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Executive Summary 

Introduction 

The MDBA and the NCGRT formed a strategic partnership to undertake research to support 

the MDBA in their Basin Plan activities. The NCGRT team includes social researchers from CSU, 

integration researchers from ANU and hydrogeologists from Flinders University. The NCGRT 

identified two case study areas, one in Victoria (Campaspe catchment) and the other in NSW 

(Murrumbidgee catchment). 

As part of the larger integrated project, the social researchers surveyed irrigators in the 

Campaspe-Rochester Irrigation District during 2016. The survey gathered data to address 

three specific topics: 

1. the social acceptability (amongst irrigators) of two opportunities to improve production 
outcomes for farmers by integrating the management of surface water and groundwater 
for irrigation;  

2. the extent of potential water savings possible from increased on-farm water use efficiency 
(WUE); and 

3. reasons groundwater irrigators are not using all of their entitlements and not trading 
groundwater. 

This report only addresses the WUE topic. One response for irrigators to remain economically 

viable with less available water, as a result of the water reform process in Australia over the 

past decade, is to increase the efficiency of their irrigation practices. This report draws on 

irrigator’s self-reported current adoption and future plans to adopt eight WUE practices. 

Those data are then used to explore the likely impact of WUE gains for farm incomes and 

regional water savings targets (i.e. Sustainable Diversion Limits or SDLs). Those calculations 

were based on assumptions about the extent of water savings that were derived from existing 

literature and conversations with industry partners. We also drew on our experience 

examining WUE in the Namoi Valley, part of the northern MDB (Ticehurst and Curtis, 2015). 

The context 

The Campaspe River catchment covers an area of about 4000km2 in size from the Great 

Dividing Range in the north, to the Murray River in the south (NC CMA, nd). This research 

focused on the Campaspe River Region with significant irrigation (Figure 1). Both dryland and 

irrigated agriculture occur in the region, but due to the climate, higher value products require 

the support of irrigation. However, due to its proximity to the city of Bendigo, part-time 

farming can be easily supported by off-farm income.  

Surface water allocation in the region is highly variable, particularly from Lake Eppalock. 

High reliability allocations were less than 70% for four of the last nine years. Hence with 

increasing scarcity of water, farmers are looking towards the adoption of WUE practices to 

help remain economically viable while meeting the requirements of the Basin Plan. 

Lake Eppalock provides surface water for irrigation for about 100 to 200 irrigators, while the 

majority of the 1,194 surface water irrigators in the study area get their water from the 

Goulburn River system along the Waranga Western Channel (WWC). Irrigators also have 

access to two main aquifers: the Shepparton Formation and the Deep Lead aquifer. The upper 

Shepparton Formation has a long history of water logging and salinity issues, which is why 

extraction is encouraged to minimise the risk of these problems in the future. There are 76 

irrigators in the study area with a groundwater license for the Shepparton Formation.  There 

are 104 irrigators in the study area with a groundwater entitlement to the Deep Lead aquifer 
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totalling 50.8GL. Although the Deep Lead represents a large supply of high quality water for 

irrigation, historically only about 60% of the entitlement is used each year. There are 103 

irrigators who have both a surface water and groundwater entitlement, but of those, about 50 

have both a surface water and Deep Lead groundwater entitlement. 

Under the current MDBA Basin Plan the Campaspe surface water catchment is not required to 

reduce its extraction, but the larger Southern Basin (Victoria) region, of which it is a part, still 

has a recovery target of 251.1GL. Under the Basin Plan there is no requirement for a 

reduction in the use of groundwater. However, some local managers are concerned about the 

long-term sustainability of the Deep Lead aquifer should all of the current entitlement volume 

be regularly used.  

Methods 

We explored the current and likely future water use and savings in the case study, given 

irrigator intentions to adopt WUE practices. Quantitative data were collected through a 

questionnaire mailed to all farming properties associated with a groundwater and/or surface 

water licence with an entitlement of 5ML or more, in the lower Campaspe River region 

(N=754). This census of licence-holders achieved a 34% response rate (254 completed 

surveys). This response rate is lower than expected, an outcome we attribute to the high levels 

of stress on farmers (and their families) in that region. This is because of low rainfall and very 

high prices for temporary water (up to $230/ML) and the decision by dairy processors to 

substantially reduce prices paid to dairy farmers and do that retrospectively.  

There was also a surprisingly large proportion of landholders with very small irrigation 

entitlements (i.e. <10ML) and feedback through phone calls and emails was that these 

irrigators didn’t think the survey applied to them. Nevertheless, comparisons of respondents 

and non-respondents using the GMW data base (e.g. using median irrigation entitlements) 

suggest that the respondents are representative of the population of irrigators in the district. 

To the extent there is a difference, there is a trend for respondents to operate enterprises with 

larger irrigation entitlements.  

Survey respondents were asked about their current and future intentions to adopt eight WUE 

practices. The practices were laser grading paddocks, soil moisture monitoring, using an 

irrigation tail-water re-use system, moving from open channels to pipes, using a pressurized 

irrigation, using a subsurface irrigation (i.e. drip irrigation), using a fast flow (appropriate 

flow) system, and using centre pivot or other “walker/spray” system. We used published 

literature and our local industry partners from DEDJTR and the CMA’s to determine the likely 

water savings from each WUE practice for the local region, which varies depending on the soil 

type and enterprise.  

The water savings were calculated by totalling the volume of water that could be saved if 

each respondent adopted the different WUE on their property, given their current enterprise 

mix. We explored nine different scenarios which vary by the number of practices being 

adopted; and the area on which they are implemented. As part of our calculations, we 

identified a minimum level of adoption (i.e. those who said they were intending to adopt) and 

a maximum level of adoption (i.e. including those who said they were considering adopting). 

We also varied the area over which a practice was to be implemented depending on whether 

a practices was likely to be implemented across all irrigated areas at one time or 

implemented incrementally.  The Farm Water Program is a government funded program which 

financially supports farmers to improve their on-farm WUE through the adoption of practices such as 
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those included in this research. Therefore it is likely to increase the area that a practice is 

applied. 

The nine scenarios were:  

1. Baseline irrigation (100% flood irrigation) 

2. Current water use (based on survey data for landuse and WUE practice 

implementation) 

3. Future Minimum (min adoption: min area) without FWP 

4. Future Minimum ((min adoption: min area) with FWP 

5. Future (min adoption: max area) 

6. Future (max adoption: min area) without FWP 

7. Future (max adoption: min area) with FWP 

8. Future Maximum (max adoption: max area) 

9. Aspirational goal (assuming WUE practices implemented across all irrigated areas) 

Key Findings 

Substantially more people have a SW license compared to a GW license (i.e. 91% compared 

to 22% respectively), but the GW licenses are significantly larger with the median GW 

license being 202ML, compared to the SW (49ML). Cereal crops are the most common 

enterprise making up 35.8% of land use, while annual and perennial pastures together total 

another 55%. Between 65% and 70% of pastures are irrigated, but cereal crops are mainly 

grown as a dryland crop (only 32% irrigated). 

A total of 77% of respondents had implemented one or more WUE practices, with laser 

grading (71% of respondents) and installing a tail-water re-use system (44% of respondents) 

being the most common. Soil moisture monitoring is gaining the most momentum for future 

adoption with about 15% of respondents intending or considering to adopt this practice in the 

next five years. 

We calculated that 124.5GL of water is used to irrigate the survey respondents crops each 

year. If the maximum WUE practices were adopted on the maximum cropping area in the 

next five years, then 15% (i.e. 18.9GL/yr) of this water could be saved. A more conservative 

estimate of 9.8% (12.2GL/yr) saving was achieved by assuming only those who strongly 

intend to adopt a practice will (Scenario 5), or by assuming that the WUE practices will be 

implemented on the likely minimum area by everyone who showed some intention to adopt 

(Scenarios 6 & 7). 

The percent gain in water savings, given the current and intended adoption of WUE of 

practices, is greatest for land under cereals, pulses and annual pasture. The percent gain in 

water savings is about 20% for each. However, the potential for regional water savings (i.e. 

volume of water) is highest amongst irrigators with annual and/or perennial pastures. For 

example, over 7GL of water could be saved by irrigators with annual and/or perennial 

pasture if they were to adopt the WUE practices that they are ‘considering’ for the future. 

Indeed, about 80% of these savings could be made by only 12% of respondents (i.e. 30 

people). 

The volume of water savings calculated for the survey respondents’ accounts for about 7% of 

the regional recovery target under the Basin Plan. This appears to be a significant volume, 

given that the survey respondents manage only 0.4% of the Southern Basin (Victoria) Region 

area, and it equates to only 3.9% of the Goulburn Murray Irrigation District of northern 

Victoria. 
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While it might be possible to recover these savings to meet Basin Plan targets (i.e. as part of 

agreements under the Farm Water Program; or CHEW purchases from willing sellers), farmers 

could choose to use their water savings to irrigate more crops or to sell on the water market 

(i.e. other than to the CHEW).  Assuming that 2GL/yr of water is recovered  for the 

environment from those participating in the FWP, if the remaining water saved as a result of 

WUE measures was sold on the allocation water market, then up to $4.1million could be 

earned by the survey respondents (based upon $320/ML), which equates to about $21,000 

per year for each respondent. The income from water sales would be much lower when the 

supply of water is more plentiful. However, the returns per respondent take on greater 

significance when it is recognised that this income is net of any substantial cost; and income 

through sales would be higher in years when irrigation water was scarce and farm incomes 

subdued.  
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1 INTRODUCTION 

1.1 RESEARCH CONTEXT 

The National Centre for Groundwater Research and Training (NCGRT) and the Murray-Darling 

Basin Authority (MDBA) entered into a 3-year strategic research partnership in January 2015. 

The partnership recognises the critical role that groundwater resources play in underpinning the 

social, economic and environmental sustainability of the Murray-Darling Basin (MDB). The 

NCGRT team includes researchers from the Australian National University (ANU), Charles Sturt 

University (CSU) and Flinders University. The team was commissioned to undertake groundwater 

modelling, recharge estimation and socio-economic and integrated assessments that draw on 

existing and new knowledge. Specifically, we were to identify assessment framework(s) to assist 

the MDBA in improving its understanding of the relationships between key external drivers (e.g. 

water policy, crop markets, climate variability) and the Basin Plan objectives (including 

determining the groundwater Sustainable Diversion Limits, SDLs); and undertake an integrated 

assessment to explore the impacts of key drivers on the Basin Plan objectives for two case 

studies; the Campaspe River region in Victoria and the Murrumbidgee River region in NSW. 

One response for irrigators to remain economically viable with less available water, as a result 

of the water reform process in Australia over the past decade, is to increase the efficiency of 

their irrigation practices. Several terms have been used interchangeably to refer to the 

efficiency of water use within agricultural systems. Here we define Water Use Efficiency (WUE) 

following the protocol adopted by the Cotton Industry Development and Delivery Team (2012): 

the efficiency of the irrigation system at delivering water outputs to the field, taking into account 

any loss of water between the input and output of the irrigation system. For example, if a system 

had a WUE of 85%, then 85% of the water applied would be available to the crop, while 

15% would be lost through paths including evaporation, deep drainage and channel seepage. 

This report identifies the current and likely future adoption of WUE practices in the Campaspe 

River case study catchment. Those data are then used to estimate the potential water savings on 

each respondent’s property and then for the region, in the context of the MDB Plan. Those 

calculations were based on assumptions about the extent of water savings that were derived 

from existing literature and conversations with industry partners. We also drew on our 

experience examining WUE in the Namoi Valley, part of the northern MDB (Ticehurst and Curtis, 

2015). The research contributes to the MDB objective of “improving the understanding of the 

activities and patterns of water use by MDB system water users”. 

1.2 RESEARCH QUESTIONS 

The key research questions addressed in this report are: 

1) What is the current level of adoption of water use efficient irrigation practices beyond 

flood irrigation, in the lower Campaspe River region? 

2) What is the likely adoption of more water use efficient irrigation practices, in the lower 

Campaspe River region? 

3) What is the likely amount and value of water savings for the region, and how does this 

compare to requirements for water savings under the current MDB Plan? 

A summary of the data required to answer these questions is provided in Section 4 of this 

report.  
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1.3 THE LOWER CAMPASPE RIVER REGION 

The Campaspe River is located in northern Victoria and forms part of the southern boundary of 

the Murray-Darling Basin (MDB) (Figure 1). The Campaspe River catchment covers an area of 

about 4000km2 in size from the Great Dividing Range in the north, to the Murray River in the 

south (NC CMA, nd). This research was focused upon the lower part of the Campaspe River 

catchment, north of Lake Eppalock (Figure 1). Only this part of the Campaspe River region was 

considered because it is the only area with significant irrigation, and it coincides with the 

boundary used for the larger NCGRT integration project. 

 

The main urban settlements in the study area are Axedale, Goornon, Elmore, Lockington, 

Rochester and Echuca with a total population of about 20,000 people. The population of the 

whole of the Shire of Campaspe (which does not completely align with this study area 

boundary) is about 36,000 people (Shire of Campaspe, nd). This highlights that the population 

in the area is largely rural. However, the large regional city of Bendigo is within easy 

commuting distance of the study area, so there is ready access to off-property work, education 

and training and a range of cultural activities.  That proximity means there are likely to be 

more part-time farmers owning rural land than would otherwise be the case. For example, using 

data from their North Central regional survey of rural landholders, Curtis and Mendham (2015) 

reported that part-time farmers represented only 20% of all Buloke Shire respondents 

compared to 31% in the Campaspe Shire. In this study 50% of all respondents identified as 

either part-time (27%), hobby (10.6%) or non-farmers (12.4%). As Groth et al (in press) 

demonstrated, using data from the North Central regional survey undertaken by Curtis and 

Mendham (2015), occupational identity is a predictor of land use and land management. The 

price of rural land can also be expected to be higher in the Campaspe than for similar quality 

farmland further from Bendigo. Occupational identity is therefore likely to be a factor 

Figure 1: Location of the 

Murrumbidgee River (purple ellipse),

the Campaspe River (green ellipse), and 

the Campaspe case study area . (Sources: 

CSIRO, 2003-2012)
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influencing the adoption of WUE practices. However, that discussion is outside the scope of this 

report. 

1.3.1 Physical characteristics 

The landscape in the lower Campaspe River region is flat plains. The average rainfall varies 

with the topography, ranging from about 450mm in the north (Rochester gauge 80049, annual 

rainfall 442.3mm) (Figure 2) (Bureau of Meteorology, nd). Rainfall occurs throughout the year, 

but mainly in autumn and winter. The limited rainfall means that intensive agriculture requires 

irrigation to meet plant water needs, but the flat landscape means that the area is well suited 

to gravity irrigation systems. 

 

1.3.2 Agricultural activity 

The Campaspe region supports both dryland and irrigated agriculture and many irrigation 

enterprises can be expected to have a dryland component. Extensive dryland grazing and 

cropping enterprises can be profitable, but are dependent upon highly variable rainfall and 

fluctuating commodity prices. Irrigation is an important adaption to low and variable rainfall 

and is needed to undertake more intensive industries such as horticulture and dairy. Irrigated 

pastures also support profitable beef/sheep and hay enterprises. Strategies for expanding 

agriculture in the Campaspe include shifting from dryland to irrigated farming and increasing 

the scale of irrigated farming enterprises. Those strategies may involve upgrading infrastructure 

to store and deliver water where it is needed, improved system-wide and on-farm WUE and 

farmers purchasing water from the water trade market.  

1.3.3 Water sources and use 

There are three major rivers which supply irrigation water to the catchment: the Campaspe, 

Goulburn and Murray Rivers. The Campaspe River flows through the study area from south to 

north, and is regulated at Lake Eppalock. The Murray River forms the northern boundary of the 

study area, and also is the state boundary between NSW and Victoria. The Goulburn River 

does not flow directly through the study area, but the Waranga Western Channel (WWC) was 

constructed about 100 years ago to move water from the Goulburn River, which is regulated at 

the Waranga Basin, to deliver irrigation water in the northern part of the study area.  

 

Figure 2. Average monthly rainfall for Rochester (blue line) in the Campaspe Catchment. 
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Lake Eppalock (Figure 1) holds about 304, 651ML or 304GL (GMW, nd). The capacity is 

shared storage between GMW (82%) which services irrigation water entitlement holders and 

Coliban Water (18%) for Bendigo and Ballarat urban supply (GMW, nd). The lake exhibits a 

boom/bust cycle with large inflows in wet years but very little in dry years. The Goldfields 

Superpipe was constructed to intercept water from the WWC and pump it to Lake Eppalock. 

The superpipe provides a supplementary water supply for Bendigo (and Ballarat) of up to 

31,000ML per year (Coliban Water, nd). 

Currently there are 1,194 people with surface water licenses in the study area, with a total 

entitlement volume of about 76GL (2015-16). Rochester Irrigation Area (RIA) is the main 

surface water irrigation zone in the study area, but only uses a small proportion of water from 

Lake Eppalock, (i.e. about 100 to 200 irrigators use between 6,823ML and 14,514ML/year 

(GMW pers. Comm. Reported in Ticehurst & Curtis, 2016). The rest of the surface water is 

delivered via the WWC. From the Campaspe River, between 8,409ML/yr and 27,295ML/yr is 

used for the environment, while between 2,783ML and 11,957ML/year is used by urban water 

holders. When Lake Eppalock is at full capacity it will evaporate about 25,000ML/year 

(GMW pers. Comm. Reported in Ticehurst & Curtis, 2016).  

The Campaspe Irrigation District (CID) once diverted water from the Campaspe River at the 

Campaspe Weir for irrigation. The CID was closed during the implementation of the Victorian 

governments’ Northern Victorian Irrigation Improvement Project (NVIRP), which is investing in 

modernising the irrigation delivery system in the Goulburn Murray Irrigation District. Following 

several meetings with the local irrigation community, the vast majority of CID farmers opted to 

sell their irrigation entitlement, rather than have the irrigation network improved. The NVIRP 

program came at a time when low surface water supplies and the rising price of irrigation 

water traded during the millennial drought was placing economic and social pressure on 

irrigated farming in the area. It is now debatable whether the closure of surface water 

irrigation in this area was premature. Some government staff were accused of lobbying 

irrigators to sell their licenses, while other irrigators believed that once some CID surface water 

irrigators sold their licenses, the cost of irrigation for those remaining became prohibitively 

expensive. Regardless, the end result was the closure of the CID surface irrigation system 

around 2010.  

There are two main regional aquifers in the area, being the upper Shepparton Formation, and 

the Deep Lead aquifer. The Shepparton Formation is up to 80m thick in the north of the area, 

while the Renmark Calvil Formation, which contains the Deep Lead aquifer, is up to 150m thick 

in the north.  

Currently there are 76 groundwater licenses for the upper Shepparton Formation aquifer in the 

study region. Pumping from the upper Shepparton Formation is encouraged to manage the risk 

of water logging and land salinity and licenses to access it are effectively unlimited. There are 

138 groundwater licenses that extend into the Deep Lead aquifer (below 25m depth () in the 

Lower Campaspe Water Supply Protection Area, which extends outside the boundary of this 

study area. The groundwater entitlement from the Deep Lead is capped at 56.3GL/year, with 

about 33GL used on average each year. There are 104 people with Deep Lead groundwater 

licenses in the study area, totalling an entitlement volume of 50.8GL/yr (2015-16). 

Groundwater irrigation from the Deep Lead aquifer is more reliable and of higher quality, 

compared to the upper Shepparton Formation. 

There are 103 irrigators who have both a surface water and groundwater entitlement in the 

study area, but of those, about 50 irrigators have both a surface water and a Deep Lead 

groundwater license. Having access to both sources enables these irrigators to use groundwater 
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to buffer drought, especially when growing perennial species. It also allows for the opportunity 

to trade surface water when its value is high, and use the groundwater to meet their own 

irrigation requirements. 

Water salinity can negatively impact upon the production of crops and livestock, and pollute 

rivers with negative impacts on flora and fauna. The salinity tolerance levels for crops such as 

wheat is 4,000EC, while drinking water standards for sheep and beef cattle peak at about 15, 

000EC and 7,000EC respectively (NSW DPI, 2014). The salinity of the Campapse River is 

highly variable, but generally increases down the catchment, from about 300EC below Lake 

Eppalock, to 800EC at the Campaspe Weir and 900EC at Echuca (Chiew et al., 1995). 

However, under low flow conditions the surface salinity is up to 1,000EC, and is higher during 

drought periods (NC CMA Pers. Comm). If stratification occurs in the deep pools along the river, 

below the Campaspe Weir, their salinity can be up to 12,000EC. Groundwater salinity in the 

upper Shepparton Formation is highly variable. While there are some anomalies, groundwater 

salinity in the Deep Lead generally increases to the north. Water quality in the main trunk of the 

aquifer is generally between 550 to 1,550 EC south of the Waranga Western Channel, to 

between 1,550 to 2,500 EC to the north. The water quality deteriorates to brackish toward the 

north eastern and north western margins of the study area 

1.3.4 Water trading 

In 2007-08, toward the end of the Millenium Drought, the median allocation price of water (i.e. 

on the temporary market) in northern Victoria peaked above $350/ML dropping to <$50/ML 

in 2010-11 and 2011-12 (Cummins and Associates, 2016). Prices for 2015-16 were about 

$250/ML. Surface water trade activity in the Campaspe region over this same period of time 

has mostly been associated with surface allocations in zone 4a (Lake Eppalock to WWC). 

Over the 2007-08 to 2015-16 period a total of 61,558ML was been traded within the zone, 

46,499ML traded into the zone, and 102,001ML traded out of the zone (Victorian State 

Government, nd a). Trade out of this zone has generally increased from <100ML (and <50 

trades) prior to 2009-10 to a peak of >25,000ML in 2012-13 and 2013-14 (140-199 

trades), although the volume traded substantially reduced in the 2015-16 (91 trades for 

4,859ML). Trade into zone 4a has been comparatively steady over the 2008-09 to 2014-15 

water years, ranging from 1,723ML to 5,159ML. 2015-16 was an outlier with 20 more trades 

than any other year (53 in total) and a total volume of 22,557ML. Trade within the zone seems 

positively correlated with water availability, peaking at 18,493ML in 2012-13 (>20 times that 

traded in 2007-08 and >4 times that in 2015-16). Trade in zone 4a surface water entitlements 

(permanent water) over the 2007-08 to 2015-16 period totalled 27,504ML (low reliability 

shares) and 31,008 (high reliability shares). Trade in entitlements in zone 4C was limited to 

1,052ML over the same period. 

Groundwater trade activity in the Campaspe is less than for surface water with 224 trades 

totalling 48221.2ML from 2009-10 to 2015-16 (Victorian State Government, nd a). About 

86% of trades recorded over this period, and 91% of the volume, have occurred from licences 

in the Lower Campaspe Valley Groundwater Management Unit. Within this zone, 14% of the 

volume have been permanent transfers, 40% change of ownership and 46% temporary 

transfers. 

1.3.5 Other values supported by the river 

The Campaspe River and groundwater systems are important environmental assets and in turn, 

support a range of nationally and internationally significant plants and animals. In the 

Campaspe catchment, the river and riparian strip support many vulnerable, threatened, 
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depleted or endangered Ecological Vegetation Classes, and flora and fauna species (NC CMA 

& Department of Environment and Primary Industries, ND). This is particularly the case in the 

lower reaches of the river. The importance of those assets is recognised in Victorian and 

Australian Government policies and strategies. Environmental flows and the rules around those is 

one of the strategies adopted to maintain the health of these assets.  

Both Lake Eppalock and the environs of the Campaspe River are important cultural landscapes. 

“The Campaspe catchment is the Country of three Traditional Owner Groups: Dja Dja Wurrung 

Clans Aboriginal Corporation, Taungurung Clans Aboriginal Corporation and the Yorta Yorta 

Nations Aboriginal Corporation” (NC CMA & Department of Environment and Primary 

Industries, ND). The riparian areas provided the Indigenous people significant food sources, 

particularly plants, but were also places of spiritual and cultural significance. There are sites 

along the river that are protected by the Aboriginal Heritage ACT 2006 and the Aboriginal 

Heritage Regulations 2007.  

Apart from the biodiversity and cultural values attached to the Campaspe riverine environment, 

local people and visitors from Melbourne use these natural and man-made features for 

recreation. Recreational activities include fishing, kayaking, sailing, powerboating, camping and 

passive recreation. These provide social activity for the locals, but also provide the area with a 

source of tourism income to the value of $35.9 million being spent in the local area for 2012-

13 with a total estimated benefit of $68.5 million per annum (City of Greater Bendigo Council, 

2015). 

2 BACKGROUND 

2.1 THE BASIN PLAN AND THE CAMPASPE REGION 

The MDBA released a plan in 2012, known as the Basin Plan, which estimates the basin-wide 

volume of both surface and groundwater which can be taken for ‘consumptive purposes’ (e.g. 

stock, domestic and irrigation purposes), while still meeting the environmental requirements. The 

environmental requirements were determined through detailed studies at important 

hydrological indicator sites throughout the basin. For surface water, the environmental 

requirements were compared to the estimated inflow into the Basin, to calculate the water that 

could be used for consumptive purposes. Similarly, the groundwater environmental requirements 

were compared to the estimated recharge rate to determine the limit on groundwater 

extraction. The limit on how much water can be taken is called the Sustainable Diversion Limit 

(SDL). The Basin-wide surface water SDL was estimated as 10,873GL/yr, which meant that 

2,750GL/yr had to be recovered from consumptive uses (as at 2009) to be returned to the 

environment. The groundwater SDL was estimated as 3,334GL/yr, which meant that an 

additional 949GL/yr could be extracted.  

The Basin was divided into 29 surface water catchments and 66 groundwater resource 

management units. These units have SDLs and water recovery target volumes, set to meet the 

local requirements. There are also 5 regional surface water SDL’s which address the shared 

water recovery targets of a larger area.  

As at the 31st March 2016, 71.1% of the target surface water had been recovered basin-wide 

(i.e. 1,955.3GL/year). In the Campaspe River catchment, 18GL/yr was targeted for water 

recovery volume, and to date this has been exceeded, with 29GL being saved (MDBA, nd. b). 

However, being part of the Southern Basin (Victoria) region, there is still a shared target of 

251.1GL/yr which needs to be recovered prior to the 2019 deadline.  
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Water can be recovered to meet the SDL in many ways, including the sale of irrigation water 

entitlements to the Commonwealth or state governments, large scale infrastructure improvement 

schemes to cut transmission losses in the delivery of irrigation water; and on-farm WUE gains 

achieved with support from governments.  

The study area transects across three of the MDBA groundwater resource units, being the 

Goulburn-Murray: Loddon - Campaspe Highlands (GS8b), Goulburn-Murray: Sedimentary 

Plain: Shallow Shepparton formation (GS8f) and the Goulburn-Murray: Victorian Riverine 

Sedimentary Plain Deep (GS8f) (MDBA, 2015). The current water use from these resources are 

13GL, 244.1GL and 175GL, respectively while the SDLs are 66.8GL, 244.1GL, and 233.5GL 

respectively. Therefore no water recovery is required from the groundwater resources for the 

MDBA Plan, but there is some local concern over whether the current groundwater entitlement 

for the area is sustainable should it be fully utilised. 

2.2 LOCAL WATER POLICY IN THE CAMPASPE REGION 

For irrigation along the Campaspe River, surface water allocations are set at the beginning of 

each irrigation season, and then reviewed monthly, taking into account the current storage levels 

and predicted inflows for the next 6 weeks. Irrigators can carry over any unused water from 

the previous irrigation season, but can only securely store up to 100% of their entitlement in 

Lake Eppalock. If allocations reach 100%, then any unused carry-over is classed as ‘spillable 

water’. Spillable water can be used or traded once a declaration of low risk of spill has been 

advised. If however, the Lake spills prior to the declaration of this event, then the spillable 

water flows down the Campaspe River to meet the Murray River, and all prior entitlement to it 

is foregone. For irrigators using water supplied by the WWC, the allocation rules are the same 

except they have a water reserve system in place, where half of the water that flows into the 

storages is set aside to be a reserve for the next irrigation season, while the other half is 

assigned to the current seasons’ allocations. The reserve for the next season is capped at 

270GL, and once it has reached that limit, all of the inflow is used to service the current years’ 

allocations. 

Water allocations along the Campaspe River are highly variable, while the high reliability 

allocations for the Goulburn system are more consistent, particularly through extended dry 

periods (Table 1). 

 

Table 1. End of season allocation for the Campaspe and Goulburn regulated systems 

Year 
Campaspe (%) Goulburn (%) 

High Reliability Low Reliability High Reliability Low Reliability 

2015-16 66 0 90 0 

2014-15 100 0 100 0 

2013-14 100 46 100 0 

2012-13 100 100 100 0 

2011-12 100 100 100 0 

2010-11 100 100 100 0 

2009-10 0 - 71 - 

2008-09 0 - 33 - 

2007-08 18 - 57 - 
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There are no limits to the total volume of groundwater entitlement in the Shepparton Irrigation 

Region (GMW, 2015). The MDB Plan specifies a limit of 244,000ML extraction from the 

aquifer, which extends in its totality beyond this study area. This limit, which has been set based 

upon historic high level use, is to manage this resource by limiting the high watertable and 

salinity issues of the past, so therefore extraction is encouraged. 

Groundwater allocations for the aquifers managed under the Lower Campaspe Water Supply 

Protection Area (WSPA) Plan (i.e. all groundwater excluding the top 25m of the Shepparton 

Formation) are determined at the start of each irrigation season, based upon the groundwater 

level and recovery for the preceding three years at two particular bores in the catchment. 

Trigger depths are used to reduce the allocation for the current irrigation season. The most 

southern bore is managed to ensure the aquifer level is such that is can maintain connectivity 

with the Campaspe River, and the northern bore is managed so as to not create a drawdown 

and inward gradient that would draw-in saline groundwater from the north. Up to 25 % of a 

groundwater entitlement can be carried over to the next irrigation season, so in any one season, 

an irrigator can use up to 125% of their groundwater entitlement. 

2.3 CLIMATE CHANGE 

By 2030 climate change is expected to reduce rainfall and increase temperatures with 

significant impacts on runoff and inflows and plant water needs across the southern MDB, 

including in the Campaspe region.  There are expected to be important negative consequences 

for both irrigated and dryland agriculture. CSIRO (2008) conducted a study of the Campaspe 

River catchment (i.e. a different but intersecting area to this study) and found that the long-term 

(1894 to 2006) average annual rainfall was 594mm, and the modelled annual runoff was 

69mm (i.e. 11.6% of rainfall). In recent times (i.e. 1997 to 2006) the rainfall and the predicted 

runoff were significantly lower than these long-term values being 13% and 50% less, 

respectively. The CSIRO rainfall/runoff modelling predicts that runoff will decrease from 4% to 

46% under a high global warming scenario, from 1% to 14% under the low global warming 

scenario, with a median value of a 16% reduction. If the impact of farm dams on runoff is 

considered, then the median decrease in runoff is predicted to be 18%.  

The historic water volume stored in Lake Eppalock is given in Figure 3, which clearly shows the 

impact of the reduction in rainfall and runoff during the Millenial Drought (2000 to 2010). 

Reduced storage inflows led to reduced allocations for irrigators along the Campaspe River. In 

order to try and stay profitable, many irrigators have turned to WUE measures. 
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2.4 IRRIGATION PRACTICES 

Consultations with local industry representatives and agency staff resulted in the research team 

identifying eight practices expected to improve WUE in the Campaspe-Rochester irrigation 

district. Survey questions gathering information about respondent’s current and future plans for 

the adoption of all eight practices were included in the survey. The eight practices are:  

1. Laser grading paddocks, 

2. Soil moisture monitoring,  

3. Irrigation tail-water re-use system, 

4. Moving from open channels to pipes, 

5. Pressurized irrigation, 

6. Subsurface irrigation (i.e. drip irrigation), 

7. Fast flow (appropriate flow) system, and 

8. Centre pivot or other “walker/spray” system. 

 

While the eight practices are expected to increase WUE, the volume of water saved will vary 
with crop, soil properties and management. Smith (2016) explicitly stated that the efficiency of 
an irrigation system depends upon the design of the system and management practice, rather 
than the irrigation system itself. The literature supports Smith’s assessment in that there are 
substantial variations in the efficiency gains for the different technologies identified as relevant 
to the Campaspe-Rochester district. An example of the impact of management on WUE is 
presented by Tennakoon et al. (2012). They suggest the WUE of flood irrigation in Australia 
could be increased from 76% to 85% (i.e. saving an additional 9% of irrigation water) through 
better measurement, siphon flow, better aligned cut-off times to cease irrigation, and a tail-
water reuse system. Similarly, spray irrigation systems are generally believed to use water 

 

Figure 3. Lake Eppalock volume stored per year since construction in 1962 (Source 
GMW, December 2015). 
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more efficiently than flood irrigation systems. Smith (2012) estimated that spray irrigation 
systems have a WUE of 80%, but he also reports that flood irrigation could have an equal 
efficiency if managed to its optimal potential, as he quotes the WUE range to be from 50 to 
80%. This implies that while some irrigation systems inherently have a greater WUE, good  

Table 2. Range of Water Use Efficiency (WUE) values for various irrigation practices 
according to the literature, and the ‘Water Savings Calculator’. 

 
Irrigation 
practice 

Water savings 
(%) 

Reference 
Calculator 

Water Savings  
Values for this 

study 

Flood irrigation WUE 

WUE = 50-80%  Smith, 2012     

WUE = 69% 
Cotton Storages Project, 

2012 
    

WUE = 76-85% Tennakoon et al., 2012     
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Laser grading 
-25% 

Mashall & Jones 1992, 
in Khan et al, 2008 -6 to -17% -5 to -9% 

-25% Larson et al., 2013 

Soil Moisture 
Monitoring 
(SMM) 

0.1 to 3ML/ha 
(% value not 
available) 

Khan et al., 2008; 
-3 to -7% -2 to -4% 

Khan and Abbas, 2007 

Tail-water re-use -11% Gillies, 2012 -10 to -18% -6 to -11% 

Channels to 
pipes 

-10 to -15% 

Water and the 
Australian Economy, 
1999 in  
Mareels et al. 2005 

-13 to -43% -12 to -23% 
1.2% Cotton storages Project, 

2012 

-1 to -2%  
Khan et al., 2006 

-1 to -2%  Kinzli et al., 2010 
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Pressurised pipe 
and riser -20% DEPI, 2013 

-13 to -43% -12 to -23% 

Drip irrigation -5 to -40% 
Finger and Morris, 

2005 & Peters, nd & 
Smith, 2012  

-43 to -83% -29to-49% 

Fast flow 
irrigation 

-10 to -40% 
Smith, 2016 & Smith 

2012 Not included -36%* 

-19 to -53% Anthony, 2011 

Walker, spray 
irrigation 

0 to -30% Smith, 2012 

-20 to -67% -17 to -29% 

-29 to -65% Alam et al., 2007 

-60% Pfeffer, 2008 

-26 to 41% Scott et al., 2012 

+5% to -40% 

Smith, 2012 & 
Clemmens 2000 in 
Finger and Morris, 

2005 

-7 to -38% Khan and Abbas, 2007 

* Fast flow was not included in the Water Savings Calculator mean value between 19 and 53% Anthony (2011). 
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management could minimize or negate the difference. 

This Section provides a description of the eight WUE practices, and presents the range in 
reported WUE for each practice that is recorded in the literature. We also present the values 
used in an unpublished tool called “The Water Savings Calculator” which was developed by the 
local DEDJTR staff for the Northern Victoria region. The calculator is used by extensions staff 
with irrigators, to estimate the savings of various WUE practices at the farm scale as part of the 
Governments’ Farm Water Program. The WUE values are summarized in Table 2. We further 
reviewed and revised these values with the local DEDJTR and CMA staff for our calculations, 
which are also given in Table 2. 

2.4.1 Flood irrigation – baseline irrigation system 

Flood irrigation is the most common irrigation system used in the North Central region, and in 
2006 it accounted for an average of 99% of irrigated farm area compared to only 1% of 
spray irrigation (Ash, 2006). Under flood irrigation, when water is required, it is diverted from 
the river or channel on to the farm through open channels, and then applied to the paddock. 
Flood irrigation can result in the loss of significant volumes of water (i.e. water that is not used 
by plants or held within the soil profile for later plant use). A study of 30 properties in 
Queensland identified losses of 31% in flood irrigation systems (i.e. WUE 69%) (Cotton 
storages project, 2012). Tennakoon et al. (2012) found that the mean WUE for flood irrigation 
on cotton in Australia was 76%, which is consistent with the estimates by Smith (2012) who 
suggested that flood irrigation systems in the Namoi district have a WUE of 50% to 80% (i.e. 
water losses of 50% to 20%). Evaporation plays a part in losses through flood irrigation, and 
although the data provided are for farming districts further north than the Campaspe-Rochester 
district, irrigation in Victoria occurs in summer when there is low humidity and likely to be high 
evaporation losses. The WUE values that we have assumed for flood irrigation is most likely to 
be at the higher end of this range. 

2.4.2 Laser grading paddocks 

Laser grading, also known as laser leveling, uses a laser to automatically guide equipment to 

re-level the surface of a paddock prior to flood irrigation (Dairy SA, nd). The process has two 

main benefits. The first is that it creates a more uniform surface (i.e. fewer dips and rises) 

requiring less water for irrigation. The second is that it allows the slope of the paddock to be 

adjusted to allow for the appropriate flow and distribution of irrigation water, again meaning 

that less water is required to complete the irrigation. Despite the benefits of laser grading 

being widely published and accepted, there are not many estimates of the volume or 

percentage of water that it saves. Research from India and the Murrumbidgee catchment both 

concluded that about 25% of water could be saved by laser grading (Larson et al., 2013, 

Marshall and Jones, 1992 in Khan et al., 2008). The values estimated by the locally based 

‘Water Savings Calculator” varied from 6 to 17% depending on the crop and the soil type.  

2.4.3 Soil moisture monitoring programs 

Soil Moisture Monitoring (SMM) is the measurement of the water in the soil to enable irrigation 

scheduling that better meets the crop needs, therefore reducing the likelihood that farmers will 

needlessly apply too much water that will be lost as deep drainage. Deep drainage through 

flood irrigation systems throughout Australia typically ranges from 50–100 mm/yr (Silburn et 

al., 2012). Deep drainage to the subsoil can contribute to water-logging that impacts on crop 

yields. SMM is most effective with crops that require periodic watering, such as perennial, 

summer or horticultural crops, rather than winter crops or crops such as rice that require few 

irrigation events (CSIRO, 2005). SMM was reported to save from 0.1 to 3ML/ha in a modelling 

study in the Murrumbidgee catchment (Khan et al., 2008), while the Water Savings Calculator 

uses a more conservative range of 0.1 to 0.4ML/ha which equates to about 3 to 7% gain in 

WUE, depending on the soil type and crop.  
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2.4.4 Irrigation tail-water re-use systems 

Tail-water re-use systems, or recycling, is the collection and reuse of excess surface water that is 

applied during an irrigation watering. Given that pressurized systems generally have a greater 

WUE, tail-water re-use systems are typically used in gravity systems such as traditional flood 

irrigation. In these systems farmers are more likely to apply excess surface water in order to 

adequately water the whole field (i.e. to account for imperfections in the ground surface with 

lows and highs) (Schwankl et al., 2007). The reuse of tailwater has been found to increase the 

WUE from 65% to 76% Gillies (2012), giving a potential water savings of 11%. The water 

savings from installing a tail-water re-use system in the Water Savings Calculator ranges from 

10 to 18%, depending on the crop and soil type.  

2.4.5 Moved from open channels to pipes 

Using open channels to deliver water can lead to water losses through evaporation and 

drainage. Therefore changing from open channels to pipes will decrease these transmission 

losses. Water supply loss from evaporation and seepage from open channels on farms have 

been estimated at 10-15% (Water and the Australian Economy, 1999 in Mareels et al. 2005), 

while a study of 30 properties in Queensland identified losses of 31% in flood irrigation 

systems, of which only 1.2% is lost through channels and drains (Cotton storages project, 

2012a). Similarly, Kinzli et al. (2010), reported a seepage loss of between 1 and 2% in 

irrigation canals along the Rio Grande, and so too did Khan et al. (2006, 2008) in the 

Murrumbidgee Irrigation Area. The variation in these results might be due to the extent that 

evaporation has been included in the channel and drainage loss calculation. The Water Savings 

Calculator presents water savings from converting channels to pipes of 13% to 43%, 

depending on the soil type and crop. Mareels et al. (2005) went on to state that “At present 

these losses are insufficient to warrant consideration of replacing the canal infrastructure by a 

piped water network”.  

2.4.6 Pressurized irrigation systems 

A pressurized irrigation system implies that the water is pumped under pressure, on to the field 

for irrigation. Flood irrigation systems such as a pipe and riser or fast flow system (See section 

2.3.8), drip system (Section 2.3.7) or spray system (Section 2.3.9) can all be pressurised. The 

WUE gains around the pressurized system therefore relate to the application method, and are 

discussed under each relevant section below.  

The pipe and riser system was not explicitly included in the survey, but if people have installed 

a pressurized system, but are not using a fast flow, drip or spray irrigation system, then it is 

most likely that they are using a pipe and riser. 

A pipe and riser system uses underground pipes to transfer water around a property, and then 

outlets or ‘risers’ to distribute the water onto a field. A pipe and riser system eliminates the 

need to have channels to irrigate a field, and enables a rapid application of water to the field 

(up to 40ML/day). This decreases the potential water losses due to evaporation and channel 

seepage. The water savings from converting channels to pipes have been reported to be about 

20% (DEPI, 2013). The Water Savings Calculator presents water savings from converting 

channels to pipes of 13% to 43%, depending on the soil type and crop. 

2.4.7 Subsurface irrigation (i.e. drip) systems 

Drip irrigation applies water directly to the soil (either on the surface or below) with trickles of 

water flowing at a slow rate out of holes along a small diameter pipe or tape (Peters, No 

Date). Drip irrigation allows greatest control over the distribution of water during an irrigation 

event compared to other irrigation methods, and the water is not exposed to the air, which 
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minimizes evaporative losses. Therefore drip irrigation is generally believed to have the 

greatest WUE compared to other methods, being between 85% and 90% (Finger and Morris, 

2005, Peters No Date), a potential gain of between 5 and 40% WUE when comparing it to 

Smith’s (2012) WUE estimate for flood irrigation (i.e. 50 to 80%). The water savings values 

presented in the Water Savings Calculator from converting from flood irrigation to drip 

irrigation ranges from 43% to 83%, depending on the soil type and crop.  

2.4.8 Fast flow (appropriate flow) systems 

A fast flow irrigation system is exactly that, a flood irrigation system where the irrigation water 

is applied at a faster rate than the typical flood practices. A fast flow system is usually used for 

border check systems, where water is pumped onto the bay “using a flow rate to bay size ratio 

of 10:1 or greater” (North and Griffin, 2009:22). Through being able to supply the water 

faster, there is less time that water is lying on the soil, and therefore less water lost as deep 

drainage or evaporation. Fast watering is more likely to improve the WUE in lighter textured 

soils, which are more susceptible to water loss from drainage. In the Goulburn Murray Irrigation 

District, it was found that a WUE of 90% was possible with the automated system associated 

with fast flow irrigation (Smith, 2016). Comparing this back to Smith’s (2012) estimate of WUE 

for flood irrigation (i.e. 50 to 80%) this could be a gain of between 10% and 40%. This 

supports the work of Anthony (2011) who found that fast flow irrigation improved the WUE by 

19% to 53%. Fast flow irrigation was not included in the ‘Water Savings Calculator’. 

2.4.9 Centre pivot or other “walker/spray” systems 

Under pressure, fields can be irrigated using either centre pivot or travelling spray irrigation 

systems, which spray water over the field from above. The irrigation water is typically stored in 

on-farm dams in the short-term, to enable pumping, or it is pumped directly from the on-farm 

channels or aquifers (for groundwater) on to the fields. This type of irrigation system is more 

precise and less variable in the application of water compared to a flood irrigation system. 

Consequently the water can be applied more precisely, and therefore reduce the drainage 

(Victorian State Government, nd b). The WUE and therefore the water saved by changing from 

flood to spray irrigation varies between crops and locations. In an international review, Alam et 

al. (2007) reported that the water savings varied from 29 to 65% according to crop type. 

Australian researchers have identified water savings of 60% for irrigated cotton (Pfeffer, 

2008), 26 to 41% for irrigated wheat (Scott et al., 2012), and Khan and Abbas (2007) found 

a water savings from 7 to 38%, depending on the crop, from a modelling experiment in the 

Murrumbidgee region. Smith (2012) reported that spray irrigation had an 80% WUE, while 

Clemmens (2000 in Finger & Morris 2005) estimated the range between 75% and 90%. 

Comparing these values back to Smith’s (2012) estimate of the WUE for flood irrigation (i.e. 50 

to 80%), the gain in WUE could range from 0% to 40%, when converting from flood to spray 

irrigation. According to The Water Savings Calculator, converting from flood to spray irrigation 

can improve the WUE by 20 to 67%, depending upon the soil type and crop.  

3 METHODOLOGY 

3.1 INTRODUCTION 

Data to calculate the potential WUE gains through the current and future adoption of the eight 

recommended practices are based on information provided by survey respondents; and 

assumptions about the efficiency gains for each technology for different land uses. The latter 

information was provided by key informants and a literature review.  
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3.1.1  Irrigation license holder survey 

In February 2016, Goulburn Murray Water (GMW) provided the research team with a list of 

all irrigation license holders in the Campaspe region, below Lake Eppalock. The region (Figure 

1), was determined to fit the boundary for the integrated model being developed by the 

larger MDBA/NCGRT research team. This raw list contained 4478 entries. To derive the mailing 

list and ensure only one survey was sent to each farming property regardless of the number of 

licences associated with it, the following procedure was used:  

 Licenses that did not have a groundwater management zone within the study area 

assigned were assumed to fall outside the study area, (i.e. according to the GMW staff 

who sent through the data) and so they were removed. 

 Many license holders had more than one license, so licenses assigned to the same 

address, owner and/or agent were amalgamated as a single name on the mailing list. 

 As is explained, the GMW list included a surprisingly large number of very small 

irrigators. Total licenses less than 5ML (groundwater and/or surface water) were 

removed from the list because those irrigators were unlikely to be engaged in 

profitable agriculture or be interested in/able to implement most of the water saving 

technologies being considered; and even if they did implement some, those actions 

would be unlikely to lead to substantial water savings. Surface water licenses assigned 

to the Education Department, recreational uses such as reserves, cemetery, community 

hall, 0ML usage with no trading, no address, or the same corporate address were 

removed from the list (approximately 40), except for the TAFE because of high usage& 

trading. 

Therefore the 2016 lower Campaspe irrigators survey was a census of 754 water entitlement 

holders with a surface water and/or groundwater license greater than or equal to 5ML in the 

lower Campaspe region, according to Figure 1. 

3.1.2 The survey instrument 

To address the three key objectives of the social research for the MDBA project (and these go 

beyond WUE calculations), and working with our industry and agency research partners (e.g. at 

GMW, NC CMA, GB CMA and DEDJTR) as well as the other NCGRT researchers, the social 

research team identified a number of survey topics and then specific topic items. In many cases, 

those topics were the same or similar to topics in our previous research (e.g. items measuring 

respondent’s values), or adapted from those studies (e.g. attitudes or knowledge or long-term 

plans). On the other hand, some topics had not been explored before (e.g. reasons for not using 

all groundwater entitlements). The topics included in the survey are listed below, with a full 

version of the survey available in Appendix 9.1. 

 Topic 1. Your assessment of issues (includes statements that explore the importance of 
a range of social, economic and environmental issues that may affect their property and the 
Campaspe/Rochester area, particularly about water).  

 Topic 2. Groundwater use and trading (Explores the importance of a range of possible 
reasons why irrigators may not use their groundwater entitlements or might not trade their 
groundwater entitlement). 

 Topic 3. More production through smarter use of surface & groundwater (Explores the 
social acceptability of several opportunities to use existing surface and groundwater 
entitlements in the Campaspe/Rochester area in new ways that could lead to more farm 
production). 

 Topic 4. Your views (Explores attitudes to groundwater use and trading, and irrigator 
rights to water).  
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 Topic 5. Land use / enterprise mix for 2015-16 season (Identifies the enterprises 
undertaken on their property in the Campaspe/Rochester area, accounting for double 
cropping, and the irrigation sources and methods for that year).  

 Topic 6.Your approach to property management (Changes respondents have made in 
the management of their property in the Campaspe/Rochester area a) in the last 5 years, and 
b) plan to make in the next 5 years. Includes practices noted to increase WUE).  

 Topic 7. Why your property is important to you (Explores the values that guide their 
life and they attach to their property). 

 Topic 8. Long-term plans for your property (Possible options for the long-term plans 
for their property, including succession planning). 

 Topic 9. Your knowledge of farming topics (Explores their knowledge of various 
agronomic, economic and hydrologic topics associated with running an irrigated enterprise).  

 Topic 10. Most important sources of information (Sources of information about water 
resource management for the Campaspe/Rochester area, including television, facebook, CMA 
and landcare)  

 11. You and your property (Background information about respondents and their 

property.).  

3.1.3 Survey pre-test 

After meeting with our agency partners to agree on the research objectives, explain the 

approach to data collection and analysis and identify the survey topics, the research team 

prepared a draft survey instrument. That draft was then reviewed by the research partners and 

revised ahead of a pre-test workshop with a small number of irrigators from the Campaspe-

Rochester district. Pre-test participants were posted a complete mail package (survey cover 

letter, survey booklet, explanation of the pre-test process) ahead of a half-day workshop at 

Rochester. Discussions at the pre-test workshop led to important changes, including reordering 

the topics (e.g. knowledge of farming moved towards the end of the survey so that landholders 

who did not identify as farmers would respond), reducing the number of items in some topics 

and addressing the issue of double cropping in the section asking for information about land 

use. A revised survey instrument was then reviewed at another workshop with our agency 

partners. 

3.1.4 The survey process 

The survey design and the mail-out process employed a modified Dillman (2007) approach. 

The survey was presented as a distinctive 16 page A4 booklet (including a cover page with 

photos, cover note repeated inside front cover page, thank you and other comments on inside 

back cover page and map of the study area on the back cover) and was mailed with an 

appealing cover letter and stamped, return addressed envelope. Prior to surveys being posted, 

an introductory note was posted to all survey recipients by GMW. After three reminder notices, 

all non-respondents were sent a new mail package which was followed by three additional 

reminder notices. Survey recipients were also advised that they could phone a 1800 number to 

speak with the research team or email us to raise questions or queries or make comments. 

Surveys were mailed to every one of the 754 irrigators on GMW’s license holder list (see 

above). After an eight-week period, the mail-out process was closed with 254 useable surveys 

returned from license holders with an entitlement greater than or equal to 5ML. As might be 

expected, some surveys were returned unopened by Australia Post, other surveys were returned 

with notes indicating the recipient had a small license, the property had been sold, or the 

addressee was dead or too ill to complete a survey. After removing those irrigators from the 

list, the response rate was 34%.  
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This response rate is lower than expected, an outcome we attribute to the high levels of stress 

on farmers (and their families) in that region because of low rainfall and very high prices for 

temporary water (up to $230ML) and the decision by dairy processors in the middle of the 

survey process to substantially reduce prices paid to dairy farmers and do that retrospectively.  

There was also a surprisingly large proportion of landholders with very small irrigation 

entitlements (i.e. <10ML) and feedback through phone calls and emails was that these irrigators 

didn’t think the survey applied to them (subsequent analysis appears to suggest that small 

license holders were less likely to return completed surveys).  

One way to assess the representativeness of survey data is to compare data provided by 

respondents with data gathered for similar cohorts by others, but particularly by the Australian 

Bureau of Statistics (ABS). In this case that is not possible because the ABS does not provide 

data for the farm census at a comparable geography. It was possible to compare respondents 

and non-respondents using the GMW data base (e.g. using median irrigation entitlements) and 

those comparisons (see below) suggest that the respondents are representative of the 

population of irrigators in the district. To the extent there is a difference, there is a trend for 

respondents to operate enterprises with larger irrigation entitlements.  

The proportion of respondents and non-respondents with a groundwater license or a surface 

water license were effectively the same (Table 3). Figure 4 provides a comparison of the 

percent exceedance of total (GW + SW) entitlement of the respondents and non-respondents 

and indicates that although the respondents have a slightly higher total water entitlement, the 

distribution of the size of entitlement between the respondents and non-respondents is 

comparable from 5ML/yr till about 2500ML/yr. As suggested by Figure 4, data presented in 

Table 3 shows that the median total groundwater and surface water entitlements of 

respondents is higher than for non-respondents (237ML to 200ML median GW entitlement, and 

73ML and 38ML median SW entitlement).  

Although the response rate was lower than expected, given the similarity between the 

respondents and non-respondents in terms of their irrigation entitlements and that 34% of all 

irrigators completed a survey, we are confident that information gathered is representative of 

the Campaspe case study. That is, we suggest it is reasonable to extrapolate from the 

respondents to the population of irrigators in the case study area. 

 

Table 3. Comparison of respondents and non-respondents: for groundwater (GW) and 
surface water (SW) entitlement, using GMW irrigator data. 

  

Median GW 

entitlement (ML) 

% with GW 

entitlement 

Median SW entitlement 

(ML) 

% with SW 

entitlement 

Participants (n=254) 237 26% 73 91% 

Non-participants 
(n=500) 200 21% 38 90% 

Total (N=754) 202 22% 49 91% 
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3.1.5 Data analysis 

To gather an understanding of the survey respondents the mean and/or median responses of 

various property and personal characteristics were calculated. Details on the water savings 

calculations are given in Section 3.2.  

3.2 WATER SAVINGS CALCULATIONS 

The on-farm water savings were calculated by determining the volume of water required to 

irrigate each crop using flood irrigation, called the baseline (Section 3.2.1). Then the water that 

has been (current) or could be (future) saved from the adoption of WUE practices is deducted 

from the baseline to give the new water use and the water savings (Section 3.2.2). The impact 

of each on-farm practice is summed to give the total impact for the study region. Uncertainty 

around the impact from the level of adoption, the area of WUE practice implementation, and 

the impact of participation in the FWP is explored through running various scenarios (Section 

3.2.3). The steps and assumptions around the calculations are detailed in the following sections. 

3.2.1 Determining the baseline water use 

The baseline water use was the volume of water that would typically be required to irrigate the 

area under each enterprise on each farm if it was flood irrigated. The enterprise area was 

provided by survey respondents, and the typical water use values for flood irrigation were the 

values from the ‘Water Savings Calculator’ updated by local DEDJTR and CMA staff. The 

values for the typical flood irrigation water requirement are given in in Table 4. 

 

  

 

Figure 4. Percent exceedance comparison of the total (i.e. GW + SW) entitlement of the 

respondents (n= 254) and non-respondents of the survey (n= 500). 
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Table 4. Typical irrigation water requirement for flood irrigation by crop type for the 

Campaspe-Rochester case study. 

 

Typical irrigation 
requirement 
(ML/ha/yr) 

Reference 

Annual pasture 5  DEDJTR 

Cereals (winter wheat) 3.5 DEDJTR 

Oilseeds (winter canola) 3.5 DEDJTR 

Pulses (winter fababeans) 3.5 DEDJTR 

Annual horticulture (tomatoes) 8 Top and Ashcroft, 2005 

Perennial pasture 12 DEDJTR 

Perennial horticulture (almonds) 14 DPI Vic, 2012 

 

3.2.2 Determine volume of water saved 

The second step was to identify the volume of water that could be saved due to the 

implementation of each WUE practice. This calculation was based on the assumed WUE 

dividend provided by the adoption of WUE practices for the area of each crop. We began using 

advice from local DEDJTR and CMA staff, to review the typical irrigation water requirements 

for each crop and the potential WUE savings given in the Water Savings Calculator. We 

selected a specific WUE value for each crop type from the range identified in Table 4 above, 

to reflect the typical volume of water required for flood irrigation and the possible water 

savings by WUE practices, for an average irrigator in the region. Those savings are provided in 

Table 5. The local DEDJTR and CMA staff advised that if a pipe and riser, drip, spray or fast 

flow irrigation system was installed then laser grading, SMM and the conversion from channels 

to pipes would have occurred at the same time. Therefore the values presented in Table 5 for 

these irrigation types are assumed to include the water savings from those additional practices. 

Some respondents had adopted more than one WUE practice. Some WUE practices cannot be 

implemented on the same area of land concurrently, while others can. If more than one of the 

following pressurised irrigation types, pipe and riser, drip, spray or fast flow, had been 

adopted then it was assumed that each practice was implemented on an even proportion of 

each enterprise type. The exception to this was for drip irrigation, which was assumed to only 

be implemented on horticultural crops. Multiple WUE practices from laser grading, SMM, 

converting channels to pipes and installing a tail-water re-use system can be implemented 

simultaneously on land which is flood irrigated. Therefore it was assumed that the water saving 

values given in Table 5 for these practices were additive, when no other pressurized irrigation 

system has been implemented.  

There is a minimum volume of water required for irrigation, below which, crop productivity 

would start to decline (DEDJTR staff, pers. Comm.). Therefore a minimum irrigation water 

requirement for each crop type was imposed, to avoid calculating unrealistic water savings if 

multiple WUE practices were adopted, and their water savings summed in the calculations. The 

minimum irrigation water requirement volumes are given in Table 6. 

Using advice from the local government agency staff (DEDJTR and CMA) we were able to 

refine our assumptions around the area of each enterprise type that each WUE practice would 

be implemented on. Some WUE practices are likely to be adopted incrementally, while others 

are more likely to be applied to a whole property at the outset. We used this information to 

define the most likely initial (or minimum) and final (or maximum) area of adoption of each 

WUE practice on each enterprise type for the region (Table 7). For example, the benefits from  
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Table 5. The volume of water that could be saved (ML/ha/yr and as a %) when compared to the typical irrigation requirement (Table 
4) from each WUE practice on each crop type (Source: unless otherwise marked, Water Savings Calculator).  

 Laser grading  
Soil moisture 
monitoring2  

Tail-water 
reuse  

Channels to 
pipes 3 

Pressurised 
pipe and riser * Drip irrigation * 

Fast flow 
system 1*  

Spray 
irrigation * 

Annual pasture 0.3 (6%) 0.1 (2%) 0.3 (6%) 0.8 (16%) 0.8 (16%) 1.7 (34%) 1.8 (36%) 1 (20%) 

Cereals (winter wheat) 0.3 (9%) 0.1 (3%) 0.3 (9%) 0.8 (23%) 0.8 (23%) 1.7 (49%) 1.3 (36%) 1 (29%) 

Oilseeds (winter canola) 0.3 (9%) 0.1 (3%) 0.3 (9%) 0.8 (23%) 0.8 (23%) 1.7 (49%) 1.3 (36%) 1 (29%) 

Pulses (winter faba 
beans) 0.3 (9%) 0.1 (3%) 0.3 (9%) 0.8 (23%) 0.8 (23%) 1.7 (49%) 1.3 (36%) 1 (29%) 

Annual horticulture 
(tomatoes) 0.5 (6%) 0.3 (4%) 0.9 (11%) 1.3 (16%) 1.3 (16%) 3.1 (39%) 2.9 (36%) 1.8 (23%) 

Perennial pasture 0.7 (6%) 0.3 (3%) 1.3 (11%) 1.7 (14%) 1.7 (14%) 4.1 (34%) NA 2.4 (20%) 

Perennial horticulture 
(almonds) 0.7 (5%) 0.3 (2%) 1.3 (9%) 1.7 (12%) 1.7 (12%) 4.1 (29%) NA 2.4 (17%) 

1 Anthony (2011) 
2 The values for soil moisture monitoring were taken from the improvement that could be made from ‘irrigation scheduling’ 
3 The channels to pipe values were assumed to be under a gravity system 

* Values account for water savings from laser grading, SMM and conversion from channels to pipes 
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Table 6. Comparing the typical water requirement for flood irrigation and best 

practice WUE by enterprise type for Campaspe case study (Source: unless otherwise 

marked, Water Savings Calculator). 

Crop 
Min irrigation 

(ML/ha/yr) 
Reference 

Annual pasture 3 Local DEDJTR staff 

Cereals (winter wheat) 2* Local DEDJTR staff 

Oilseeds (winter canola) 2* Local DEDJTR staff 

Pulses (winter faba beans) 2* Local DEDJTR staff 

Annual horticulture (tomatoes) 6 Top and Ashcroft, 2005 

Perennial pasture 9  Local DEDJTR staff 

Perennial horticulture (almonds) 10 DPI Vic, 2012 

* Winter crops might not need irrigation, so this value could be 0ML 
 

Table 7a: Minimum area (%) that each WUE will be implemented on, depending upon 
the enterprise. (Source: Local DEDJTR and CMA staff, pers. Comm) 

  
 Annual 
pasture 

Perennial 
pasture 

Cereal Oilseed Pulses 
Perennial 
horticulture 

Annual 
horticulture 

Laser grading 30 30 30 30 30 100 100 

Pipe and riser 25 25 25 25 25 0 0 

Soil moisture 
monitoring 100 100 100 100 100 100 100 

Channels to 
pipes 20 20 20 20 20 0 0 

Tail-water re-use 100 100 100 100 100 100 100 

Drip irrigation 
system 0 0 0 0 0 100 100 

Fast flow 
irrigation system 25 25 25 25 25 0 0 

Spray/walker 
irrigation system 25 25 25 25 25 100 100 

 

Table 7b: Maximum area (%) that each WUE will be implemented on, depending upon the 
enterprise. (Source: Local DEDJTR and CMA staff, pers. Comm) 

 

Annual 
pasture 

Perennial 
pasture 

Cereal Oilseed Pulses 
Perennial 
horticulture 

Annual 
horticulture 

Laser grading 90 90 100 100 100 100 100 

Pipe and riser 50 50 75 75 75 0 0 

Soil moisture 
monitoring 100 100 100 100 100 100 100 

Channels to 
pipes 100 100 100 100 100 0 0 

Establish re-use 100 100 100 100 100 100 100 

Establish drip 
system 0 0 0 0 0 100 100 

Establish fast 
flow system 100 100 100 100 100 0 0 

Establish 
spray/walker 
system 50 50 75 75 75 100 100 
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SMM, was most likely to be achieved across the whole of a property from the outset. The most 

likely approach is to monitor the water content in the major soil types across the property, and 

then irrigate each soil type across the property according to those findings. Whereas other 

practices such as spray irrigation, are more likely to be implemented incrementally, due to the 

costs involved. There are also combinations of WUE practice and enterprise which, although 

there have been local instances of them occurring, they are not common practice. For example 

drip irrigating a pasture, cereal, oilseed or pulse. Therefore the minimum and maximum area 

for which they would apply were set accordingly. More detailed explanations are given in 

Appendix 9.2.  

Laser grading is a practice where once it has been completed, it would not need to be redone 

in the long term. Therefore if a respondent had completed laser grading, and did not intend 

to do it in the future, then it was assumed that they had already laser graded their whole 

property. However, if they had done laser grading currently, and intended to do more in the 

future, then it was assumed that they would adopt it incrementally applying Table 7A for the 

current calculations, then Table 7B for the future. Further detail on the assumptions behind the 

implementation of laser grading are given in Appendix 9.2. 

3.2.3 Regional scenario analysis 

The volume of water that could be saved across the region by implementing WUE practices 

varied by the number of people adopting the practice, and the area of the enterprise which 

they applied the practice to. We developed and explored scenarios to assess the potential 

range in water savings given the intended adoption of the WUE practices, and our informed 

estimate of the area they would be applied to. 

We used the survey responses to inform us of the likely minimum and maximum adoption of 

each of the WUE practices. More specifically, the survey asked ‘What changes have you made 

in the management of your property in the Campaspe-Rochester area in the last 5 years’, or ‘plan 

to make in the next 5 years?”. The response options are given in the Table 8. Response number 

1 for both the current and future cases was interpreted to be that they did not, or would not 

carry out that WUE practice. A response of 3 for the current management, and 2 for the 

future management were interpreted to mean that they had ‘planned’ to do that practice, or 

are ‘considering’ doing that practice in the future, so we classed that as a practice that might 

be done. While a response of 2 or 4 for the current management and 3 for the future 

management was considered to be a ‘yes’ they have or will carry out this action.  

Table 8: Response options for the current and future management of the property 
Response options for the past/current management Response options for the future management 

1. Never considered doing this 1. Not interested at this time 

2. Did this before but not in last 5 years  

3. Planned to do this but did not do it in last 5 years 2. Will give serious consideration to doing this 

4. Did this in last 5 years 3. Intend to do this/continue doing it/ do more 

5. Not applicable 4. Not applicable 

 

The minimum number of people who would adopt the practice are those who will definitely 

implement the action (i.e. “intend to do this/ continue doing / do more”). While the maximum 

number of people is those who will definitely implement the action (as above), plus those who 

might do it (i.e. “Will give serious consideration to doing this”). 

The survey topic exploring future adoption of WUE practices contained a typograhical error 

for one practice that was not picked up prior to printing. The affected practice was the 

intention to “Establish a centre pivot or other “walker” system” (CPWS) in the next five years”. 
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We inferred the likely future adoption of this irrigation system using the following approach.   

Given the initial financial outlay for spray irrigation equipment, we assumed that if someone 

had established a centre pivot or other “walker” system (CPWS) in the past (as indicated in 

the topic exploring current adoption) they were highly likely to continue with that system in the 

next five years. 

Of course, others may adopt a CPWS in the future. A CPWS typically requires a pressurized 

system, but these systems can also be used for other forms of irrigation including drip 

irrigation and fast flow systems. We used the survey responses for the past five years for 

“Establish a pressurized irrigation system” and “Established a centre pivot or other “walker” 

system”, plus “Establish a pressurized irrigation system” in the next five years, to assume the 

future adoption of a CPWS. We assumed that the proportion of pressurized systems 

established for a CPWS in the future, would be the same as the past. So that same proportion 

of those who intended to establish a pressurized system in the future (but had not adopted it in 

the past) were assumed to adopt a CPWS.  

We made similar assumptions to estimate those who may consider establishing a CPWS in the 

future. That is, we assumed that the proportion of pressurized systems being considered for a 

CPWS in the future, would be the same as in the past.  

. 

Table 9: Water savings scenarios 

No. 
Scenario Description 

1 Baseline 100% flood irrigation on all irrigation area. No WUE practices 

2 Current Baseline minus water savings from current adoption of WUE practices 

3 

Future Minimum (min 

adoption : min area) 

without FWP 

Baseline minus water saved by those who “intend to do this/ continue doing / 

do more” WUE practice, on the minimum area (i.e. Table 7A), without 

adjustment for participation in the FWP 

4 

Future Minimum (min 

adoption: min area) 

with FWP 

Baseline minus water saved by those who “intend to do this/ continue doing / 

do more” WUE practice, on the minimum area (i.e. Table 7A), with adjustment 

for participation in the FWP 

5 

Future (min adoption: 

max area) 

Baseline minus water saved by those who “intend to do this/ continue doing / 

do more” WUE practice, on the maximum area (i.e. Table 7B) 

6 

Future (max 

adoption: min area) 

without FWP 

Baseline minus water saved by those who “intend to do this/ continue doing / 

do more” AND those who “Will give serious consideration to doing this” WUE 

practice, on the minimum area (i.e. Table 7A), without adjustment for 

participation in the FWP 

7 

Future (max 

adoption: min area) 

with FWP 

Baseline minus water saved by those who “intend to do this/ continue doing / 

do more” AND those who “Will give serious consideration to doing this” WUE 

practice, on the minimum area (i.e. Table 7A), with adjustment for participation 

in the FWP 

8 

Future Maximum 

(max adoption: max 

area) 

Baseline minus water saved by those who “intend to do this/ continue doing / 

do more” AND those who “Will give serious consideration to doing this” WUE 

practice, on the maximum area (i.e. Table 7B) 

9 

Aspirational 

management 

The optimum WUE practices by everyone on 100% of the irrigated area, 

according to current landuse. 

Aspirational management for pasture, cereals, oilseeds and pulses = spray 

irrigation, SMM, tail-water re-use system and laser grading 

Aspirational management for horticulture = drip irrigation, SMM, tail-water re-

use system and laser grading 
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In Section 3.2.2 we discuss the likely initial (or minimum) and final (or maximum) area of 

adoption of each of the WUE practices (See Table 7A and B), but these values don’t take into 

account the impact of government funding on adoption. The Farm Water Program (FWP) is a 

government funded program which financially supports farmers to improve their on-farm WUE 

through the adoption of practices such as those included in this research. Therefore, according 

to our local experts, the rate of adoption of WUE practices would not be incremental if a 

respondent had participated in the FWP. We used the responses to the survey question “Are 

you involved in the Farm Water Program that aims to improve on-farm water use efficiency?” 

to inform us whether a respondents adoption of a practice was likely to be incremental (i.e. 

using the initial then maximum area values in Tables 7A and B), or whether they were more 

likely to be a rapid adoption straight to the maximum area (Table 7B). If the response to this 

question was “Not started”, “Early stages”, or “Halfway”, then an incremental change was 

assumed, but if it was “Well advanced”, or “Completed/Ongoing” then the maximum area 

was used. 

From this we developed 9 scenarios which cover a range in the number of people adopting 

the practice, and the area of enterprise to which they would implement the WUE practice both 

ignoring and applying the impact of the FWP, to explore the possible water savings for the 

study area. The 9 scenarios are described in Table 9 and shown diagrammatically in Figure 5 

 

 

Figure 5. Diagrammatic representation of the scenarios, as they vary by the number 

of people adopting the WUE practice, and the area that the WUE practice is 

implemented. 
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3.3 VALUE OF WATER SAVINGS 

The water that was saved under the different scenarios could be left with the irrigators to do 

with as they pleased. However, if they have participated in the FWP, then 60% of their water 

savings had to be returned to the environment, as part of the agreement to have access to the 

government funding. To estimate the possible monetary value of the water we calculated how 

much it could be sold for on the temporary market, and then made the same calculations 

assuming that 60% of the total water savings from those who had participated in the FWP 

was not available for them to sell. The values for the water savings were taken from the 

historic record of the trends in allocation trade in northern Victoria from 2007-08 to 2014-15 

(Cummins and Associates, 2016). This data showed that the highest median allocation trade 

price was for 2007-08 at $320/ML, the lowest median price was in 2011-12 at $20/ML and 

a moderate was price was for 2014-15 at $122/ML. These values were used to calculate the 

value of the total volume of water saved during a high, moderate and low allocation price 

year. 

4 FINDINGS 

4.1 BACKGROUND CHARACTERISTICS 

Table 10 shows some important background statistics of the 254 survey respondents. Most of 

the survey respondents only own a single property and 90% live on the property in the study 

area. The median age of the respondents is 57, and they have lived in the district for a long 

time, with the median length being 24 years. However, 39% do not have family interested in 

taking over the property which may be a reflection of the need of the farmers approaching 

retirement to sell their farms to provide for their future livelihoods. Substantially more people 

have a surface water license compared to a groundwater license (i.e 91% compared to 26% 

respectively), but the groundwater licenses are significantly larger with the median 

groundwater license being 237ML, compared to the SW (73ML). There is a large level of 

farm debt with 55% having more than 60% debt in the property, and of that 38% have more 

than 80% debt in their property. 

Table 10: Personal and farming background (N=250)  

Characteristic Value 

Median property size / Average property size 90 ha, 251.4ha 

Lease/ Share farm/ Agist to or from others 16%, median 98 ha 

Own > 1 property 32%, median 2 properties 

Median age 57 years 

Time family owned property 24 years 

Live on property in study area 90% 

Have groundwater entitlement 26%, median 237ML 

Have surface water entitlement 91%, median 73ML 

Irrigation/ dryland as % of all farm land 62% irrigated / 38% dryland 

Level of farm debt 38%>80%     17%: 60%-80% 

Family interested in taking on property No 39%  Unsure 28%   Yes 33%,  
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Table 11: Background data on land use and irrigation of the survey respondents (N=250) 

   Annual pasture   Perennial pasture   Cereals   Oilseeds   Pulses  
 Perennial 

Horticulture 
 Annual 

Horticulture TOTAL  

 Area (ha) (n)  Area (ha) (n)  Area (ha) (n)  Area (ha) (n)  Area (ha) (n)  Area (ha) (n)  Area (ha) (n)  Area (ha) (n)  

Total enterprise area  12654 168 8935 144 14176 124 2481 21 800 13 62 6 465 8 39573 484 

Dryland area  4334 19 2594 13 9637 52 1564 10 294 5 2 1 145 5 18570 105 

Irrigated area 8320 149 6341 131 4540 72 917 11 506 8 60 5 320 3 21003 379 

GS irrigated area 6932 149 5626 129 3532 69 452 11 410 10 0 4 0 4 16952 376 

PS irrigated area 1388 56 716 53 1008 34 465 11 96 8 60 9 320 7 4052 178 

Max area/property 1100 830 800 400 200 24 280   
Average area / 
property 

75.3 62.1 114.3 118.1 61.5 10.3 58.1 81.8 

Min area/property 0.3 0.5 2 10 4 2 4   

 % 

% of total cropped 
area 32.0 22.6 35.8 6.3 2.0 0.2 1.2   

% Dryland area 34.3 29.0 68.0 63.0 36.8 3.2 31.2 37.9 

% Irrigated area 65.7 71.0 32.0 37.0 63.3 96.8 68.8 62.1 

% GS irrigated area 83.3 88.7 77.8 49.3 81.0 0 0 54.3 

% PS irrigated area 16.7 11.3 22.2 50.7 19.0 100 100 45.7 
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The survey respondents had a total of 39,573ha of cropped land, which represents about 

20% of the total survey area (Table 11). Cereals covered the largest proportion of the 

enterprise area (35.8%), with pastures (annual and perennial) making up another 54.6%. 

Horticulture, oilseeds and pulses only cover a small proportion of the area. Annual pasture 

(65.7%), perennial pasture (71.0%), perennial horticulture (96.8%), pulses (63.3%) and 

annual horticulture (68.8%) were mostly irrigated, while cereals (only 32% irrigated) and 

oilseeds (only 37.0% irrigated) are mostly dryland crops. Pressurized systems are mainly used 

on perennial horticulture (100%) and annual horticulture (100%), while gravity irrigation is the 

most common system used on annual (83.3%) and perennial pastures (88.7%), cereals 

(77.8%) and pulses (81.0%). 

4.2 CURRENT ADOPTION OF WUE PRACTICES 

 

In total 195 (77%) of survey respondents were currently implementing a WUE practice, or 

had done so in the last 5 years. Figure 6 shows the percent of respondents who had 

implemented each of the WUE practices in the last 5 years, including the current water year. It 

shows that the majority of people (71%) have implemented laser grading in the last 5 years, 

and a tail-water re-use system has also been popular with 44% having implemented those. 

Drip irrigation and spray irrigation have had the least implementation with only about 5% 

implementation of each. These trends are strongly influenced by the implementation costs and 

the types of enterprises which they are suited to. For example, drip and spray irrigation is 

significantly more expensive than laser grading, costing around $2,500 to $3,500, $6,000 to 

 

Figure 6. Percent of respondents (n= 254) who have carried out each of the WUE practices in 

the last 5 years up to and including the 2015-16 water year. 
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$9,000 and $2,000 to $2,500/ha respectively to implement (Smith, 2012). Also, laser 

grading is most readily used on irrigated pastures and broad acre-cropping, while drip and 

spray irrigation is most typically used on horticulture, so the response on the % of 

implementation, may just be a reflection on area that is under each enterprise.  

 

4.3 FUTURE ADOPTION OF WUE PRACTICES 

 

In total 195 (77%) of survey respondents expressed an intention to adopt, or are considering 

adopting WUE practices in the future. In fact, it is the same 195 people (77% of respondents) 

who had currently, or have previously adopted WUE practices.  

Comparing the change in the current and future intended adoption of these WUE practices, 

gives a good indication as to where the most interest lies in the different practices. Figure 7 

shows that the there is a growing momentum in the adoption of SMM with an additional 9 

people (5% of those adopting WUE practices) intending to adopt it in the future. An 

additional 30 people are also considering adopting these practices.  

Conversely, there are 70 fewer people intending to laser grade in the future. This figure could 

be affected by the fact that once completed, laser grading does not need to be continued 

 

Figure 7. Change in the number of people adopting each WUE practice (i.e. Future 
adoption minus current adoption). Blue indicates the change in those who are most likely to 
adopt (i.e. HAVE done the practice and INTEND doing it in future), and yellow indicates the 
change in those less likely to adopt (i.e. PLANNED but didn’t and are CONSIDERING for the 
future). Negative numbers indicate fewer people will do that practice in the future, positive 
numbers indicate more people will do that practice in the future. 
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into the future. Therefore, respondents may have done laser grading and did not intend to do 

it, or that it was not applicable in the future, because they had already completed it across 

their whole property. This explanation could account for 55 (78%) of the apparent 70 person 

decline in laser grading in the future. So although the numbers around the adoption of laser 

grading may be complicated to interpret, there is still some indication that there is a decline in 

its uptake, but perhaps not as severe as indicated in Figure 7.  

The next largest decline in the adoption of a WUE practice was for the implementation of a 

tail-water re-use system. Twenty-eight fewer people were intending to use a tail-water re-use 

system, and there is also 8 fewer people considering using a tail-water re-use system in the 

future. This suggests there will be a substantial decline in the use of tail-water re-use systems. 

Similar to laser grading, there were 24 people who established a tail-water re-use system in 

the past/current and responded that it was not applicable for the future. Part of the 

explanation for this trend may be that improved WUE irrigation systems such as spray and 

drip irrigation, do not require a reuse system because they are designed not to generate run-

off from irrigation.  

Mareels et al. (2005) stated over 10 years ago that the water losses from channels “are 

insufficient to warrant consideration of replacing the canal infrastructure by a piped water 

network”. The results here suggest that our respondents have also come to this conclusion in 

that 10 fewer people are anticipated to convert their channels to pipes in the next 5 years 

compared to the past/current. However, there are 15 more people considering the adoption 

of this practice compared to the current.  

4.4 LIKELY WATER SAVINGS FOR THE REGION 

It would take 142,021ML/yr of water to flood irrigate the irrigated area owned by the 

respondents assuming no WUE practices have been adopted (ie. The baseline scenario) (Table 

12). The current WUE practices adopted by the respondents saves 12.3% of that water, with 

the irrigation water coming down to 124,540ML/yr. The potential water savings under the 

future scenarios ranged from a 1.3% to 15.2% reduction compared to the current water use. 

While the aspirational goal of 100% adoption of best practice would reduce the current 

irrigation water use by 22.5%. 

Scenarios 3 and 5, and 3 and 6 vary in the number of people adopting a WUE practice and 

the area that it is implemented on, so the difference between the scenario results can be used 

to investigate the influence of the number of people adopting a practice compared to the 

area on which they implement it. For example, the difference between the water savings from 

Scenarios 3 and 5 is 10,661ML/yr (or 10.7GL/yr or 8.6% of the current water use), which 

represents the influence of the area of implementation of WUE practices (refer back to Figure 

5) by the minimum number of people (i.e. those who ‘intend’ to adopt a practice). The 

difference between Scenarios 3 and 6 is 9,317ML/yr or 7.5% of the current water use. This 

indicates that the gain made from enticing those who are ‘considering’ an action to implement 

it, compared to getting those who intend to implement it, to implement it on a maximum area, 

is comparable. 

24% of respondents have participated in the FWP to the level we have assumed would 

impact upon their WUE (i.e. “Well advanced”, or “Completed/Ongoing”). We can investigate 

the impact of the FWP program upon water savings by comparing the values for scenarios 3 

and 4, and 6 and 7. Involvement in the FWP increases the water savings from 1.3 to 3.9%, 

with the minimum number of practices on the minimum area (i.e. Scenario 3 & 4). From 
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scenarios 6 and 7 (i.e. the maximum number of practices on the minimum area), the impact of 

the FWP was only 0.4%. This equates to between about 450ML to 3.2GL attributed to the 

FWP program depending on the other assumptions around adoption. Of this about 272ML to 

2GL would go to the environment (i.e. the 60% government share) and from 181ML to 1.3GL 

would be available for the farmers. 

 

Table 12: Regional water use and savings for the 6 WUE scenarios 

 

Irrigation water 

(ML/yr) 

∆ irrigation water 

from baseline 

∆ irrigation water from current      

(ML/yr and %) 

1. Baseline          142,021      

2. Current          124,540  -           17,482  -12.3%* 

3. Future Minimum (min adoption : 

min area) without FWP          122,981  -           19,041  -          1,559 (-1.3%) 

4. Future Minimum (min adoption: 

min area) with FWP          119,692  -           22,330  -          4,848 (-3.9%) 

5. Future (min adoption: max area)          112,320  -           29,702  -        12,220 (-9.8%) 

6. Future (max adoption: min area) 

without FWP          113,663  -           28,358  -        10,876 (-8.7%) 

7. Future (max adoption: min area) 

with FWP          113,210  -           28,811  -        11,330 (-9.1%) 

8. Future Maximum (max adoption: 

max area)          105,614  -           36,407  -        18,925 (-15.2%) 

9. Aspirational management            96,475  -           45,547  -        28,065 (-22.5%) 

* Percent change from baseline 
Note: The FWP scenario values show the total water saved (i.e. the share returned to the environment plus that 
remaining with the farmer). 

4.5 WHERE ARE THE BIGGEST GAINS? 

Across the board there are still plenty of gains to be made in water savings to reach the 

aspirational water use goal (Figure 8). The only exception to this is for annual horticulture, 

which has had a high adoption of drip irrigation, and hence is operating within 20% of the 

aspirational water use value. Water use for perennial horticulture is the furthest from the 

aspirational water use target, currently operating at about 20% above the flood irrigation 

baseline. This is most likely due to the dominant use of spray irrigation, rather than drip 

irrigation system, and the lack of adoption of SMM. Across the broad-acre crops (pasture, 

cereal, oilseeds and pulses) the most gains could be made with the adoption of spray 

irrigation, and more widespread use of laser grading and SMM. Note that both the annual 

and perennial horticulture have small n values (i.e. number of survey respondents) (Table 11), 

so these results may be unreliable. 

Given the current and intended adoption of WUE of practices, cereals, annual pasture and 

pulses are the enterprises which are most likely to give the greatest water savings with up to 

21%, 21% and 18% gain in water savings compared to the current water use, respectively 

(Table 13). This means that the future adoption of WUE practices is greatest for farmers with 

cereals, pulses and annual pasture, and if these intentions are realized, then the production of 

cereals, pulses and annual pasture is most likely to move furthest towards the aspirational 

water use goal (Figure 8). There’s not much to be gained from annual horticulture, shown in 

Figure 8, as it is already performing at a high WUE.  
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Table 13: Percent change (%) in the irrigation water for each land use for each 
scenario compared to the current water use. 

 

Annual 

pasture 

Perennial 

pasture 
Cereals Oilseeds Pulses 

Perennial 

Horticulture 

Annual 

Horticulture 

3. Future minPminA, 

without FWP 1 -4 3 6 6 -3 2 

4. Future minPminA, 

with FWP -3 -5 -2 0 1 -3 2 

5. Future minPmaxA -13 -8 -14 -8 -14 -3 2 

6. Future maxPminA 

without FWP -8 -10 -8 -5 -3 -7 -3 

7. Future maxPminA 

with FWP -8 -10 -9 -6 -3 -7 -3 

8. Future maxPmaxA -21 -12 -21 -13 -18 -5 -3 

9. Aspirational 

management -32 -16 -31 -26 -22 -29 -5 

 

Figure 9 shows the volume of water savings if everyone intending to adopt WUE practices 

implemented it on the maximum area (i.e. Scenario 5 – 3). It shows that about 7,800ML/yr 

(i.e. 7.8GL) could be saved if those with perennial and annual pasture adopted their practice 

on the maximum area. This is 73% of the gain in water savings shown in Figure 9.  

 

Figure 8. Current water use for each enterprise type, as a normalized percent (%) 
between the maximum water requirement from flood irrigation (i.e. baseline = 0%) 
and the minimum water requirement (i.e. Aspirational goal = 100%). 
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Figure 9. Volume of water savings if those people intending to adopt a WUE practice 
applied it to the maximum area, and the enterprises which they operate, without the 
impact of the FWP (i.e. Scenario 5 – Scenario 3) 

 

 
Figure 10. Volume of water savings if those people considering an action were to 
adopt it, and the enterprises which they operate, without the impact of the FWP (i.e. 
Scenario 6 – Scenario 3) 
Figure 11.  
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Figure 10 shows the volume of water that could be saved for each enterprise by those who 

are considering the action. It shows that over 7,300ML/yr (i.e. 7.3GL/yr) could be saved if 

those considering WUE practices relevant to perennial and annual pastures were to implement 

them, which is almost 80% of the possible water shown in Figure 10. This indicates that 

although the greatest percentage gains could be made by enticing cereal and pulse 

producers to adopt their intended WUE practices (Figure 8), the greatest gains for the region 

are likely to be achieved by ensuring that those who have annual and perennial pastures, and 

are considering or intending to adopt WUE practices, do so, and on the maximum possible 

area. 

Of the people with annual or perennial pasture who are considering WUE practices, 30% (30 

people) own almost 80% of irrigated pasture area (Figure 11). Therefore targeting these 

people to encourage adoption could be an effective strategy. 

5 WIDER IMPLICATIONS OF THE RESEARCH 

As discussed in Section 2.1, the Campaspe SW catchment has already met its local recovery 

target of 18GL.yr, reportedly having already recovered 29GL/yr. However, 251.1GL/yr is 

still needs to be recovered from the Southern Basin Victoria Region. There is not any recovery 

required from the current groundwater entitlement. The calculations here found that up to 

about 7% of the regional recovery target could be achieved through the adoption of WUE 

under the future maximum scenario (i.e. Scenario 8), while under the aspirational scenario 

about 11% of the regional recovery could be achieved. Remembering that this water savings 

is only for a small population size (i.e. 254 respondents, of a possible 754), so if the 

assumption that the intention to adopt WUE practices was similar between the respondents 

 

Figure 11. Percent exceedance curve of the number of people who are considering WUE 

practices in the future, and the area of annual and/or perennial pasture that they have. 
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and non-respondents, then the potential for WUE water savings would increase to about 21% 

and 33% respectively. This proportion of water savings is quite substantial from only a small 

area of the Southern Basin Victoria Region (i.e. the survey respondents enterprise area is 

0.4% of the Southern Basin (Victoria) Region, while the study area is 2%). Given the diversity 

of the landscape, and therefore the dominance of dryland agriculture in other parts of the 

Southern Basin (Victoria), it is likely that these results are more relevant to extrapolate only 

across the Goulburn Murray Irrigation District (GMID). In this case, the survey respondents’ 

enterprise area is 3.9% of the GMID, while the study area is about 20%. This indicates that 

WUE can play a role in recovery of water for the environment under the MDB Plan, but it is up 

to the State and Federal Governments to decide whether this level of water savings is worth 

investing in. 

If the water saved through WUE practices was available for the farmers to use as they 

wished, rather than be claimed back for environmental watering, then farmers could use it to 

irrigate more crops and therefore generate more income (assuming they can access additional 

land), or they could sell the water on the temporary market (allocation market). Note that in 

scenarios which take into account the FWP, 60% of the water savings from those who have 

participated in the program has been withheld from the calculations for the environment. 

Given the current potential for adoption of WUE practices by the survey respondents, up to 

$6.0 million could be gained each year by the respondents from selling the water saved on 

the allocation water market, without considering any water returned to the environment due to 

the FWP (Table 14). If the FWP environmental water was taken into account this would reduce 

down to $4.1 million, assuming that all of a FWP participants’ WUE practices were subsidised 

by the FWP. If the results were averaged over the 195 respondents who expressed an 

intention, or were considering practices in the future, then this would equate to a mean of 

about $31,000 to $21,000 per farm per year. The farmer would need to decide whether the 

investment in the WUE practice would be worthwhile if this was the likely return on the water 

market. However, in extended dry periods farmer income can be negligible, so this additional 

income, without requiring any spending for production, might be an appealing economic 

option. 

Table 14: Potential profit if water saved was sold on the temporary market using 
historic high, moderate and low values of the water. 

Scenario 

Total water savings 
compared to current 

(ML/yr) 
High price 
$ 320/ML 

Moderate price  
$122/ML 

Low price 
$20/ML 

3. Future minPminA, 
without FWP 1,559 $498,941 $190,221 $31,184 

4. Future minPminA, 
with FWP - $- $- $- 

5. Future minPmaxA 
without FWP 12,220 $3,910,421 $1,490,848 $244,401 

Future minPmaxA 
with FWP 7,290 $2,332,662 $889,328 $145,791 

6. Future maxPminA 

without FWP 10,876 $3,480,425 $1,326,912 $217,527 

7. Future maxPminA 
with FWP 5,454 $1,745,384 $665,427 $109,086 

8. Future maxPmaxA 
without FWP 18,925 $6,056,120 $2,308,896 $378,507 

Future maxPmaxA 
with FWP 12,853 $4,113,002 $1,568,082 $257,063 

9. Aspirational 
management 28,065 $8,980,799 $3,423,930 $561,300 
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6 CONCLUSIONS 

The Campaspe River region in Northern Victoria is an important irrigation district in Australia’s 

Murray Darling Basin. Due to climate variability and water reform, the water available for 

irrigation in this area is becoming increasingly scarce. The adoption of Water Use Efficient 

(WUE) practices is one way that irrigators can adapt to the water scarcity while maintaining 

production. This document reports on results from a social survey conducted in the Campaspe 

River region which explored the current and future intention to adopt 8 different WUE 

practices. A census of groundwater and surface water irrigators in the area was conducted, 

with 754 surveys delivered and a response rate of 34% (i.e. 254 useable surveys were 

returned). We used information provided by survey responses to calculate the current and 

possible future water savings that could be achieved by those people who already have an 

interest in adopting those practices. The research was based around three research questions, 

which will now be addressed. 

1) What is the current level of adoption of water use efficient irrigation practices beyond 

flood irrigation, in the lower Campaspe River region? 

77% of the survey respondents had adopted at least one WUE practice currently, or in the 

last 5 years. Laser grading and tail-water re-use systems were the most widely adopted 

practices while spray irrigation and drip irrigation systems were the least widely adopted. 

The trends in adoption are most likely influenced by their cost to implement and a reflection on 

their suitability to different enterprise types. 

2) What is the likely adoption of more water use efficient irrigation practices, in the 

Lower Campaspe River region? 

The same 77% of survey respondents expressed an intention to adopt, or indicated they were 

considering adopting WUE practices in the next 5 years. There were significant changes in the 

types of WUE practices that were more likely to be adopted. The number of people 

interested in SMM was increasing, while the number doing laser grading and using tail-water 

re-use systems were in decline. Also, the number of people ‘considering’ doing WUE practices 

in the future was increasing, while the number with a clear intention to undertake WUE 

practices was in decline. This trend may reflect a growing level of uncertainty about the 

viability farming businesses in the study area at the time of the survey. 

3) What is the likely amount and value of water savings for the region, and how does this 

compare to requirements for water savings under the current MDB Plan? 

Our calculations suggest that up to 15% of the current water used for irrigation could be 

saved if those intending or considering to adopt WUE practices do so. The greatest gain in 

water savings is likely to be achieved by getting those who are considering adopting (rather 

than intending to do so). The most effective strategy may be to focus on the small proportion 

(i.e. 30 respondents), who have irrigated pasture on their properties and indicated they were 

considering adoption of WUE practices (a gain of over 7.3GL/yr). 

If the saved water was traded on the temporary market (allocation market) then it could be 

worth up to $6.0 million per year or an average of $31,000 per property in this study. It is 

uncertain whether this level of return is likely to be sufficient to support adoption. 

The water savings possible by the adoption of WUE practices equates to about 7% of the 

regional recovery target for the MDB Plan. However, if the intentions were extrapolated to 
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the non-respondents, it could be up to 21%, from an area of only 2% of the Southern Basin 

Victoria Region, or 20% of the GMID.  This might be significant enough to entice State and 

Federal Governments to try and encourage adoption. 

If the FWP has the impact upon the area of adoption of WUE as we have assumed in this 

research, then the program is gaining about 0.4 to 3.9% of the current water use, or up to 

about 2GL for the environment. 
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8 LIST OF ACRONYMS 

ANU: Australian National University 

CMA: Catchment Management Authority, namely North Central (NC CMA) and Goulburn 

Broken (GB CMA) 

CSU: Charles Sturt University 

DEDJTR: Department of Economic Development, Jobs, Transport and Resources 

GMID: Goulburn Murray Irrigation District 

GMW: Goulburn Murray Water 

GW: Groundwater 

MDBA: Murray Darling Basin Authority 

NCGRT: National Centre for Groundwater Research and Training 

SDL: Sustainable diversion limit 

SMM: Soil moisture monitoring 

SW: Surface water 

WUE: Water use efficiency  

WWC: Waranga Western Channel 
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9 APPENDIX 

9.1 IRRIGATOR SURVEY 
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Improving production from surface water & 

groundwater irrigation 

This survey is a key part of efforts to identify opportunities to improve production outcomes 

for farmers from the use of surface water and groundwater for irrigation.  Those 

opportunities include making better use of groundwater in combination with surface water; 

increasing opportunities for groundwater trading; and implementing Water Use Efficiency 

(WUE) measures on farms. 

 

The Campaspe/Rochester area forms one of two case studies (mid-Murrumbidgee is the 

other) where researchers from the National Centre for Groundwater Research & Training 

(NCGRT) are working with local farmers, food industry leaders, Local Government, Water 

Authorities, Catchment Management Authorities and the state government to identify and 

evaluate opportunities to increase production without impacting on third parties.    

 

This survey asks you for information that is critical to those research efforts. There is no 

other way to obtain property level information than through this survey. 

 

Surveys have been sent to all landholders with an irrigation licence in an area surrounding the 

Campaspe River below Lake Eppalock that extends into the Rochester Irrigation Area (see 

the map provided on the back page of the survey). It should take approximately 45 minutes 

to complete the survey.  If you have any questions, please contact Professor Allan Curtis on 

1800 901 374. 

 

You may be one of the many Campaspe/Rochester district landholders who use small 

volumes of water most years. If that is the case, please complete the survey. It is 

important that everyone has a say in decisions about surface and groundwater 

management.  

 

We are seeking the views of those primarily responsible for managing the property.  Where 

the person addressed is not involved in the management of the property please forward the 

survey to the property manager or return the survey to Prof Curtis in the envelope provided 

or send an email (acurtis@csu.edu.au). 

 

Some landholders own more than one rural property, some of which may be outside the area 

of this study.  You will only be asked for information about your property in the study area.  

 

You are assured of complete confidentiality.  Your name will never be placed on the survey, 

included in any data set or used in any reports.  No group outside the research team will have 

access to surveys.  Information published will only be at the district scale and individual 

information is never published. 

 

Thank you for your assistance, 

 
Professor Allan Curtis 
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1. Your assessment of issues 
 

These statements explore the importance of a range of social, economic and environmental issues 

that may affect your property and the Campaspe/Rochester area. There are no right or wrong 

answers and there is no need to think at great length about your responses.  Examine each statement 

in the table, then place the number from the response options that best represents your ‘View’ in each 

space provided.  

 

 

RESPONSE OPTIONS: 

Not important 
Minimal 

importance 

Some 

importance 
Important Very important 

Not applicable/  

don’t know 

1 2 3 4 5  6 

 

Importance of issues affecting your property View 

Weed resistance to herbicides  

Ability to attract next generation of farmers   

Insufficient control of supply chain  

Groundwater trading rules   

Lack of water limiting capacity to expand my enterprise   

Uncertain/low returns limiting capacity to invest in my property  

Uncertainty about the irrigation modernisation program in terms of backbone 

connection and/or farm infrastructure upgrades 
 

Ownership of surface water entitlements by non-farmers (e.g. water brokers, 

superannuation companies, dairy processors) 
 

Impact of drought and/or changing rainfall patterns on property viability  

Other  

 

 

 

Importance of issues affecting your local district View 

Competition for water between irrigators and the environment during dry seasons  

Negative impacts of water reform under the Murray-Darling Basin Plan   

The accumulation of salt in soils affecting the viability of irrigated agriculture  

Impact of reduced water flows on the long-term health of rivers/ streams/ wetlands  

Long-term negative impacts of property purchased by hobby farmers and non-farmers  

Decline in soil health (e.g. declining fertility or structure)  

The effect of existing ground water extraction on ability to pump water in the future  

The effect of existing ground water extraction on the environment    

Reduced opportunities for recreation as water levels fall in Lake Eppalock in dry years  

Nutrient run-off from properties affecting water quality in rivers/ streams/ wetlands  

Confidence in management of groundwater resources by water authorities & government  

Sleeper groundwater licenses being activated  

Other  
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1.  Groundwater use and trading  
 

Across much of Victoria, including the GMW region, only about 50% of groundwater entitlements are 

used by irrigators each season.  The statements below explore the importance of a range of 

possible reasons irrigators may not use some/most of their groundwater entitlements. 

If you do not hold a groundwater entitlement, please move to Topic 3. 

Examine each statement in the table, then place the number from the response options that best 

represents your ‘View’ in each space provided.  

 

RESPONSE OPTIONS: 

Not 

important 

Minimal 

importance 

Some 

importance 
Important 

Very 

important 
Not applicable 

1 2 3 4 5  6 

 

Why you might not use some/ most of your groundwater entitlement   View 

I prefer to have some groundwater as a reserve for seasons when surface water 

allocations do not match my need for water for crops 
 

The returns from existing enterprises are inadequate  

Energy costs to pump groundwater make it an expensive option  

The pump isn’t working, is not big enough or the bore has failed  

Concern that irrigating from groundwater will increase soil salinity levels  

Availability of surface water to meet my needs  

Not enough land available to use my entitlement  

Uncertainty about long term access to the groundwater resource  

Concern that additional use will lower the water table and increase pumping costs   

Surface water is of a higher quality so I use that first  

Other – please list  

 

Groundwater trading is possible in the deep lead aquifer in the GMW region, including in the 

survey area.  However, there is limited trading of groundwater on a permanent or temporary basis at 

present.  The statements below explore the importance of a range of possible reasons irrigators 

may not be trading their groundwater entitlements. 

Examine each statement in the table. Using the response options above the previous table, place the 

number for your response in each space provided for your ‘View’. 

 

Why you may not be trading your groundwater entitlement   View 

I am unsure how to go about trading my groundwater entitlement  

The fees to trade groundwater are too high  

The buyer is not willing to pay what my groundwater entitlement is worth   

The seller is asking more than I am prepared to pay  

The time that it takes to undertake a temporary trade  

I can’t find enough people who want to trade groundwater  

Existing rules limit the area within which I can trade   

Surface water irrigation allocations may not meet my need for water for crops  

Trading groundwater could increase usage and impact on allocations  

I carryover groundwater to provide a buffer against dry seasons   
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1. More production through smarter use of surface &   

groundwater  
 

Discussions with farmers, Local Government, agribusiness, GMW, the North Central CMA and Victorian 

Government identified five opportunities to use existing surface and groundwater entitlements in 

the Campaspe/Rochester area in ways that could lead to more farm production.  

The NCGRT researchers are examining these five opportunities. For example, we want to know if there 

is demand for more water to produce food or fibre; if the concept is technically feasible and cost 

effective; whether there are any negative environmental impacts; and if existing rules need to be 

changed. 

We want to get your preliminary views about two of the five options identified. There are limits to the 

detail we can provide in the survey, but we have summarised the options below. 

Option 1 involves changing management rules so triggers for cutting groundwater allocations are 

less severe during very dry seasons (i.e. allow groundwater levels to fall further than currently 

accepted when there is reduced surface water). At present, allocations are progressively reduced 

from 100% of entitlements at 16 metres depth to the water table, to 40% allocations at around 22-24 

metres and there is little relationship with surface water management. It is proposed that irrigators 

could take a greater percentage of their entitlement than current triggers might allow. To maintain 

the groundwater resource over the longer-term, groundwater allocations would be reduced when 

seasonal conditions improve, to enable the aquifer to recover.   

Option 2 involves increasing aquifer recharge and promoting the use of currently unused 

groundwater entitlements. Recharge to the groundwater system could be artificially increased using 

ponds to hold and drain surface water into the aquifer, where it is deemed safe to do so. The 

additional surface water could be purchased through trades and could include carryover and spillwater. 

This option may provide greater security of supply for groundwater irrigators.   

Examine each statement in the table, then place the number from the response options that best 

represents your ‘View’ in each space provided.  

 

RESPONSE OPTIONS: 

Strongly disagree Disagree Unsure Agree 
Strongly 

agree 

Not applicable/ 

don’t know 

1 2 3 4 5  6 

 

Statements about your views 
Option 1 

(pump triggers) 

Option 2 

(aquifer recharge) 

The change may have a negative impact on some people   

Only a few people in this area will benefit from doing this   

This opportunity will lead to reduced water security    

Taking and applying water for this opportunity will lead to 

long-lasting environmental problems 
 

 

Any negative impacts of taking and applying water for this 

opportunity can be prevented if we proceed carefully 
 

 

Any negative impacts of taking and applying water for this 

opportunity can be fixed 
 

 

This opportunity will create economic opportunities that will 

benefit our district 
 

 

The overall social, economic and environmental benefits of 

this opportunity will outweigh any negative impacts 

associated with taking and applying that water 
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Your views 
 

We would like to know how closely the statements presented below reflect your views.  There are 

no right or wrong answers.  Examine each statement in the table, then place the number from the 

response options that best represents your ‘View’ in each space provided. 

 

RESPONSE OPTIONS: 

Strongly disagree Disagree Unsure Agree Strongly agree 
Not applicable/ 

don’t know 

1 2 3 4 5  6 

 

Statements about your views View 

Landholders should have the right to harvest water that falls on their property, 

even if that action impacts on others 
 

Landholders should manage their properties in expectation of a highly variable 

climate 
 

During dry years, environmental water above that needed to sustain a healthy 

river should be offered for sale to irrigators 
 

Trading surface water is an important part of efforts to ensure water is used 

wisely 
 

There should be greater flexibility to trade groundwater across the GMW region  

There should be more limits on groundwater trading  

Groundwater is critical for the success of my business  

The aquifers are being sustainably managed  

Groundwater provides a critical supply when surface water allocations are low  

I feel it is important to do all I can to use irrigation water efficiently  

I feel a personal obligation to do whatever I can to protect the district’s 

groundwater  
 

It is fair that the wider community asks landholders to manage their land in ways 

that will not cause foreseeable harm to the environment 
 

Government should give a high priority to the allocation of water to support 

recreation  
 

I have already done all I can do to improve water use efficiency on my property  

The environment should have a specific allocation of river water  
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. Land use / enterprise mix for 2015-16 season 
 

The items in this section focus on the enterprises undertaken on your property in the 

Campaspe/Rochester area. We are seeking information for the 2015-16 water year. We recognise 

that some paddocks would be double cropped last year. The extent you double cropped should be 

indicated in the column where you provide the total area under each enterprise for the year. 

  

Area of property under each enterprise for 2015-16 water year 

Dryland and irrigation combined 

Total area under this 

enterprise for the year. 

Please include areas that 

were double cropped.  

Pasture: Total area under annual pasture during the year Ha 

Pasture: Total area under perennial pasture during the year Ha 

Cereals & corn, used for feed on farm or sale (include double cropping)                            Ha 

Oilseeds (include double cropping) Ha 

Pulses (include double cropping) Ha 

Annual horticulture (e.g. tomatoes, carrots) (include double cropping) Ha 

Perennial horticulture (e.g. grapes, fruit trees, nuts) Ha 

Number of stock  2015-16 water year 

Dairy (size of milking herd) head 

Beef cattle head 

Sheep for meat head 

Sheep for wool head 

 

Irrigation by enterprise for 

2015-2016 water year  

Total area 

irrigated using 

surface water 

(include double 

cropping) 

Total area 

irrigated using 

groundwater 

(include double 

cropping) 

Percentage of area 

irrigated in 2015/16 by: 

Gravity 

system 

Pressurised 

system 

Pasture  Ha Ha % % 

Cereals & corn                             Ha Ha % % 

Oilseeds Ha Ha % % 

Pulses Ha Ha % % 

Pasture for grazing           Ha Ha % % 

Pasture for silage/feed      Ha Ha % % 

Perennial horticulture (e.g. 

grapes, fruit trees, nuts) Ha 
Ha % % 

Annual horticulture (e.g. 

tomatoes, carrots)     Ha 
Ha % % 
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6. Your approach to property management  

In this section we want to know what changes you have made in the management of your property 

in the Campaspe/Rochester area in the last 5 years, or plan to make in the next 5 years.  

Examine each statement in the table, then place the number for your response in each space provided 

in the ‘My Situation’ column. 

 

A:  SITUATION IN THE PAST 5 YEARS (including 2016): 
 

RESPONSE OPTIONS:      
Never 

considered 

doing this 

Did this before  

but not  

in last 5 years 

Planned to do this, 

but did not do it  

in last 5 years 

Did this  

in last 5 years 

Not 

Applicable 

1 2 3 4 5 

 

Actions taken or considered 

on your property 
My Situation 

 

Actions taken or considered 

on your property 
My Situation 

Laser graded paddocks  
Established an irrigation tail-

water re-use system 

 

Established a pressurised 

irrigation system 
 

Established subsurface 

irrigation (i.e. drip) 

 

Established a soil moisture 

monitoring program 
 

Established a fast flow 

(appropriate flow) system 

 

Moved from open channels to 

pipes 
 

Established a centre pivot or 

other “walker” systems 

 

Established cell grazing  Used precision agriculture  

Varied cropping methods to 

increase soil carbon 
 

Invested in new 

planting/harvesting machinery 

 

Increased establishment of 

annual pasture 
 

Varied application of 

herbicides after crop 

establishment 

 

Varied crop types established  
Varied method of 

establishment of crops 

 

Varied time of sowing crops   
Varied method of 

establishment of pastures 

 

Varied time of sowing pastures   
Varied fertiliser application  

rates for crops 
 

Varied mix of pastures   
Varied fertiliser application 

rates for pastures 
 

Sell surface water on 

permanent market 
 

Sell groundwater on 

permanent market 
 

Buy surface water on 

permanent market 
 

Buy groundwater on permanent 

market 
 

Sell surface water temporarily  Sell groundwater temporarily  

Buy surface water temporarily  Buy groundwater temporarily  

Use more surface water 

entitlement 
 

Use more groundwater 

entitlement 
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:  ACTIONS BEING CONSIDERED IN THE NEXT 5 YEARS 
 

RESPONSE OPTIONS:      

Not interested 

at this time 

Will give serious 

consideration to doing this 

Intend to do this/ 

continue doing it/ do more 
Not Applicable 

1 2 3 4 

 

Actions to be taken on your 

property 
My Situation 

 

Actions to be taken on your 

property 
My Situation 

Laser grade paddocks  
Establish an irrigation tail-

water re-use system 

 

Establish a pressurised 

irrigation system 
 

Establish subsurface 

irrigation (i.e. drip) 

 

Establish a soil moisture 

monitoring program 
 

Establish a fast flow 

(appropriate flow) system 

 

Move from open channels to 

pipes 
 

Establish a fast flow 

(appropriate flow) system 

 

Use cell grazing  Use precision agriculture  

Vary cropping methods to 

increase soil carbon 
 

Invest in new 

planting/harvesting 

machinery 

 

Establish annual pastures  

Vary application of 

herbicides after crop 

establishment 

 

Vary crop types established  
Vary the method of 

establishment of crops 

 

Vary time of sowing crops   
Vary the method of 

establishment of pastures 

 

Vary time of sowing pastures   
Vary fertiliser application  

rates for crops 
 

Vary mix of pastures   
Vary fertiliser application 

rates for pastures 
 

Sell surface water on 

permanent market 
 

Sell groundwater on 

permanent market 
 

Buy surface water on 

permanent market 
 

Buy groundwater on 

permanent market 
 

Sell surface water 

temporarily 
 

Sell groundwater entitlement 

temporarily 
 

Buy surface water 

temporarily 
 

Buy groundwater entitlement 

temporarily 
 

Use more surface water 

entitlement 
 

Use more groundwater 

entitlement 
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 Why your property is important to you  

These statements explore the reasons your property is important to you. Examine each statement 

in the table, then place the number from the response options that best represents your ‘View’ in each 

space provided. 

 

RESPONSE OPTIONS: 

Not 

important 

Minimal 

importance 

Some 

importance 
Important 

Very 

important 
Not applicable 

1 2 3 4 5  6 

 

Why your property is important to you  View 

Being able to pass the property on to others in better condition  

The environment on my farm sustains life for many different plants and animals   

An important source of household income  

Being part of a community where I have strong connections  

A place for recreation  

Sense of accomplishment from building/maintaining a viable business  

Satisfaction from producing high quality food and fibre for others  

Work on the property is a welcome break from my normal occupation  

A great place to raise a family  

An attractive place to live  

Other – please list  

 

 
 

The next set of statements seeks information about the principles that may be important to you. 

Examine each statement in the table and using the response options above, place the number that best 

represents your ‘View’ in each space provided. 
 

The principles that may guide your life View 

Looking after my family and their needs  

Working for the welfare of others  

Protecting the environment and preserving nature  

Being influential and having an impact on other people and events  

Fostering equal opportunities for all community members  

Preventing pollution and protecting natural resources  

Being able to lead others  

Respecting the earth and living in harmony with other species  

Caring for the weak and correcting social injustice  

Creating wealth and striving for a financially profitable business  
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. Long-term plans for your property  

 

Please indicate the possibility that your long-term plans will involve each of the choices in the 

table below.  Examine the response options underneath this paragraph – for each choice in the table, 

place the number of your response option in each space provided for your ‘View’.  Please consider 

your plans for the rural land in the Campaspe/Rochester area owned by you or your immediate 

family.  

 

RESPONSE OPTIONS: 

Highly unlikely Unlikely Unsure  Likely Highly likely Not applicable 

1 2 3 4 5  6 

 

Likelihood your long-term plans will involve View 

The property will be sold   

The property will be subdivided and part of the property sold   

Ownership of the property will stay within the family   

I will move off property around/soon after reaching age 65  

I will expand the scale of the farming business  

I will scale back the farming business  

All or most of the property will be leased or share farmed   

Additional land will be purchased, leased or share farmed   

The area under irrigation will be increased   

The area under irrigation will be reduced  

Seek to maximise production from existing irrigation allocations   

 

 

 

 

 

 

Do you have family members interested in taking on your property in the Campaspe/Rochester 

area in the future? [Please tick your response]                                            

                          

 

If YES: Has your family agreed to a succession plan for managing the transfer of your property to 

the next generation? [Please circle your answer] 

 

 

 Yes  No  Unsure 

No/Not 

Started 
Early Stages Halfway Well Advanced Completed/Ongoing 
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. Your knowledge of farming topics 
 

In this section we would like you to provide an assessment of your knowledge of a number of 

different topics.  Examine each statement in the table, then place the number from the response 

options that best represents your ‘View’ in each space provided. 

 

RESPONSE OPTIONS: 

No knowledge 
Very little 

knowledge 

Some 

knowledge  

Sound 

knowledge 

(sufficient to act) 

Very sound 

knowledge 
(can give a detailed 

explanation) 

Not 

applicable 

1 2 3 4 5  6 

 

Your knowledge of different topics  View 

How to use soil moisture probes to better schedule my irrigation each season   

How to use soil sample results to guide fertiliser applications  

How to shandy water so that it can be reapplied without leading to salt levels that will 

reduce plant growth 
 

How to establish improved on-farm irrigation systems   

Using online crop simulation tools to respond to seasonal or market conditions   

How to prepare an irrigation whole farm plan  

The costs of implementing improved on-farm irrigation systems  

Water quality of the tail water coming off your property  

The extent there is opportunity to use groundwater on your property  

The groundwater quality and bore yield on your property  

The triggers used by GMW to determine when to restrict groundwater pumping  

Where you can trade groundwater to and from  

The per ML financial (i.e. $) cost of pumping groundwater on your property   

The depth of the groundwater aquifer under your property  

The cost to purchase permanent groundwater entitlement as a trade  

The extent groundwater interacts with the river(s) in your district  

 

 

 

 

Please circle the descriptor/term that best describes your occupational identity:  
 

  

 

 

 

Full-time farmer Part-time farmer Hobby-farmer Non-farmer 
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Most important sources of information  
 

In the past 12 months what have been the most important (credible, accessible, useful) sources of 

information about water resource management for the Campaspe/Rochester area? Please indicate 

your rating for the top 5 information sources by placing 1 beside the source that was most 

important then 2, 3, 4, & 5.  

 

Source of information 
Rating for 

top 5  
Source of information 

Rating for 

top 5 

Television  Twitter  

Books/magazines/journals  Instagram  

CMA  Internet  

Victorian Farmers Federation   
Landcare group/ network / 

coordinator  
 

Bureau of Meteorology  Local Council  

Government agencies (e.g. 

DEDJTR) 
 

Mailed brochures/leaflets/  

community newsletters  
 

Newspapers  Extension officers  

Field days  Environmental organisations  

Radio  Commodity groups  

Social media  Friends/neighbours/relatives  

Facebook  Agricultural consultants  

Youtube  Other – please list 
 

 

 
 

Please provide an estimate of the level of your equity (i.e. total debt as a % of total assets) in 

YOUR PROPERTY (including land, machinery, buildings and livestock). [Please circle your answer]  

 

 

 

 
 

Have you prepared/are you preparing a property management or whole farm plan that involves a map 

and/or other documents that address the existing property situation and includes future management 

and development plans? [Please tick your response] 

 

Are you involved in the Farm Water Program that aims to improve on-farm water use efficiency? 

[Please circle your answer] 

 

Below 20% 21% - 40% 41% - 60% 61% - 80% 81% - 100% 

 Yes  No 

Not Started Early Stages Halfway Well Advanced Completed/Ongoing 
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 You and your property  
 

This set of questions seeks information about you and your property. Questions cover a number of 

factors that often influence decision-making. For some topics we are asking for information about the 

principal decision maker for your property.  
 

Background Information 
Please circle or fill in your 

response 

1. 
What is the total amount of rural land owned/ managed by you or 

your immediate family or company in the study area shown on the 

map on the back page?            _______ Ha 

2.   Is any part of your rural land leased, share farmed or agisted from 

others? [Please tick your response]   

If YES: What is the total area leased, share farmed or agisted? 

 

 

 

_______ Ha 

 Yes  No 

3.   Is any part of your rural land leased, share farmed or agisted by 

others? [Please tick your response]   

 

 Yes  No 

If YES: What is the total area?           _______ Ha 

4.  
Do you own or manage more than one rural property? 
 

If YES:  How many rural properties do you own in total? 

How many of these properties are in the study area? 

 

 

_________     

_________  

 Yes  No 

 

5. Is your principal place of residence in the study area?                   

 

 Yes  No 

6. Are you male or female? [Please circle your answer] 
       Male     Female  

7 What is your age?           _______ years 

8. How long has your property been owned by your family?        _______ years 

9. 
Did you attend any field days/farm walks/demonstrations in the 

past 12 months? 

 

 Yes  No 

10.   In the past 5 years have you completed a short course relevant to 

property management? (e.g. financial planning, integrated pest 

management, grain marketing, whole farm planning, chemical handling, 

EverGraze). 

    

 

 

 

 Yes  No 

11.   
Are you a member or involved with a local commodity group? (e.g. 

Vic No-Till, Perennial Pasture Systems, Best Wool Best Lamb) 

 

 Yes  No 

12.   Are you a member or involved with a local Landcare group? 

 

 Yes  No 

13. 

In the past 5 years, did federal or state government programs or 

GMW provide financial support for work on your property, including as 

part of the connections program 

 

 Yes  No 

14. 
Have you utilised a farm consultant (e.g. agronomist) in the last 12 

months? 

 

 Yes  No 

15. 
Have you utilised a contractor for any aspect of property 

management in the last 12 months? 

 

 Yes  No 
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Other comments and thank you for your time 
 

Do you have any other comments about any of the topics covered in the survey, including ideas for 

improving the production outcomes from the application of irrigation water in the 

Campaspe/Rochester area?  Please use the space provided at the bottom of this section or attach 

additional sheets.  Any comments you make will be recorded. 
 

We appreciate the time you have spent answering the questions.  Please return the completed survey 

in the stamped envelope provided.  
 

A summary of survey findings will be available late Spring 2016 and will be mailed to all survey 

respondents.  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 ..................................................................................................................................................................................  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

If you need assistance with the survey or wish to make specific comments about it, please email 
Professor Curtis (acurtis@csu.edu.au) or use the toll free number 1800 901 374 to contact him. 

 

Thanks to the North Central CMA, Brad Drust and Meg Doller for the photographs on the 

cover. 
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9.2 ASSUMPTIONS USED FOR WUE CALCULATIONS 

 Area under horticulture would laser grade 100% at the outset, because it is hard to do it 

retrospectively. 

 If you decide to implement a tail-water re-use system then it is 100% from the outset. Either 

you do it, or you don’t. 

 Laser grading would not occur on the whole (100%) of a pasture system (assuming it had 

animals) because there would also be the need to have some land for the stock during wet 

periods. 

 The maximum area for a pipe and riser system or spray irrigation system on broad-acre 

crops would be affected by the economics according to the enterprise. 

 

 The percent of land to apply laser grading (i.e. initial = Table 7A or maximum = Table 7B) 

for each combination of current and future adoption of the practice are detailed in the 

table below, also accounting for the respondents participation in the Farm Water Program 

(FWP). 

Scenario = Current 

Current Adoption? Future Adoption? Current  
Implementation Area (%) 

Without FWP 

Current  
Implementation Area (%) 

With FWP 

Yes Yes Initial Initial 

Planning Yes None None 

No Yes None None 

Yes Considering Initial Initial 

Planning Considering None None 

No Considering None None 

Yes No Maximum Maximum 

Planning No None None 

No No None None 

 

Scenario = Future min (minimum practices, minimum area) 

Current Adoption? Future Adoption? Future 
Implementation Area (%) 

Without FWP 

Future 
Implementation Area (%) 

With FWP 

Yes Yes Max Maximum 

Planning Yes Initial Maximum 

No Yes Initial Maximum 

Yes Considering Initial Initial 

Planning Considering None None 

No Considering None None 

Yes No Maximum Maximum 

Planning No None None 

No No None None 
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Scenario = Future mod (maximum practices, minimum area) 

Current Adoption? Future Adoption? Future 
Implementation Area (%) 

Without FWP 

Future 
Implementation Area (%) 

With FWP 

Yes Yes Maximum Maximum 

Planning Yes Initial Maximum 

No Yes Initial Maximum 

Yes Considering Maximum Maximum 

Planning Considering Initial Maximum 

No Considering Initial Maximum 

Yes No Maximum Maximum 

Planning No None None 

No No None None 

 

Scenario = Future mod (minimum practices, maximum area) 

Current Adoption? Future Adoption? Future 

Implementation Area (%) 
Without FWP 

Future 

Implementation Area (%) 
With FWP 

Yes Yes Maximum Maximum 

Planning Yes Maximum Maximum 

No Yes Maximum Maximum 

Yes Considering Initial Initial 

Planning Considering None None 

No Considering None None 

Yes No Maximum Maximum 

Planning No None None 

No No None None 

 

Scenario = Future mod (maximum practices, maximum area) 

Current Adoption? Future Adoption? Future 
Implementation Area (%) 

Without FWP 

Future 
Implementation Area (%) 

With FWP 

Yes Yes Maximum Maximum 

Planning Yes Maximum Maximum 

No Yes Maximum Maximum 

Yes Considering Maximum Maximum 

Planning Considering Maximum Maximum 

No Considering Maximum Maximum 

Yes No Maximum Maximum 

Planning No None None 

No No None None 
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9.3 CURRENT AND FUTURE ADOPTION OF WUE PRACTICES 

These tables show the current adoption and the future intended adoption of each WUE 

practice for each survey respondent (given as the number of respondents). 

A. Laser grade 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 10 3 3 1 1 18 
Planned 1 5 9 0 0 15 

Yes 37 26 94 18 4 179 
NA 4 2 3 9 0 18 

Missing 1 0 0 0 23 24 
Current 
Total 53 36 109 28 28 254 

 

B. Establish a pressurized system 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 87 11 0 8 2 108 
Planned 7 8 6 0 0 21 

Yes 10 4 25 5 1 45 
NA 22 5 3 17 1 48 

Missing 0 1 0 1 30 32 
Current 
Total 126 29 34 31 34 254 

 

C. Establish a soil moisture monitoring program 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Total 

No 92 35 3 11 3 144 
Planned 2 11 12 0 0 25 

Yes 2 3 13 1 0 19 
NA 15 3 0 12 1 31 

Missing 2 3 0 1 29 35 
Total 113 55 28 25 33 254 

 

D. Move from open channels to pipes 
  FUTURE MANAGEMENT  

 
 

 
CURRENT 

MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 84 20 0 6 1 111 
Planned 4 20 7 1 0 32 

Yes 3 4 27 9 3 46 
NA 13 3 1 16 1 34 

Missing 1 0 1 1 28 31 
Current 
Total 105 47 36 33 33 254 
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E. Establish an irrigation tail-water re-use system 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 
25 5 4 7 1 42 

Planned 5 10 14 2 0 31 
Yes 15 6 63 24 3 111 
NA 9 1 1 25 2 38 

Missing 2 1 1 2 26 32 
Current 
Total 56 23 83 60 32 254 

 

F. Establish a subsurface irrigation (i.e. drip) system 
  FUTURE MANAGEMENT  

 

 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 124 4 4 14 1 147 
Planned 2 1 1 2 0 6 

Yes 3 2 7 0 1 13 
NA 21 3 0 23 1 48 

Missing 5 1 1 3 30 40 
Current 
Total 155 11 13 42 33 254 

 

G. Establish a fast flow (appropriate flow) system 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 57 16 1 13 2 89 
Planned 0 9 7 0 1 17 

Yes 10 10 44 6 2 72 
NA 12 0 2 17 2 33 

Missing 7 1 0 3 32 43 
Current 
Total 86 36 54 39 39 254 

 

H. Establish a centre pivot or other ‘walker/spray’ system 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 0 5 1 12 119 137 
Planned 0 3 0 0 15 18 

Yes 0 0 14 0 1 15 
NA 0 0 0 16 28 44 

Missing 0 0 0 2 38 40 
Current 
Total 0 8 15 30 201 254 
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I. Total WUE practice combined 
  FUTURE MANAGEMENT  

 
 
 

CURRENT 
MANAGEMENT 

 No Consider Yes NA Missing Future Total 

No 479 99 16 72 130 796 
Planned 21 67 56 5 16 165 

Yes 80 55 287 63 15 500 
NA 96 17 10 135 36 294 

Missing 18 7 3 13 236 277 
Current 
Total 694 245 372 288 433 2032 

 

 

 


