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Executive summary 
What the report is about 

The purpose of this evaluation was to assess the economic, environmental, and social impacts of the 
investment by AgriFutures Australia and total industry investment into projects in the Water-Use 
Efficiency Cluster in which AgriFutures Australia invested between 2016-17 and 2021-22 under the 
Rice Program RD&E Plan 2016-17 to 2021-22 (AgriFutures Australia, 2016). 

Who is the report targeted at? 

The audience for this report is AgriFutures Australia’s project and program managers and senior 
management, its Rice Advisory Panel, and its Board, the Australian rice industry, researchers, the 
Commonwealth Department of Agriculture, Water and the Environment, and the Council of Rural 
Research & Development Corporations. 

Where are the relevant industries located in Australia? 

The rice industry is concentrated in the Murrumbidgee valleys of NSW and in the Murray valleys of 
NSW and VIC (DAWE, 2020). There are some much smaller production regions in northern NSW 
and northern QLD. 

Background 

As part of the Rice Program RD&E Plan 2016-17 to 2021-22, AgriFutures Australia invests in a 
number of projects that have the objective of improving water-use efficiency. 

These projects aim to improve production efficiency and farm returns by reducing the volume of 
water used in the Australian rice industry per hectare and per tonne of rice production, supported by 
parts of the rice breeding project. The projects with the aim of increasing water-use efficiency are also 
closely linked to the objective of improving crop yield productivity. 

AgriFutures Australia faces the challenge of demonstrating the value, benefits and impacts it delivers 
to its stakeholders through funding RD&E in the rice industry. These stakeholders are government, 
the levy payers from the industry, other industry stakeholders and the broader community. To address 
this challenge, AgriFutures Australia requested the preparation of economic impact assessments of 
projects it funds under the Rice Program RD&E Plan 2016-17 to 2021-22. The impact assessment of 
projects that aim to improve water-use efficiency described in this report was prepared as part of the 
overall economic impact assessment of the plan. 

Aims/objectives 

The objective of this report was to conduct and report on an impact assessment of AgriFutures 
Australia’s investment into a cluster of projects targeted at improving water-use efficiency in the 
Australian rice industry. This impact assessment is one of four assessments of project clusters funded 
under AgriFutures Australia’s Rice Program RD&E Plan 2016-17 to 2021-22. The reports on all four 
assessments are collated into one summary report. They will be used by the AgriFutures Rice 
Advisory Panel to assist in prioritising future investments in the Rice Program. Specifically, the 
findings quantify the benefits to industry provided by research funded by AgriFutures Australia 
through the rice industry RD&E levy. 

Methodology 

The evaluation of AgriFutures Australia’s investment into the Rice Program RD&E Plan followed the 
general evaluation methodology detailed in the CRRDC Impact Assessment Guidelines (CRRDC, 
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2018). The methodology is well entrenched in the Australian primary industry research sector, 
including rural R&D corporations, state departments of agriculture, cooperative research centres and 
some universities. Subjective and objective assessments are included, with benefit-cost analysis being 
the main means of assessment. 

AgriFutures Australia provided an initial list of 51 projects. After a review, 21 projects were excluded 
because they had been in the 2016 impact assessment, were projects about the Rice R&D levy, had 
been terminated by AgriFutures Australia before completion, or there was insufficient information for 
assessment. The 30 remaining projects were then grouped into four clusters: 

1. Crop Yield Productivity 
2. Water-Use Efficiency 
3. Rice Quality and Premium-Priced Markets 
4. Capacity Building.  

An impact assessment was conducted on the eight projects included in the Water-Use Efficiency 
Cluster. This report provides details of the assessment on this cluster. 

For each project in this cluster, the impact assessment methodology involved identifying and briefly 
describing project objectives, activities and outputs, and potential and actual outcomes and impacts. 
The principal economic, environmental, and social impacts were then summarised in a triple bottom 
line framework. The impacts were then quantified, where possible, based on assumptions after 
discussions with AgriFutures Australia program managers, project researchers and industry experts. A 
benefit-cost analysis was then conducted as per CRRDC guidelines. 

All past costs and benefits were expressed in 2019-20 dollar terms using the Implicit Price Deflator 
for Gross Domestic Product (ABS, 2020). All benefits after 2019-20 were expressed in 2019-20 dollar 
terms. The base analysis used the best estimates of each variable, notwithstanding a high level of 
uncertainty for many estimates. All analyses ran for a period of 30 years after 2020-21. 

For each benefit-cost analysis, the assumptions made were conservative. For each analysis, sensitivity 
analyses were done for several assumptions that had the greatest degree of uncertainty or that were 
seen to be key drivers of the investment criteria.  

Results and key findings 

A total of 11 individual impacts were identified across the Water-Use Efficiency Cluster: five were 
classified as economic; two as environmental; and four as social. Many of the economic impacts were 
then quantitatively assessed. 

The impacts identified but not valued include:  

• Reduction in production risk arising from lower demand for water  
• Maintenance of profitability of rice growing, and enhanced competitiveness against other crops 

and water-using industries  
• Better water-use efficiency, putting less pressure on environmental water supplies 
• Contribution to Australia’s ‘clean, green’ image due to less demand on scarce water resources  
• The spillover social impacts to the rural communities where rice processing plants are located 

that arise from ensuring maintenance and growth of the rice industry, including job opportunities 
and the social and community linkages and support  

• Increased scientific capacity in the rice industry  
• Better societal perception of the rice industry as a sustainable industry. 

These impacts were not valued because of the lack of available information on these spillovers. This 
is not to say that these impacts are not valuable and important. They are very important, but the 
methodology and lack of data does not enable valuation. 
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The results from the assessment of economic impacts show that the investment by AgriFutures 
Australia and its partners of $7.99 million (present value) in the eight projects in the Water-Use 
Efficiency Cluster provides a very strong return, with net present value (NPV) of $32.19 million after 
30 years, and a benefit-cost ratio (BCR) of 5.03 at year 30. This generates a modified internal rate of 
return (MIRR) of 10.5% after 30 years. The NPV is positive after five years (i.e. the discounted sum 
of the project benefits outweighs the discounted sum of the project costs). Breakeven returns are 
achieved during year four. Table 1 below provides the details.  

Table 1: Results from impact assessment of the Water-Use Efficiency Cluster 

Investment criteria 
 

Years from last year of investment 
0 5 10 15 20 25 30 

Present value of benefits ($m) $3.24 $10.30 $18.55 $25.96 $31.84 $36.49 $40.18 
Present value of costs ($m) $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 
Net present value ($m) -$4.75 $2.31 $10.56 $17.97 $23.85 $28.50 $32.19 
Benefit-cost ratio  0.41 1.29 2.32 3.25 3.99 4.57 5.03 
Internal rate of return (%) N/A 8.7% 18.3% 20.6% 21.4% 21.6% 21.7% 
Modified internal rate of return (%) -34.3% 7.0% 11.6% 12.1% 11.6% 11.0% 10.5% 

A conservative approach has been used with the assumptions for economic assessment; there is some 
uncertainty about a number of the assumptions used in the analysis. Sensitivity analysis shows that the 
results are sensitive to certain assumptions: the NPV of the project could be as high as $49.80 million 
and as low as $21.54 million, while the BCR could be as high as 7.33 and as low as 3.69. The results 
were most sensitive to the assumption about the discount rate used and the attribution for drill-sowing 
adoption. Even with the lower bound assumption for the attribution for drill-sowing adoption, the 
Water-Use Efficiency Cluster still returns a positive result, and a MIRR of 9.1% at a 5% discount rate. 

Using stochastic modelling, at a 5% discount rate there was a 63% probability of investment BCR 
outcomes between two and six, and around a one-in-three chance of a BCR greater than six. However, 
at a 2% discount rate, the probability increased to 55% that 30-year investment returns would be 
higher than a BCR of 6 (Figure 1).  

Figure 1: 30-year BCR outcomes for Water-Use Efficiency Cluster at various discount rates 
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Implications for stakeholders 

The results from the impact assessment on this cluster show that the rice industry investment in 
projects that ultimately aim to improve industry water-use efficiency provides a very strong economic 
return. There are also significant environmental and social benefits to which the project contributes 
that could not be quantified but are important. These results support the continuation of funding of the 
projects in the Water-Use Efficiency Cluster under the Rice Program RD&E Plan. 

Recommendations 

There are two recommendations arising from undertaking the impact assessment. 

1. Enhance the information on funded RD&E projects to assist in future impact assessments, 
notably the Rural R&D for Profit projects 

As noted in the report on the Crop Yield Productivity Cluster, some of the information needed to 
guide the assumptions used in the impact assessment was very limited or non-existent. This includes 
some of the assumptions listed in Table 10, notably the improvement in water-use savings arising 
from the three technologies. Future impact assessments would benefit significantly from final and 
progress reports from the research projects that clearly spell out the likely farm-level impacts on crop 
yield, water-use efficiency and other metrics, as well as the indicative on-farm cost for implementing 
the research results. It is recommended that AgriFutures Australia includes this requirement from 
researchers; that researchers provide this information; and that AgriFutures Australia captures this 
data for use in future impact assessments.  

As well, the amount of information available from AgriFutures Australia on the Rural R&D for Profit 
projects, which are jointly funded by the Australian Government, AgriFutures Australia, industry 
groups and other rural R&D corporations (e.g. the Cotton Research & Development Corporation and 
the Grains Research & Development Corporation), was somewhat limited. It is recommended that 
AgriFutures Australia ensures it has all progress reports available for projects jointly funded under the 
Rural R&D for Profit programs, and can supply them for future impact assessments.  

2. Consider conducting true ex post assessments of projects 

The impact assessment for the smart irrigation technology was not a true ex post analysis because the 
current project is not completed. In other words, the assessment is actually ex ante. The assumptions 
are therefore uncertain. AgriFutures Australia should consider conducting true ex post impact 
assessments of a selection or cluster of projects to confirm results of this current assessment. This 
could be conducted after allowing a suitable time after the projects have been completed and a 
sufficient time for findings to be adopted and new varieties to be released. 
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Introduction 
The most significant challenge that the Australian rice industry faces is the availability and cost of 
water. In southern Australia, the industry competes for scarce water resources with other irrigation 
industries, such as cotton and almonds, and with water made available for the environment. This has 
been the major driver of the area sown to rice and the annual production volumes in recent years. The 
industry has therefore focused its RD&E efforts for a number of years on improving water-use 
efficiency. As a result, AgriFutures Australia has invested in projects in the Rice Program RD&E Plan 
2016-17 to 2021-22 that have the objective of improving water-use efficiency. These projects are 
agronomic research and breeding/genetic research, supported by an extension program. 

The agronomic projects aim to improve water-use efficiency of Australian rice farms and, by 
extension, lift farm returns through reducing water use per hectare (with the same grain yield) or per 
tonne of paddy rice production. The rice breeding projects aim to address key constraints in 
improving water-use efficiency while maintaining rice quality and productivity. The projects that aim 
to improve water-use efficiency are also closely linked to the objective of improving crop yield 
productivity. 

AgriFutures Australia faces the challenge of demonstrating the value, benefits and impacts it delivers 
to its stakeholders through funding RD&E in the rice industry. These stakeholders are government, 
the industry levy payers, other industry stakeholders and the broader community. To address this 
challenge, AgriFutures Australia requested the preparation of economic impact assessments of 
projects it funds under the Rice Program RD&E Plan 2016-17 to 2021-22. The impact assessment in 
this report was prepared as part of the overall economic impact assessment of the plan. A notable 
feature of the Rice Program RD&E Plan is a strong, longstanding partnership between AgriFutures 
Australia, NSW DPI and SunRice.  

The water-use efficiency projects were aggregated into a single cluster, the Water-Use Efficiency 
Productivity Cluster. This cluster was evaluated for the triple bottom line impacts (economic, 
environmental and social) of the investment. 

Objectives 
The objective of this report was to conduct and report on an impact assessment of investment by 
AgriFutures Australia and the industry in projects between 2016-17 and 2021-22 in the Water-Use 
Efficiency Cluster in the Rice Program R&D Plan 2016-17 to 2021-22. 
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Methodology 
The Water-Use Efficiency Cluster was determined by the review team and agreed with the 
AgriFutures Australia management. The eight projects included in the cluster are listed in Table 2. 

Table 2: Projects in the Water-Use Efficiency Cluster 

Program objective Project number Project name 

Farm productivity 

PRJ-009271 Developing and testing tools for measuring 
and managing variability in rice 

PRJ-010400 Changes in rice water use: scoping study 

PRJ-010083 Maximising on-farm irrigation profitability: 
southern connected systems 

PRJ-012398 SIP2: Key learning sites – southern (making 
the most of water) 

PRJ-012401 SIP2: Smarter irrigation in rice-growing 
systems 

Rice breeding PRJ-009950 (part) Australian Rice Partnership 2 

Extension, sustainability & 
human capital 

PRJ-010696 (part) Extension for improved efficiency and 
sustainability in the rice industry 

PRJ-009296 Rice extension coordination (ceased in 2018; 
2017 and 2018 spend only) 

As explained later in the Project Investment section, not all funds invested in these projects were 
included in the impact assessment for this cluster. Some (such as the extension projects and the 
Australian Rice Partnership) were also applicable to the Crop Yield Productivity Cluster and to the 
Rice Quality & Premium-Priced Markets Cluster. The funds invested in these projects were 
proportionately allocated to each cluster. 

The evaluation of AgriFutures Australia’s investment into projects included the Water-Use Efficiency 
Cluster followed the general evaluation methodology detailed in the CRRDC Impact Assessment 
Guidelines (CRRDC, 2018). The methodology is well entrenched in the Australian primary industry 
research sector, including rural R&D corporations, state departments of agriculture, cooperative 
research centres and some universities. Subjective and objective assessments are included in the 
methodology, with benefit-cost analysis being the main means of assessment. 

The methodology for this impact assessment involved identifying and briefly describing project 
objectives, activities and outputs, and potential and actual outcomes and impacts for each project 
included in the Water-Use Efficiency Cluster. The principal economic, environmental, and social 
impacts were then summarised in a triple bottom line framework. 

Some, but not all, of the identified impacts were then valued in monetary terms. A shortage of 
necessary evidence and data prevented some impacts from being valued. The impacts valued are 
deemed to represent some of the main benefits, but by no means the only benefits, of the project.  
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Project details 
The eight projects in the Water-Use Efficiency Cluster focus on improving productivity of water use 
in the Australian rice industry. These projects are a combination of agronomic research and 
breeding/genetic research, supported by two extension programs. Water efficiency priorities identified 
to achieve these goals include agronomic management measures to reduce water evapotranspiration, 
and technologies to time the availability of water, as well as breeding to include traits that aid water-
use efficiency. This is in addition to other priorities to improve rice grain yield, disease resistance, 
weed and pest management, cold tolerance, and crop yield productivity and to enhance rice quality. 
These other priorities are addressed in the projects selected for the Crop Yield Productivity Cluster 
and the Rice Quality and Premium-Priced Markets Cluster. 

The eight projects in the Water-Use Efficiency Cluster are described in a logical framework in Table 
3. 

Table 3: Project logical framework 

Project 
number 
and title 

PRJ-009271 
Developing and testing tools for measuring and managing variability in rice 

Project 
information 

Organisation: Deakin University 
Chief investigator: John Hornbuckle 
Start date: 15/06/2014 
End date: 30/09/2018 

Objectives 1. To investigate environmental and management factors driving yield variability using satellite 
imaging, crop phrenology, in-field sensor networks and yield mapping. 

2. To determine variability in bay- and farm-level crop water productivity using GIS and remote 
sensing techniques. 

3. To identify opportunities and practical solutions to managing variability in rice systems i.e. 
through management and layout system design. 

Activities The project undertook studies spread across the Murrumbidgee and Murray valleys on commercial-
sized farms. In experiments and assessment of technologies in the 2014-2015, 2015-2016, 2016-2017 
and 2017-2018 rice-growing seasons, there were three main activities: 

1. Investigating environmental and management factors driving yield variability 

Experiments at the RRAPL field station measured temporally and spatially a number of drivers of 
yield variability, particularly related to water depth and temperature profiles in rice bays. The focus 
was on understanding water temperature profiles and the subsequent effect it might have on yield.  

2. Determining variability at bay and farm level using RS and GIS 

Efforts were made to access a range of remote sensing and GIS information to determine variability. 
Access and data availability in the SunRice GIS system became available only for the 2017-2018 
growing season and was limited to rice area planted at the farm level. Yield data was not available 
geo-referenced back to individual farms/paddocks, but the GIS dataset combined with satellite remote 
sensing was used to explore variability across paddocks and between regions.  

An initial focus was on trying to determine crop water productivity using GIS and RS. Data 
availability on measured irrigation water applied to crops was unobtainable, which limited the ability 
to provide total water-use productivity assessments in an extent to incorporate deep drainage, which 
is extremely topical under recent drier conditions and reduced water availability. Irrigation provider 
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on-farm irrigation water delivery data was investigated but proved unreliable to develop meaningful 
data on applied water because it could not be split between individual crops/paddocks across a farm 
or water holding.  

Grower-collected header yield data from farmers across a range of sites was used to explore the 
usefulness of RS data for predicting yields and yield variability. This data was also combined with a 
measure of crop water use using the IrriSAT RS technology to provide a surrogate benchmark to 
develop crop water-use productivity benchmarking. 

3. Identifying opportunities and practical solutions to managing variability 

Two main efforts were undertaken to develop practical tools to aid in the management of variability: 
• Drone-based remote sensing tools using standard and multi-spectral cameras  
• A robust, integrated soil moisture, water depth and canopy temperature sensor. 

Outputs • The project found that one of the key factors driving variability in rice systems is water depth. 
• Tools to provide real-time feedback on water depth management and its effect on canopy 

temperatures and subsequent yield where developed and trialled in the project. 
• Significant increase in yields were shown when water depth management maintained optimal 

growing conditions for the rice crop.  
• Development of a robust integrated soil moisture, water depth and canopy temperature probe. 
• Drone-based sensors offered valuable information for growers on crop variability and have the 

potential with further development as useful practical tools for managing variability. 
• Benchmarking water-use productivity through satellite remote sensing and a combination of GIS 

and yield data provided insights into the extent and impacts of variability on rice crop yield. 
• Differences of up to 4 t/ha between crops using similar amounts of water were shown, which 

highlights the potential for significantly raising crop water-use productivity across the industry.  
• Conference papers presenting the results 
• Articles in the IREC Farmers Newsletter (Spring 2016, Spring 2017 and Spring 2018 editions) 
• Report in the Rice Extension 2018 Rice R&D Update.  
• Radio interviews 

Outcomes • Increasing grower knowledge on actively managing water depth and its impact and providing 
tools to enable them to do this would have significant dollar returns for growers in terms of 
potential higher rice yields across all valleys. 

• There was significant variability in crop production across fields showing similar crop water 
use. Measuring and benchmarking will improve water-use productivity. 

• The sensing system developed in the project fills a much-needed gap for the rice industry. 
• Being able to actively sense soil moisture, water depth and canopy temperature will provide key 

information to improve crop yield and water-use efficiency, and also offer the potential to link 
with irrigation automation for optimal decision making to maximise yield, water use and reduce 
labour costs.  

The outcomes from the project fed into a subsequent project (PRJ-012401 ‘Smart irrigation control 
for water and labour savings in rice growing systems’).  

Impacts • Better water-use efficiency (lower cost and risk) 
• Significantly lower labour costs  
• Higher crop yield due to better water management  
• Lower production cost per tonne due to higher crop yield, offset by higher harvest cost per ha  
• Better water-use efficiency, which puts less pressure on environmental water supplies 
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Project 
number 
and title 

PRJ-010400 
Changes in Rice Water Use: Scoping study 

Project 
information 

Organisation: Deakin University 
Chief investigator: John Hornbuckle 
Start date: 15/04/2016 
End date: 30/10/2016 

Objectives Principle objectives: 
• Determine the extent of any change in rice crop water use between 1995 and 2015 (i.e. before 

and after the Millennium Drought) in the Coleambally Irrigation Region 
• Determine the nature and extent of any environmental, agronomic and engineering factors that 

may have led to a change in rice crop water use over the past 20 years. 

Activities 1. Locate and map areas where rice crop water use in recent (post-drought) years is markedly 
different to what it was in the mid-90s (pre-drought) 

2. Investigate the effect of the following factors on changes in rice water use over the past 20 years: 
• depth to water table and its interaction with soil type or proximity to prior streams  
• changes in climate, particularly the influence of winter rainfall on rice fill-up, and rice season 

evaporation and rainfall  
• reduction in irrigation intensity and isolation/fragmentation of paddocks (‘clothesline’ effect) 
• Changes to water metering 
• Other potential factors, such as the lining of supply channels, the proximity of paddocks to 

bores, and higher groundwater usage 
• Agronomic factors, such as depth and duration of high water, a shift to drill sowing, or 

adoption of mid-season drain or DPW 
3. Determine the likely key drivers behind any higher rice water use and likely mitigation measures 

that could be adopted or further investigated 

Outputs A report on the project was prepared. 

Outcomes 1. Average rice water use, post- vs pre-drought, had increased by about 2 ML/ha due to changes in 
climatic conditions and changed shallow groundwater regimes across the district. 

2. A further approximately 1 ML/ha difference in metered water use (not physical water use) is also 
likely to have occurred with changes in more accurate metering technology.  

3. A range of mitigation methods could be used to reduce these effects, including: 
• moving to rice varieties with different characteristics in relation to transpiration in high-ET 

environments  
• developing non-ponded rice systems  
• improving timing/durations of rice crops to match reduced evaporative demand periods  
• minimising ponding through DPW and flushed finishing rice crops  
• increasing intensity of rice growing  
• targeting better rice soils for production 
• modifying soils to suit rice growing. 

4. Each of these options has different risks and benefits associated with their implementation that 
would need to be considered before implementation. 

5. Results used as input into project PRJ-009271.  

Impacts • Better information on water-use efficiency 
• Use in subsequent projects will enable better water-use efficiency, higher profitability and 

improved environmental sustainability 
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Project 
number 
and title 

PRJ-010083 
Maximising on-farm irrigation profitability: southern connected systems (contribution to a Rural 
R&D for Profit cross-RDC project) 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Peter Regan 
Start date: 01/03/2016 
End date: 01/08/2017 

Objectives To develop profitable, sustainable broadacre irrigation systems that increase the profitability and 
flexibility of farming systems in the southern connected regions of the Murray Darling Basin. This 
included crops such as rice, cotton and maize.  
Areas of research:  
1. Work with growers in Participatory Action Research to prioritise research direction, inform 

project activities, and provide a pathway for extension  
2. Assess the ability of precision irrigation to apply defined irrigation depths on time, and determine 

its potential to reduce deep drainage and waterlogging risk, and increase nutrient and water 
productivity 

3. Develop irrigation design criteria to allow precision irrigation to occur in basin surface irrigation 
systems  

4. Investigate the economic impact of irrigation system and infrastructure development on whole 
farm profitability and return on investment. 

Activities • Conduct a literature review of current data, knowledge, and gaps to be addressed. 
• Collect benchmark data on the interaction between inflow rate, paddock slope, surface roughness, 

infrastructure and soil types 
• Source and collect data, including inflow, advance, recession, and soil infiltration rate 
• Validate surface irrigation simulation model and use it to determine best irrigation design 

parameters 
• Undertake a literature review of key soil and water influences on denitrification processes 
• Identify methods and establish field sites 
• Collect data on the interaction between opportunity time, soil types, N losses and yield 
• Collect and collate data on crop yield, water productivity and economic performance 
• Form and operate Management Committee and Steering Committee 
• Establish grower-led key learning sites including research activities and data collection protocols. 

Outputs • Annual key learning site activity report 
• Model developed to simulate soil infiltration characteristics to determine maximum bay size for 

given flow rate and soil type.  
• Article informing growers of the project and its focus (IREC article available at 

http://irec.org.au/irec-farmersnewsletter-no-194/  
• Presentations informing growers of project results and progress to date in each area in which 

project activities have been conducted  
• Project objectives and progress described to 2,654 irrigators and industry personnel through 

extension activities, such as field days, newsletters, preseason and industry meetings. 
• Scientific articles, including Ballester, Carlos, Hornbuckle, John, Brinkhoff, James, Smith, John 

and Quayle, Wendy 2017. ‘Assessment of in-season cotton nitrogen status and lint 8 yield 
prediction from unmanned aerial system imagery’, Remote sensing, vol. 9, no. 11, pp. 1-18, doi: 
10.3390/rs9111149. 

• Development of one-page project summary for the Smarter Irrigation for Profit project extension 
plan 

 
Outcomes • Basin systems were well suited to the soils on which they were develop, although with limitations 

related to drainage, potential for waterlogging and lack of flexibility in enterprise choice 

http://irec.org.au/irec-farmersnewsletter-no-194/
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• Identification of research gaps in four broad areas: 
1. N2 and soil-gas dynamics  
2. Field-scale testing of the irrigation/nitrogen interaction  
3. Fertiliser technology for slow release in flooded systems  
4. The need for a better understanding of remineralisation of soil N and biological N inhibition. 

• Key learning sites were established. 
• Development of relationships between remote sensing indices and crop N status in cotton. 
• The results used in subsequent projects, including PRJ-009271, PRJ-012398 and PRJ-012401 (the 

last two are in Smart Irrigation for Profit 2 – R&D for Profit) 
Impacts • Better information on water-use efficiency  

• Use in subsequent projects will improve water-use efficiency, profitability and environmental 
sustainability.  
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Project 
number 
and title 

PRJ-012401 
SIP II – Smarter irrigation in rice-growing systems 
(Smart irrigation control for water and labour savings in rice-growing systems)  

Project 
information 

Organisation: Deakin University 
Chief investigator: John Hornbuckle 
Start date: 01/06/2019 
 End date: 1/06/2022 

Objectives The project will develop an integrated smart sensing and irrigation automation system capable of 
delivering high-level control necessary in dry rice systems of production. Specific objectives: 
• Understanding the sensing and automation needs of strategically ponded and dry rice crops 
• Developing smart sensing and automated control for strategically ponded and dry rice 

management systems  
• Demonstrating benefits of smart irrigation control  
• Integrating smart field-based sensing and automation into the SunRice GIS system 
• Understanding economic and cost benefits of smart automated irrigation systems for rice 

production 

Activities • Further develop technologies in project (PRJ-009271), including the integrated soil moisture, 
water depth and canopy temperature probe. 

• Establish demonstration sites in the Murray and Murrumbidgee valleys on commercial farms as 
well as a more intense research site at the SunRice RRAPL experimental farm. 

• Prepare a benefit-cost analysis of smart irrigation systems for rice. 

Outputs • The project is in progress. 

• Two reports published with the benefit-cost analysis of smart irrigation systems (Ag Econ 2020a 
and Ag Econ 2020b) 

Outcomes This project will develop linked sensing, forecast and automation systems to achieve optimal water 
management. Systems capable of sensing soil, water and crop stress, together with automated Internet 
of Things (IoT) irrigation control structures and weather forecasts will allow water and labour savings 
to be achieved. The outcomes: 
• Lower labour costs while optimising water productivity in a Dry Rice system. 
• Ensuring rice production can be maintained in a water-constrained environment. 

The benefit-cost analysis concluded that: 
• There would be a positive economic return to the farming enterprise equal to a NPV of $303/ha. 
• Smart Irrigation is economically feasible up to a maximum present value cost of $1,515/ha, which 

represents the maximum PV cost before investment in Smart Irrigation becomes uneconomical, 
according to the NPV or BCR rules. 

• The cost may have to be substantially lower than this to meet a farmer’s individual IRR or MIRR 
rule.  

Impacts • Better water-use efficiency (lower cost and risk) 
• Significantly lower labour costs  
• Higher crop yield due to better water management  
• Better water-use efficiency, which puts less pressure on environmental water supplies 
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Project 
number 
and title 

PRJ- 012398 
Key learning sites southern (making the most of water) 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Alex Schulz 
Start date: 01/06/2019 
End date: 1/06/2022 

Objectives This project aims to increase water productivity and profitability by expanding growers’ knowledge 
of irrigation technology and best practice management. The project covers the irrigated rice, cotton 
and wheat industries. 

Activities • The project is grower driven with grower groups involved with management and activities at four 
key learning sites in the Lachlan, Murrumbidgee and Murray valleys. 

• Range of technologies used, including soil moisture monitoring and automation, to demonstrate 
best practice management around the limited use of water resources to obtain maximum dollars 
per megalitre in a range of irrigated cropping systems. 

• Field days held at every key learning site. 
• Intervalley tours enabled growers from other regions to gain knowledge from work done outside 

their district.  
• Southern Growers at Finley will quantify the ability of cereal, oil seed and pulse to use the rice 

crop’s residual moisture, which will increase water productivity of the rice system. 

Outputs • Grower groups involved in the management of the sites are the Irrigation Research and Extension 
Committee (IREC), Central West Farming Systems (CWFS), Irrigated Cropping Council (ICC) 
and Southern Growers (SG). 

• Demonstrations and extension activities at each key learning site where soil moisture monitoring 
equipment had been installed, with live soil moisture and weather data streamed to a publicly 
available website http://murrayvalleysoilmoisture.site/.  

• Seven field days attracted 246 attendees. 
• Social media had 18,000 hits 
• Six newsletters/publications distributed to 1,390 people. 
• Two intervalley tours held. 
• SG was unable to sow the rice crop in 2019 due to drought and the high cost of water. Rice crop 

will begin in 2020, followed by a winter crop. 

Outcomes • Improved grower knowledge so they can make more informed management decisions, optimising 
their return/ML water applied. 

• Showcased technology and automation in different cropping systems, and evaluated the cost and 
water-use benefits to growers.  

• Demonstrated what cropping rotation gives the greatest returns per megalitre of water. Double 
cropping with rice has a great advantage and allows growers to convert stored soil moisture into 
grain and dollars. Demonstrating how this can be done with less risk will raise grower confidence. 
When compared to other summer crops, it might be the difference in whether or not they grow 
rice. 

Impacts • Better water-use efficiency (lower cost and risk). 
• Higher economic return per ML water applied (with double-cropping) 

  

http://murrayvalleysoilmoisture.site/
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Project 
number 
and title 

PRJ-009950 
Australian Rice Partnership 2 (part only) 

Project 
information 

Organisation: NSW DPI 
Chief investigator: Deb Slinger 
Start date: 15/06/2015 
End date: 20/07/2021 

Objectives The Australian Rice Partnership 2 project has six Variety objectives and nine Supporting objectives. 
Delivery of these objectives requires integrated research effort from five somewhat distinct 
components: rice breeding; rice yield stability; rice quality; molecular breeding; and a one covering 
the activities of Rice Research Australia Pty Ltd (RRAPL). All components contribute to the Variety 
objectives; individual or combinations of components contribute to the Supporting objectives. 

The objective relevant to the Water-Use Efficiency Cluster: 

7. Rice germplasm with greater water productivity (Rice Breeding component) 
Better water-use efficiency in new rice varieties is essential to maximise profitability for growers. 
Short-maturity varieties that maintain yield potential are still the most cost-effective way of 
increasing water-use efficiency, even though other pathways such as aerobic rice will continue to 
be investigated (which will be feasible only with substantially better cold tolerance). However, 
short-maturity varieties can have lower yield potential. Reduction in growth duration is a 
mechanism that has not been fully exploited in Australian germplasm so the trade-off between 
water-use efficiency and yield potential has optimisation potential. Improvement of seedling 
vigour and early biomass could also help stabilise yield in short-season varieties.  

Activities Activities relevant to the Water-Use Efficiency Cluster: 

• A collaborative agreement was formed between NSW DPI and RRAPL (the SunRice-owned 
subsidiary) in June 2015, extended until June 2021. 

• The agreement established a seven-year program (called the Australian Rice Partnership 2) of 
which the water-use efficiency objective was one part. 

• The program is overseen by a project management committee drawn from the three funding 
groups.  

• Research on screening methods for selecting healthy rice germplasm. 
• Planting and tissue sampling of single plants in the glasshouse and as part of the pure seed 

program, and the generation of genotyping reports. 
• Planting, husbandry, harvesting and providing collected data for experimental field trials. 
• Research into variety-specific agronomic characteristics or performance. 

Outputs • Annual milestone reports provide updates on progress 
• Presentations to annual rice field days 
• In 2016-20 period, at least 10 journal articles published, 26 conference papers and presentations, 

48 technical papers and four extension articles on research in the Australian Rice Partnership.  
• A review of the Australian Rice Partnership was conducted in 2019 by Linscombe and Lambrides 

(2019)  

Outcomes As at May 2020: 
• Trials continue in conjunction with the NSW DPI agronomy team, including the evaluation of 

grain quality and water-use efficiency. 
• Spikelet sterility and harvest index is repeatable on a 30-tiller basis, and forms the evaluation as 

well as grain yield in populations relevant to UQ projects on cold tolerance and aerobic 
adaptation. 
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• The Recombinant Inbred Lines (reported in the final report PRJ-007580) offer cold tolerance in 
bold medium grain and fragrant long grain backgrounds, particularly pertinent to varietal 
development. 

Impacts • Better crop yield for water-efficient germplasm. 
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Project 
number 
and title 

PRJ-010696 
Extension for Improved Efficiency 

Project 
information 

Organisation: Ricegrowers’ Association of Australia 
Chief investigator: Travis Tobin 
Start date: 16/06/2014 
End date: 15/02/2018 

Objectives • To provide effective coordination between relevant public and private sector rice industry 
providers, including NSW DPI officers and researchers, NSW Local Land Services (LLS) 
officers, commercial agronomists, SunRice and Rice Research Australia Pty Ltd (RRAPL), other 
researchers, RGA and the Environmental Champions Program (ECP), and other relevant 
commodity industries and growers.  

• To create a collaborative public and private sector network that leverages available expertise to 
deliver the broadest, most cost-effective extension system possible.  

• To provide effective and timely dissemination of key R&D information for rice-based farming 
systems that is easy for growers to understand and apply on-farm.  

• To help growers increase their uptake of technological advancements and BMP that improve farm 
business profitability and sustainability.  

• To improve the uptake of rice industry BMP and the adoption of new technologies, and increase 
growers’ knowledge of the farming system and the benefits of managing farms as a system. 

Activities • Establish a stable and recognisable industry-supported extension team. 
• Establish an industry cadetship program to train and develop emerging industry advisors, 

maintain industry technical expertise and ensure succession is in place. 
• Establish a central website to structure, store and share rice R&D information. 
• Incorporate the Environmental Champions Program (ECP). 
• Produce extension publications and communication tools covering R&D outcomes, BMP and 

updated ECP content. 
• Distribute relevant R&D findings, agronomic advice, NRM information and BMP guidelines to 

growers and other relevant parties through print, electronic communication, verbal and face-to-
face interaction.  

• Conduct grower meetings and rice field days at key times throughout the rice season. 
• Provide support for evolving grower groups. 
• Monitoring, evaluation, reporting and improvement (MERI). 

Outputs • 4,410 people attended 117 Rice Extension events over the life of the project.  
• 1,238 people attended 13 whole-of-industry events.  
• 1,505 attended 41 local events across the Murray Valley region.  
• 610 attended 23 local events in Coleambally.  
• 1,057 attended 40 local events in the MIA. 
• Developed Rice Extension Client Database covering all sectors of the industry. About 79% of all 

SunRice growers subscribed to the Rice Extension Client Database by providing their contact 
details at Rice Extension events.  

• Six Innovators events were held, designed for young growers, new agronomists and new industry 
service providers.  

• Two Women in Rice events specifically designed for the females with important roles on rice 
farms and in businesses serving rice growers. 

• The @riceextension Twitter account has 897 followers, which has grown from zero when the 
Twitter profile was started in December 2016. Sent 1,633 tweets, uploaded 436 photos and videos 
and received regular likes and retweets. The Rice Extension Facebook page followed 543 people 
and is linked to the Twitter feeds.  
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• Rice Extension Newsletter is emailed to 1,600 subscribers monthly. Opening rate is typically 
between 35 and 45%, which is much higher than the industry average opening rate of 19.4% 
because the articles are designed to be targeted, topical and informative. 

• In December 2017, an analytics function was added to the new Rice Extension website 
https://riceextension.org.au/. All traffic from newsletters, emails and event invites now goes to the 
website. 

• Rice Extension PI Predictor web app has had high usage rates since its release in 2016 and again 
this season. From 8 December 2017 to 8 Jan 2018, there were 1,266 crops entered for a prediction 
of when PI would occur.  

• After Rice$cenario was released in 2015, training workshops were held in Rice$cenario and 
general business management.  

Outcomes • Continued attendance at events shows attendees trust the quality of information presented and 
understand the learnings.  

• Rice Extension publication titles are all available on the Rice Extension website. 
• Feedback from the Rice Industry Field Day and collected through surveys indicates satisfaction 

with the quality of information presented at this field day. Growers indicated they were going to 
make changes on their farms as a result of attending the day – try the new short-season variety, 
delayed permanent water (DPW) and assess management practices for costs and water use. 

• A large extension effort promoted the results of NSW DPI research that found that drill sowing 
uses less water than aerial and dry broadcast sowing methods. The adoption of drill sowing as a 
water-saving technology increased over the period of the Rice Extension project. 

 

• The Rice Extension project promoted changes to the recommended sowing windows for some 
varieties as a result of outcomes of the Rice Variety and Agronomy Project conducted by Brian 
Dunn. Less than 20% of crops were planted earlier than in the new 2017 recommended planting 
window.  

• Growers have fully subscribed to the available seed and production requirements of the two new 
shorter season varieties, with a planting window one month later than conventional varieties. The 
varieties have better cold tolerance to withstand cool conditions during the reproductive phase, 
and are high yielding and save water.  

Impacts • Growers better informed. 
• Rice R&D outcomes are being adopted faster and more broadly. 

  

https://riceextension.org.au/
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Project 
number 
and title 

PRJ-010696 
Extension for Improved Efficiency 

Project 
information 

Organisation: Ricegrowers’ Association of Australia 
Chief investigator: Troy Mauger 
Start date: 01/02/2018 
End date: 30/07/2020 

Objectives The principle objective of the project is the uptake of rice industry best management practices and the 
adoption of new technologies. Effective and timely dissemination of key R&D information for rice-
based farming systems will improve the adoption of new research findings and lead to higher grower 
productivity.  

Three of the five specific objectives are relevant to the Water-Use Efficiency Cluster: 

1. Effective coordination between relevant public and private sector rice industry, including NSW 
DPI, SunRice, Rice Research Australia Pty Ltd (RRAPL), RGA ECP, NSW Local Land 
Services (LLS), private and retail researchers and agronomists, and other relevant commodity 
industries, government and growers. The effective coordination will:  
• Avoid duplication of RD&E effort and identify opportunities for working together, pooling 

resources, sharing RD&E information in the rice industry and with other related industries, 
such as dryland grains and other irrigated crops  

• Provide a linkage for information to flow between growers and researchers to identify 
emerging issues for rice-based farming systems and to better target research investment 

• Distribute best practice management information to growers as cost effectively as possible. 
2. Increased uptake of innovations, technological advancements and best management practices: 

• Short term: growers are attending more events to share knowledge and skills, and learning 
more through targeted publications and digital communications. 

• Medium term: they are taking action, adopting practices and making changes on their own 
farms.  

• Long term: the improvements in water-use efficiency, farm business profitability and 
environmental sustainability of rice-farming systems will improve the condition of the 
whole of industry.  

4. Better alignment of AgriFutures Rice Program Advisory Panel-funded programs with grower 
needs. Real outcomes from research and development programs that will result in real uptake 
and benefits on-farm.  

Activities • Annual Operating Plans and Communication Plans developed each year. 
• Monthly Newsletter to growers (October, November, December, January, February, March and 

April). 
• Rice Extension website developed and maintained. 
• Press releases and radio advertising each year on key events. 
• Rice Extension Newsletter covering key topics such as drill sowing vs aerial and dry broadcast 

sowing, pests (notably armyworms), water depth management and cold weather management, 
stubble burning, new rice varieties, use of NIR and imaging for nitrogen topdressing, drill 
sowing, herbicide use, delayed permanent water.  

• Rice Extension publications, such as the NSW DPI Rice Weed Pocket Guide. 
• Agronomists Newsletter.  
• Field days and walks for growers (covering topics such as BMP for drill-sown rice, water 

management, use of groundwater).  
• Field days for agronomists. 
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• Agronomists Technical Updates. 
• Compiling rice-growing guides for Northern Australia (Rice Growing Guide, Variety Guide and 

Rice Crop Protection Guide). 
• Milestone reports, including interim and annual. 
• Biannual meetings of the Rice Extension Steering Group. 
• Some alterations due to COVID-19 pandemic: the introduction of podcasts and webinars to the 

communication strategy, as well as more social media engagement (Twitter, WhatsApp).  

Outputs • More unique visitors to the Rice Extension website: a 32% increase year on year in 2019-20. 
o 38% increase in the number of visits to the website and a 15% year-on-year increase in 

page views  
o 7,892 page views for the 12 months to 31 March 2020  

• From 1 October 2019 to 30 March 2020, face-to-face engagements numbered 1,086 compared to 
880 in C19, a 23% increase. There were 18 events held in 26 locations in C20. 

• Sowing methods to save water were essential in C20, including drill sowing and delaying 
permanent water on drill-sown crops.  

• Drill sowing featured at all field walks in C20. 
• Milestone reports produced every six months.  
• More social media engagement (Twitter).  

 

Outcomes The following are conclusions from the Evaluation of the Rice Extension program: 
• There have been considerable improvements in various rice agronomic practices, such as drill 

sowing, but attribution to RE is tenuous given there is no explicit program logic. 
• The AOP, M&E and communication plans are almost entirely output-focused, rather than 

outcome- or impact-focused.  

Outcomes reported in the annual progress report for the project: 
• The activities from RE resulted in a record percentage of drill-sown crops in C20. The biggest 

shift this season was in the MIA (where the preferred method of sowing had been dry broadcast), 
with 84% of the crop drill-sown. This was also the first season that 100% of crops in the EMV 
have been drill-sown. (Source: Rice Extension Milestone Report 6; 25 April 2020) 

 

Impacts • Faster adoption of on-farm R&D than would otherwise have happened, notably drill sowing.  
• This leads to better water efficiency.  
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Project investment 

Nominal investment 
The investment for the eight projects in this cluster is provided in Table 4, by funding source and for 
each project. This investment is the total investment (i.e. unapportioned) in each project by funding 
source and apportioned to the Water-Use Efficiency Cluster. 

A total of $26.7 million was expended on these projects (excluding the derived management cost). 
AgriFutures Australia provided funding of $10.3 million (35%) over the evaluation period (excluding 
the derived management cost). The research organisations involved in the projects provided $8.8 
million ($33%), either directly or in-kind, and industry provided $8.4 million (31%). A total of $1.5 
million (5%) was provided by others. 

Table 4: Total investment in projects in the Water-Use Efficiency Cluster for years ending 
June 2017 to June 2022 (nominal) 

Project AgriFutures 
Australia 

Research 
organisation 

Industry Other Total 

PRJ-009271 $308,061 $111,027 $20,000 $13,000 $452,088 
PRJ-010400 $30,000 $15,000 $10,000 $5,000 $60,000 

PRJ-010083* $300,000 $0 $0 $0 $300,000 
PRJ-012398 $45,000 $122,887 $340,431 $717,474 $1,225,792 
PRJ-012401 $329,788 $1,185,548 $340,431 $717,474 $1,225,792 
PRJ-009950 $5,926,340 $7,387,174 $7,677,088 $0 $20,990,602 
PRJ-010696 $1,661,655 $0 $0 $0 $1,661,655 
PRJ-009296 $750,000 $0 $0 $0 $750,000 
Management 

Costb $935,084 $882,164 $838,795 $145,295 $2,666,593 

Total $10,285,928 $9,703,800 $9,226,745 $1,598,243 $29,332,522 
Source: AgriFutures Australia (2020) 
* Only the AgriFutures Australia contribution to the Rural R&D For Profit project. 
b Based on the management cost multiplier in the next section. 

Not all of the funds invested in these projects and shown in Table 4 were included in the impact 
assessment for this cluster. Some projects (such as the extension projects and the Australian Rice 
Partnership) were also applicable to the Crop Yield Productivity Cluster and to the Rice Quality & 
Premium-Priced Markets Cluster. The funds invested in these projects were proportionately allocated 
to each cluster. The assumed allocations to the Water-Use Efficiency Cluster for each project are 
shown in Table 5.  
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Table 5: Proportion of investment to Water-Use Efficiency Cluster 

Project Proportion of total investment 
allocated to cluster 

PRJ-009271 70% 
PRJ-010400 100% 
PRJ-010083 100% 
PRJ-012398 100% 
PRJ-012401 100% 
PRJ-009950 10% 
PRJ-010696 10% 
PRJ-009296 10% 

Based on these allocations, a nominal allocated total of $7.63 million was invested in the projects 
included in the Water-Use Efficiency Cluster. This total includes the management cost. 

Program management and communication/extension costs 
The cost of managing the project may vary with the source of funds. Estimates were added to the total 
project costs (in Table 4) via a management cost multiplier. The multiplier for AgriFutures Australia 
was assessed at 1.10. The multipliers accommodate the allocation of indirect RD&E expenditure 
(management and administrative resources) across individual projects, ensuring that the full costs of 
RD&E funding are included as per CRRDC Guidelines (CRRDC, 2018). The use of multipliers is an 
accountability item only.  

All training and extension costs associated with this project were included as part of the project 
funding. 

Real cost of investment 
For the purposes of the investment analysis, the investment costs of all parties were expressed in 
2019-20 dollar terms using the Implicit GDP Deflator index (ABS, 2020). 
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Impacts 
A summary of the types of impacts and potential impacts associated with the outcomes of the project 
is shown in Table 6. 

Table 6: Categories of impacts and potential impacts from the investment in the Water-Use 
Efficiency Cluster 

Economic 
1. Higher profitability arising from less water use and cost while maintaining crop yield through 

better timing, monitoring and understanding of water use. 
2. Increased adoption of best management practices, water use management 
3. Better rice varieties leading to lower water use. 
4. Lower production risk. 
5. Maintenance of profitability of rice growing and enhanced competitiveness against other 

crops and water-using industries (notably cotton and almonds). 

Environmental  
1. Better water-use efficiency, putting less pressure on environmental water supplies. 
2. Contribution to Australia’s ‘clean, green’ image due to lower demands on scarce water 

resources. 

Social 
1. Increased sustainability of the industry. 
2. Contribution to regional and local employment in growing and processing rice. 
3. Increased scientific capacity in the rice industry. 
4. Better societal perception of the rice industry as a sustainable industry. 

 

Public versus private impacts  
The principal potential impacts would accrue to the private sector, predominantly rice growers and 
SunRice. Environmental benefits would be both private and public, including benefits to the local and 
Australian community through improved water-use efficiency. Social benefits will be realised by the 
local and Australian community through maintaining employment in the growing and processing 
industries, higher profitability and productivity in the rice industry, and improved sustainability of the 
industry. 

Distribution of impacts along the supply chain 
The economic benefits from the project will accrue to rice growers, SunRice (as processors and 
marketers), and to the customers in the domestic and export markets. The environmental and social 
benefits from the project will go to the participants in the rice industry, as well as to the local, regional 
and Australian communities, and to the communities of the export markets. 

The actual distribution of economic benefits among the sectors of the supply chain (growers, SunRice 
and customers in the domestic and export markets) will depend the relative own-price elasticities of 
supply and demand1, as well as the input substitution elasticities at processing. The distribution of 

 
1 The elasticity of supply and of demand is a key variable used in economics. It measures the responsiveness of 
supply or demand to a change in price. An elasticity of less than 1 means that the quantity of supply or demand 
reacts proportionately less to a 1% change in price, while an elasticity of greater than 1 means the quantity of 
supply or demand reacts proportionately more to a 1% change in price. 
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benefits arising from the investment in RD&E in the rice industry is detailed in the main report for the 
impact assessment of the four project clusters, including the Water-Use Efficiency Cluster. 

Impacts on other primary industries 
There may be some positive impacts to other primary industries, notably other field crop industries, 
particularly those that rely on irrigation. These industries will benefit from some projects through 
development of new agronomic systems to manage irrigation water. This is acknowledged through the 
collaborative research projects under the Rural R&D for Profit projects. 

As well, there may be spillover benefits in the form of scientific research capacity, with scientists 
moving between industries. 

Impacts overseas 
There would be some international impacts from better water-use efficiency in the Australian rice 
industry: lower cost of production will lead to more competition for other rice-growing countries 
compared with what otherwise would have been the case, bringing benefits to overseas consumers of 
Australian rice. There would be social benefits to overseas communities from the improved 
perception of the sustainability and water-use efficiency of the Australian rice industry. There would 
also be benefits from improved scientific knowledge and techniques from the R&D investments in the 
Rice RD&E Program, such as in papers at international conferences and in scientific literature. 

Match with national and AgriFutures Australia priorities 
The Australian Government’s Science and Research Priorities and Rural Research, Development and 
Extension (RD&E) priorities are reproduced in Table 7. The investment in the Rice RD&E Plan and 
the projects in the Water-Use Efficiency Cluster contributes to Rural RD&E Priorities 1, 3 and 4. It 
also contributes to the Science and Research Priorities 1 and 2.  

Table 7: Australian Government Research Priorities 

Australian Government 
Rural RD&E Priorities (est. 2015) 

 
Science and Research Priorities (est. 2015) 

1. Advanced technology 
2. Biosecurity 
3. Soil, water and managing natural resources 
4. Adoption of R&D 

1. Food 
2. Soil and Water  
3. Transport 
4. Cybersecurity  
5. Energy 
6. Resources  
7. Advanced Manufacturing  
8. Environmental Change 
9. Health 

Sources: Commonwealth of Australia (2016) and Office of the Chief Scientist (2015) 
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AgriFutures Australia Arenas and priorities 
AgriFutures Australia’s four Arenas and priorities for each are presented in Table 8. The Rice RD&E 
Program (and the projects included in the Water-Use Efficiency Cluster) address the priorities in 
Arena 1 and the three priorities in Arena 3. 

Table 8: AgriFutures Australia Arenas and Priorities 

Arenas Priorities 

1. People and leadership 
• Attracting capable people into careers in agriculture 
• Building the capability of future rural leaders 

2. National challenges and 
opportunities 

• Informing debate on issues of importance to rural 
industries  

• Adapting new technologies for use across rural industries 
• Working collaboratively on issues common across rural 

sectors 

3. Growing profitability 

• Engaging industry participants in determining RD&E 
priorities 

• Investing in innovation that assists levied industries to be 
more profitable 

• Delivering outcomes to maximise industry uptake and 
adoption 

4. Emerging industries 
• Supporting the early-stage establishment of high-potential 

rural industries 
Source: AgriFutures Australia Strategic Plan (2018)  

The objectives of the Rice Program RD&E Plan 2016-17 to 2021-22 are as follows: 

1. Cross-sectorial research required to achieve the Dry Rice 1.5 t/ML water-use efficiency target by 
2030. 

2. Rice breeding – varieties and quality improvement  
3. Farm productivity – crop inputs, crop protection and the farming system  
4. Extension, sustainability and human capital.   

The projects included in the Water-Use Efficiency Cluster address all of these objectives. 

Valuation of impacts 

Counterfactual – the ‘without R&D’ scenario 

Without the investment by AgriFutures Australia and its partner organisations in the projects in the 
Water-Use Efficiency Cluster, it is assumed that there would be some gains in water-use efficiency, 
but the rate of gain would not be as great as it is with R&D investment. It is also assumed that 
adoption of the R&D outcomes and the improvement in water-use efficiency would be slower than 
with the investment in the extension activities.  

Impacts valued 

The evaluation approach consists of a mix of ex post and ex ante economic analysis of the benefits 
arising from the eight projects in this cluster. For some projects, the R&D results became available 
and were extended to growers during the period of the RD&E plan between 2016-17 and 2021-22. 
The clear example of this is the use of drill sowing. These benefits are, to some extent, ex post. 
However, some research outcomes are still to be realised, extended to and adopted by rice growers. 
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One example is the use of remote sensing and management of irrigation. The impact assessment for 
these projects are, therefore, ex ante, although for some projects they are ex-project (i.e. the project 
has concluded).  

Where possible, the economic impacts identified for the eight projects in the cluster and listed in 
Table 6 were valued objectively using benefit-cost analysis, in particular, water-use efficiency 
impacts and adoption of best management practices (notably drill sowing and DPW). The 
assumptions related to the impacts are shown in Table 10. 

Attribution 

For the projects in this cluster, the attribution of the investment to the identified benefits varied, 
depending on the project. The attribution was in part based on the proportion of investment made in 
the five years 2016-17 to 2021-22 compared with investments in the previous RD&E plan, with 
adjustment based on expert opinion. The % attribution range was 10%–75% (Table 10). 

Summary of assumptions 

Some assumptions were required for the impact assessment. Table 9 shows the base assumptions, 
while Table 10 shows the assumptions associated with the agronomic R&D projects. 

The assumptions have been based on objective data where it is available and subjective assessment. 
The decisions on the assumptions in Table 9 and Table 10 were guided by rice industry expert 
opinion, notably John Hornbuckle (pers comm, October 2020), Chris Quirk (pers comm, September 
and October 2020), Troy Mauger (pers comm, September and October 2020) and Brian Dunn (pers 
comm, September and October 2020). The assumptions used were conservative estimates of the 
impacts provided by these experts.  

Given the variability of expert opinion about the forecast crop yield impact from the new varieties and 
the agronomic management practices, these assumptions are tested in the scenario analysis. 

Table 9: Summary of base assumptions for Water-Use Efficiency Cluster 

Variable Assumption Source 

Average annual rice area for NSW 
(’000 ha) 
5-year average: 2014-15 to 2018-19 

48.6 
(+/- 30.0) 

ABS (2020c) and ABARES 
(2020a) 

Annual rice production (’000 tonnes) 
5-year average: 2014-15 to 2018-19 

489.1 
(+/- 315) ABS (2020c) 

Volume of water applied per annum 
(megalitre) 
5-year average: 2014-15 to 2018-19 

588,793 
(+/- 375,850) ABS (2020b) 

Area sown/watered (’000 ha) 
5-year average: 2014-15 to 2018-19 

49.4 
(+/- 31.3) ABS (2020b) 

Water application rate (ML/ha) 12.0 
(+/- 1.0) 

Ag Econ (2020b) and ABARES 
(2020a) 

Grain yield per hectare (tonnes/ha) 10.95 
(+/- 0.62) 

Derived from NSW DPI and 
ABS 

Grain yield per megalitre (tonne/ML) 
5-year average: 2014-15 to 2018-19 

0.85 
(+/- 0.04) 

Derived from NSW DPI and 
ABS 

Average farm gate price for Reiziq 
($/tonne) 

$485 
(+/- $160) SunRice 

Average water cost ($/ML) $146 
(+/- $40) AgEcon (2020b) 

Management cost multiplier 1.10 AgriFutures Australia cost 
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Table 10: Summary of assumptions for Water-Use Efficiency improvements 

Variable Assumption Source 

Improvement in water-use efficiency 

Smart irrigation 8% 
(range 5% to 11%) Ag Econ (2020b) 

Drill sowing 10% 
(range 5% to 15%) 

Poimena Analysis, based on expert 
opinion 

Delayed permanent water 15% 
(range 10% to 20%) 

Poimena Analysis, based on expert 
opinion 

Labour saving ($/ha) 

Smart irrigation $18 
(range $8 to $28) Ag Econ (2020b) 

Improvement in crop yield 

Smart irrigation 3% 
(range 0% to 9%) 

Poimena Analysis, based on expert 
opinion 

Drill sowing 0% 
(range 0% to 10%) 

Poimena Analysis, based on expert 
opinion 

Delayed permanent water -4% 
(range -6% to 0%) 

Poimena Analysis, based on expert 
opinion 

Years to maximum adoption (from 1st year of use) 

Smart irrigation 10 Poimena Analysis, based on expert 
opinion 

Drill sowing 5 Poimena Analysis, based on expert 
opinion 

Delayed permanent water 5 Poimena Analysis, based on expert 
opinion 

First year of adoption 

Smart irrigation 2023 Poimena Analysis, based on expert 
opinion 

Drill sowing 2015 Poimena Analysis, based on expert 
opinion 

Delayed permanent water 2022 Poimena Analysis, based on expert 
opinion 

Maximum adoption (%) 

Smart irrigation 
30% 
(range 20% to 50%) 

Poimena Analysis, based on expert 
opinion 

Drill sowing 
80% 
(range 70% to 80%) 

Poimena Analysis, based on expert 
opinion 

Delayed permanent water 
20% 
(range 10% to 40%) 

Poimena Analysis, based on expert 
opinion 

Cost of implementing ($/ha/annum) 

Smart irrigation $140 
(range $100 to $180) 

Ag Econ (2020a) 

Drill sowing -$70 (cost saving) 
(range -$90 to -$50) 

NSW DPI (2018) 

Delayed permanent water $20 
(range $10 to $40) 

Poimena Analysis, based on expert 
opinion 

Attribution of benefits to projects 

Smart irrigation 75% 
(range 60% to 90%) 

Poimena Analysis, based on prior 
investment in SIP I and extension (before 
2017) 
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Drill sowing 10% 
(range 5% to 15%) 

Poimena Analysis, based on investment in 
previous years both for R&D and for 
extension 

Delayed permanent water 10% 
(range 5% to 20%) 

Poimena Analysis, based on investment 
starting before 2017 

Other implied assumptions 

Average seasonal conditions are assumed. Of course, there are significant swings in total production 
between years, depending on seasonal conditions and the availability of water. This variability is 
illustrated by the ranges for the rice area planted, annual rice production, volume of water applied, and 
area of rice watered. This variability is addressed in the sensitivity analysis of the net benefits. 

Another implied assumption is that there are no correlations modelled between the variables. 

Other impacts identified but not valued 

Some impacts identified for the projects in this cluster cannot be valued for the economic impact 
assessment. They include: 

• Less production risk arising from lower demand for water. 
• Contribution to Australia’s ‘clean, green’ image due to lower demands on scarce water resources. 
• Spillover social impacts to the rural communities where rice processing plants are located that 

arise from ensuring maintenance and growth of the rice industry, including job opportunities and 
the social and community linkages and support. 

• Better societal perception of the rice industry as a sustainable industry. 

These impacts were not valued because of the lack of available information on these spillovers. This 
is not to say that these impacts are not valuable and important. They are very important, but the 
methodology and lack of data does not allow valuation. 
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Results 
All past costs and benefits were expressed in 2019-20 dollar terms using the Implicit Price Deflator 
for Gross Domestic Product (ABS, 2020). All benefits after 2019-20 were expressed in 2019-20 dollar 
terms using a discount rate of 5%. A reinvestment rate of 5% was used for estimating the MIRR. The 
base analysis used the best estimates of each variable, notwithstanding a high level of uncertainty for 
many estimates. All analyses ran for a period of 30 years after the last year of investment (2021-22). 

The investment criteria are reported for this cluster investment in Table 11. Note that the present value 
of costs in this table reflects the cost of the eight projects allocated to this cluster. Because some 
projects also contribute to the Crop Yield Productivity Cluster and the Rice Quality and Premium-
Priced Markets Cluster, the total shown in Table 11 is lower than the total investment in these eight 
projects as shown in Table 4. 

The present value of benefits was estimated by applying the proportion of total benefits (after 
attribution) to the annual estimated cash flow of total discounted benefits. The cluster provides a 
strong return on investment, with NPV of $32.19 million after 30 years and a BCR of 5.03 at year 30. 
This generates an MIRR of 10.5% after 30 years. The NPV is still positive after five years (i.e. the 
discounted sum of the project benefits outweighs the discounted sum of the project costs). Breakeven 
returns are achieved during year four.  

Table 11: Investment criteria for total investment in the Water-Use Efficiency Cluster 
(discount rate 5%) 

Investment criteria 
 

Years from end of RD&E plan 
0 5 10 15 20 25 30 

Present value of benefits ($m) $3.24 $10.30 $18.55 $25.96 $31.84 $36.49 $40.18 
Present value of costs ($m) $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 
Net present value ($m) -$4.75 $2.31 $10.56 $17.97 $23.85 $28.50 $32.19 
Benefit-cost ratio  0.41 1.29 2.32 3.25 3.99 4.57 5.03 
Internal rate of return (%) N/A 8.7% 18.3% 20.6% 21.4% 21.6% 21.7% 
Modified internal rate of return (%) -34.3% 7.0% 11.6% 12.1% 11.6% 11.0% 10.5% 

The annual cash flows of undiscounted benefits and costs for the investment are shown in Figure 2. 
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Figure 2: Flow of benefits and costs from the Water-Use Efficiency Cluster investment 

Sensitivity analyses 
As noted in the list of assumptions in Table 10, some variables are uncertain. Sensitivity analyses 
were carried out for some of these variables. In a sensitivity analysis, variables are adjusted one at a 
time (while all other variables remain the same and are set on the base case or central assumptions). 
This analysis was carried out on the following variables in the model:  

• Discount rate  
• Farmgate price for rice  
• Farmgate price of water  
• Labour saving from smart irrigation  
• Water-use savings from smart irrigation, drill sowing, and delayed permanent water  
• On-farm cost of implementing smart irrigation, drill sowing, and delayed permanent water  
• Attribution of benefits to investment in smart irrigation research, drill sowing extension and 

delayed permanent water extension.  

The results are reported in Table 12 to Table 18. Other than the analysis of the discount rate, all 
sensitivity analyses on the total investment used only a 5% discount rate, with benefits taken over the 
30-year period. All other parameters were held at their base values for the sensitivity analyses.  

Table 12 shows the investment results are reasonably sensitive to the chosen discount rate. For 
example, the benefit-cost ratio for the total investment ranges between 3.14 and 6.65.  
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Table 12: Sensitivity to discount rate for the Water-Use Efficiency Cluster (30 years) 

Criterion Discount rate  
2% Base (5%) 8% 

Present value of benefits ($m) $57.67 $40.18 $30.00 
Present value of costs ($m) $7.87 $7.99 $8.12 
Net present value ($m) $49.80 $32.19 $21.88 
Benefit-cost ratio 7.33 5.03 3.69 
MIRR (%) 8.8% 10.5% 12.3% 

The analysis shows the investment results are not very sensitive to the price for rice (see Table 13) 
because the direct net impact on crop yields from these Water-Use Efficiency projects is relatively 
small. Even with the lower price for rice, the investment returns are solidly positive. 

Table 13: Sensitivity to farmgate price of rice (5% discount rate, 30 years) 

Criterion Farmgate price for rice 

Base  
($485/tonne) 

Pessimistic 
($325/tonne) 

Optimistic 
($645/tonne) 

Present value of benefits ($m) $40.18 $35.49 $44.87 
Present value of costs ($m) $7.99 $7.99 $7.99 
Net present value ($m) $32.19 $27.50 $36.88 
Benefit-cost ratio 5.03 4.44 5.62 
MIRR (%) 10.5% 10.1% 10.8% 

In contrast, the results are much more sensitive to the price of water. As Table 14 shows, a high water 
price results in the benefit-cost ratio rising to 5.43 and the NPV lifting to $35.45 million. Even with 
the lower price for water, the investment returns are very solidly positive, with a BCR of 3.42. The 
water price would need to fall to an unthinkable $9/ML for the cluster to only breakeven. 

Table 14: Sensitivity to farmgate price of water (5% discount rate, 30 years) 

Criterion Farmgate price for water 

Base  
($146/Ml) 

Pessimistic 
($106/Ml) 

Optimistic 
($186/Ml) 

Present value of benefits ($m) $40.18 $31.09 $49.27 
Present value of costs ($m) $7.99 $7.99 $7.99 
Net present value ($m) $32.19 $23.10 $41.28 
Benefit-cost ratio 5.03 3.89 6.17 
MIRR (%) 10.5% 9.5% 11.2% 

As Table 15 shows, the results are very insensitive to the extent of the labour saving arising from 
using smart irrigation. A high labour cost saving results in the BCR rising to 5.16 while a low labour 
cost saving causes the BCR to fall to 4.91. This is in line with the findings of Ag Econ (2020a).  

  



27 

Table 15: Sensitivity to the labour saving from smart irrigation (5% discount rate, 30 years) 

Criterion Labour saving 

Base  
($18/ha) 

Pessimistic 
($8/ha) 

Optimistic 
($28/ha) 

Present value of benefits ($m) $40.18 $39.23 $41.23 
Present value of costs ($m) $7.99 $7.99 $7.99 
Net present value ($m) $32.19 $31.24 $33.24 
Benefit-cost ratio 5.03 4.91 5.16 
MIRR (%) 10.5% 10.4% 10.6% 

The following tables summarise the sensitivity analysis of the investment results for water-use 
savings, farm cost of implementing the three systems, and the attribution of the projects 

Table 16 provides the sensitivity analysis for the improvement in water-use efficiency for the three 
projects/impacts. As can be seen, the investment criteria are particularly sensitive to the water-use 
savings assumed for drill sowing, with the benefit-cost ratio rising to 6.04 in the higher scenario. The 
results are also relatively sensitive to the assumed water-use savings from the smart irrigation, with 
the total BCR lifting to 5.66 with the higher assumed water saving. It was less sensitive to the 
assumptions about savings with delayed permanent water. 

The sensitivity of the results to the assumptions about the farm cost of implementing the three water 
efficiency R&D projects are shown in Table 17. The results are quite sensitive to the assumption 
about the on-farm cost for implementing smart irrigation. But even with the higher cost, the 
investment results are strongly positive, with a BCR of 4.52. The results are less sensitive to the 
assumption about the on-farm saving of moving to drill sowing, and they change little with the 
assumptions about the farm cost of implementing delayed permanent water. 

Table 18 shows the sensitivity of the investment results to changes in the attribution of each project to 
the benefits. The results are most sensitive to the attribution of drill sowing benefits, with the BCR 
lifting to 6.36 for the higher level of attribution, and falling to 3.70 for the lower level of attribution.  

The results of these three sets of sensitivity analysis show that even with the pessimistic assumptions, 
the investment criteria are still strongly positive. 

The sensitivity of the results to the various parameters are shown graphically in Figure 3. 
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Table 16: Sensitivity to lower and higher water use savings (5% discount rate over 30 years) 

Criterion Base Smart irrigation Drill sowing Delayed permanent water 
Lower (5%) Higher (11%) Lower (5%) Higher (15%) Lower (10%) Higher (20%) 

Present value of benefits ($m) $40.18 $35.11 $45.25 $32.14 $48.22 $38.99 $41.37 
Present value of costs ($m) $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 
Net present value ($m) $32.19 $27.12 $37.26 $24.15 $40.23 $31.00 $33.38 
Benefit-cost ratio 5.03 4.40 5.66 4.02 6.04 4.88 5.18 
MIRR (%) 10.5% 10.0% 10.9% 9.4% 11.2% 10.4% 10.6% 

Table 17: Sensitivity to lower and higher farm cost of implementing - $/ha (5% discount rate over 30 years) 

Criterion Base 
Smart irrigation Drill sowing* Delayed permanent water 

Lower 
($100/ha) 

Higher 
($180/ha) 

Lower 
(-$50/ha) 

Higher 
(-$90/ha) 

Lower 
($10/ha) 

Higher 
($40/ha) 

Present value of benefits ($m) $40.18 $44.12 $36.14 $38.66 $41.62 $40.31 $39.93 
Present value of costs ($m) $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 
Net present value ($m) $32.19 $36.13 $28.15 $30.68 $33.63 $32.32 $31.94 
Benefit-cost ratio 5.03 5.52 4.52 4.84 5.21 5.05 5.00 
MIRR (%) 10.5% 10.8% 10.1% 10.3% 8.8% 10.5% 10.4% 
* That is, this is a cost saving for implementing drill sowing 

Table 18: Sensitivity to attribution (5% discount rate over 30 years) 

Criterion Base 
Smart irrigation Drill sowing Delayed permanent water 

Lower 
(60%) 

Higher 
(90%) 

Lower 
(5%) 

Higher 
(15%) 

Lower 
(5%) 

Higher 
(20%) 

Present value of benefits ($m) $40.18 $36.47 $43.89 $29.53 $50.83 $40.02 $40.50 
Present value of costs ($m) $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 $7.99 
Net present value ($m) $32.19 $28.48 $35.90 $21.54 $42.84 $32.03 $32.52 
Benefit-cost ratio 5.03 4.57 5.49 3.70 6.36 5.01 5.07 
MIRR (%) 10.5% 10.1% 10.8% 9.0% 11.5% 10.5% 10.5% 
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Figure 3: Sensitivity analysis for the Water-Use Efficiency Cluster 

 

Distribution analyses 

A natural extension of sensitivity analysis is to use stochastic modelling to incorporate multiple 
assumptions and the uncertainty associated with each input (ranges). The results are based on input 
distributions for key assumptions set using three-point estimates for each variable. No correlations are 
modelled in the stochastic simulation, implying all variables are independent of each other.  

The BCR distribution of outcomes for the cluster on a 30-year investment horizon indicates a greater 
than 80% probability of a BCR greater than 3, with the distribution skewed to the right driven by the 
positive skew in some input distributions. If benefits are measured only in the first 10 years of 
projections, there is a probability of 76% that the BCR investment measure would fall below 3 (Figure 
4).  

  

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

Benefit-Cost Ratio Low High Base



27 

Figure 4: 30-year BCR outcomes using stochastic modelling (5% discount rate) 

 

Confidence ratings 
As noted previously, the investment analysis results are highly dependent on the assumptions made, 
almost all of which are uncertain. Two factors warrant recognition. The first is the coverage of 
benefits. Where there are multiple types of benefits it is often not possible to quantify all benefits that 
may be linked to the investment. The second factor involves uncertainty about the assumptions made, 
including the linkage between the research and the assumed outcomes and impacts.  

A confidence rating based on these two factors has been given to the results of the investment analysis 
(see Table 19). The rating categories used are high, medium, and low: 

High A good coverage of benefits or reasonable confidence in the assumptions made 

Medium Only a reasonable coverage of benefits or some uncertainties in assumptions made 

Low A poor coverage of benefits or many uncertainties in assumptions made 

 

Table 19: Confidence in analysis of project 

Coverage of benefits Confidence in assumptions 

High Medium because of variability in the expert 
opinion for the assumptions 
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Conclusions 
The investment by AgriFutures Australia and the industry in the eight projects included in the Water-
Use Efficiency Cluster provides a very good return, in NPV, BCR and MIRR. Based on the 
assumptions made, the total investment by AgriFutures Australia, the industry and the research 
organisations of $7.99 million (present value) in these projects from 2016-17 to 2021-22 is projected 
to produce an estimated total gross benefit over 30 years of $40.18 million attributed to the projects. 
This provides an NPV of the project of $32.19 million, with a BCR of 5.03 (at a 5% discount rate). 
Over 30 years, there was an IRR of 21.7% and a MIRR of 10.5%. 

A conservative approach has been taken with the assumptions, given there is some uncertainty about 
the extent of future on-farm benefits and adoption rates in the analysis. Sensitivity analysis on the 
model assumptions highlights the most influential variables. The results were most sensitive to the 
assumption about the discount rate used and the attribution for drill sowing adoption. Overall, the 
sensitivity analysis shows that the NPV of the cluster could be as high as $49.80 million and as low as 
$21.54 million, while the BCR could be as high as 7.33 and as low as 3.69. 

These results exclude some environmental and social benefits that could not be valued, e.g. the 
contribution to changing Australian society’s perception of the rice industry as sustainable, notably in 
the management of scarce water resources in the Murray-Darling Basin. Other benefits that could not 
be valued include local community benefits from a profitable, productive rice industry (including rice 
processing) through the availability of employment in rural communities, with the attendant social 
benefits that maintaining or even growing populations bring to rural towns. While these benefits could 
not be valued in this assessment, they are important benefits arising from the RD&E Program. 
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Recommendations 
There are two recommendations arising from undertaking the impact assessment: 

1. Enhance the information on funded RD&E projects to assist in future impact assessments – 
notably, the Rural R&D for Profit Projects 

As noted in the report in the Crop Yield Productivity Cluster, some of the information needed to guide 
the assumptions used in the impact assessment was very limited or non-existent. This includes some 
of the assumptions listed in Table 10, notably the improvement in water-use savings arising from the 
three technologies. Future impact assessments would benefit significantly from final and progress 
reports from the research projects spelling out clearly the likely farm-level impacts on water-use 
efficiency, as well as the indicative on-farm cost for implementing the research results. It is 
recommended that AgriFutures Australia includes this requirement from researchers; that researchers 
provide this information; and that AgriFutures Australia captures this data for use in future impact 
assessments. 

As well, the amount of information available from AgriFutures Australia on the Rural R&D for Profit 
projects, which are jointly funded by the Australian Government, AgriFutures Australia, industry 
groups and other Rural R&D corporations (e.g. the Cotton Research & Development Corporation and 
the Grains Research & Development Corporation) was somewhat limited. It is recommended that 
AgriFutures ensures that it has all progress reports available for projects jointly funded under the 
Rural R&D for Profit programs, and can supply them for future impact assessments. 

2. Consider conducting true ex post assessments of projects 

The impact assessment for the smart irrigation technology was not a true ex post analysis because the 
current project has not been completed. In other words, the assessment is part ex ante. The 
assumptions are therefore uncertain. AgriFutures Australia should consider conducting true ex post 
impact assessments of a selection or cluster of projects to confirm the results of this current 
assessment. This could be conducted after allowing a suitable time after the projects have been 
completed and a sufficient time for findings to be adopted and new varieties to be released. 
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