolating over the next twenty years 
would indicate that drainage flows from irrigated areas would be at least halved. 

..a ‘worst foreseeable’ scenario 20 years into the future 

The worst foreseeable scenario for the River Murray in terms of return flows in the 
next twenty years would be one where irrigation efficiency is improved dramatically, to 
the point where irrigation run off is practically nil, on farm and any delivery losses are 
picked up and completely reused within the irrigation area. The worst-case scenario 
losses to groundwater would be when recharge is minimised on farm to the leaching 
requirement (say 10% of irrigation) and losses from supply channels are halved.  
Recharge from rainfall will still occur but at a somewhat reduced rate due to a greater 
unsaturated depth under the farms. 
 
Within this scenario it would be reasonable to suggest that under average rainfall 
intensities runoff volumes may be halved due to improved irrigation efficiency, 
changed cropping (a greater shift towards winter cropping) and some rainfall 
harvesting. 
 
The overall result would be irrigation return flows a quarter or less than existing 
levels. The variation in return flows between normal/dry years versus wet years will 
be much increased. 

..a ‘likely’ scenario 50 years into the future 

It would be prudent to assume that the likely 50-year scenario would be the same as 
the worst case 20-year scenario. 
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..a ‘worst foreseeable’ scenario 50 years into the future 

The worst-case scenario in 50 years time would be on average zero irrigation runoff 
from irrigated areas and only 5-10% of current rainfall runoff due to the highly 
efficient irrigation and on-farm recycling systems effectively using more rainfall and 
widespread rainfall harvesting works in place. In very wet years there could still be 
large amounts of run off. However, the frequency of this would be reduced to longer 
return period rainfalls as the volume of rainfall required to generate runoff beyond 
soil storage, rainfall harvesting, on-route storage etc will be much higher. 

Worst-case groundwater recharge would be those that meet the minimum root zone 
salt leaching requirement e.g. 10% and there will be much reduced rainfall recharge. 
Also by this time most of this recharge may not reach the river due to extensive 
interception schemes to control river salinity levels. 

Research Needs  

In-depth research is required to investigate these future scenarios for any planning 
purposes. The uncertainty associated with this analysis is high due to the qualitative 
nature of this analysis relying on limited data collected for this short assignment. It is 
recommended that the following research areas be investigated to provide a more 
detailed picture of likely future trends in return flows from irrigation areas: 

- Effect of Land and water Management Plans (LWMPs) 

- Salinity management by salt credits/end of valley targets etc and 
interception schemes in the Murray river system 

- Water availability (allocations etc) and incentives for improved water use 
efficiency 

- Climate variability especially effect of extreme events such as the 1970’s floods  

- Changes in water legislation e.g. South Australia efficiency laws 
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Introduction 

Scope 
This investigation has been guided by the request made by Earth Tech Engineering 
Pty Ltd. It provides an overview assessment on the factors affecting changes to 
drainage and return flows from irrigation areas and likely effects on the flows in the 
Murray River system. The approach to preparing this document in the limited time 
frame available was restricted to: 

• Providing an overview of the factors affecting drainage from irrigated lands 

• Documentation of case studies involving the effects of improved irrigation 
water use efficiency and associated effects on drainage flows at the field 
scale 

• Collation of information easily available from selected irrigation areas on 
the changes in drainage flows  

Considering the time limitations, this document can be seen as an overview of the 
major factors or processes driving the likely impacts of improvements in irrigation 
efficiency on return flows to the Murray River system and provides key factors for 
MDBC to further investigate and include in their hydrological modeling.  

Objectives 
Two specific objectives have been requested which are: 

1. Provide an overview of changes associated with the impacts of 
improvements in irrigation efficiency on the flows in the Murray River system 
and the major factors driving these changes 

2. Provide advice on hydrological modeling assumptions for the MDBC on 

• a ‘likely’ scenario 20 years into the future 

• a ‘worst foreseeable’ scenario 20 years into the future 

• a ‘likely’ scenario 50 years into the future 

• a ‘worst foreseeable’ scenario 50 years into the future 
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Sources of drainage from irrigated areas 
There are a number of sources that contribute to surface and ground water drainage 
in irrigation areas. The major sources include: 
 

1. Escapes losses – losses generated directly from end of supply water flows 
i.e. escape flows to drains, rainfall rejections  

2. Runoff generated from rainfall 

3. Runoff generated from irrigation 

4. Recharge to groundwater which later discharges to surface/sub-surface 
drains, local and regional aquifers or rivers  

5. Subsurface drainage such as pipe (tile) drains, spearpoints and tubewells 
and disposal schemes such as evaporation basins. 

The magnitude of return flows from each of these sources varies in each irrigation 
area and has a number of driving factors such as soils, hydrogeology, land cover 
and farmer management practices etc. Water quality components associated with 
each return flow component are also vastly different; hence large magnitude volume 
generations do not necessarily indicate large concerns/problems for water quality. 
Indeed escape losses see no reduction in water quality from that delivered to the 
system.  The magnitude of drainage components for the Murrumbidgee Irrigation 
Area (MIA) is given in Figure 0-1. 

35%

25%

22%

10%
5% 3%

Escapes from Channels

Farm Rainfall Run-off

Irrigation Run-off

Spillage for Downstream
Supply
Subsurface Drainage 

Other

 

Figure 0-1 Sources of Drainage for the Murrumbidgee Irrigation Area, Total Drainage Volume 
is 244000 ML (MIA & Districts Community Land and Water Management Plan, 1998) 

The factors contributing to the volumes of these components of drainage water are 
described in the following section.  
 

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

Factors Affecting Drainage from Irrigated Areas 
The magnitude of drainage from irrigated areas is influenced by a mixture of 
climatic, management, economic and institutional factors. These factors have been 
changing over the past decade to influence the amount of drainage from irrigated 
areas. Some of these have acted to increase drainage and others to reduce 
drainage. An outline of the major factors is given below:  

Declining Water Availability 
Initially irrigators were moving towards better irrigation management and 
capture and recycling of runoff waters by the desire to crop larger areas, thus 
water saved could be invested into expanding their cropped areas, this was 
probably the scenario until 10 or so years ago, and drove those who were 
looking to grow the size of their business. When water availability started to 
be actually reduced at the farm gate due to the  MDBC Cap and 
Environmental Flow requirements, i.e. annual allocations started to reduce, 
then this affected many more farmers as this meant that they needed to 
improve their management in order to maintain the status quo of their 
business. This was then followed by the introduction of water trading which 
further reinforced the value of water and the benefits of careful management.  

Reduction in water availability has led to improved irrigation management 
that reduced run off and groundwater recharge mainly through improved farm 
layouts and irrigation systems that allowed water to be applied in a more 
controlled manner with easier management, also the use of recycling 
systems that capture runoff and allow it to be recycled. Now some irrigators 
are to the point of rainfall harvesting on their properties to supplement 
irrigation deliveries. The extent to which water saving technologies are 
adopted depend upon water scarcity and the value of crops grown, $ return 
per ML, and the practicality of the available technology, e.g. some “high tech” 
systems are not suited to certain soils and cropping systems. 

In combination with physical actions to improve water management as 
discussed above, changes to cropping regime will have a marked effect upon 
drainage. This can be in the overall water requirement of the crop, a better 
mixture of summer and winter crops and hence the likely magnitude of 
drainage of excess irrigation water or the opportunity for rainfall to be stored 
in the soil profile and used for production.  

Crops that only require limited water per season (e.g. winter crops or grapes) 
will likely have lower irrigation water losses than those watered frequently 
e.g. summer pasture, vegetables. These lower irrigation water requirement 
crops are also more likely to allow storage of rainfall in the soil profile and 
hence reduce rainfall run off. The result depends upon the crop, the irrigation 
system and the irrigation management. However, if irrigators are overall 
driven to using less water on their crops and choosing crops that require less 
irrigation and can make better use of rainfall then the overall result is likely to 
be a decline in drainage volumes. 
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Decreases in water availability have also seen a switch by irrigators to more 
efficient irrigation systems. This has been driven by water savings which can 
be achieved when irrigation systems are converted to higher technology, 
such as the switch from flood and furrow irrigation of wine grapes to drip 
irrigation, or the switch from surface flood methods to sprinkler irrigation in 
the dairy industry. Changes in the irrigation system have the potential to have 
large impacts on drainage volumes from irrigated farms (see examples 
below) 

Christen and Skehan (1999) monitored drainage from grapevines in the 
Murrumbidgee Irrigation Area under different irrigation systems. Results 
showed that with high technology irrigation systems such as drip, irrigation 
efficiency could be improved, which had a large effect on the both the 
subsurface and surface drainage volumes. Table 0-1 shows typical irrigation 
volumes, and associated surface and subsurface drainage from Flood, 
Furrow and Drip irrigated vineyards monitored in the MIA.  

Table 0-1 Summary of irrigation system performance 

System Number of 
irrigations 

Depth of water 
applied, 
average 

mm 

Water use 

Ml/ha 

Run off from 
irrigation 

mm 

Tile 
drainage 

per 
irrigation, 
average 

mm 

Flood 7 82 5.8 14 28 

Furrow 6 115 6.9 48 24 

Drip* 26 5 1.4* 0 0 

* The drip irrigated vines were only 2 years old, the water use with drip irrigation 
would typically be 4-5 Ml/ha for mature vines 

Similar results have also been reported on annual horticultural crops grown in the 
MIA. Christen, Moll & Muirhead (1995) also found that both surface and subsurface 
drainage volumes were significantly reduced in processing tomatoes with a change 
from furrow irrigation to drip irrigation. Rainfall volumes and generated subsurface 
flows are shown in Table 0-2 along with a qualitative description of the surface 
runoff volumes. 
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Table 0-2 Surface and subsurface drainage from rainfall with furrow and drip 
irrigation systems used for processing tomato production, after Christen, Moll 
& Muirhead (1995) 

Rainfall date Rainfall  mm % of rainfall 
discharged 

by 
subsurface 

drains  

Surface run off 

Furrow irrigated   

30 Oct 1992 38 29 Significant 

04 Dec 1992 60 40 Significant 

24 Jan 1993 29 14 Minimal 

Average 42 28  

Drip irrigated    

05 Jan 1995 26 0 None 

19 Jan 1995 45 5 Minimal 

28 Jan 1995 28 0 None 

09 Jun 1995 49 4 Minimal 

Average 37 2  

 

Higher technology irrigation systems have the ability to apply less water and achieve 
a much more uniform depth of water. This allows such systems to make better use 
of ‘in-season’ rainfall. High technology systems such as drip also apply water only to 
the plant rootzone area. This may leave significant areas in fields, which can act as 
storage for rainfall, hence further reducing drainage volumes. This has been 
particularly shown in crops such as wine grapes, which have large inter-row areas 
that remain ‘dry’. These areas provide storage of rainfall, thereby reducing drainage 
volumes. 

Management of the irrigation system can also have a large effect on the drainage 
volumes generated from irrigation. With the increased lack of water over the past ten 
years and a number of incentives aimed at increasing on farm water efficiency 
through education campaigns and financial incentives for irrigation scheduling 
technologies etc, many irrigators have become much more efficient in on farm water 
management.   

Christen and Skehan (1999) showed that by improving irrigation and drainage 
management in an irrigated vineyard in the MIA the total amount of drainage from 
the vineyard could be reduced by as much as 88 %.  
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Improving Drainage Water Quality  
In the past 10 years there has been a large increase in awareness regarding 
drainage water quality from irrigated areas. The main water quality aspect initially 
was with respect to pesticides and this has increased to a more widespread concern 
including salinity, turbidity, nutrients and even pathogens. These concerns have 
largely been driven by Environmental Protection Authorities. This has led to stricter 
regulation and monitoring of individual irrigators (e.g. cotton and other growers along 
rivers) and granting of pollution permits to water delivery authorities (Irrigation 
Companies) managing the formal irrigation areas.  The actions taken have been 
promotion of chemical user training to avoid inappropriate use of chemicals and 
promotion of capture of run off that may be contaminated. For example in the early 
1990’s the NSW EPA recommended that the first 12mm of rainfall runoff from 
irrigated farms be captured and recycled. These ideas have been incorporated into 
Land and Water Management Plans for the irrigated areas that now recommend 
various size of recycling and storage facilities that range from 5 to 12 mm capture of 
rainfall. These run off capture and recycling systems were viewed with hostility by 
many farmers due to the expense, potential loss of land and perceived risk of 
salinisation. This view has changed in recent years of water shortage where farmers 
see these recycling systems from a water saving perspective and now often design 
the systems with a far greater capacity than recommended from a water quality 
perspective. Currently approximately 50% of farms in the MIA and SIR (in SIR 
expected all farms will have recycling systems by 2020) have drainage recycling 
systems and this figure is likely to increase. For example in the Berriquin region of 
the Murray Irrigation Area 90 % of commercial holdings will have installed drainage, 
storage and reuse systems by 2010 (Berriquin Land and Water Management Plan, 
2001).  

In the case of certain crops there have been tough regulatory actions to prevent 
drainage from the farmed area i.e. cotton and rice. In the case of cotton the EPA has 
been driving the farms to a closed system, due to the toxic nature of the chemicals 
used. In the case of rice withholding periods have been established after the 
application of certain chemicals. During these times farmers are not allowed to drain 
water from the paddies. Although the chemicals are not highly toxic their high level 
of detection in surface drains due to the historic practice of letting water continuously 
flow through the rice paddies forced this regulatory approach. 

At an irrigation area level the companies provided with pollution permits have also 
been promoting the reuse of drainage water by farmers further down the irrigation 
system. In this way “polluted” drainage water is kept within the irrigation area helping 
to meet licensing conditions. Initially encouraging farmers to use this water was 
difficult as they were wary of the pollutants and salinity of the water, now during 
times of water scarcity farmers are forced to use this water to sustain their 
businesses. When water becomes very scarce farmers are willing to take the short-
term risk of using saline water, often without being able to properly assess the 
longer-term implications, eg farmers in Shepparton region applying saline 
groundwater (5 to 10 times recommended level) without the usual practice of 
blending it with fresh surface supply water. The level of salinity (risk) farmers are 
willing to take will depend upon the water scarcity and the level of water salinity. For 
example farmers downstream of the Murrumbidgee Irrigation Area have been 
lobbying for better quality irrigation water, (which is primarily made up of drainage  
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water from the MIA supplemented with freshwater supplies) from the current levels 
of around 700EC to a desired level of 400 EC (Note that at 700 EC the water is a 
low salinity recognised scientifically as being suitable for all purposes, however the 
farmers are worried about the long-term sustainability due to risk of salinisation. A 
proposal was developed that could achieve the desired reduction in salinity by 
removing a volume of the more saline water thus reducing the overall salinity. 
However, this solution was not supported by farmers due to the reduction in total 
water available of some 10 to 20%. These examples demonstrate that the 
desire/necessity to sustain the farming business in the short term will generally 
override long-term sustainability issues. The implication is that water scarcity within 
irrigated areas can also potentially threaten the long-term sustainability if irrigators 
turn to more saline water resources. 

Implementation of Waterlogging and Salinity Control  
The historical threat to irrigated areas has been from waterlogging and soil 
salinisation, both caused by irrigation and rainfall in excess of crop requirements.  It 
is only recently that water shortage has emerged as the greater threat to the survival 
of irrigation farms. It is useful to consider the actions taken to control waterlogging 
and soil salinisation, the effects on drainage when installed in times of plentiful water 
supply and how the management and effects of these measure have impacted on 
drainage in recent water short times. 

Waterlogging occurs due to excessive water in the soil profile creating anaerobic 
conditions and so depriving plants roots of oxygen and hence retarding growth or 
even causing death. In the case of annual crops and pastures the main mechanism 
to overcome this has been the provision of improved surface drainage. At the basic 
level this means installation of surface drains at the farm, which are then linked into 
a regional network of surface, drains eventually linked to a creek or river. Surface 
drainage continues to be installed as a priority across the MDB It is expected that in 
the Shepparton region the area drained will more than doubled by 2020. This is 
likely to result in higher return flows during wet years, but is likely to have little 
impact in normal or dry years. Further refinement of this is to level the land to even 
grades so that water does not collect on the land but drains quickly off. Currently 
approximately 40% of farms in the MIA and SIR have been laser levelled and this 
figure is likely to increase. For some crops the use of beds and furrows further 
reduces the chances of waterlogging. For example in the Berriquin region of the 
Murray Irrigation area all farms will have been required to undertake optimal levels 
of landforming to increase irrigation efficiency (Berriquin Land and Water 
Management Plan, 2001). These actions result in excess irrigation water and rainfall 
quickly being drained off the paddocks to the farm drainage network to the regional 
drainage network and ultimately into creeks and rivers for “disposal”.  These actions 
have led to increased drainage from irrigated areas in the past. In recent times of 
water scarcity the land levelling aspects of waterlogging control have had large 
benefits in being able to apply smaller volumes of irrigation with greater uniformity. 
This with whole farm drainage networks and recycling have now allowed an overall 
reduction in drainage. 
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Controlling soil salinity and reclamation of salinised irrigation areas has generally 
been undertaken using subsurface drainage where the cropping is of a high value. 
Most perennial horticulture in the MDB is protected with some form of subsurface 
drainage, either pipe (tile) drains or groundwater pumping e.g. spearpoints. The 
subsurface drained area in the SIR is expected to double by 2020 creating a further 
90 GL of drainage. However most of this is expected to be reused on farm. Where 
groundwater pumps are used to control waterlogging and salinity there is often the 
option to reuse the water on farm if the groundwater is of a medium salinity level and 
there are surface supplies of fresh water for dilution. Where subsurface drainage 
systems are operated at a regional level e.g. by the water supply authority there is 
an element of reuse of the water. This can be direct, i.e. if the subsurface drainage 
is disposed of directly into an irrigation supply channel (where it is adequately 
diluted) or indirect where the water is disposed of into the surface drainage channels 
but the water is reused further down the system (e.g. MIA and SIR). Where 
subsurface drainage systems are operated by individual landowners the decision to 
reuse the water depends largely upon the prevailing general water availability. 
Where large amounts of water are available then the drainage water will not be 
reused, but when water becomes scarce the water is reused. The drainage system 
then becomes a valuable groundwater supply. This tension between installing 
drainage to protect against long-term problems of salinisation with the desire to treat 
the system as a resource provider in periods of low availability is a potentially 
dangerous one. In the long term reuse of the groundwater can lead to a build up in 
soil salinity and sodicity and a lack of focus on the salinity control aspect can lead to 
neglect ion of using the system to provide proper leaching e.g. during periods of 
high rainfall. 

Rising River Salinity 
Due to the increase in salinity of the Murray River the system of Salt accounting and 
Salt credits was initiated by the MDBC. This has lately been given further focus in 
the rest of the MDB by the setting of end of valley targets. The main aspect of trying 
to reduce salinity in the River Murray and to specific users of irrigation drainage 
water e.g. Wah Wah drainage district downstream of the MIA has been to try to 
prevent salt entering the river. This has led to a focus on point sources e.g. irrigation 
return flows, sewage works etc and diffuse sources such as dryland salinity in upper 
catchments and groundwater discharge to the Murray in SA. Keeping salt out of 
rivers has led to policies in irrigated areas that restrict the mobilisation of salt e.g. 
strict controls on the installation of subsurface drainage and restricting the disposal 
of saline water within the irrigated area, e.g. since 1982 in the MIA new subsurface 
drainage systems have to use an on-farm evaporation basin.  These restrictions 
reduce the drainage water leaving farms in irrigated regions. Where these controls 
have been imposed to the extent that the saline drainage is a small proportion of the 
total drainage and hence is greatly diluted, then this allows return of the drainage 
water to the river system. However, where large volumes of saline water are 
disposed of into the surface drains the dilution from other sources is less easy to 
achieve, so allowing it to return to the river is restricted and so reuse within the 
system is a necessity. For irrigated regions the total management of salt is a critical 
issue. Where saline drainage waters are kept separate from fresh drainage waters 
there is the opportunity to allow the fresh water to return to rivers provided there are 
no other pollutants. Once the two are mixed it becomes an exercise in dilution and 
reuse which results in less water leaving irrigated regions.  
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When trying to control salinity in the River Murray there have been conditions 
imposed on irrigated regions regarding timing of disposal. This timing of disposal 
recognises that the saline flows from irrigated regions need to be diluted by high 
flows in the river. In times when river flows are low the opportunity for disposal of 
irrigation drainage is restricted and hence there is less drainage to the river. 
Balancing the requirement to have flows into the river and the salinity of those flows 
is critical. The more restrictive the quality parameters applied to return flows to rivers 
the lower the likely volumes. 

Increased Delivery Efficiency 
Delivery efficiencies have been slowly increasing over the past 25 years due to both 
physical modification of the delivery systems and improvement in management. 
Efforts have been undertaken in many areas to reduce system losses in channel 
systems through upgrading of canal networks and also through channel lining and 
piping works. Many irrigation areas have also begun to invest in high technology 
channel control and networked management infrastructure such as SCADA, which 
reduces the occurrence of escape flows. These improvements coupled with better 
predictions of plant water requirements and hence demands have seen a reduction 
in the volumes of drainage water generated from escape flows. Typically distribution 
efficiencies are now in the order of 80%, e.g. Figure 2. 

En-route storages have also been added in many areas allowing greater flexibility 
with distribution systems and also ‘capturing’ in system escape losses in many 
cases. These also have the ability to capture rainfall   

 

Figure 0-1 Distribution efficiency from 1949/50 to 1998/99 for the Goulburn system 
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Piping of supply works has been undertaken in many irrigation areas along the 
Murray River for instance the following irrigation areas have been converted to pipe 
supply systems over the last decade: 
 

- Renmark Irrigation Trust –SA 

- First Mildura Irrigation Trust _ VIC 

- Western Murray Irrigation Ltd – NSW 

- Sunraysia Water Authority – VIC 

- Central Irrigation Trust – SA 

- Barossa Infrastrutucture Limited – SA 

- Woorinen, Goulburn Murray – VIC 

These piping systems have acted to substantially reduce losses in the form of 
escapes and especially leakage to groundwater. Implementation in irrigation areas 
away from the Mallee will have lesser impacts on losses to groundwater. 

Climatic Variability 
Climate will have a major impact on return flows from irrigation areas. Assessing the 
climatic variability will be important in determining likely return flows to rivers from 
irrigation areas.  

Any assessment of return flows from irrigation must be a function of the prevailing 
climatic conditions. The largest effects are likely to be from climate variability rather 
than any long-term climate change. 

Khan and Short (2001) used the Standard Precipitation Index (SPI) technique to 
investigate climatic effects on water table levels in the Coleambally, Murrumbidgee 
and Murray Irrigation Areas and similar approaches should be undertaken for 
investigating effects on drainage flows. Computation of the SPI involves fitting a 
gamma probability density function to a given frequency distribution of precipitation 
totals for a station. The cumulative probability is then used to fit the gamma function 
to a standard normal distribution, with a mean of 0 and variance of 1. This results in 
normal distribution values between –3 to 3 as the values of the SPI. Negative SPI 
values indicate dryer weather while the positive values indicate wetter periods.  
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Definitions of the degree of wetness or dryness of weather on the basis of SPI 
values are shown in Table 3. 

Table 3: Definitions of SPI values 
 

SPI Values 
2 + Extremely Wet 

1.5 to 1.99 Very Wet 

1.0 to 1.49 Moderately Wet 

-0.9 to 0.9 Near Normal 

-1.0 to -1.49 Moderately Dry 

-1.5 to -1.99 Severely Dry 

-2 and less Extremely Dry 

Rainfall analysis results indicate that winter rainfalls during the 1930’s, 50’s, 70’s 
and 80’s had higher SPI’s indicating above average to very wet rainfall conditions. 
Whereas the rainfall data for 1990s show below average to dry rainfall conditions 
(Figure 0-2). 

6 Monthly, September SPI Values For Finley from 1900-1999
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Figure 0-2 SPI index for the Finley weather data from 1900-1999, after Khan and Short 2001 

The relationship found by Khan and Short (2001) between SPI and piezometric changes in 
selected regions of the Murray Irrigation Area is shown in Figure 0-3 and Figure 0-4. It 
can be seen that there is a strong correlation between the SPI and piezometric levels.  
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Figure 0-3 Comparison of August SPI for Moulamein and average piezometric change in 
Wakool. 
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Figure 0-4 Comparison of August SPI for Deniliquin and average piezometric change in 
Deniboota 
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Considering physical processes relating to volumes of drainage water generated, such as 
piezometric levels, are related to climatic variability then climatic impacts can therefore be 
seen to have a major effect on the quantity of drainage generated from irrigation areas. 
Wetter periods will increase the volumes of return flows to rivers and dryer periods will 
reduce volumes of return flows to rivers. 
 
Irrigation Area Trends in Drainage Water 
Documented drainage flows from irrigation areas over the past 7-10 years from 
three irrigation areas are shown in Figure 0-1,  Figure 0-2 and Figure 0-3. It can be 
seen that there has been a general decrease in drainage water volumes generated 
from the irrigation areas over this time period. While climatic variability which 
influences total water availability and rainfall runoff will have an impact on the 
drainage volumes, it can be seen that the general trend is downward and drainage 
volumes in irrigation areas are reducing.  
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Figure 0-1 Rainfall, Irrigation delivery and Drainage trends in the Coleambally Irrigation Area 
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 Figure 0-2 Rainfall, Irrigation delivery and Drainage trends in the Murrumbidgee Irrigation 
Area 
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Figure 0-3 Total surface drainage in the Shepparton Irrigation Region 
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Possible Future Scenarios as Requested in Tender 
A key element to assessing the likely scenarios in the next 20 years is to assess the 
impacts of Land and Water Management Plan implementation in the irrigated areas 
and the effects of other policies.  

Land and Water Management Plans 

The key elements in these plans that will affect drainage return flows are: 

♦ On Farm Practices:  maintaining and increasing productivity levels, optimizing 
the effectiveness of irrigation water, dealing with higher watertables and soil 
salinity, reducing groundwater accessions, farm planning, maintaining drainage 
water quality and ensuring the sustainability of the natural resources. 

♦ Subsurface Drainage:  maintaining shallow watertables at an acceptable depth, 
the management of saline drainage water, minimising the impacts of the 
drainage disposal on surrounding landholders. 

♦ Surface Drainage:  reducing the impacts of waterlogging and maintaining 
acceptable drainage water quality. 

♦ Infrastructure: improving irrigation supply to landholders, maintaining supply 
water quality and reducing groundwater accessions from supply system. 

♦ Floodplain Management:  reducing the impacts of flooding and ensuring the 
effective passage of floodwaters. 

These aims result in several key areas that will affect drainage: 

Improved on farm irrigation systems 

The change from surface irrigation methods to more high tech methods such as drip 
and improved surface irrigation methods will result in less drainage. These methods 
make better use of rainfall and also reduce surface runoff volumes from inefficient 
irrigation volumes. 

Drainage recycling 

The need to reduce runoff is driven by the goal of improving drainage water quality, 
i.e. keeping pollutants on farm. These goals are accepted parts of the plans and 
have funding allocated to them and as such it is quite likely they will be 
implemented. These recycling systems will result in less drainage. Currently 
approximately 50% of farms in the MIA and SIR have drainage recycling systems 
and this number is likely to increase. 

Surface drainage systems 

Implementation of surface drainage will increase drainage from irrigated areas in the 
short term and whilst water availability is high. However, when water supplies are 
restricted the drainage system then becomes a defacto supply system for 
downstream users. In the long term surface drainage will also reduce groundwater 
recharge and this may affect groundwater discharge to rivers. 
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Subsurface drainage systems 

Better management of subsurface drainage systems will see a reduction in drainage 
volumes. Recent research has shown that subsurface drainage volumes can be 
significantly reduced with better subsurface drainage management. Improved 
irrigation efficiencies will also reduce subsurface drainage volumes. 

Evaporation basins, serial biological concentration, plantations 

There are a number of options being adopted to intercept saline flows before they 
leave irrigated areas. Whilst this is beneficial for water quality it reduces total 
volumes. 

Other policy factors 

Other factors that are likely to affect the future return flows are the issues of salinity 
in the river and implementation of the MDBC Basin Salinity Management Strategy, 
Environmental flow allocations (reducing water available to irrigators) and various 
legislation such as that in South Australia mandating 85% water use efficiency for 
irrigators. These factors require further investigation to properly understand their 
long-term implications. 

‘likely’ scenario 20 years into the future 
Considering the driving factors and recent trends described in the previous sections 
it is clear that there is a shift towards greater control over irrigation water and 
enhanced use of rainfall. These can only lead to a continuing decline in the volumes 
of drainage from irrigated areas as a proportion of allocation and rainfall.  Obviously 
in any particular year the drainage volume will be highly influenced by the amount 
and timing of rainfall and irrigation allocation. Taking the current trends and 
extrapolating over the next twenty years would indicate that drainage flows from 
irrigated areas would be at least halved.  

This is based upon there being a drive for improved on farm and delivery efficiency 
and that a high degree of reuse is practiced within the irrigated regions. It is not 
expected that the losses to the groundwater systems would change dramatically. 
Thus most reductions would be as a result of reduced surface drainage. 

This estimation is based upon the current trends and the strength of the important 
external influences on drainage flows from irrigated areas such as -  Salt credits, 
LWMP implementation, statutory levels of irrigation efficiency (SA) and reduced 
water availability due to the probable claw back of water from irrigators for 
environmental flows. 

Salt credits – The SIR is reaching its’ maximum levels for salt disposal as are other 
areas. There are few new schemes to generate credits therefore the management of 
salinity in the river system will be a major constraint on drainage. A detailed analysis 
of this is required to determine the impact on future drainage. 

LWMP implementation – these plans have set targets for reduction of drainage at 
on-farm and irrigated area scales. It is unlikely that movement in this direction will 
slow unless there is a shift in government funding and policy. The effect of current 
LWMP’s is required and assessments/policies developed for alternative outcomes. 
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Statutory levels of irrigation efficiency – the SA government requires all irrigators to 
be 85% efficient at the farm level. This will set drainage to 15% of applied irrigation 
water, of which only a fraction will return to the river due to tile drainage and salt 
interception schemes. 

Reduced water availability – this will result in improved on-farm water use efficiency 
and recycling and improved water delivery efficiency.  There will be increasing 
financial and government pressure for supply companies to “find” water savings in 
their delivery. Open channel delivery systems are currently running at about 75-80% 
delivery efficiency (of which some of the apparent losses are due to inaccurate 
metering at the farm gate). This can in itself be improved, but also only a proportion 
of the “lost” water currently returns to the river through the surface drainage network 
or groundwater. This proportion is likely to decrease as irrigator’s access to water is 
reduced combined with increasingly stringent water quality requirements for return 
flows. 

In this scenario it is not envisaged that rainfall “harvesting” will increase dramatically. 
This is due to the associated costs, current price of water and various legislation that 
limits this to a small amount of the total rainfall e.g. 5%. 

In this scenario general groundwater flows from irrigated regions would not be 
expected to change. 

It is important to realise that drainage flows of high levels will still occur during wet 
years or high rainfall periods such as 1970’s. However, the average return flows will 
undoubtedly decrease. 

‘worst foreseeable’ scenario 20 years into the future 
The worst foreseeable scenario for the River Murray in terms of return flows in the 
next twenty years would be one where irrigation efficiency is improved dramatically, to 
the point where irrigation run off is practically nil, on farm and any delivery losses are 
picked up and completely reused within the irrigation area. The worst-case scenario 
losses to groundwater would be when these are minimised on farm to the leaching 
requirement (say 10% of irrigation) and losses from supply channels are halved.  
Recharge from rainfall will still occur but at a somewhat reduced rate. 
 
Within this scenario it would be reasonable to suggest that rainfall runoff is halved due 
to improved irrigation efficiency, changed cropping and some rainfall harvesting. 
 
The overall result would be irrigation return flows a quarter or less than existing levels. 
The variation between normal/dry years versus wet years will be much increased. 

 ‘likely’ scenario 50 years into the future 
It would be prudent to assume that the likely 50-year scenario was the same as the 
worst-case 20-year scenario. 
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‘worst foreseeable’ scenario 50 years into the future 
The worst-case scenario in 50 years time would be on average zero irrigation runoff 
from irrigated areas and only 5-10% of current rainfall runoff due to the highly 
efficient irrigation effectively using more rainfall and widespread rainfall harvesting 
works in place. In very wet years there could still be large amounts of run off. 
However, the frequency of this would be reduced to longer return period rainfalls as 
the volume of rainfall required to generate runoff beyond soil storage, rainfall 
harvesting, on-route storage etc will be much higher. 

Worst-case groundwater recharge would be that required to meet the minimum root 
zone leaching requirement e.g. 10% and much reduced rainfall recharge. Also by 
this time most of this recharge may not reach the river due to extensive interception 
schemes to control river salinity levels. 

In depth research is required to investigate these options adequately. Especially in 
relation to the run off to be expected from rainfall under these very changed 
conditions. 

Recommended Research 
The return flow estimates have a large degree of uncertainty associated with them 
due to the qualitative nature of this analysis and the combination of biophysical and 
socio-economic and policy factors which can affect drainage response from the 
irrigation areas.  The impact of climate variability and possibly climate change is 
important. A critical assessment of the impact of the driving factors such as strict 
consent conditions for discharging water into rivers, implementation of Land and 
Water Management Plans and declining water availability is necessary. This can 
probably be done with a relatively high level of quantitative analysis considering 
some of the surface and groundwater models and other analytical techniques 
available. At this stage guessing the impact of socioeconomic and policy changes 
on return flows from irrigation areas is problematic and merits a through analysis 
e.g. consideration of likely impacts from the Living Murray initiative. 
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Appendix E –  
Farm Dams 
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Potential impacts of farm dam development in the Murray-Darling Basin 

Sergei Schreider, Monash University CRC CH 

1. Introduction 
It is generally considered that an increase in the number and volume of on-farm 
storages in a catchment will reduce the mean annual discharge from the catchment.  
The reduction in catchment outflow is due to two major reasons.  Firstly, there are 
significant direct water losses from farm dams relating to the evaporation of water 
and infiltration losses.  The volume of the direct water losses largely depends on the 
climate, soil characteristics, and farm dam capacity.  For example, a survey 
implemented in the Namoi Valley near Tamworth (mostly a cotton growing area) 
showed that a farm dam with a capacity of 50 ML loses, on average, 20% of its 
water annually.  Secondly, farmers mostly store water in dams for irrigation needs; 
hence, an amount of water is used by the crops (the volume of farm dams 
constructed for stock and domestic needs are significantly lower).  In this case, the 
impact of the farm dam on catchment discharge is ultimately defined by the crop 
water demands, irrigation efficiency and level of use of the recycled water. 

The difficult question is how to quantify these negative and highly non-linear 
impacts.  This non-linearity can be modelled using the evaporation module of 
existing hydrological models.  Some results of this modelling are outlined below.  

2. References to the reviews of the previous works  
A good review of the work implemented in the area can be found in Beavis (1996)3.  
Case study works quoted in Beavis (1996) and ICAM (1999) showed that the impact 
of farm dam development on catchment streamflow is always negative and ranges 
from a 10% to 85% reduction in flow depending on climate and level of agricultural 
development in the catchment under study.  The list of references compiled for 
ICAM (1999) is provided in Appendix 1. 

3. Data  

3.1 Data accuracy 
The important problem in analysing the impact of farm dams on streamflow is that 
data on farm dam volumes is very sparse and inaccurate.  The methodology of farm 
dam volume estimation is usually based on an analysis of aerial photographs of the 
catchment.  The factors affecting precision of this methodology can be outlined as 
follows: 

 

1. This methodology allows researchers to estimate only the surface areas of farm 
dams presented on the image. Their volume can be estimated using some 
assumptions on their average depth. 

2. These surface areas are estimated only for given seasonal conditions and do 
not necessarily reflect the maximum amount of water stored in these dams.  This 
is because the aerial photos available in archives are made for purposes other 
than farm dam analysis. 

                                                 
3 References provided can be found in References Section of the ICAM (1999), which is copied in 
Appendix 1. 
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3. The comprehensive analysis of aerial photographs of the catchment is very time 
consuming work and the farm dam surfaces are usually counted for 
representative cross-section profiles.  The total volume is then estimated as the 
average of different profiles. The results for different profiles are very scattered 
(for instance, the relative range is up to 300% in the Yass catchment). 

4. The aerial photographs of the catchments are only available for two, three up to 
a maximum of four time slices. 

5. The aerial photograph analysis is discussed with experts from the relevant 
catchment authorities, which allows the estimated statistics to be adjusted 
against their knowledge. 

Taking into account all of the aforementioned issues, the overall precision of farm 
dam volume data can be optimistically estimated as ±50%.   

3.2 Future development 
The analysis of farm dam data for all catchments considered in the MDB shows that 
their total volume grows.  However, the important pattern is that the rate of growth is 
slowing down over the last two decades.  This information is consistently observed 
for the 12 MDB catchments analysed in ICAM (1999).  This observation fits well with 
the general fact that agricultural expansion in the MDB is not anymore possible and 
further development will be related to the more efficient use of existing resources 
rather than an increase in water use.  This corresponds well with some regional 
demographic forecasts, which state that number of irrigators will not increase any 
more (see for instance “The economic profile of the Goulburn-Broken catchment”4 
where the estimated population growth in 2005 is completely related to the growth in 
the value-adding industries).  At the same time, the construction of new dams on 
existing farms is becoming increasingly difficult because of the new legislative 
barriers (see Appendix 1 in ICAM (1999) where the relevant legal documents are 
listed).  

The bottom line is that any forecasts based on the simple extrapolation of existing 
trends are likely to be inaccurate.  The proposed prediction is described in Section 
5.1. 

4. Quantification of impacts: Summary of the modelling work done 
Farm dam impacts were assessed using the IHACRES rainfall-runoff model with a 
linear module that is represented by the combination of two parallel storages in the 
case of perennial rivers and by just a single storage in the case of ephemeral rivers.  
Evapotranspiration was modelled using the non-linear loss module (ICAM, 1999).  
The modelling results can be summarised in two basic conclusions.  Firstly, the 
effect of farm dam development has significant statistical effects only if total farm 
dam capacity in the catchment exceeds 1.5% of its average annual discharge.  
Secondly, if this critical volume is exceeded the effect on the streamflow in the 
catchment is amplified: the percentage reduction in the annual discharge can be 2-5 
times larger than the percentage increase in total farm dam volume.   

It is not expected that the annual rate of farm dam development will remain at the 
high levels experienced in the recent past over the next 50 or even 20 years.  
Therefore, while formulating scenarios for future farm dam development for these 
                                                 
4 Report of Michael Young and Ass. to the Goulburn-Broken CMA, 2000. 
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periods we assume that recent rates of farm dam development could persist for 
several selected (initial) years within these long periods. 

5. Future development 

5.1 Proposed farm dam development estimation and regional 
differences 
Whatever the future impact of farm dam development, it will definitely be different for 
different regions of the MDB.  The major regional difference will be observed 
between the between the northern states (NSW and Queensland) where the farm 
dam development rate is still quite high and Victoria and SA where farm dam 
development is not so intensive.  In the present analysis we suggest that the 
estimates of further farm dam development be separated into the following classes: 
 
1. The MDB sub-basins in NSW and Queensland with high levels of agricultural 

development  
2. Basins in Victoria and SA with high levels of agricultural development  
3. Murray’s headwater basins without significant farm dam activities (Upper Murray 

and Kiewa).  
 
Table 1 summarises the mean annual outflow discharges of the MDB sub-basins5. 
 
                                                 
5 The data are taken from Flemming (CSIRO working papers, Canberra, 1982) and Water Victoria: A 
Resource Handbook (1989). 

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

Table 1 Areas and mean annual outflow of the Basins of the Murray Darling 
Drainage Division  

N Basin Area (km2) Mean annual runoff  

(GL) 

  1 Upper Murray    15,300     3,920 

  2 Kiewa     1,985       705 

  3 Ovens     7,779     1,620 

  4 Broken     7,724       325 

  5 Goulburn    16,192      3,040 

  6 Campaspe     4,179       280 

  7 Loddon     15,320       250 

  8 Avoca    12,352        85 

  9 Murray – Riverina    16,300       120   

 10 Murrumbidgee    84,000     3,200 

 11 Lake George     1,000        60 

 12 Lachlan    84,700     1,330 

 13 Benanee    21,400        50 

 14 Mallee    52,000         0 

 15 Wimmera – Avon    21,400       230 

 16 Border Rivers    49,500       900 

 17 Moonie    15,800       150 

 18 Gwydir    25,900       790 

 19 Namoi    43,000       760 

 20 Castlereagh    17,700       280 

 21 Macquarie – Bogan    73,300     1,470 

 22 Condamine – Culgoa   150,200      1,930 

 23 Warrego    72,800       440 

 24 Paroo    76,200       280 

 25 Darling   115,900        30 

 26 Lower Murray    58,800       110 

       Total 1,060,000    22,350 
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5.3 MDBC scenarios 
Table 2 shows the total discharges of the basins listed above summarised in three 
groups.  The forecasts are based on the assumption that the rate of farm dam 
development will reduce in the MDB and extrapolating the rate of this reduction 
using the empirical data for 12 MDB catchments analysed in ICAM (1999).  The 
worst outcomes are linked with the potential significant increases in farm dam 
volumes related to the potential changes in the water regulation rules.  One of the 
most plausible explanations for such pessimistic scenarios could be a decision by 
farmers to invest the money they will receive as compensation for an increase in the 
environmental allocation, in the construction of farm dams.  These investments can 
be made in order to secure the irrigation supply by additional carry over.  
Nevertheless, the worst possible scenario over 50 years cannot exceed a 50% 
increase.  

 
Table 2.  Potential scenarios for the increase in farm dam volumes in the MDB 
 

Farm dam development scenarios (increase in %) Basins Mean annual 
outflow discharge 
(GL) Likely 

outcome in 20 
years time 

Worst 
foreseeable 
outcome in 20 
years time 

Likely 
outcome in 50 
years time 

Worst 
foreseeable 
outcome in 
50 years 
time 

NSW and Qld 11,900 10% 30% 15% 50% 
Victoria and SA 5,830 10% 20% 20% 30% 
Headwaters 4,625 0% 5% 0% 10% 
 
Here we have to make the most significant assumption in our analysis: how much of 
the total catchment discharge is detained in the farm dams in the selected regions of 
the MDB.  The results of farm dam development in 12 catchments considered in 
ICAM (1999) shows that there is a high level of scattering to the percentage of 
annual discharge detained in farm dams, ranging from decimal parts of a percent to 
60% of mean annual discharge in Broadwater Creek, Border River Basin.  After 
implementing a (very informal and non- rigorous) weighted procedure, we suggest 
the average values as indicated in Table 3 for the volumes of farm dams.  These are 
5% for NSW and Qld as likely and 10% for the worst estimates.  These coefficients 
for Victoria and SA are 3% and 6% respectively.  We assume that these values are 
1% and 2% for headwaters Basins. 

The amplification factor (see Section 4) is suggested to have a value of 3 for likely 
scenarios, and 5 for worst foreseeable outcomes. These values are also shown in 
Table 3. 
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Table 3.  Estimated average volumes of farm dams (as a percent of mean annual 
discharge) and amplification coefficients 
 

Volumes of farm dams and amplification coefficients Basins 

Likely outcome in 
20 years time 

Worst foreseeable 
outcome in 20 
years time 

Likely outcome in 
50 years time 

Worst foreseeable 
outcome in 50 
years time 

NSW and Qld 5%, 3 10%, 5 5%, 3 10%, 5 
Victoria and SA 3%, 3 6%, 5 3%, 3  6%, 5 
Headwaters 1%, 3 2%, 5 1%, 3 2%, 5 
 
 
Thus, the formula used for estimation of volumetric impact (reduction) on annual 
streamflow is: 
 
Volumetric impact = V × P × M, where 
 
V is mean annual discharge,  

P is percentage changes in farm dam volumes, and  

M is multiplier, selected for a given scenario 
Thus the results can be summarised in Tables 4 and 5.  Table 5 gives the volumetric 
values rounded to 50 GL in first two groups of Basins and to 10 GL in headwater 
Basins. 

 
Table 4.  Impacts of farm dam development on streamflow in the MDB in percents of the present value 
of mean annual discharge 

Reduction of mean annual discharge under the farm dam (%of mean 
annual discharge) 

Basins Mean 
annual 
outflow 
discharge 
(GL) 

Likely 
outcome in 20 
years time 

Worst 
foreseeable 
outcome in 20 
years time 

Likely outcome 
in 50 years time 

Worst 
foreseeable 
outcome in 50 
years time 

NSW and Qld 11,900 1.5 15 2.25 25 

Victoria and SA 5,830 0.9 6 1.8 9 

Headwaters 4,625 0 0.5 0 1 
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Table 5.  Impacts of farm dam development on streamflow in GL 
 

Reduction of mean annual discharge under the farm dam (in GL) Basins Mean 
annual 
outflow 
discharge 
(GL) 

Likely 
outcome in 20 
years time 

Worst 
foreseeable 
outcome in 20 
years time 

Likely outcome 
in 50 years time 

Worst 
foreseeable 
outcome in 50 
years time 

NSW and Qld 11,900 200 2000 300 3000 

Victoria and SA 5,830 50 350 100 500 

Headwaters 4,625 0 20 0 40 

Total 22,350 250 2370 400 3540 
 

6. Discussion 
The important question is how these impacts are distributed within the Basins in the 
first two groups of catchments (Qld & NSW; Vic & SA).  Clearly the impact will not 
be uniform.  Several catchments have already reached almost 100% use of their 
water resources (Mallee in Victoria, or Darling in NSW) and further reduction is just 
physically impossible.  The general observation is that the impact of farm dam 
development should be a maximum in the more intensively developing Basins such 
as the Goulburn, Campaspe and Loddon in Victoria, and Namoi, Macquarie and 
Gwydir in NSW. 

There are many limitations to the methodology used herein.  Firstly, we rely 
here on the modelling results obtained in ICAM (1999).  The application of 
other rainfall-runoff models can change the estimates provided.  Another 
significant limitation is data on farm dam development.  This data is very 
unreliable especially for the headwater catchments.  Finally, we have not 
accounted for the fact that in some regions (say in the Namoi and Gwydir 
Basins) significant farm dam volumes are sourced from groundwater 
resources. 
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Appendix F – 
Vegetation re-growth in 
the upper catchment 
post the 2003 bushfires 
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Impacts of the 2002-3 wildfires on water yield in the Upper 
Murray Catchments. 
 

Report to Earth Tech to support advice on the Living Murray Initiative 

Rob Vertessy 

CRC for Catchment Hydrology 

Date: August 3, 2003 

 

 

Introduction 
Over 30,000 km2 of land was burnt in Victoria, NSW and the ACT during the 2002-3 
wildfires.  The forests of the Upper Murray catchments were affected severely 
(Figure 1).  One of the well-established consequences of fire in forests is reductions 
in water yield (see Appendix A).  Water yield reductions can be particularly acute if 
tall eucalypt forest of mature age in wet upland sites (mean annual P>1100 mm) is 
killed by fire and undergoes same-species regeneration. 

This short report provides a ‘back-of-the-envelope’ analysis to assess the impact of 
the 2002-3 wildfires on mean annual water yield in the Upper Murray catchments.  
These catchments provide a very significant input of high quality river runoff to the 
Murray-Darling system.  Hence, potential changes in yield of these catchments are 
of concern to the Murray Darling Basin Commission (MDBC), particularly in the 
context of the ‘Living Murray’ initiative which seeks to increase flows in the river. 

The analysis provided in this report is relatively crude and should be followed up by 
more detailed modeling.  Specific recommendations on the kind of modeling needed 
are presented later in this report.  

Extent of analysis 
Predictions of fire-induced reductions in mean annual streamflow are provided for 
five catchments in the Upper Murray system.  The five stations analysed are: 

 
Station 

Catchment 
area (km2) 

Percent of 
catchment area 

burnt 
OVENS RIVER @ ROCKY POINT 2984 40% 

KIEWA RIVER @ MONGANS BRIDGE 552 70% 

MITTA MITTA RIVER @ TALLANDOON 4716 80% 

MURRAY RIVER @ JINGELLIC 6527 44% 

MITTA MITTA RIVER @ BELOW GIBBO RIVER JUNCTION 2895 95% 

  

Table 1. List of catchments assessed in this report.  Refer to accompanying spreadsheet for 
further background information. 
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For each catchment analysed, reductions in mean annual yield are estimated for 20 
and 50 years after the wildfire (or 2023 and 2053).  In both cases, a ‘likely case’ and 
‘worst case’ scenario yield reduction estimate is provided.   

The ‘likely case’ scenario assumes that the age of the tall eucalypt forest burnt was 
all 1939 re-growth and that 50% of this was killed.  It is assumed that the remaining 
50% was fire-tolerant species that would regenerate via epicormic growth.  The 
‘worst case’ scenario assumes that the tall eucalypt forest burnt was a 50:50 mix of 
1939 re-growth and old-growth and that 75% of this was killed. 

 
Figure 1.  Extent of fire-affected areas in the Upper Murray catchments. 

 

Key assumptions 
The key assumptions adopted in this study are as follows: 

1. Only tall eucalypt forest exhibits a yield response to wildfire.  Hence, yield from 
areas with vegetation other that tall eucalypt forest remains unchanged after 
the fire. 

2. All tall eucalypt forest in the catchments exhibits an age-yield relationship 
similar in shape to that observed for mountain ash forest.  This is a reasonable 
assumption, based on findings of Cornish and Vertessy (2001) and Roberts et 
al. (2001). 

3. The magnitude of the catchment response to wildfire increases in relation to 
the mean annual rainfall of the catchment (see Figure 2) and the age of the 
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forest stand that was killed by wildfire.  It should be noted that the catchment 
estimates for both of these values are fairly uncertain and should be checked.  
Better estimates can be easily substituted into the accompanying spreadsheet 
for a revised yield prediction. 

4. If the burnt (killed) forest is 1939 re-growth (ie age=44 years), then the peak 
reduction in water yield will be one-third of that expected if the burnt (killed) 
forest was over-mature or old-growth (ie age>150 years).  This one-third rule 
is a crude average; various studies indicate a range of one-half to one-quarter. 

5. The peak impact on water yield will occur 20 years after the fire.  Conventional 
wisdom, largely based on Kuczera (1995), suggests that the peak impact 
occurs at age 25-30 years.  More recent studies indicate that 20 years is a 
suitable and perhaps more appropriate age to use. 

6. At 50 years after the fire (2053), flow reductions from 1939 re-growth stands 
are equivalent to 10% of the peak flow reduction, assumed to occur at 20 
years after the fire (2023). 

7. At 50 years after the fire (2053), flow reductions from old-growth stands are 
equivalent to 80% of the peak flow reduction, assumed to occur at 20 years 
after the fire (2023). 

8. Old-growth and 1939 re-growth vegetation is spread evenly across the 
catchment (ie across the same isohyetal range). 

9. Under the ‘likely case’ scenario, 50% of the burnt tall eucalypt forest is killed 
and the stand age is dominated by 1939 re-growth. 

10. Under the ‘worst case’ scenario, 75% of the burnt tall eucalypt forest is killed 
and the stand age is a 50/50 split of 1939 re-growth and old-growth. 

11. The impact of other yield-modifying influences, such as climate change, 
plantation establishment and farm dam development are not considered. 

12. No consideration has been given to the effect of the dams on streamflow 
relations.  This may be a problem, particularly in the case of Mitta 
Mitta@Tallandoon which has a lower than expected mean annual runoff. 

The estimates of mean annual rainfall adopted for each of the five catchments are 
listed in Table 2.  As noted earlier, these estimates are uncertain and should be 
checked.  Alternate values can be substituted easily into the accompanying 
spreadsheet to evaluate their impact on the yield reduction estimates. 

 

Station 

Assumed 
mean 

annual 
rainfall 
(mm/yr) 

OVENS RIVER @ ROCKY POINT 1700 

KIEWA RIVER @ MONGANS BRIDGE 1600 

MITTA MITTA RIVER @ TALLANDOON 1600 

MURRAY RIVER @ JINGELLIC 1500 

MITTA MITTA RIVER @ BELOW GIBBO RIVER JUNCTION 1600 
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Table 2.  Assumed mean annual rainfall for the five catchments analysed in this report. 

 

y = 0.000000825x3 - 0.0033x2 + 4.6216x - 1970.2
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Figure 2.  Assumed relationship between catchment mean annual rainfall and peak w
yield reduction, assumed to occur at age 20.  It is assumed that the burnt forest is 
growth; a reduction factor must be applied for cases where younger forest is burnt.  D
points are taken from the following studies: 1. Vertessy et al. (1999); 2. Cornish and Verte
(2001); 3. Vertessy et al. (2001); 4. Watson et al. (2001); 5. Kuczera (1985).  Curve 
accompanying equation were used in the spreadsheet analysis to estimate yield reduct
for burnt areas. 
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Results 
Table 3 shows reductions in mean annual streamflow, estimated to occur by 2023 at 
various points in the Upper Murray system.  These figures indicate that at 2023, 
mean annual inflow into the Hume Dam will have decreased by 341 GL/yr in the 
‘likely case’ scenario and by up to 1022 GL/yr in the ‘worst case’ scenario.  Flows 
from the Ovens and Kiewa rivers (entering the Murray below Hume Dam) would 
decrease by 93 GL/yr and 279 GL/yr for the ‘likely case’ and ‘worst case’ scenarios, 
respectively.  The total reduction in mean annual flow from the Upper Murray system 
would be 434 GL/yr and 1301 GL/yr, respectively. 

 

Station 

Likely 
case 

scenario 

(GL/yr) 

Worst case 
scenario 

(GL/yr) 

OVENS RIVER @ ROCKY POINT 77.7 233.1 

KIEWA RIVER @ MONGANS BRIDGE 15.3 46.0 

MITTA MITTA RIVER @ TALLANDOON 194.5 583.5 

MURRAY RIVER @ JINGELLIC 146.2 438.7 

MITTA MITTA RIVER @ BELOW GIBBO RIVER JUNCTION 141.8 425.4 

Estimated flow reduction from Upper Murray and Mitta Mitta 340.7 1022.2 

Estimated flow reduction from Kiewa and Ovens Rivers 93.1 279.2 

Estimated flow reduction from entire Upper Murray system 433.8 1301.4 

Table 3.  Estimated reductions in mean annual yield predicted to occur in the Upper Murray 
system by 2023. 
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Table 4 shows reductions in mean annual streamflow, estimated to occur by 2053 at 
various points in the Upper Murray system.  These figures indicate that at 2053, 
mean annual inflow into the Hume Dam will have decreased by 34 GL/yr in the 
‘likely case’ scenario and by up to 639 GL/yr in the ‘worst case’ scenario.  Flows 
from the Ovens and Kiewa rivers (entering the Murray below Hume Dam) would 
decrease by 9 GL/yr and 174 GL/yr for the ‘likely case’ and ‘worst case’ scenarios, 
respectively.  The total reduction in mean annual flow from the Upper Murray system 
would be 43 GL/yr and 813 GL/yr, respectively. 

 

Station 

Likely 
case 

scenario 

(GL/yr) 

Worst case 
scenario 

(GL/yr) 

OVENS RIVER @ ROCKY POINT 7.8 145.7 

KIEWA RIVER @ MONGANS BRIDGE 1.5 28.8 

MITTA MITTA RIVER @ TALLANDOON 19.5 364.7 

MURRAY RIVER @ JINGELLIC 14.6 274.2 

MITTA MITTA RIVER @ BELOW GIBBO RIVER JUNCTION 14.2 265.9 

Estimated flow reduction from Upper Murray and Mitta Mitta 34.1 638.9 

Estimated flow reduction from Kiewa and Ovens Rivers 9.3 174.5 

Estimated flow reduction from entire Upper Murray system 43.4 813.4 

Table 4.  Estimated reductions in mean annual yield predicted to occur in the Upper Murray 
system by 2053. 

Summary 
A simple ‘back-of-the-envelope’ analysis has been undertaken to assess the 
hydrologic impact of the 2002-3 wildfires on the Upper Murray catchments.  
Although the analysis is crude, it points to a reasonably large water yield reduction 
(~433 GL/yr in all likelihood) in the Upper Murray system by 2023.  This yield 
reduction decreases significantly to ~43 GL/yr by 2053 under the ‘likely case’ 
scenario analysed. 

This analysis can and should be tightened up by verifying the assumed mean 
annual rainfall and forest age structure for the five catchments analysed.  These 
parameters are particularly sensitive in the yield estimation procedure adopted in 
this study.  Alternate parameter values can be easily inserted into the spreadsheet 
accompanying this report to determine their impact on yield reduction estimates. 

Given the significance of these yield impacts, it is strongly recommended that a 
detailed modelling analysis be undertaken on the Upper Murray catchments.  At 
minimum, a simple mean annual yield analysis such as described by Nathan et al. 
(2000) should be undertaken.  Preferably though, a daily time-step yield model such 
as Macaque (Watson et al., 1997; Watson et al., 1998; Watson et al., 1999; Peel et 
al., 2000a; Peel et al., 2001b, Watson et al., 2001; Peel et al., 2003) should be 
applied to these catchments.  In addition to refining the gross water balance 
estimates, such modelling would also offer insight into changed seasonal patterns of 
flow as well as changed flow duration characteristics of the catchment. 

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

References 
The following references are cited in the report and the background review provided 
in Appendix A. 

Cornish, P.M. and Vertessy, R.A. (2001) Forest age induced changes in 
evapotranspiration and water yield in a eucalypt forest.  Journal of Hydrology, 242(1-
2): 43-63.  

Haydon S.R., R.G. Benyon and R. Lewis (1996) Variation in sapwood area and 
throughfall with forest age in mountain ash (Eucalyptus regnans, F. Muell).  Journal 
of Hydrology, 187: 351-366. 

Jayasuriya, M.D.A., G. Dunn, R. Benyon and P.J. O'Shaughnessy (1993) Some 
factors affecting water yield from mountain ash (Eucalyptus regnans) dominated 
forests in south-east Australia.  Journal of Hydrology, 150: 345-367. 

Kuczera, G. (1985) Prediction of water yield reduction following a bushfire in Ash-
mixed species eucalypt forest.  Melbourne and Metropolitan Board of Works, Water 
Supply Catchment Hydrology Research Report MMBW-W-0014. 

Kuczera, G.A. (1987) Prediction of water yield reductions following a bushfire in ash-
mixed species eucalypt forest.  Journal of Hydrology, 94: 215-236. 

Langford, K.J. (1976) Change in yield of water following a bushfire in a forest of 
Eucalyptus regnans.  Journal of Hydrology, 29: 87-114. 

Langford, K.J. and P.J. O'Shaughnessy (eds.) (1977) First Progress Report, North 
Maroondah.  Melbourne and Metropolitan Board of Works Water Supply Catchment 
Hydrology Research Report, MMBW-W-0005. 

Langford, K.J. and P.J. O'Shaughnessy (1980) Second Progress Report - 
Coranderrk.  Melbourne and Metropolitan Board of Works, Catchment Hydrology 
Research Report Number MMBW-W-0010. 

Nathan, R.J., Hill, P.I., Nandakumar, N., Croke, J., Hairsine, P., Vertessy, R. and 
Cornish, P. (2000) Assessment of the impact of forest logging on water quantity and 
quality.  In: Proceedings of the Xth World Water Congress, Melbourne. 

Peel, M., Watson, F. and Vertessy, R. (2000a) Predicting the water yield impact of 
forest disturbance in the Thomson catchment.  Water, 27(6): 20-24. 

Peel, M.C., Watson, F.G.R., Vertessy, R.A., Lau, J.A., Watson, I.S., Sutton, M.W. 
and Rhodes, B.G. (2000b) Predicting the water yield impacts of forest disturbance in 
the Maroondah and Thomson catchments using the Macaque model. Cooperative 
Research Centre for Catchment Hydrology Report No. 00/14, Monash University, 
Victoria, Australia, 71 pp. 

Peel, M.C., Watson, F.G.R. and Vertessy, R.A. (2003) Modelling impacts of land use 
change on low flows in the North Esk River using the Macaque model.  Proceedings 
of MODSIM 2003, Townsville, July 2003. 

Roberts, S., Vertessy, R.A. and Grayson, R.G. (2001) Transpiration from Eucalyptus 
sieberi (L.Johnson) forests of different age.  Forest Ecology and Management, 
143(1-3): 153-161. 

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

Roberts, S., Vertessy, R., Grayson, R., Bren, L. and Cornish, P. (2002) Water yield 
in Eucalyptus Sieberi forests.  In: Proceedings of The 26th Hydrology and Water 
Resources Symposium, Melbourne, May 2002.. 

Vertessy, R.A., T.J. Hatton, P.J. O'Shaughnessy and M.D.A. Jayasuriya (1993)  
Predicting water yield from a mountain ash forest catchment using a terrain 
analysis-based catchment model.  Journal of Hydrology, 150: 665-700. 

Vertessy, R.A., R.J. Benyon, S.K. O'Sullivan and P.R. Gribben (1995) Relationships 
between stem diameter, sapwood area, leaf area and transpiration in a young 
mountain ash forest.  Tree Physiology, 15: 559-568. 

Vertessy, R.A., T.J. Hatton, P. Reece, S.K. O’Sullivan and R.G. Benyon (1997) 
Estimating stand water use of large mountain ash trees and validation of the sap 
flow measurement technique.  Tree Physiology, 17(12): 747-756. 

Vertessy, R., Watson, F., O’Sullivan, S., Davis, S., Campbell, R., Benyon, R. and 
Haydon, S. (1998) Predicting water yield from Mountain Ash forest catchments. 
Cooperative Research Centre for Catchment Hydrology Industry Report , Report No. 
98/4, Monash University, Victoria, Australia, 38 pp. 

Vertessy, R.A. (1999) The impacts of forestry on streamflows: A review. In: J. Croke 
and P. Lane (Eds.), Forest Management for the protection of water quality and 
quantity. Proceedings of the 2nd Erosion in Forests Meeting, Warburton, 4-6 May 
1999, Cooperative Research Centre for Catchment Hydrology, Report 99/6, pp. 93-
109. 

Vertessy, R.A., Watson, F.G.R. and O’Sullivan, S.K. (2001) Factors determining 
relations between stand age and catchment water yield in mountain ash forests.  
Forest Ecology and Management, 143(1-3): 13-26.  

Watson, F.G.R. and R.A. Vertessy (1996) Estimating leaf area index from stem 
diameter measurements in mountain ash forest.  Cooperative Research Centre for 
Catchment Hydrology Report No. 96/7, Monash University, Victoria, Australia, 102 
pp. 

Watson, F.G.R., Vertessy, R.A., Grayson, R.B., Band, L.E. and McMahon, T.A. 
(1997) Macaque: regional scale modelling of water yield from forested basins.  
Water, 24(1): 10. 

Watson, F.G.R., R.B. Grayson, R.A. Vertessy and T.A. McMahon (1998) Large 
scale distribution modelling and the utility of detailed ground data.  Hydrological 
Processes, 12: 873-888. 

Watson, F.G.R., R.A. Vertessy, T.A. McMahon, B. Rhodes and I. Watson (1999) 
Effect of forestry on the hydrology of small experimental catchments in the Victorian 
mountain ash forests.  Cooperative Research Centre for Catchment Hydrology 
Report No. 99/1, Monash University, Victoria, Australia. 

Watson, F.G.R., Vertessy, R.A. and Grayson, R.B. (1999) Large scale modelling of 
forest hydro-ecological processes and their long term effect on water yield.  
Hydrological Processes, 13(5): 689-700.  

Watson, F.G.R., Vertessy, R.A., McMahon, T.A., Rhodes, B. and Watson, I. (2001a) 
Improved methods to assess water yield changes from paired catchment studies: 
Application to the Maroondah catchments. Forest Ecology and Management, 143(1-
3): 189-204.  

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

Watson, F.G.R., Grayson, R.B., Vertessy, R.A., Peel, M.C. and Pierce, L.L. (2001b) 
Evolution of a hillslope hydrological model.  In: Proceedings of MODSIM2001, 
International Congress on Modelling and Simulation, Canberra, December 2001, 
Volume 1, pp. 461-467.  

Background review 
The following review is provided as background information to support the yield analysis 
provided in this report.  It is an abridged and updated version of a sub-section of 
Vertessy et al. (1998).  It is assumed that, in terms of water yield impacts, the effects of 
wildfire are similar to clearfelling. 

The most comprehensive understanding of wildfire impacts on streamflows in Australia 
is based on the mountain ash forests of Maroondah catchments in the central highlands 
of Victoria.  Multiple catchment treatment experiments (Langford and O’Shaughnessy 
1977, Langford and O’Shaughnessy 1980, Watson et al. 2001) have been 
complemented by a large body of local process studies aimed at elucidating the process 
of evapotranspiration through the mountain ash forest life cycle (Dunn and Connor 
1993, Jayasuriya et al. 1993, Vertessy et al. 1995, Haydon et al. 1996, Watson and 
Vertessy 1996, Vertessy et al. 1997, Vertessy et al. 1998, Vertessy et al., 2001, Watson 
et al., 2001).   

The Maroondah catchments are fully forested, mainly with the mountain ash (E. 
Regnans) species, and are characterised by high rainfall (1200-2500 mm per year), and 
a cool, mountain climate.  These catchments are renowned for their deep and 
permeable soils which result in a strong dominance of baseflow in catchment runoff.  
The ecology of mountain ash forests is very distinctive, in that they only regenerate after 
severe wildfire which kills the trees and produces a heavy seedfall.  These forests are 
thus usually even-aged and monospecific, and tend to live for several hundreds of years 
unless they are killed earlier by wildfire.  Significantly, the species thins naturally over 
time, resulting in major changes in forest structure and hydrologic function as stands 
age (Watson and Vertessy 1996, Vertessy et al. 1998, Vertessy et al. 2001). 

Based on a large body of streamflow data, Langford (1976) developed relationships 
linking streamflow from mountain ash catchments to forest age.  Kuczera (1985) built 
upon this by developing an idealised curve describing the relationship between mean 
annual streamflow and forest age for mountain ash forest (Figure A1).  The curve 
combines the known hydrologic responses of eight large (14–900 km2) basins to fire, 
and is constructed for the hypothetical case of a pure mountain ash forest catchment.  
The ‘Kuczera curve’ is characterised by the following features: 

• the mean annual runoff from large catchments covered by pure mountain ash forest 
in an old-growth state is about 1195 mm. 

• after burning and full regeneration of the mountain ash forest with young trees, the 
mean annual runoff reduces rapidly to 580 mm by age 27 years. 

• after age 27 years, mean annual runoff slowly returns to pre-disturbance levels, 
taking as long as 150 years to recover fully. 
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Figure A1: Relationship between forest age and mean annual runoff from 
mountain ash forest catchments (after Kuczera 1985).  Dotted line denotes the 
95% confidence limits on the relationship. 

It should be noted that the ‘Kuczera curve’ has wide error bands associated with it, 
particularly for forests aged between 50 and 120 years (Figure A1), so it is difficult to 
accurately predict when water yields will recover after disturbance.  Furthermore, the 
curve is a generalised one, masking variation that exists between ash forest catchments 
with different site characteristics.  For instance, mean annual streamflows from 
individual catchments of old-growth mountain ash are known to vary between 250 and 
1500 mm. 

To emphasise this last point, Figure A2 shows the streamflow response of the Picaninny 
catchment to a 78% clearfell and regeneration (assumed to have a similar effect to 
wildfire) in 1972.  The shape of the streamflow response is similar to that predicted by 
the Kuczera curve, though the magnitude of response is significantly less because of 
the lower mean annual rainfall for this catchment (~1200 mm, rather than the 1950 mm 
assumed in the Kuczera curve). 
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Figure A2: Annual streamflow change from the Picaninny catchment, Victoria, 
from 1973 to 1995 (after Vertessy et al. 1998).  Picaninny had 78% of its forest 
area clearfelled in 1972.  The changes shown are relative to streamflows from the 
undisturbed Slip Creek catchment, sited adjacent to Picaninny. 

Vertessy et al. (1998) provided a mechanistic explanation for the ‘Kuczera curve’ by 
elucidating leaf area and evapotranspiration dynamics in mountain ash forests of 
various ages.  Their breakdown of the mountain ash water balance for the 1800 mm 
isohyet, and the manner in which it changes through time, is depicted in Figure A3. 
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Figure A3: Water balance for mountain ash forest stands of various ages, 
assuming annual rainfall of 1800 mm (after Vertessy et al. 2001). 

 

Vertessy et al. (2001) noted the following: 

 

• overstorey (mountain ash) leaf area index (LAI) declines from 3.8 at age 15 years to 
1.2 at age 240 years 

• understorey LAI increases from 0.4 at age 15 years to 2.4 at age 240 years, thus 
partially offsetting overstorey LAI declines with age 

• hence, total forest LAI declines from 4.2 at age 15 years to 3.6 at age 240 years 

• however, transpiration per unit area of leaf in the understorey is only 63% of that 
measured for overstorey 

• annual overstorey transpiration declines from 760 mm at age 15 years to 260 mm at 
age 240 years 

• annual understorey transpiration increases from 50 mm at age 15 years to 300 mm 
at age 240 years, off-setting (by half) the reduction on overstorey transpiration over 
the same period 

• annual rainfall interception peaks at 450 mm at age 30 years and declines to 260 mm 
at age 240 years, further reducing evapotranspiration 

• overall, there is a 420 mm difference in the annual evapotranspiration of 15 and 240 
year old forest, which results in a runoff difference of the same magnitude 
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• 48% of the change in runoff is attributable to differences in transpiration, 45% is due 
to rainfall interception differences, and 7% is due to changes in soil/litter evaporation. 

Using the small catchment experimental data yielded from the Maroondah basin study, 
Watson et al. (1999) developed an alternative forest age-streamflow relationship (Figure 
A4).  It differs from the Kuczera curve in the following respects: 

• it incorporates increases in streamflow which have been observed to occur in the first 
few years after forest clearance 

• the maximum streamflow reduction is about 100 mm less than indicated by the 
Kuczera curve 

• the rate of streamflow recovery is much more gradual, even though it returns to pre-
treatment level in the same length of time 

• it is specific to the Maroondah catchments, rather than generalised for a large region 

Watson et al. (1999) point out that their curve is ‘fitted by eye’, though is arguably just 
as legitimate as selecting any particular mathematical form to fit through sparse data 
points.  They provide a rather awkward seven parameter equation that describes their 
alternative relationship, along with parameter values used to produce the curve shown 
in Figure A4. 

 

 

 

Figure A4: An alternative ‘model’ of the streamflow-forest age relationship for 
mountain ash forests (dashed line) (after Watson et al. 1999).  The Kuczera curve 
(solid line) is shown for reference. 

 

Cornish (1993) and Cornish and Vertessy (2001) showed that the age-yield relationship 
extant in mountain ash forests was also observable in other tall eucalypt forests.  They 
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examined streamflow data from the Karuah catchments in the lower north east region of 
NSW.  These catchments share some common features with the mountain ash forest 
catchments in Victoria, notably high annual rainfall (~1600 mm), highly productive, moist 
eucalypt stands, deep and permeable soils, and strong baseflow.  Cornish and Vertessy 
(2001) analysed streamflow records for six catchments, logged to varying extents (25-
79%).  Their analysis is founded on 7 pre-treatment and 14 post-treatment years of 
streamflow.  Hence, the period of record is shorter than that underpinning the mountain 
ash forest record in Victoria. 

Cornish and Vertessy (2001) showed that streamflows declined below pre-treatment 
levels seven years after logging in three of the six treated catchments, and declined in a 
regular manner over the next seven years.  The other three treated catchments showed 
an initial decline in streamflows below pre-treatment levels around year 8, followed by a 
slight increase, then another decrease below pre-treatment levels.  Cornish and 
Vertessy (2001) showed that these three catchments were affected by insect attack, 
leading to decreased leaf area and ET rates and enhanced streamflows. 

Figure A5 shows the average and range of streamflow changes caused by forest 
disturbance in the six treated Karuah catchments.  It shows that the maximum decrease 
in annual streamflow is over 60 mm per 10% of forest area treated, which is similar to 
the maximum reductions noted for Victorian mountain ash forests.  However, some of 
the Karuah catchments have shown a comparatively modest reduction in streamflow, 
meaning that the average reduction in streamflow is about 35 mm per year per 10% of 
forest treated by the end of the post-treatment period of record.  It is worth noting, 
however, that further streamflow reductions are likely in the future as the peak forest 
growth rate has probably not yet been attained in the Karuah catchments.  Also, the 
catchments which have been affected by insect attack are likely to experience 
increased growth and further reduce streamflows. 

 

 

 

Figure A5: Annual streamflow changes amongst the six treated Karuah 
catchments in the NSW lower north east region (after Cornish and Vertessy, 
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2001).  Ends of bars denote maximum and minimum changes, symbols denote 
mean change. 

Cornish and Vertessy (2001) related the magnitude of streamflow reductions in the 
Karuah catchments to mean annual basal area increase (an index of forest growth rate), 
soil depth (an index of soil water storage) and canopy cover (a crude index of rainfall 
interception and transpiration rate).  They developed the following equation: 

 

ASR = 1368 - 480.8*SD - 37.418*BAI - 16.76*CC 

 

where 

ASR = reduction in annual streamflow for the final year of record (mm) 

SD = soil depth (m) 

BAI = mean annual basal area increment 

CC = canopy cover (%) 

 

The model fit obtained by Equation 1 is shown in Figure A6.  Equation 1 was shown to 
account for almost 82% of the variation in observed annual streamflow reductions, with 
soil depth being the most important explanatory variable in the equation. It is noteworthy 
that the Victorian mountain ash forest catchments have very deep soils. 
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Figure A6: Observed and predicted reductions in annual streamflow for the six 
treated Karuah catchments (after Cornish and Vertessy, 2001).  The predictions 
are based on Equation 1 and assume that the entire catchment area was treated. 

 

Roberts et al. (2001) compared leaf area index and transpiration rates in E. Sieberi 
forest of different ages in the Yambulla State Forest, nearby but outside of the 
experimental catchments.  Over a two-month period in summer, they determined that 
mean daily transpiration was 2.6, 1.5 and 0.7 mm for stands aged 14, 45 and 160 years, 
respectively.  These differences were evident in spite of fairly similar leaf area indices 
amongst the three stands, leading the authors to suggest that ‘transpiration per unit leaf 
area’ declines with forest age.  Similar trends were measured in mountain ash forests 
(Vertessy et al., 2001).  These findings imply that streamflows should increase as the E. 
Sieberi forest ages. 
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Appendix G –  
Industry Change 
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The Impact of Industry Change on Flow Volume and 
Timing in the Murray River System 

Ciaran Harman, Dean Judd 
Earth Tech Engineering Pty Ltd 

 
Introduction 
This is a report by Earth Tech Engineering Pty Ltd, commissioned by the Murray 
Darling Basin Commission, as a component of investigations under the Living 
Murray Initiative.  

The purpose of the report is to identify current knowledge of the impacts of industry 
change on the volume and timing of flows in the Murray River System. The report 
does not specifically address the impacts of water trading and improved irrigation 
efficiency, which are components of industry change, and are likely to impact on the 
volume and timing of flow in the Murray River system. These impacts are addressed 
in complementary investigations and reports undertaken in parallel with this 
investigation. The parallel reports on the factors impacting on the future flows 
include: 

• Climate change 

• Reafforestation 

• 2002/03 Fires in NE Victoria and Southern NSW 

• Groundwater Extractions 

• Farm Dam construction 

• Irrigation Efficiency improvements 

• Water Trading, and  

• Industry Change 

 

Predictions on the effect of industry change on water use in the Murray are difficult 
to quantify as industry will change in response to water availability. The imposition of 
the Cap in 1995 limited the total extraction in the Murray to 1994-1995 levels. 
Therefore as sleeper licenses become active and valuable (a consequence of water 
trading), each individual license will receive less of its allocation. This will drive many 
industries towards more efficient water use, which may include a change in water 
use patterns across the year. Where the increasing cost of water significantly 
increases the costs of production in an industry, that industry may even become 
unsustainable and decline. Its water allocations will then be taken up by other 
industries. The difficulty in predicting industry response to unknown market changes 
also means that only qualitative statements about industry changes can be made at 
this stage. The report below summarises some of these potential changes in three 
of the largest water consuming industries – rice growing, dairy and horticulture. 
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Rice consumes most of the water used to irrigate crops in the Murray. Water 
consumption is restricted to 5 months between October and February. New 
technologies and techniques may in the future delay or reduce the start of this 
demand period to December and bring forward the end to mid February. However 
water consumption during the peak demand period is unlikely to reduce. 

 

The dairy industry consumes about half the irrigation water taken from the Murray 
Darling. In response to reductions in water availability farmers may choose to hand-
feed stock in summer and use their allocations to water more pasture in autumn and 
spring. Any water savings are likely to be expended in the additional areas under 
pasture or in the sale of water allocation to other users and industries. This may lead 
to a general shift in consumption to a more natural flow regime. 

 

The timing of water demand from horticulture is unlikely to change, as efficiency 
gains and changing crop types generally affect only the amount of water required, 
not when it is required. 

Rice 
Rice uses 60-70% of the water used to irrigate crops in the Murray Darling Basin 
(crop irrigation accounts for about a third of total water use). Rice is sown in early 
October into water ponded to 5-25cm. The rice is harvested about 5 months later in 
late February. The water depth is usually maintained throughout the growing season 
until just before harvest. 

 

Research and development in the rice industry is producing new techniques and 
technologies capable of reducing water consumption. New technologies entering the 
industry likely to change water use include: 

 

Reduced watering after panicle initiation. In an effort to reduce water 
consumption many farmers are ceasing to maintain ponding after panicle 
initiation, which occurs around 3 months after sowing (Kerr, Pers Comm). Water 
levels are allowed to reduce, but are topped up to prevent drying out. This 
practice has been increasing over the last 5 years and is expected to continue. 

Delayed and Intermittent Ponding. Some research has suggested that 
continuous ponding may not be necessary in the first 10-11 weeks of growth. 
However, continuous deep ponding is required to prevent cold damage during 
panicle initiation (Humphreys et al, unpublished) 

Cold resistant varieties. New varieties of rice from Eastern Europe have shown 
promising cold tolerance, and may reduce the need for ponding during panicle 
initiation. This may eventually lead rice growing without significant periods of 
ponding at all (Humphreys et al, unpublished). However, this technology is still in 
the early stages of development. 

Shorter growing season varieties. New rice varieties are being developed with 
shorter growing seasons. This reduces the period over which water is required, 
and will lead to earlier harvesting. 
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Despite these new technologies, there is likely to be limited change in water use 
patterns within the rice industry into the future (McLeod, Pers Comm.). Peak 
demands in December and January are likely to remain high, though the shorter 
growing season varieties may bring the end of peak demand forward, from the end 
of February to mid-February. Delayed ponding may also delay the peak demand 
from October to December. 

The Rice Growers Association believes rice growers are unlikely to turn en mass to 
other crops such as fruit trees in the future (Kerr, Pers Comm.). Capacity does not 
exist in those markets to maintain the current commodity price following an increase 
in production that would come with such a change.  

Reduced water availability in the future would most likely lead to reductions in water 
demand throughout the growing season, rather than at any particular point, as 
farmers will simply grow a smaller acreage of crop (McLeod, Pers Comm.). 

Dairy 
Watering pasture for dairy production uses about half the irrigation water taken from 
the Murray Darling. It is used to irrigate pasture throughout spring, summer and 
autumn. However, more water is required in summer to maintain the same acreage 
of pasture due to higher evaporative losses. 

Increases in water value in the future may lead to a reduction in demand for summer 
pasture irrigation as farmers opt to purchase feed from other areas. This allows 
them to use their allocations in spring and autumn when a wider area may be 
irrigated with less water (Robinson Pers Comm.). 

Horticulture 
The horticulture industry uses about 15% of irrigation water in the Murray Darling 
Basin. This water is used as supplementary irrigation in the summer months and 
during the important fruit formation phases in early spring.  

 

Farmers in the industry tend to use the majority of their allocation between July and 
February. 

High-tech irrigation is expected to bring water savings in the industry in the near 
future, but will not affect the timing of flows. 

Different crop varieties require different amounts of water. There is no clear way to 
predict the types of fruit that will be grown in the future as these depend on long-
term market changes. However, the recent move towards wine grapes, which use 
less water than other crops, is expected to plateau, while stone fruit, which generally 
use more water, are on the increase (Wilkes Pers Comm.). While these changes 
may affect the amount of water required, they are unlikely to affect the timing of 
flows. 
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Summary 
Industry Change will lead to and respond to changes in water use and availability.  
Changes in volume of water availability are dealt with in complementary 
investigations and not in this report. This report has concentrated in likely changes 
to the timing of water requirements. Changes in timing may impact on the capacity 
of the river operators to deliver allocations in response to orders.   

Changes in three agricultural industries are summarised below:  

Rice consumes most of the water used to irrigate crops in the Murray. 
Water consumption is restricted to 5 months between October and 
February. New technologies and techniques may in the future delay the 
start of the high demand period to December, reduce the volume required 
in the initial growing period and bring forward the end of irrigation to mid 
February. However water consumption during the peak demand period is 
unlikely to reduce. 
 

The dairy industry consumes about half the irrigation water taken from the 
Murray Darling. In response to reductions in water availability farmers may 
choose to hand-feed stock in summer and use their limited allocations to 
irrigate pasture in the lower evaporation periods of autumn and spring. 
Similarly as a result of an increase value placed on water,  dairy farmers 
may chose to achieve irrigation efficiencies by reducing summer watering 
and either expand the area under spring and autumn watering or sell a 
portion of their allocation that would have been used in summer.  
 
The timing of water demand from horticulture is unlikely to change, as 
efficiency gains and changing crop types generally affect only the amount 
of water required, not when it is required. 
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Appendix H –  
Water Trade 
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MDBC:  Living Murray Initiative 

Water Trading & Environmental Flows 
 

This paper explores the extent to which water trading could create risks to the Living 
Murray Initiative to restore additional environmental flows to the Murray. 

The paper explores a number of issues: 

• activation of sleepers and dozers; 

• changes in location of water use; 

• changes in water-use timing;  and 

• changes in losses. 

Activation of Sleepers and Dozers 
Historically some 20% of water entitlement across the MDB is not used in any year.6 
This has traditionally been characterised as water that is wasted.  A more helpful 
analysis identifies a number of reasons for this position: 

• 

• 

• 

• 

• 

• 

                                                

some of that water is held as an insurance reserve for permanent plantings to 
protect against risks that water allocations may be reduced in any season;7 

some is held as a drought reserve for annual pasture where rainfall will normally 
provide sufficient watering; 

some of that water is held in anticipation of future development, eg for when a 
child returns from agricultural college and wants to develop the family farm; 

some is held in the belief that this promotes additional environmental flows; 

some is held as a retirement asset and because there is a well-founded belief 
that its value will appreciate over time even if it is not used;  and 

some is owned and not used without clear rationale due to inertia and lack of 
comfort with the culture of water trading. 

The question is will water trading have an effect on sleepers and dozers, and as a 
consequence on future environmental flows? 

There is no single, clear answer to this scenario.  Permanent plantings are likely to 
retain an insurance holding.  Indeed, the recent drought will reinforce this position. 
This will reinforce the % of entitlement held above annual usage. 

 

 
6  MDBC (2001), Water Audit Monitoring Report 1999/2000, table 11, p 44. 
7  This is the situation which has eventuated in South Australia this year where 
restrictions have been imposed for the first time in one hundred years.  Irrigators in Central 
Irrigation Trust have traditionally held 25% entitlement additional to annual average usage.  
This means that they have been able to meet their normal irrigation requirements despite a 
reduction in allocations. 

6003040.R01V04Final Summary(MDBC).doc   



MDBC – Final Report 
Preliminary review of selected factors that may change future flow patterns in the River Murray System 
 

However, as the value of water increases both in the temporary and permanent 
markets there is a raised probability that some of that sleeper and dozer holding will 
be activated effectively increasing the % of entitlement in use in any one year. 

The impact of this on environmental flows will depend on a number of factors: 

• where aggregate diversions are compliant with the MDBMC Cap but fully utilise 
that capacity then the effect of increased activation will be a reduction in security 
of supply for existing irrigators in NSW and Victoria or a reduction in the 
availability of lower security water entitlements such as ‘sales-water’.  This 
impact of water trading should have no effect on environmental flows provided 
these are taken prior to the setting of diversion allocations; 

• where aggregate diversions are currently below the ceiling set by the Cap, then 
greater activation will increase total diversions and may reduce environmental 
flows.  This may impact both in the river and in any connected system down-
stream. 

It is also helpful to distinguish between irrigation districts and private diverters, and 
between the two upper states and SA: 

irrigators in districts have always had to order their water in advance. This 
means that water is only released as a result of deliberate decisions.  As a result 
there should be little contribution to environmental flows from water that was 
released in anticipation of irrigation diversions but not taken in practice.  The 
main cases will be from rainfall rejection (see below for beneficial losses).  
Therefore activation of sleepers should not change the position; 

• 

• 

• 

• 

by contrast, private diverters have traditionally taken their water from the run of 
river flow.  Sufficient water had to be maintained in the river to allow for predicted 
diversions.  If irrigators failed to take expected demand then some of that water 
would have contributed to environmental flows.  In these circumstances an 
increased uptake in diversion rights would reduce environmental flows; 

in Victoria and NSW diversions are increasingly determined by explicit orders 
rather than being taken from run-of-river flows.  This places private diverters in a 
class closer to irrigation districts; 

by contrast in South Australia there is a requirement for a minimum passing flow 
at the border.  Some of this is provided for consumptive use down-stream.  If that 
water is not diverted then some of it may provide for larger environmental flows 
at present.  If water trading promotes greater uptake of entitlements then this 
may displace some environmental flows. 

The nature of the effect on environmental flows will depend on the hierarchy of the 
access rules for different classes of entitlement.  If the environmental flows are 
taken as a pre-requisite before consumptive flows then the effects should be small.  
However, if environmental flows are allocated an explicit entitlement equivalent to 
the rights of other entitlement holders then any reduction in the overall security of 
supply would apply equally to the environmental entitlement thereby potentially 
reducing environmental flows in the event of greater sleeper activation. 
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Locational and Seasonal Effects of Water Trading 
Water trading can affect the locational attributes of water usage and so flows in the 
Murray.  In simple terms if water trading is down-stream then the water will be in the 
river for longer and more able to contribute to environmental flow objectives, 
whereas if water is traded up-stream then there will be fewer opportunities to take 
advantage of that water to generate environmental outcomes. 

However, as most irrigation flows are likely to be counter to natural seasonality this 
argument may have less impact in practice.  Indeed it may be an advantage to 
reduce inappropriate summer flows. 

On the other hand work done by ABARE has identified that the salinity impacts of 
irrigation water differ depending on their location, with effects of additional flows 
above Nangiloc/Colignan providing broadly beneficial impacts on salinity while new 
water transferred into sites below this point, especially in SA will create adverse 
outcomes.8 

Equally, water trade has tended to promote a change in the seasonality of irrigation.  
This has been from low capital intensive sectors, which take water over a relatively 
long period from November through until May, into higher capital intensive sectors 
which require water in a shorter window from December through until February.  The 
implications of this for environmental flows are mixed: 

• concentration in a shorter season at the height of summer will tend to lead to 
higher more continuous flows at times of year when natural flows would be low.  
This may disrupt eco-system functions which rely on slow-moving, warmer pools; 

• on the other hand it may reduce the adverse effects of abnormal flows during the 
other months of the year. 

Trade and Water Losses 
Water Trading may also have impacts on the level of losses, some of which may 
have beneficial outcomes.  These changes can occur through a number of 
mechanisms: 

• improvement of water-use-efficiency on-farm or in a distribution system may 
reduce losses, some of which currently provide return flows to the river.  If that 
water is then sold and used to increase the area under cultivation then this may 
reduce environmental flows; 

• transfer of water from one sector to another through trade, eg from flooding of 
pasture to drip feed of wine-grape, may also see an aggregate increase in water-
use efficiency with the same outcome; 

• transfer of water-use from older irrigation districts, where water is supplied 
through channels, to newer districts or private irrigation, where water is supplied 
through a pumped piped system, may lead to a reduction in the levels of water 
which are ‘lost’ between the river and the farm-gate.  Some of that water may 
have constituted return flows to the river – albeit out of season; 

                                                 
8  ABARE (2001), Irrigation, water quality and water rights in the Murray Darling Basin. 
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Positive Effects of Trade 
One the other hand water-trading should provide a set of positive benefits which will 
promote environmental flows: 

• 

• 

it will minimise the overall economic impact of any reduction in diversion rights 
and so encourage government to adopt such a strategy; 

it will allow an ‘environmental flow manager’ to be an active player in the market 
taking advantage of counter-cyclical characteristics to sell in dry years when the 
market is high and to buy in wet years when the market is low and additional 
environmental flows could allow piggy-backing on flood-flows. 

Conclusion and Scenarios 
The following table attempts to quantify the implications of the above analysis on the 
impacts of water trading for environmental flows in the Murray. 

Clearly the most powerful effect will be from the greater activation of entitlements.  
The latest data available from the MDBC in 2001 suggests that ‘use as a percentage 
of authorised valley use’ is at approximately 80%. 

Some measure of that water will be retained as security or insurance for high-value 
perennial plantings.  Equally the SA Cap is set at 90% of aggregate entitlements.  
These will both set an upper limit on growth in diversions. However, it seems 
probable that a further 10% growth in activated entitlement seems probable over the 
next twenty years. 

In the absence of other constraints a further growth to 15% additional active usage 
appears probable over the longer term. 

Scenario % Reduction in Flow 

a ‘likely’ scenario 20 years into the future 10% 

a ‘worst foreseeable’ scenario 20 years into the 
future 

15% 

a ‘likely’ scenario 50 years into the future 15% 

a ‘worst foreseeable’ scenario 50 years into the 
future 

15% 

 

Matthew Toulmin 

30 July 2003 


	Introduction
	Project Scope and Limitations
	Table 1. Nominated Factors Affecting Future Flow in the River Murray System


	Climate Change
	Introduction
	Extracts from Paper
	Summary
	Table 2 Impacts of Climate change on stream flow in the Murray Darling Basin.


	Reafforestation
	Introduction
	Extracts from Paper
	Summary
	Table 3 Estimated Impact of Reafforestation on stream flow in the Murray Darling Basin (GL/Annum)


	Groundwater Extraction
	Introduction
	Extracts from Paper
	Comment
	Summary

	Changes to drainage and return flows from irrigation areas
	Introduction
	Extracts from Paper
	Additional Comments and Summary
	Table 5 Indicative return flows from drainage areas
	Table 6 Estimate of impact of reduced return flows on flow in the Murray Darling Basin


	Farm Dams
	Introduction
	Comments and Summary
	Table 7 Earth Tech interpretation of work by the MDBC on the impact of farm dam construction on stream flow in the Murray Darling Basin
	Table 8 Schreider estimate of Impact of farm dam construction on stream flow in the Murray Darling Basin
	Table 9 Estimate the impact of future farm dam construction on stream flow in the Murray Darling Basin

	Recommended Investigations

	Vegetation regrowth in the upper catchment post the 2003 bushfires
	Introduction
	Extracts from Paper
	Summary
	Table 10 Estimated impact of 2002/03 bushfires on stream flow in the Upper Murray, Mitta Mitta, Kiewa and Ovens Catchments


	Industry change
	Introduction
	Extracts From Paper
	Summary
	Table 11 Impact of Industry Change on Stream Flow in the Murray Darling Basin


	Water trade
	Introduction
	Extracts from Paper
	Summary
	Table 12 Impact of Water Trade on Stream flow in the Murray Darling Basin


	Comments
	Interactions between factors
	Inclusion of results in MDBC modelling

	Conclusions
	
	Table 13 Summary Table of Estimated Impact of Factors on Stream Flow in the Murray Darling Basin

	Future Investigations
	Climate Change Impact on River Murray Flows
	
	Francis Chiew

	Summary



	Global warming, rainfall and streamflow
	Future Studies
	References

	Introduction
	Information and Data Sources
	Groundwater Use, Sustainable Yield and Allocation
	Growth in Groundwater Use

	Stream – Aquifer Interaction
	Potential Impact of Increased Groundwater Use on Stream Flow
	Lag Times

	Potential Impact from Salt Interception Schemes
	Conclusions and Recommendations
	References
	Acknowledgements
	
	
	Attachments



	Introduction
	Scope
	Objectives


	Sources of drainage from irrigated areas
	Factors Affecting Drainage from Irrigated Areas
	Declining Water Availability
	Improving Drainage Water Quality
	Implementation of Waterlogging and Salinity Control
	Rising River Salinity
	Increased Delivery Efficiency
	Climatic Variability

	Irrigation Area Trends in Drainage Water
	Possible Future Scenarios as Requested in Tender
	‘likely’ scenario 20 years into the future
	‘worst foreseeable’ scenario 20 years into the fu
	‘likely’ scenario 50 years into the future
	‘worst foreseeable’ scenario 50 years into the fu

	Recommended Research
	References
	References from the ICAM (1999) report

	The Impact of Industry Change on Flow Volume and Timing in the Murray River System
	
	
	Ciaran Harman, Dean Judd



	Introduction
	Rice
	Dairy
	Horticulture
	Summary
	Bibliography
	MDBC:  Living Murray Initiative
	Water Trading & Environmental Flows
	Activation of Sleepers and Dozers
	Locational and Seasonal Effects of Water Trading
	Trade and Water Losses
	Positive Effects of Trade
	Conclusion and Scenarios


	Caveat.pdf
	General Caveat 
	This report does not necessarily represent the position of the Commission. It is intended to inform discussion for improvement of the management of the natural resources of the basin.  
	The figures provided are based on results of scientific research and data available at the time of publication. The Commission acknowledges that ongoing research is required to continue improving our understanding of the impacts associated with risks to the shared water resources requires and their cumulative impact.  
	 
	Afforestation Caveat 


	Values Staement for publications.pdf
	Murray-Darling Basin Commission  
	Values Statement 
	Our values 
	We agree to work together, and ensure that our behaviour reflects the following values. 
	 
	Courage 
	Inclusiveness 
	Commitment 
	Respect and honesty 
	Flexibility 
	Practicability 
	Mutual obligation 

	Afforestation Caveat for Earthtech Report.pdf
	Afforestation Caveat 




