RS9 Australian Government
Q s .
St Land & Water Australia

return on investment report

knowledge for managing Australian landscapes

ECONOMIC ASSESSMENT OF
SELECTED INVESTMENTS OF THE
NATIONAL PROGRAM FOR
SUSTAINABLE IRRIGATION (PHASE 1)

Agtrans Research




Published by: Land & Water Australia
Product Code: PN22132
Postal address: GPO Box 2182, Canberra ACT 2601

Office Location: Level |, The Phoenix
86-88 Northbourne Ave, Braddon ACT

Telephone: 02 6263 6000
Facsimile: 02 6263 6099
Email Land&WaterAustralia@Iwa.gov.au

Internet: lwa.gov.au
Land & Water Australia © April 2009

Disclaimer

The information contained in this publication is intended for general use, to assist public knowledge and discussion and to
help improve the sustainable management of land, water and vegetation. It includes general statements based on scientific
research. Readers are advised and need to be aware that this information may be incomplete or unsuitable for use in
specific situations. Before taking any action or decision based on the information in this publication, readers should seek
expert professional, scientific and technical advice and form their own view of the applicability and correctness of the
information.

To the extent permitted by law, the Commonwealth of Australia, Land & Water Australia (including its employees and
consultants), and the authors of this publication do not assume liability of any kind whatsoever resulting from any person’s
use or reliance upon the content of this publication.




ECONOMIC ASSESSMENT OF
SELECTED INVESTMENTS OF THE
NATIONAL PROGRAM FOR
SUSTAINABLE IRRIGATION (PHASE 1)

Final Report

To
NATIONAL PROGRAM FOR SUSTAINABLE IRRIGATION

17 December 2008

(amended 30 July 2009)

by

Agtrans Research

AGTRANS RESEARCH

Suite 36, Benson House, 2 Benson Street,
Toowong, Brisbane, Australia
PO Box 385, Toowong, Qld 4066
Telephone: (07) 3870 4047 or (07) 3870 9564
Facsimile: (07) 3371 3381

E-mail: info@agtrans.com.au
A.C.N. 010 605 964




CONTENTS

Page
No

Executive summary ii
1. Introduction 1
2. Methods 2
3. Summary of results 6
4. Conclusions 9
Appendix 1: An economic analysis of investment in reducing salinity impact
on Lower Murray horticulture (DEP15) 10
Appendix 2: An economic analysis of changing irrigation systems and
management of the Harvey Water Irrigation Area (DAWA45) 30
Appendix 3: An economic analysis of investment in irrigation futures of the
Goulburn Broken catchment (VP13) 52
Appendix 4: An economic analysis of investment in northern Australian
irrigation futures (project no. CDS23) 75

Agtrans Research



Executive summary

The National Program for Sustainable Irrigation (NPSI) required cost-benefit analyses to
be undertaken on a number of its research investments from phase 1 of the program,
which ran from July 2002 to June 2007.

Eleven investments from phase 1 were identified by NPSI as having potential for
analysis, and these were scanned by Agtrans using six criteria to further determine their
suitability for analysis. As a result, four investments (projects) were selected for cost-
benefit analysis.

Information from the original project proposals, milestone reports (where appropriate),
final reports and other relevant reports were assembled with assistance from the program
management. Discussions were held with principal investigators for each project as well
as users of the research outputs as appropriate.

Each of the four analyses provides a description of the project background, objectives,
activities, costs, outputs, actual and expected outcomes, and potential benefits. Table 1
identifies the benefits from each of the four case studies. Each benefit is categorised as
economic, environmental or social. Not all of the case studies demonstrated benefits from
each category.

Table 1: Summary of benefits for four NPSI phase 1 investments

Project Benefits

Horticulture salinity Productivity and profitability

e Water savings due to more strategic application of
water as part of precision irrigation

e Reduced likelihood of a negative productivity impact
on crops due to high soil salinity

Environmental

e Some potential for lowered salinity returns to the
Murray River from irrigated land, leading to improved
water quality

Social

e Recreational and aesthetic benefits from potential
contribution to improved water quality

Harvey Water Productivity and profitability

e Lowered water costs to dairy and beef farmers

e Higher net incomes from improved pasture production,
pasture quality and milk and beef production

e Water available for other uses

Environmental

e Marginally improved water quality in nearby estuaries.

Social
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e More sustainable local community
e Marginally improved recreational opportunities in

estuaries
Irrigation futures Productivity and profitability
e Increase in efficiency of resource allocation regarding
investment

e Higher level of flexibility enabling the regional
economy to adapt to changing circumstances more
readily and at lower cost

Environmental

e More effective management of natural resources and
the environment

Social

e Reduced impact of social adjustment required in future

NAIF Productivity and profitability

¢ Knowledge and tools to help ensure that any irrigation
scheme developed in northern Australia achieves
sustainable and maximum levels of productivity and
profitability given other constraints

e Potential efficiencies in planning and negotiations
regarding development of new schemes through
improved relationships and communication

Environmental

e Knowledge and tools to help ensure that any irrigation
scheme developed in northern Australia meets the goals
of ecological sustainable development and minimises
any negative environmental impacts from the
development

Social

e Knowledge and tools to help ensure that any irrigation
scheme developed in northern Australia meets the
social goals associated with community employment
and sustainability

Some of the potential benefits were valued in monetary terms. The present value of
benefits (PVB) and present value of costs (PVC) were used to estimate investment
criteria of net present value (NPV), benefit-cost ratio (B/C ratio) and internal rate of
return (IRR) at a discount rate of six per cent. The PVB and PVC are the sums of the
discounted streams of benefits and costs. The discounting is used to allow for the time
value of money.

Analyses were undertaken for total benefits that included future expected benefits. A
degree of conservatism was used when finalising assumptions.

Agtrans Research




Sensitivity analyses were undertaken in most cases for those variables where there was
greatest uncertainty or for those that were thought to be key drivers of the investment
criteria.

Some identified benefits were not quantified due to:

e asuspected, weak or uncertain scientific relationship between the research investment
and the actual R&D outcomes and associated benefits

e the magnitude of the value of the benefit was thought to be only minor

e some uncertainty in the assumptions concerning the counterfactual or the ‘without’
scenario

The analyses undertaken are consistent with other LWA analyses using the ‘return on
investment’ approach.

Table 2 presents the investment criteria for each of the four investments analysed at a six
per cent discount rate and expressed in 2007-08 dollar terms. Cash flows were
discounted to the 2007-08 year. The costs in the table below refer to those for NPSI and
the benefits refer to the proportion of all benefits valued attributed to NPSI on the basis of
the program’s cost contribution.

Table 2: Investment criteria for four NPSI phase 1 investments
(discount rate = 6%)

Investment PVB PVC NPV B/C IRR

($m) | ($m) | ($m) | ratio (%)
Horticulture Salinity 1.77 0.22 1.55 8.10 25.4
Harvey Water 4.26 0.32 3.94 | 13.34 30.8
Irrigation Futures 10.67 0.75 9.92 | 14.23 28.5
North Australian Irrigation Futures 6.83 0.66 6.17 | 10.34 21.1

Given the assumptions made for each evaluation, all investments appear to have realised
or have prospects of realising potential benefits.
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1. Introduction

The National Program for Sustainable Irrigation (NPSI) required cost-benefit analyses to
be undertaken on a number of its phase 1 research investments to assist in identifying the
outcomes and benefits that have emerged or are likely to emerge from the investments.
Valuation of these benefits, along with identification of investment expenditure, was
required in order to demonstrate their contribution to Australia’s rural industry
productivity and sustainability.

This analysis evaluates the benefits to be delivered from outcomes from four research
projects from the first phase of the program, which ran from July 2002 to June 2007. The
program is currently in its second phase.

Assessing the impact of investment in research is important as it can demonstrate to
stakeholders that the research has made, or is likely to make, a difference and is
providing benefits to Australia’s rural industry productivity and sustainability.

One method identified for improving the ability to report on the effectiveness of the
research investment is to undertake some formalised investment analyses (cost-benefit
analyses) in order to estimate the returns to investment. Such analyses take into account
the time differences between when the investment occurs and when benefits accrue.

Section 2 of the report provides a brief summary of the methods used in the analyses.
Section 3 reports a summary of the benefits and of the investment criteria estimated for
the four investments. A brief conclusion is provided in Section 4. The four investment
analyses are presented in Appendices 1 to 4.
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2. Methods

2.1 Project selection

Together with the consultants, the NPSI manager and program staff considered the full
list of projects funded in phase 1 of the program and selected 11 projects or project
groups that were thought to potentially be suitable for analysis. It was determined initially
that four or five cost-benefit analyses could be undertaken with the time and resources
available for the consultancy. Agtrans scanned the long list of 11 investments to help
decide which investments to analyse.

For each of 11 investment areas, a short summary of its suitability for economic
evaluation in 2008 is provided. The 11 investments were:

. Knowledge model (CRD1)

. LongStop (CLW81)

. Irrigation Futures (VPI3, including Irrigation Insights)
. North Australia Irrigation Futures (NAIF) (CDS23)

. Horticulture Salinity (DEP15)

. Dam Evaporation (UWA45 and including FSA1 and USQ11)
. Effluent Water (VP14)

. ERA Ord (WRC12)

. Harvey Water (DAW45)

10. Deep Drainage (CRD2)

11. Open Hydroponics (DAN22)

O©CoOoO~NO O WDN P

When collecting basic information on each of the investments the following six criteria

were considered:

1. Whether the project/s has/have been completed and outputs have been produced and
adopted

2. The likely availability of information regarding actual or likely adoption of any
outputs and information providing links between outputs, outcomes and benefits

3. The suitability of the benefits to valuation

4. Whether a boundary can be easily placed around the investment in terms of all inputs
over time and across funding organisations

5. The magnitude of NPSI investment in the innovation (both absolute and proportion)

6. The likely magnitude of the potential benefits.

Information scanned included final reports and proposals for projects developed from the
original investments. Principal investigators and others reasonably well informed of the
impact and implications of the investment were contacted where appropriate.

Each of the investment areas was given a high, medium or low rating against each of the
above six criteria. If each of these ratings is assigned a numerical score (high = 3,
medium = 2, low = 1), then a total score for each investment area could be calculated,
with 18 being a perfect score (Table 2.1).
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Table 2.1: Summary scores for the 11 investments

Criteria 2 3 4 5 6 Total
1.Knowledge 1 2 2 1 1 9
Model

2. LongStop 2 2 1 1 2 10
3. Irrigation 2 2 3 2 2 13
Futures

4. NAIF 1 2 3 2 3 13
5.Horticulture 3 3 3 1 3 15
Salinity

6. Dam 1 2 1 2 1 9
Evaporation

7. Effluent 1 1 2 3 1 10
Water Use

8. ERA Ord 2 1 1 2 1 9
9. Harvey 2 3 2 1 3 14
Water

10. Deep 1 1 1 1 2 8
Drainage

11. Open 2 2 1 2 1 10
Hydroponics

The investments with the highest scores were:
1. Horticulture Salinity (15)
2. Harvey Water (14)
3. lrrigation Futures (13)

4. NAIF (13)

These four investments were selected for further analysis.

Together, the investment in these four projects represents 16.4 per cent of NPSI’s total

phase 1 investment (in nominal terms).

2.2 Individual analyses

Each investment was evaluated through the following steps:

1. Information from the original project schedules, and any progress reports, final
reports or other relevant reports and material was assembled with assistance from

NPSI personnel, principal investigators and others.

2. Aninitial description of the project background, objectives, activities, costs, outputs,
and expected outcomes and benefits was drafted. Additional information needs were

identified.

3. Telephone contact was made with principal investigators and/or users of the research
outputs and the draft sent to those persons for perusal and comment, together with

specific information requests.
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4. Further information was assembled where appropriate and the quantitative analysis
undertaken.
5. Final drafts were passed by principal investigators for comment.

The actual and potential benefits from each investment were identified and described in a
triple-bottom-line context. Some of these benefits were then valued.

The factors that drive the investment criteria for R&D include:

C The cost of the R&D

K The magnitude of the net benefit per unit of production affected; this net benefit
per unit also takes into account the costs of implementation

Q The quantity of production affected by the R&D, in turn a function of the size of
the target audience or area, and the level of initial and maximum adoption
ultimately expected, and level of adoption in the intervening years

D The discount rate

Ty The time elapsed between the R&D investment and commencement of the accrual
of benefits

T, The time taken from first adoption to maximum adoption

A An attribution factor can apply when the specific project or investment being
considered is only one of several pieces of research or activity that have
contributed to the outcome being valued

P Probability of an R&D output, commercialisation etc. occurring. Can be applied
when the research is not complete or when some further investment is required
before the outputs of the research are translated into adoptable outcomes and
extended to the industry.

Defining the ‘without R&D’ scenario to assist with defining and quantifying benefits is
often one of the more difficult assumptions to make in investment analyses. The
‘without’ scenario (referred to here as counterfactual) usually lies somewhere between
the status quo or business as usual case and the more extreme position that the research
would have happened anyway but at a later time; or the benefit would have been
delivered anyway through another mechanism. The important issue is that the definition
of the counterfactual scenario is as consistent as possible between analyses.

The present value of benefits (PVB) and present value of costs (PVC) were used to
estimate investment criteria of net present value (NPV), benefit-cost ratio (B/C ratio) and
internal rate of return (IRR) at a discount rate of six per cent. The PVB and PVC are the
sums of the discounted streams of benefits and costs. The discounting is used to allow for
the time value of money. All dollar costs and benefits were expressed in 2007-08 dollar
terms and discounted to the year 2007-08. A 40-year time frame was used in all analyses,
with the first year being the initial year of investment in the R&D project. Total costs for
the R&D project included the cash contributions of NPSI, as well as any other resources
contributed by third parties (e.g. researchers or industry).

Analyses were undertaken for total benefits that included future expected benefits. A
degree of conservatism was used when finalising assumptions.
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Sensitivity analyses were undertaken in most cases for those variables where there was
greatest uncertainty or for those that were thought to be key drivers of the investment
criteria.

Some identified benefits were not quantified, due to:

e asuspected, weak or uncertain scientific relationship between the research investment
and the actual R&D outcomes and associated benefits

e the magnitude of the value of the benefit was thought to be only minor.

e some uncertainty in the assumptions concerning the counterfactual or the ‘without’
scenario.
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3. Summary of results

3.1 Qualitative results

Table 3.1 identifies the benefits from each of the four case studies. Each benefit is
categorised as economic, environmental or social. Not all of the case studies
demonstrated benefits in each category.

Table 3.1: Summary of benefits for four NPSI phase 1 investments

Project

Benefits

Horticulture Salinity

Productivity and profitability

e Water savings due to more strategic application of
water as part of precision irrigation

e Reduced likelihood of a negative productivity impact
on crops due to high soil salinity

Environmental

e Some potential for lowered salinity returns to the
Murray River from irrigated land, leading to improved
water quality

Social

e Recreational and aesthetic benefits from potential
contribution to improved water quality

Harvey Water

Productivity and profitability

e Lowered water costs to dairy and beef farmers

e Higher net incomes from improved pasture production,
pasture quality and milk and beef production

e Water available for other uses

Environmental

e Marginally improved water quality in nearby estuaries

Social

e More sustainable local community

e Marginally improved recreational opportunities in
estuaries

Irrigation Futures

Productivity and profitability

e Increase in efficiency of resource allocation regarding
investment

e Higher level of flexibility enabling the regional
economy to adapt to changing circumstances more
readily and at lower cost

Environmental

e More effective management of natural resources and
the environment

Social

e Reduced impact of social adjustment required in future

6
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NAIF Productivity and profitability

Knowledge and tools to help ensure that any irrigation
scheme developed in northern Australia achieves
sustainable and maximum levels of productivity and
profitability given other constraints

Potential efficiencies in planning and negotiations
regarding development of new schemes through
improved relationships and communication

Environmental

Knowledge and tools to help ensure that any irrigation
scheme developed in northern Australia meets the goals
of ecological sustainable development, and minimises
any negative environmental impacts from the
development

Social

Knowledge and tools to help ensure that any irrigation
scheme developed in northern Australia meets the
social goals associated with community employment
and sustainability

3.2 Quantitative results

The investment criteria calculated for each investment were the NPV, the B/C ratio and
the IRR. The NPV is the difference between the PVVB and the PVC. Present values are the
sum of discounted streams of benefits and/or costs. The B/C ratio is the ratio of the PVB

to the PVC. The IRR is the discount rate that would equate the PVB and the PVC, thus

making the NPV zero and the B/C ratio 1:1.

Table 3.2 presents the investment criteria for each of the four investments analysed at a
six per cent discount rate. The costs in the table below refer to those for NPSI and the
benefits refer to the proportion of all benefits valued attributed to NPSI on the basis of the

program’s cost contribution.

Table 3.2: Investment criteria for four NPSI phase 1 investments

(discount rate = 6%)

Investment PVB PVC NPV B/C IRR

($m) | ($m) | (3m) | Ratio | (%)
Horticulture Salinity 1.77 0.22 1.55 8.10 25.4
Harvey Water 4.26 0.32 3.94 | 13.34 30.8
Irrigation Futures 10.67 0.75 9.92 | 14.23 28.5
NAIF 6.83 0.66 6.17 | 10.34 21.1
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Further details on each of these investments and the associated results are provided in the
individual analysis reports. It is evident from the results there is a wide range in the
investment criteria across the four projects.

The benefits and costs from the four investments can be aggregated to provide aggregate
investment criteria for the four projects. Table 3.3 shows that, together, these four
analyses have a B/C ratio of 8.9 to 1.

Table 3.3: Investment criteria for NPSI phase 1 (using benefits and costs from four NPSI
investments analysed)

PVB (four investments) $17.23 m
PVC (NPSI phase 1) $1.95m
NPV $15.29 m
B/C Ratio 8.85t01
IRR 24.3%

The benefits from the four investments analysed can be placed against the costs of the
entire program to demonstrate a minimum return on investment for NPSI phase 1 as a
whole. Table 3.4 shows that even if the benefits from these four investments alone are
considered, then the program has yielded a positive benefit—cost ratio of 1.4 to 1.

Table 3.4: Investment criteria for NPSI phase 1 (using benefits from four NPSI
investments analysed and total costs of NPSI program)

PVB (four investments) $17.23 m
PVC (NPSI phase 1) $12.12m
NPV $5.12 m
B/C ratio 1.42to 1
IRR 8.2%

Confidence in analyses

The results produced are highly dependent on the assumptions made in each analysis,
many of which are uncertain. Two factors warrant recognition, the first being the
coverage of benefits. Where there are multiple types of benefits it is often not possible to
quantify all the benefits that may be linked to the investment. The second factor involves
uncertainty regarding the assumptions made, including the link between the research and
the assumed outcomes, that is, the difference the research has made or is likely to make.
Some of the necessary assumptions can be contentious and many made in the analyses
are a matter of judgement. To account for the uncertain assumptions, a series of
sensitivity analyses has been conducted, where the investment criteria are recalculated
with variations of some of the uncertain assumptions.
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In addition, a rating has been given to the confidence in the results of the investment
analyses. The confidence is made up of the two factors described above. The rating
categories used are high, medium and low, where:

High: denotes a good coverage of benefits or reasonable confidence in the assumptions
made

Medium: denotes only a reasonable coverage of benefits or some significant
uncertainties in assumptions made

Low: denotes a poor coverage of benefits or many uncertainties in assumptions made

Table 3.5 presents an estimate of the confidence in analyses for each of the investments,
expressed via the factors defined above.

Table 3.5: Confidence in analysis

Investment Coverage of Confidence in
benefits assumptions
Horticulture Salinity high medium
Harvey Water high high
Irrigation Futures medium medium
NAIF medium low

4. Conclusion

The four investment analyses all yielded positive results at a six per cent discount rate,
with B/C ratios ranging from 8:1 to 14:1. Care should be taken in any comparisons across
investments due to the different frameworks used for each analysis and the uncertainties
involved in each set of assumptions.
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Appendix 1: An economic analysis of investment in reducing
salinity impact on Lower Murray horticulture (DEP15)

SUMMARY
Date of evaluation: November 2008

Duration: NPSI supported the development of this innovation over the period 2003-
04 to 2005-06.

Nature of innovation

The principal output of the project was a set of draft best management practices (BMPS)
for root zone salinity. The intention of the BMP document is to guide irrigators in starting
to implement improved irrigation practices, resulting in more efficient water use. The
BMPs are relevant at both the on-farm level (to be adopted by irrigators) and at the
regional level (to be adopted by water managers and policy-makers).

The study also resulted in the development of a soil water extractor (SWE). While this
device was not a planned output of the study, it was developed for use in the field studies.
The SWE is a tool for irrigators and can be used for on-farm measurement of soil water
salinity and nutrient content. The SWE is a simple and inexpensive device for in-situ
monitoring offering real-time information.

Who was involved

The principal research was undertaken by the South Australian Research and
Development Institute (SARDI). Partners in the research project included NPSI, the SA
Department of Water Land and Biodiversity Conservation, SARDI, SA Centre for
Natural Resource Management, Murray Darling Basin Commission, the Victorian
Department of Primary Industries, CSIRO Plant Industry, CSIRO Land & Water, the
NSW Department of Primary Industries (then NSW Agriculture) and horticultural
industries.

Adoption and impact

A grower friendly ‘Root Zone Salinity WATCH Toolkit’, including the SWE was
supplied to NSW, Victorian, SA and WA growers (including corporate wineries). At the
time of the final report (January 2007) there were about 500 SARDI SWE extractors
installed in irrigated horticulture. The SWE has been quickly taken up by irrigators and
irrigation advisers in the Riverland, as well as some in south-east South Australia, NSW
and WA. The technology is predominantly used by growers of high-value crops (mainly
horticulture) that are salinity sensitive, and are irrigated with low to medium salinity
water.

It is recognised that adoption of the SWE and BMPs is likely to occur in other districts, in
other industries, and for purposes other than avoiding salinity build-up in the soil from
saline irrigation water. Examples of such uses include for fertiliser management. The

10
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potential benefits to these other adopters are not valued as part of this analysis due to the
lack of adoption information.

Evaluation
A benefit—cost analysis for the investment in the project was carried out with key benefit
assumptions being:

= increased water use efficiency

= decreased likelihood of productivity reductions from salinity in the root zone

Investment criteria

The period of analysis was for 40 years after the first year of investment. The results are
expressed in 2007-08 dollar terms and all benefits and costs are discounted to 2007-08
using a discount rate of six per cent. Investment criteria were estimated for both total
investment and for NPSI and LWA investment alone. Benefits for NPSI investment
criteria were estimated as 10.1 per cent of the total benefits, 10.1 per cent representing the
proportion of total costs contributed by NPSI. LWA contributed 15 per cent of NPSI
phase 1 funding. The investment criteria are shown in Table 1.

Table 1: Investment criteria for the project

Criterion LWA only NPSI only Total
Present value of 0.27 1.77 17.57
benefits ($m)

Present value of 0.03 0.22 2.17
costs ($m)

Net present value 0.25 1.55 15.40
($m)

Benefit:cost ratio 8.10 8.10 8.09
Internal rate of 25.5 25.4 25.4
return (%)

Current contact: Tapas Biswas, Senior Irrigation Scientist, SARDI, telephone 08 8303
9730.

FULL CASE STUDY

Background

Water use efficiency (WUE) has been improving in many irrigated areas of Australia
over the past two decades, including for irrigated horticulture in the Lower Murray
Region (Riverland-Sunraysia). However, a negative consequence of improved WUE is
the risk of salinity building up in the root zone. This risk occurs because the leaching
fraction is either inadequately applied or not applied at all. (The leaching fraction is the
additional water needed to flush residual salts from the root zone and is additional to the
crop’s evapotranspiration, i.e. plant transpiration and soil evaporation.)

11
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The risk of such build up was also thought to be higher under the ‘Living Murray’
initiative, which would result in the seasonal distribution of salinity in the Lower Murray
changing with subsequent increased salinity levels in irrigation water during the
vegetative growth stage of most horticultural crops. There was some concern, therefore,
that under conditions of higher salinity, the benefits from increases in irrigation
efficiency may be limited by leaching efficiency (LE) in the Lower Murray irrigation
districts. Leaching efficiency is defined as the efficiency at which drainage water mixes
with the soil solution. It is often assumed as 100 per cent when every millimetre of water
passing below the root zone carries completely mixed soil water.

At the time the study started, the Sunraysia and Riverland regions supplied about 50 per
cent of the national citrus and vine production. The sole sources of irrigation water for
these regions are the Murray and Darling rivers. Concerns about the possible impact of
higher soil salinity in the root zone on the productivity of horticulture in the region led to
the funding of this project to improve understanding of the interactions and risks, and to
develop management practices to alleviate such risk.

The project
Project objectives
The project objectives were:
e determine the salinity relationships for irrigated horticulture along the Lower
Murray: Riverland, Sunraysia and western NSW
e determine the variability of electrical conductivity (EC) (soil water) and leaching
efficiency in the field under known soil conditions and irrigation management
e simulate the performance of vines under different scenarios of River Murray
salinity at Morgan
e provide input to the implementation of the salinity strategy and integrated
catchment management plan of the Murray-Darling Basin

Investment costs
The project was funded by the National Program for Sustainable Irrigation and a range of
other organisations. Table 2 presents the investment costs of the project for all investors.

Table 2: Resources invested (nominal dollars) by year by LWA, NPSI partners and
researchers

Year NPSI* Researcher Total

and industry

contributions?

2003-04 66,000 547,000 613,000
2004-05 41,250 497,000 538,250
2005-06 57,750 427,000 484,750
Total 165,000 1,471,000 1,636,000

Land and Water Australia (LWA) comprises 15% of NPSI Phase 1 funding

12
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2 Includes contributions from DWLBC, SARDI, SA Centre for Natural Resource
Management, MDBC, Vic DPI, CSIRO Plant Industry, CSIRO Land & Water,
NSW DPI, horticultural industries

Investment description

Stage 1 of the project involved a desktop review of crop salinity tolerance and a soil
salinity survey of 14 properties in Sunraysia and the Riverland. An initial survey was
conducted of salinity and leaching efficiency on three properties in the 2002-03 irrigation
season and at another 11 properties during the 2003-04 season.

The instruments for measurement were located in areas of the paddock where variability
due to salinity in the rooting depth was at a minimum. Such locations were identified
using electromagnetic resonance imaging. Leaching efficiency was calculated using a
water extraction model.

Regular soil coring and plant sampling were used, as were the following instruments for
water and solute data collection below the active rooting depth:

e Wetting front detector (WFD) (FullStop): a buried funnel-shaped device used to
indicate wetting front and passively collect soil water samples (<2 kPa suction) at
about 300 mm depth for salinity and nutrient assessment

e LongStop: collects wetting front below 4 kPa at a greater depth (about 600 mm)
in the soil profile

e Loggable tensiometer (UMS-T8): measures soil water suction at 90 and 120 cm
depths and logs the data at given intervals

e TriScan (Sentek): integrated salinity and moisture sensing device using
capacitance sensors

e Enviroscan (Sentek): similar to above without salinity sensors

e GBLites and Heavies: gypsum blocks, measuring soil water content (GBL.ite is
specially designed for sandy soil conditions)

The method of surveying during the initial survey was found to result in a large
coefficient of variation, as well as being laborious, expensive and requiring specialised
skills and equipment, so the project developed a soil water extractor (SWE). The SWE
together with an existing technology (WFD) were used following each irrigation and
rainfall event to measure salt concentrations under drip and sprinkler irrigated vineyards.
Data was collected over two years at sites in NSW, Victoria and South Australia.

During stage 2 of the project, four representative sites across NSW, Victoria and South
Australia were chosen to more thoroughly study water and salt movement in the root
zone. The sites were selected due to being fully instrumented and having data available
on weather and management, as well as having long-term and reliable irrigation. The
sites all had water tables deeper than three metres and represented typical vineyard and
citrus orchard management in the Riverland and Sunraysia regions.

13
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The data was analysed and conclusions drawn. These are presented in the following
section (principal outputs). The data was analysed by using three methods to determine
the amount of water draining from the soil zone. The quantity and distribution of salt
within the root zone was then modelled using a two-dimensional solute transport model.

Results from another SARDI project were compared with the data from this project
(DEP15). The other project collected data in a range of Sunraysia vineyards on the
chloride and sodium content of petioles and leaves at flowering, veraison and harvest,
and berries at harvest.

Historic river salinity data for different sections of the Lower Murray for the last 25 years
was collected from the MDBC database for four river sections from Mildura to Lake
Alexandrina. For a range of industries and crops, the area of production, related to the
three major soil types in the four regions, was tabled. From these figures, the percentage
and value of lost production was calculated under different salinity scenarios.

Draft best management practices were developed based on the findings of the study, and
were presented at a workshop seeking to refine the identified best management practices.

A communication strategy for the project was developed. This identified key
stakeholders, key messages and range of communication processes that would be utilised
during the project. The strategy was updated over the life of the project as required.
Communication activities included presentations at conferences and workshops, wide
circulation of milestone reports, addresses to local irrigator groups and water agencies,
and media interviews.

Principal outputs

The expected outputs as defined in the proposal were:

e Anirrigator-friendly document on current ‘state of knowledge’ of the salinity
relationships for the main horticultural crops grown along the Lower Murray

e Improved knowledge of leaching efficiency (LE) and potential variance of soil
salinity under field conditions

e Desk-top identified bottlenecks and challenges for managing on-farm salinity under
different soil conditions

e Information on variance of leaching efficiency measured under field conditions and
possibly related to soil conditions and irrigation management

e Assessment of whether horticultural crops will be able to cope with changes in river
salinities under future river flow management regimes and water use efficiency
targets

e Attributes of land that will be difficult to manage under increased river salinity

e Strategies for reducing soil salinity and, hence, improved crop performance through
improved irrigation (and leaching) techniques

e Improved analyses of the benefits and costs for improved irrigation and crop
management practices and downstream benefits of salinity control works
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Improved knowledge of the trade-offs stemming from on-farm salinity management
measures

Crucial quantification of volume and salinity of irrigation leachate into triple-bottom-
line models for regional drainage disposal, environmental flow planning and setting
‘end of valley” targets.

The major findings of the report were:

The average leaching efficiency of the surface 30 cm soil in drip-irrigated fields has
been found to be 65 per cent compared to 90 per cent for sprinkler irrigation. This
implies that for drip-irrigated fields, at least one-third of leachate in non-mixed
irrigation water passes through the soil profile without removing salt from soil.
Current irrigation management produces negligible leaching under drip irrigation (1-
12 per cent) compared to the uniform sprinkler irrigation (14-21 per cent) regardless
of the crops grown.

There is a general concern that in the Lower Murray regions if winter rainfall does
not provide effective leaching there is a major risk of accumulation of residual salt in
the root zone.

Simulations showed that if river salinity increases to 0.8 dS/m, 2000 kg/ha of salt
would accumulate in a one-metre root zone during a single irrigation season.

A drought year with high river salinity (~1 dS/m) will increase topsoil salinity (ECe)
to 5 dS/m. The threshold ECe for grapes is 1.5 dS/m while for citrus the value is 1.7
dS/m.

A survey undertaken during the project showed that there was no immediate risk of
yield loss at that time due to soil salinity except at one site where a saline water table
contributed salt to the roots.

During summer there was a distinct trend of salt build up at around 60 cm and half
way between dripper emitters which, during winter, was displaced from the profile by
rain.

Winter seems to be the best time when a supplementary leaching irrigation will be
likely to maximise salt displacement from the root zone and result in minimum
drainage.

The leaching efficiency of intermittent irrigation was greater (seven per cent increase)
than continuous application.

Plant salt concentrations for both citrus and grapes were found to be low, with no
immediate salinity risk, given the salinity of the irrigation water at the time of the
analysis.

If Morgan benchmark salinity were to reach 1,000 EC (1 dS/m), the estimated value
of production loss from all irrigated crops including pasture along the River Murray
from Nyabh in Victoria to the Lower Lakes in South Australia was $117 million at 70
per cent LE. The impact would be greater in the more saline lake districts than the
lower salinity river water areas from Sunraysia to Riverland.

The principal output of the project was a set of draft best management practices (BMPS)
for root zone salinity. The draft BMPs were presented at the Root-Zone and Solute
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Management workshop in October 2006. Key irrigators provided comments on the paper
presented at the workshop, and the document was then modified.

The draft BMPs have not been field validated, however they were drawn from the field
investigations at the project sites. The intention of the BMP document is to guide
irrigators in starting to implement improved irrigation practices, resulting in more
efficient water use. The BMPs are relevant at both the on-farm level (to be adopted by
irrigators) and at the regional level (to be adopted by water managers and policy-makers).

The study also resulted in the development of a soil water extractor (SWE). While this
device was not a planned output, it was developed for use in the field studies. The SWE
is a tool for irrigators and can be used for on-farm measurement of soil water salinity and
nutrient content. The SWE is a simple and inexpensive device for in-situ monitoring,
offering real-time information. It is a modified porous ceramic cup device that samples
soil water under a suction of 60—70 kPa created by a 60mL plastic syringe. This device is
seen as an improvement on other similar devices as it is less expensive and does not
require specialised skills. It can be permanently installed and then enables growers to
track salinity within the rooting depth throughout the year by sampling at any time.

Principal outcomes

The expected outcomes from the funding of the project included:

e a broader understanding of the importance of the leaching efficiency and its
possible impact on the current management of irrigated crop production systems
in the Lower Murray region

e the provision of a valuable source of information on salinity relationships for
irrigation management of horticultural crops.

A communication strategy was developed for the project to help extend the results to
other scientists and key stakeholders in the irrigation industry. The target audiences
identified in the proposal were:

e growers in the Lower Murray region (Riverland and Sunraysia)
irrigation scientists and technologists
water and land use policy makers
NRM policy and decision makers

A workshop organised by the project team to present the findings of the project was
attended by 74 scientists, consultants, growers and others. The evaluation survey for the
workshop indicated the project was meeting a real need and that there was a growing
interest in root-zone water and solute management. It was indicated that in the future,
growers should be more actively involved in the development of tools and BMPs in
relation to root-zone salinity.

Recommendations from the project (and the workshop) included:
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e There should be an adult education approach for training of irrigators, regional
planners and policy makers on risk management. Such training modules should be
developed to sit alongside existing irrigation training.

e A network of trial sites should be developed in major irrigation areas to increase
irrigator awareness for root-zone salinity management.

e The salt tolerance for grapes should be reviewed in light of current growing
practices, whereby an optimum yield is no longer a criterion.

e A model is required for three-dimension visualisation of root zone salinity due to
precision water application involving non-uniform wetting

e The deep drainage estimates need field validation against more robust techniques

e The current theory for crop yield/sustainability relationships is not applicable in
years of substantial winter rainfall and also when the winter rainfall carry-over
plus in-season rainfall is a substantial component of the crop water balance

e Salinity impact varies with the EC during the season, and depends on the crop
physiological stages at which the salinity impact occurs

e Given the above two points, the methodology for estimating the value of crop
production loss due to irrigation salinity across the Murray-Darling Basin needs
further refinement before it can be used for policy decisions

A grower friendly ‘Root Zone Salinity WATCH Toolkit’, including the SWE was
supplied to NSW, Victorian, SA and WA growers (including corporate wineries). At the
time of the final report (January 2007), there were about 500 SARDI SWE extractors
installed in irrigated horticulture. The technology has been licensed to SENTEK Sensor
Technologies Pty Ltd (an Australian firm) for manufacture and national and international
marketing. An instruction manual for the SWE has also been published. The SWE has
been quickly taken up by irrigators and irrigation advisers in the Riverland, as well as
some in south-east SA, NSW and WA.

The technology is predominantly used by growers of high-value crops (mainly
horticulture) that are salinity sensitive, and are irrigated with low to medium salinity
water. The device is also used by agronomists for researching non-irrigated crops grown
in wetter climatic regions.

The device also offers tracing of fertilisers in the root zone for the purpose of fertiliser
use efficiency (value for fertiliser input). The device can be used for measuring the salt,
nutrient and trace element content in leachate from agricultural land and urban landfill in
sensitive environments.

Following the completion of DEP15 the research team received further funding for the
validation of the draft BMPs with grower involvement in the Lower Murray region from
NPSI, the Grape & Wine Research and Development Corporation and catchment
management authorities. The recommendation from this further validation was that
growers should install at least one (but preferably two) SWEs in the profile at two sites,
representative of the soil types for their high-value crops.
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Sentek is now marketing the SWE in 33 countries as a part of its suite of instruments for
measuring soil water, salinity and nutrient content/movement in irrigated soils. In early
2007 the device was launched at international trade exhibitions in Europe and USA. The
sales figures from Sentek are not available for commercial reasons.

The SARDI team is collaborating on solute transport with extension specialists of
University of California following the International Wine Industry Technical Conference
held in Adelaide in July 2007.

Benefits associated with the investment
The benefits from the project are identified below in a triple-bottom-line format.

Economic

The major intended benefit from the project was a reduced likelihood of productivity
reductions in horticultural crops, due to the management of irrigation water to avoid
salinity build up in the soil. The results of the project have shown that there is a build up
of residual salt in the soil under certain conditions where precision irrigation (right
amount at the right time) is practised or in soils with a reduced leaching efficiency, even
where the irrigation water being used is slightly saline. However, in the years the DEP15
study was undertaken, the data suggest that the irrigation water salinity levels were not
high enough to have a major impact on crop productivity.

However, in subsequent years (when the SARDI team was undertaking a field validation
of the draft BMPs) of a long drought in southern Australia all high security water
allocations were severely reduced (e.g. to 30 per cent in South Australia for two
subsequent years). The salinity of the Lower Murray started to rise rapidly because of
stagnation of the river flow, ultimately rising to levels that are too excessive for
permanent horticulture.

Despite the tight business conditions, there was rapid adoption of SWE because the
device also offered reliable data for determining whether the soils needed to be leached in
the subsequent winter (when highest leaching efficiencies can be achieved) or that any
remaining water could be saved for use in the following water year under the policies of
the state water agencies in the Lower Murray region.

There remains a risk of high salinity levels in irrigation water from the River Murray and
the research has been successful in identifying the circumstances under which this risk
increases. It has also developed a series of best management practices that should be
implemented to ensure that the risk is reduced for salinity build-up in the root-zone.

The rate of root zone salinity build up depends on a host of factors, including irrigation
water salinity, soil type characteristics, field application uniformity, seasonal crop water
requirements and farm water use efficiency. The level of adoption of the recommended
BMPs is difficult to quantify. As well as the 500 toolkits distributed, the BMPs have been
incorporated into the drought survival strategies offered and promoted by state agencies.
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Adoption of the BMPs to date has occurred largely on-farm in the form of crop
management adjustments.

As well as the BMPs, the SWE enables growers to practise precision irrigation, resulting
in increased water use efficiency. A spin-off and unexpected benefit from the research
has been the potential for water savings if best management practices are followed.
Previously, those who were concerned about salt build-up in the soil profile tended to
apply extra irrigation water in summer to flush out the salts. However, the study has
shown that this is not effective, and the additional water applied does not increase the
leaching efficiency, and drains through the soil profile with no additional salt.

In fact, most of the leaching of salts through the profile occurs most effectively during
winter and additional irrigation for this purpose is only required during winters with
lower than average rainfall. The benefit therefore is saved irrigation water through
avoiding unnecessary irrigations in summer for leaching purposes. Some additional water
would be applied in winter, however this would be applied more strategically and would
not be applied every year.

It is reasonable to assume that precision irrigation practitioners should be able to save at
least 10 per cent of their normal water budget. It is estimated that the average leaching
requirement of the Lower Murray crops is about 10 per cent of the annual
evapotranspiration. In years of below-average irrigation water salinity (two out of five
years) this percentage could be 2—-3 per cent while in high-salinity years it would be about
15 per cent.

It is difficult to assess the likelihood of a high salinity year (>1000 EC) because of the
future changes to the regimes in river flow and hence irrigation salinity in the Murray
Darling Basin under the proposed developments of restoring natural flow regimes, water
for the environment, large scale adoption of precision irrigation by corporate growers and
managed investment scheme funded plantings. As well, there will be changes in river
flows resulting from projected climate change/shift.

The cost of purchasing and installing an SWE is approximately $150 for each device
(Gerrit Schrale, pers comm). However this cost may be reduced in future if the devices
are mass produced overseas under contract.

Other tools are available that provide similar data, however the SWE is quicker and
easier to use, and does not require expert knowledge. It also has the advantage of being
marketed with an interpretation package, which relates the reading to international
benchmarks derived from a worldwide literature review on crop salinity tolerance.

Environmental

There is potential for some influence on lowering salinity impacts on downstream users
of the Murray River. This is due to the potential for a reduction in the volume of
irrigation-induced saline returns to the Murray River due to hydro-geological conditions
in the lower Murray region.
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Social
The social impacts from the investment are limited and potentially include improved
water quality, resulting in improved recreational access and enjoyment of aesthetics.

Summary of types of benefits
A summary of the principal types of benefits associated with the investment is shown in
Table 3.

Table 3: Categories of benefits from the investment

Benefits

Productivity and profitability

e Water savings due to more strategic application of water as part of precision irrigation

e Reduced likelihood of a negative productivity impact on crops due to high soil
salinity

Environmental
e Some potential for lowered salinity returns to the Murray River from irrigated land,
leading to improved water quality

Social
e Recreational and aesthetic benefits from potential contribution to improved water
quality

Public versus private benefits

Most of the benefits are private in nature and will accrue to irrigators in the Lower
Murray. There is limited potential for some public benefits in the form of improved water
quality for downstream water users (including for recreation and aesthetic reasons).

Benefits to primary industries
A range of horticultural crop producers should benefit from the investment

Distribution of benefits along the supply chain

While most benefits will be captured by irrigators, there is the potential for some benefits
to move up the supply chain to processors and consumers of the relevant horticultural
crop products.

Match with national priorities

The Australian Government’s national and rural R&D priorities are shown in Table 4.
This research has addressed national research priority 1, as well as rural research
priorities 1 and 3. The priorities have also been supported (innovation skills and
technology) through the development of the SWE.
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Table 4: National and rural R&D research priorities 2007-08

Australian Government
National research Rural research priorities
priorities
1. Anenvironmentally
sustainable Australia

Productivity and adding value

Supply chain and markets
2. Promoting and

o Natural resource management
maintaining good health 9

A w0 DN

Climate variability and climate

3. Frontier technologies for change

building and transforming _ _
Australian industries 5. Biosecurity

4. Safeguarding Australia Supporting the priorities:
1. Innovation skills

2. Technology

Quantification of benefits

Adoption

In 2006 there were approximately 800 properties growing oranges, and 1700 properties
growing grapes in the Wentworth (NSW) and Mildura (Vic) statistical local areas (SLAS)
as well as in the Murray Lands (SA) statistical division (ABS 2008). It is assumed that all
of these properties are irrigated, and some may be growing both oranges and grapes, so
the total number of properties may be less than 2500. It is not known how many irrigators
in the Lower Murray district have taken up the BMPs and are using the SARDI/Sentek
SWE. However, it is known that 500 toolkits, including the SWEs, were distributed
towards the completion of the research project. Some of these have been used for
research purposes and it is not known for certain how many were actually installed on
properties in the Lower Murray region.

For the purposes of this analysis it is assumed that the BMPs and SWEs were adopted on
25 citrus and/or grape properties in the first year after the research was completed (2006—
07) and that an additional 25 citrus and/or grape properties adopt the changes each year
until the maximum number of adopters of 250 properties is reached in 2015-16. It is
assumed that the only significant costs of adopting the BMPS are the purchase and
installation of the SWEs, which is estimated at $150 per unit. It is assumed that 10 units
are required per farm to take account of different soil types and crop types. Therefore the
total cost of adoption per property is assumed to be $1500.

It is recognised that adoption of the SWE and BMPs is likely to occur in other districts, in
other industries, and for purposes other than avoiding salinity build-up in the soil from
saline irrigation water. Examples of such uses include for fertiliser management. The
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potential benefits to these other adopters are not valued as part of this analysis due to the
lack of adoption information. Also, there will be a benefit to Australia from the sale of
the Australian designed and manufactured SWE to overseas irrigators. This benefit is not
included because sales data is not available due to confidentiality. However, an example
of the likely magnitude of the potential benefit can be demonstrated by assuming that, if
500 units were exported per annum for the next ten years with a profit of $50 per unit, the
benefit to Australia would be $25,000 per annum.

There are two benefits quantified in this analysis
1. Increased water use efficiency
2. Decreased likelihood of productivity reductions from salinity in the root zone

The potential environmental and social benefits from improved water quality are not
quantified due to uncertainties regarding the level of adoption required in order to have
any significant impact.

Water use efficiency

An ABARE survey of citrus and grape farms in the Mildura—Wentworth area (Mues and
Rodriguez 2007) found that the average area under production (bearing and non-bearing
area) is approximately 25 hectares. The same survey found that the average irrigation
application rate on these farms was 8 ML/ha. The value of irrigation water supplied by
Lower Murray Water is assumed to average $100/ML (Essential Services Commission
2008). It is assumed this value continues into the future. Therefore, the average value of
irrigation water per annum per farm is $20,000. The analysis assumes that the adoption of
the BMPs and the use of the SWE for precision irrigation to avoid a build-up of salt in the
soil can result in the use of 10 per cent less irrigation water per year. This represents a
saving of $2000 per property per annum.

Decreased likelihood of productivity reductions from salinity in the root zone

The average value of production per farm in the district is assumed to be $10,000 per
hectare. This is based on the average value of oranges and grapes grown in the
Wentworth (NSW), Mildura (Vic) and Murray Lands (SA) statistical divisions as
reported by ABS (2008). It is assumed that without the adoption of BMPs and SWESs the
likelihood of the salinity levels in irrigation water resulting in soil salinity increasing to
the point of being detrimental to productivity is 20 per cent per annum (equivalent to an
occurrence of one in five years). It is assumed that, with the research, the risk can be
managed to a greater degree, and the probability of a reduction in productivity from this
cause is decreased to 10 per cent (equivalent to an occurrence one in 10 years). It is
assumed that the average decrease in productivity in the year of high risk is 15 per cent.
This loss could be a productivity loss, as well as a tree/vine loss. It is recognised that
years of high potential salinity impact are likely to coincide with years of reduced water
availability and, therefore, the productivity loss in such a year could be much higher.
However, the 15 per cent loss of productivity assumed here refers only to that loss due to
saline soil in the root zone.

Summary of assumptions
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Table 5 contains a summary of all assumptions made.

Table 5: Assumptions for the valuation of benefits from investment

Variable | Value | Source

Adoption

First year of adoption 2006-07 Agtrans estimate

Year of maximum adoption | 2015-16 Agtrans estimate

Adoption per annum 25 properties Agtrans estimate, after
discussions with Gerrit
Schrale

Maximum adoption 250 properties Agtrans estimate

Average size of irrigated 25 hectares Mues and Rodriguez 2007

area

Number of SWE units per 10 Agtrans estimate, after

property discussions with Gerrit
Schrale

Cost of each SWE unit $150 Gerrit Schrale, pers comm

Water Use Efficiency

Average irrigation 8 ML/ha Mues and Rodriguez 2007

application rate

Value of irrigation water $100/ML Essential Services
Commission 2008

Savings in irrigation water | 10% per annum Gerrit Schrale, pers comm.

due to research

Decreased likelihood of productivity reductions from salinity in the rootzone

Average value of $10,000/ha/annum (average | Estimated from ABS 2008
production per hectare for grapes and oranges)
Likelihood of loss of 20% Agtrans estimate

productivity due to saline
soil without research

Likelihood of loss of 10% Agtrans estimate
productivity due to saline
soil with research

Decline in productivity in 15% Agtrans estimate
year of impact

Results

All past costs and benefits were expressed in 2007-08 dollar terms using the CPI. All
benefits after 2007—-08 were expressed in 2007-08 dollar terms. All costs and benefits
were discounted to 2007-08 using a discount rate of six per cent. The base run used the
best estimates of each variable, not withstanding a high level of uncertainty for many of
the estimates. The base analyses ran for 40 years from the first year of investment (2003—
04) to the final year of benefits assumed (2042-43).
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Investment criteria were estimated for both total investment and for NPSI and LWA
investment alone. Benefits for NPSI investment criteria were estimated as 10.1 per cent
of the total benefits (10.1% representing the proportion of total costs contributed by
NPSI). LWA contributed 15 per cent of NPSI phase 1 funding. The investment criteria
are reported in Table 6.

Table 6: Investment criteria for costs and benefits (discount rate 6%)

Criterion LWA only NPSI only Total
Present value of 0.27 1.77 17.57
benefits ($m)

Present value of 0.03 0.22 2.17
costs ($m)

Net present value 0.25 1.55 15.40
($m)

Benefit:cost ratio 8.10 8.10 8.09
Internal rate of 25.5 25.4 25.4
return (%)

Given the assumptions made, the proportion of total benefits estimated from the water
use efficiency benefit is 34 per cent, while the avoided productivity loss contributed 66
per cent.

Figure 1 demonstrates the rate at which net benefits accrue.

Figure 1: Annual net benefit flow for total investment
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Sensitivity analysis

Analyses have been carried out to demonstrate the sensitivity of the investment criteria to
a number of the key assumptions. Results are presented in Tables 6 to 8. The analyses
were carried out using a discount rate of six per cent, and use the NPSI costs and benefits
as the base scenario.

Table 7 demonstrates the sensitivity of the investment criteria to the maximum number of
farms adopting. The analysis shows that if the adoption is only half of that currently
assumed, then the investment criteria are still significantly positive, with a B/C ratio of 4
to 1.

Table 7: Sensitivity of investment criteria to number of farms adopting
(NPSI costs and benefits)

Criterion Discount rate 6%
Maximum Maximum Maximum
adoption of 125 adoption of 250 adoption of 500
farms farms (base farms
scenario)

Present value of 0.88 1.77 3.54
benefits ($m)
Present value of 0.22 0.22 0.22
costs ($m)
Net present value 0.67 1.55 3.32
($m)
Benefit:cost ratio 4.05 8.10 16.21
Internal rate of 17.2 25.4 36.5
return (%)

Table 8 demonstrates the sensitivity of the investment criteria to the assumed savings in
irrigation water. It shows that the analysis is not highly sensitive to the water savings.

Table 8: Sensitivity of investment criteria to savings in irrigation water
(NPSI costs and benefits)

Criterion Discount rate 6%

5% Base value (10%0) 15%
Present value of 1.46 1.77 2.08
benefits ($m)
Present value of 0.22 0.22 0.22
costs ($m)
Net present value 1.24 1.55 1.866
($m)
Benefit:cost ratio 6.67 8.10 9.54
Internal rate of 22.8 25.4 27.9
return (%)
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Table 9 demonstrates the sensitivity of the investment criteria to the assumed likelihood
of loss of productivity due to saline soil with the research. It shows that even if this
likelihood is only reduced from 20 per cent without the research to 15 per cent with the
research, that the investment criteria are still significantly positive, with a B/C ratio of 5.4
to 1.

Table 9: Sensitivity of investment criteria to likelihood of loss of productivity due to
saline soil with the research (NPSI costs and benefits)

Criterion Discount rate 6%

5% Base value (10%0) 15%
Present value of 2.36 1.77 1.18
benefits ($m)
Present value of 0.22 0.22 0.22
costs ($m)
Net present value 2.14 1.55 0.96
($m)
Benefit:cost ratio 10.79 8.10 5.41
Internal rate of 29.8 25.4 20.2
return (%)

Conclusions

The research has improved the understanding of the risks contributing to the potential for
salt building up in the root zone of horticultural crops in the Lower Murray regions. It has
also developed a series of best management practices as well as an on-farm piece of
equipment for irrigation management that can be used to minimise such risks, and
therefore reduce the likelihood of a loss of productivity in horticultural crops due to
increased salinity in the root zone. The best management practices and the SWE also
have the spin-off benefit of improving water use efficiency, and in some cases fertiliser
use efficiency.

The analysis has shown that the investment has the potential to deliver significant
benefits, with a B/C ratio of 8 to 1 and an IRR of 25 per cent.

Acknowledgments
Tapas Biswas, SARDI
Gerrit Schrale, SARDI

References
ABS (2008) Agricultural Commodities: Small Area Data 2005-06 (Re-issue). Australian
Bureau of Statistics: Canberra.

Essential Services Commission (2008) Rural Water Price Review Fact Sheet, Lower
Murray Water — Rural Services.

26

Agtrans Research




Mues C. and Boero Rodriguez B. (2007) Mildura—Wentworth — A Case Study of
Horticultural Farm Performance. ABARE Research Report 07.6, prepared for the
Australian Government Department of Agriculture, Fisheries and Forestry, Canberra,
March 2007.

27

Agtrans Research



Addendum 1.1: An economic analysis of investment in
reducing salinity impact on Lower Murray horticulture
(DEP15): results for CRRDCC process

All past costs and benefits were expressed in 2007-08 dollar terms using the CPI. All
benefits after 2007—08 were expressed in 2007-08 dollar terms. All costs and benefits

were discounted to the year of analysis (2007-08) using a discount rate of five per cent.
These results are shown in Tables A.1 and A.2 and are reported for different periods of
benefits with year 0 being the last year of investment. All analyses ran for a maximum

period of 30 years from year 0. Investment criteria were estimated for both total
investment and for the program investment alone.

Table A.1: Investment criteria for total investment and total benefits
(discount rate 5%)

0 years 5 years 10 years 15 years 20 years 25 years
Present value
of benefits ($
m) 0 1.81 5.92 10.13 13.43 16.02
Present value
of costs ($ m) 2.11 211 2.11 2.11 2.11 2.11
Net present
value ($ m) -2.11 -0.30 3.81 8.03 11.33 13.91
Benefit-cost
ratio - 0.86to 1 281to1l 481to1 6.37t01 7.60t01
Internal rate of
return (%) - 1.8 20.5 24.2 25.1 25.3
Table A.2: Investment criteria for LWA investment and LWA benefits
(discount rate 5%)
0 years 5 years 10 years 15 years 20 years 25 years
Present value
of benefits ($
m) 0 0.03 0.09 0.15 0.20 0.24
Present value
of costs ($ m) 0.03 0.03 0.03 0.03 0.03 0.03
Net present
value ($ m) -0.03 0.00 0.06 0.12 0.17 0.21
Benefit-cost
ratio - 0.86to 1 281to1l 481to1 6.38t0 1 761t01
Internal rate of
return (%) - 1.8 20.5 24.2 25.1 25.4
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The flow of annual benefits is shown in Figure A.1 for both the total investment and for
the LWA investment.

Figure A.1: Annual benefits
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Appendix 2: Economic analysis of changing irrigation systems
and management of the Harvey Water Irrigation Area
(DAW45)

SUMMARY
Date of evaluation: November 2008
Duration: NPSI supported this project over the period 2002-03 to 2004-05.

Nature of innovation

The project (DAW45) concerned best practice irrigation methods on the dairy farm of
Dale Hanks in the Harvey Water Irrigation Area (HWIA) in Western Australia. The
project took a whole farm approach and focused on the replacement of flood irrigation
with centre pivot irrigation technology. The project adopted a demonstration and
learning-by-doing approach.

Who was involved

Land and Water Australia invested in this project via the National Program for
Sustainable Irrigation. Harvey Water was strongly involved. The host organisation was
the WA Department of Agriculture. Third parties included Rob Kuzich & Co, Dairy
Australia, Western Dairy, Chemistry Centre of Western Australia, and the dairy farmer
Dale Hanks.

Adoption and impact

About 10 dairy farmers have purchased centre pivot systems since the project
commenced and up to June 2008. Five beef producers have also installed centre pivots.
Other dairy and beef farmers are considering changes to their pasture irrigation systems,
which would result in overall water savings and increased production and profitability.
Environmental benefits include reduced groundwater recharge, reduced water runoff, and
reduced export of nutrients compared to surface irrigation. Secondary impacts include a
more viable local community from irrigators realising and demonstrating higher water
use efficiency and reducing nutrient runoff into estuaries.

Evaluation
A benefit—cost analysis for the total investment in changing irrigation systems in the
HWIA was carried out with the following key benefit assumptions:
= water savings
= productivity and profitability gains to both dairy and beef farmers
= actual extent of adoption of the changed practices as well as projections of
future adoption.

Investment criteria
The period of analysis was for 40 years after the first year of investment. The results are
expressed in 2007-08 dollar terms and all benefits and costs are discounted to 2007-08
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using a discount rate of six per cent. Investment criteria were estimated for total
investment, NPSI investment, and for the LWA investment alone. Benefits for NPSI
investment criteria were estimated as 15 per cent of the total benefits (15 per cent
representing the proportion of total costs contributed by NPSI). LWA contributed 15 per
cent of NPSI phase 1 funding. The investment criteria are reported in Table 1.

Table 1: Investment criteria for the project

Criterion LWA only NPSI only Total
Present value of 0.64 4.26 29.29
benefits ($m)

Present value of 0.05 0.32 2.26
costs ($m)

Net present value 0.59 3.94 27.04
($m)

Benefit-cost ratio 13.34 13.34 12.99
Internal rate of 30.8 30.8 29.1
return (%)

Contact: Guy Roth, program coordinator, Land & Water Australia, ph 0417 223 179

FULL CASE STUDY

Background

The Harvey Water Irrigation Area (HWIA) of Western Australia contains up to 10,000
hectares of land under permanent irrigation, including pastures and horticulture. Water is
gravity fed to the coastal plains areas from seven dams located on the edge of the Darling
Scarp. The total available irrigable area (land with access to the irrigation system) in the
HWIA is 34,000 ha. The trading name was changed from the South West Irrigation Area
to the Harvey Water Irrigation Area in 2002.

Western Australia’s prime irrigated dairying region, which supplies more than 40 per
cent of the milk supply to Perth and south-west WA, is located in the HWIA. In past
years, 65 per cent of the water used for irrigation in the HWIA was used for irrigating
pastures for dairying, with other pasture irrigated for beef and the rest used for
horticultural production.

All pastures were flood or surface water irrigated. The coastal lands are generally poorly
drained and some soils are waterlogged or moderately saline, with salt build-up being
usually flushed out by winter rainfall. Surface and subsurface drainage has increased
productivity.

Pressures on the HWIA had been growing to improve water use efficiency (WUE) and
sustainable disposal of irrigation waste water. State Government water strategies and
conservation plans were driving the need for greater WUE. Also, salinity had been
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estimated to affect one-third of irrigated land and waste water was discharged into
environmentally sensitive estuaries.

As well, in 2002 the dairy industry was under pressure from deregulation, low product
prices and rising costs. The number of dairy farmers in Western Australia fell from 479 to
344 from 1995 to 2002 (Dairy Australia 2007). However, the number of dairy cows in the
state remained fairly constant at about 70,000 over the same period, signifying increases
in herd sizes. Currently, Western Australia has 175 dairy farms, including 60 in the
HWIA.

Further, in the face of competing demands for water, the HWIA needed to protect its
water allocation by demonstrating that its use of water was productive and sustainable.

In response, the region developed the INTERACT project, a plan for agricultural
development in the region identifying the economic, biophysical and social conditions
necessary for future change and development. Western Dairy was one of the dairy
industry’s regional development programs and was responsible for dairy research and
development and extension programs in the Western Australian region including dairy
farms in the HWIA.

At about the same time, an irrigation technology supplier (Rob Kuzich & Co) identified
both productivity and WUE issues in the HWIA associated with surface irrigation of
pasture for dairy cattle. This, together with the interest of Dale Hanks, a local dairy
farmer, led to the idea of trialling and comparing different irrigation methods.

The project (DAW45) concerned best practice irrigation methods on the dairy farm of
Dale Hanks in the HWIA. The project took a whole farm approach and focused on the
replacement of flood irrigation with centre pivot irrigation technology. As of 2001 there
was no centre pivot technology being used by Harvey Water farms for pasture irrigation.

In 2001, Harvey Water began local trials, installing piping systems to improve the water
delivery service to irrigators. The extension of this gravity fed system to the Dale Hanks
farm made the option of installing a centre pivot possible. Since then Harvey Water has
piped all of the Waroona and Harvey Irrigation districts installing over 400 km of pipe to
service all irrigators in those districts.

The investment in such a change of technology was considerable for an individual
irrigator and limited information was available on performance and management of the
centre pivot technology and the costs and benefits of changing. As there was growing
interest in this technology for irrigation of pasture, the project was aimed at producing
information that was the best available in making comparisons and demonstrating best
on-farm irrigation practices.
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The project

Project objectives
The original objectives of the project were:

To bring innovation to irrigation systems and agronomy on-farm in the
Harvey Water Irrigation Area that would increase water use efficiency and
farm productivity, and reduce ecological impacts through factors such as
nutrient run-off and soil structural problems.

To demonstrate and document a model of integrated R&D and knowledge
management through a strategic alliance that is capable of achieving
sustainable irrigation on-farm and extended across the broader farming
community and irrigation area with lessons.

To develop a learning and information exchange strategy with the Goulburn
Broken catchment project to provide opportunities for stakeholders to learn
from other irrigation areas and regions.

The final report for the project implies that two more objectives were added during the
project. These were:

To demonstrate the energy efficiencies and overall energy balance of a
gravity pressure-fed piped system of irrigation water delivery.

To understand the issues surrounding the operation/ordering procedures for
the water authority (managing a pressurised water supply system) and
irrigator if there was widespread adoption of centre pivot sprinkler
technology.

Investment costs
Details of the funding of the project are provided in Table 2.

Table 2: Resources invested by year by NPSI, Harvey Water, the host organisation and

third parties (nominal dollars)

Year NPSI Harvey Water Host Total
organisation

and third

parties (a)
2002-03 0 40,000 366,226 406,226
2003-04 115,800 68,000 493,526 677,326
2004-05 115,800 44,000 332,526 492,326
Total 231,600 152,000 1,192,278 1,575,878

(a) The host organisation was WA Department of Agriculture; third parties included Rob Kuzich & Co,

Dairy Australia, Western Dairy, Chemistry Centre of Western Australia, and Dale Hanks.

In nominal terms, the proportion of funding of the total investment derived from the
National Program for Sustainable Irrigation (NPSI) was 15 per cent. The proportion of
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NPSI funding contributed by Land and Water Australia was also 15 per cent (Sarah
Leonardi pers comm.).

Investment description
The irrigation technology project focused on demonstration and learning by doing rather
than a strictly scientific and controlled comparison of irrigation systems.

Stage 1

Stage 1 was a desk review of changing to, and experience with, centre pivots and
ensuring engagement with irrigators. It included a review of literature, including grey
literature (e.g. from the Goulburn Broken catchment).

Stage 1 was also charged with:

e surveying Harvey Water irrigators about their perceptions of benefits and constraints
of moving to centre pivot technology, and their interest in changing

e developing a framework for incorporating irrigation into whole farm planning

e locating the centre pivot and surface irrigation sites on Dale Hanks’s property.

The stage 1 irrigator survey needed to show potential for adoption of centre pivot
irrigation for pasture production being manifest in irrigator interest and commitment.

Stage 2

Stage 2 involved on-farm trials and comparisons between surface irrigation and centre
pivot technologies. This involved measuring the economic and environmental costs and
benefits of both systems, and then the potential for changing to centre pivot technology
within the context of a whole farm plan. These measurements and comparisons took
place in the irrigation seasons commencing October 2003 and October 2004.

Measurement systems were established for water quality, WUE, and pasture production
and quality. WUE was defined as kilograms of dry matter produced per megalitre of
water applied. Data for pastures were collected through the two summer and two winter
periods to demonstrate differences in pasture composition and quality for both perennial
and annual species. Also measured were milk production and quality.

Measurements to assess the optimal performance of centre pivots were also made,
including infiltration rates, water use, ease of use, costs and benefits, and drainage water
quantity and quality.

Dairy farmers in the HWIA and other stakeholders were involved throughout the project
through field days, seminars, and other communication methods. This allowed some
assessment of irrigators’ capacity to change and highlighted the interaction with, and
implications for, irrigation technology change to other farm characteristics (soil types and
pasture systems), as well as farm management decision making and the need to plan on a
whole farm basis.
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The project DAWA45 was highly integrated with other R&D supported by Dairy Australia,
Western Dairy, the Department of Agriculture and Harvey Water. In particular, the
project was integrated with DairyCatch, a program designed to work with farmers in
developing and implementing best practice natural resource management strategies.
DairyCatch WA approved a total grant of $375,000 to be implemented in close
association with DAWA45 with the objective of developing environmental best practices
for the WA dairy industry. The DairyCatch project focused on establishing eight
DairyCatch monitor farms that compared a range of current and best practices including
stock exclusion buffers in irrigation bays, fertiliser timing and placement, irrigation
scheduling and automation and practice concerned with effluent management. The Hanks
farm on which DAWA45 was centred was also the monitor farm for DairyCatch in the
HWIA, with monitoring of effluent runoff, effluent management etc.

Some of the staff involved in the project were heavily involved in the development of
regional water conservation plans so there was direct input from the project into the
environmental and practice standards to be included in the broader plans and hence
affected practice and management targets to be set at the local, regional and state levels.

Principal outputs

Irrigation technology comparisons

The main output from the project was the comparison of the centre pivot technology

(CPT) with surface irrigation technology. CPT used 29 per cent and 31 per cent less

water than surface irrigation in each of the two years respectively. Pasture growth rates

were considerably higher for the CPT (54 per cent and 100 per cent). The CPT provided

higher crude protein and energy levels in pasture with lower fibre, due to:

o fewer weeds

e the higher stress on ryegrass due to waterlogging followed by drying out with surface
technology

e reduced take up of nutrients due to waterlogging under surface irrigation

e Dbetter mineralisation under CPT (more restricted soil microbial action due to
waterlogging and drying under surface irrigation).

The value of milk production from CPT was higher than from surface application. These
values were derived estimates from metabolisable energy estimates of each pasture, as
cows had access to other pastures and other feeds.

The principal output was the demonstration that, with appropriate management practices,
there were increases in WUE for CPT sprinkler systems, as well as a positive impact on
pasture production and financial returns. It was also demonstrated that CPT could be
integrated into pasture systems for dairying, but it was recognised that results may vary
between farms due to soils, skills and management practices.

There was more control over irrigation with the centre pivot but critical factors were the
management of fertiliser and grazing with CPT.
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The demonstration concluded that a shift to CPT can be achieved economically and
practically, incorporating changes to farm layouts that take into account regulatory and
statutory planning requirements.

Centre pivot management

The comparisons of the technologies were made on a pivot covering eight hectares and
surface irrigation over six hectares. Flow rates and waterings were based on evaporation
estimates, crop factors, soil holding capacity, rooting profiles, and leaching and
efficiency factors. Scheduling for the centre pivot was based on evaporation and rainfall
data and continuous logging of soil moisture from Enviroscan sensors, as well as other
information.

Differences between the two years of data showed that the first year involved
considerable learning, with the centre pivot resulting in improved irrigation scheduling.
This was seen as one of the reasons for the increased pasture production figures and the
reduced amount of water applied with the centre pivot technology.

Surface irrigation management

The 15 per cent reduction in water use by surface irrigation from the first year of the trial
to the second year demonstrated the potential for further improvement that may be
possible for HWIA surface irrigators through further analysis and adjustment to present
practices, if greater attention is given to performance evaluation of current systems.

Whole farm planning

Changing irrigation technology has ramifications for many other aspects of farm
management such as percentage of farm irrigated, labour requirements, pasture
productivity, number of cows, stocking rate etc. Hence, changes need to be made in a
whole farm context. As this process was necessary for the farmer involved, there were
some important learnings in this exercise.

Water quality

Groundwater

Neither irrigation technology resulted in any net groundwater accessions through the
length of each year. Groundwater quality was not an issue for nitrogen or phosphorus.

Surface runoff

A large reduction in surface runoff occurred from the surface irrigation system between
the first and second year (65 per cent to 20 per cent). The fall was due to improved
management of the surface system. No water at all ran off from the CPT system in either
year, hence there were few nutrients exported off the farm due to CPT irrigation
activities.

Nutrients in runoff water

About 90 per cent of phosphorus (P) runoff from surface irrigation systems was identified
as the soluble and more ecologically active form. P concentrations at the ‘end of farm’
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monitoring points approached background levels, but were still above recommended
maxima for ecosystem protection.

For the surface irrigation, P concentrations in tail drains and large farm drains were
similar to P concentrations in drains on non-irrigated properties.

Nitrogen concentrations in drain water were also scale related but increased with
increases in scale of measurement, probably due to microbial nitrification processes.

It was concluded that monitoring of land management practices at any scales larger than
which the practices are implemented is unlikely to yield meaningful information because
of the diluting influence of those parts of farm or catchment which do not contribute
nutrients. However, it could be concluded that in terms of irrigation management
practices to control nutrient export, use of CPT was most desirable.

Wider irrigation area issues

Project objectives 4 and 5 were associated with the interaction of the project with the
irrigation area’s future system development. The HWIA has had for many years the
objective of improving the distribution efficiency of the water supply to the area. A piped
system was known to reduce seepage and evaporation losses but only 28 per cent of the
Harvey system was piped.

The piping investment for the HWIA was designed before DAW45 commenced. The
design was on the basis that 70 per cent of the then current volume would be needed
because irrigators would convert to lower volume-higher efficiency irrigation
technologies such as centre pivot types (Geoff Calder pers comm.).

The project produced data on the water delivery pressure requirement for dairy farmers to
operate centre pivots of varying sizes. Baseline information was provided on system
capacity, millimetres per day, megalitres per year and appropriate pivot sizes for clay
based soils.

Demonstrating partnership research

The second objective of the project was to demonstrate partnership research integration.
This was achieved through the interactions between commercial input from irrigators and
consultants as well as input from the state agencies, irrigation water providers, and
university-based scientists.

Learning and adoption

Objective 3 of the project was to develop a communication and learning strategy for the

knowledge produced from the case study. In this regard the key outputs were:

o field days and field trips

e knowledge that irrigators prefer to receive information via field days and field walks,
hard copy newsletters and hard copy project reports

e recognition of the importance of networks, both within and outside the HWIA
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e the importance of irrigator involvement in research, measuring and learning by doing
rather than being instructed by courses and manuals alone.

A summary of the principal outputs from the project is reported in Table 3.

Table 3: Summary of principal outputs

Principal outputs

e Summary of latest R&D on use of CPT and change to irrigation
systems and practices

e Survey results regarding HWIA irrigators’ knowledge and constraints
to adopting CPT

e CPT required less water than surface irrigation and produced more
and higher-quality pasture, and more milk per megalitre of water
applied

e CPT produced lower environmental impacts than surface irrigation

e Monitoring of land management practices at any scales larger than
which the practices are implemented is unlikely to yield meaningful
information

e Demonstration that CPT can be implemented technically,
economically and practically on existing surface irrigated dairy farms
in the HWIA

e Demonstration that considerable learning took place in the trials for
both surface and CPT from the first year to the second year

e A whole farm planning framework developed that addressed how
centre pivot technology interacted with and could be integrated with
other farm management operations and investments

e Extension and adoption activities with stakeholders and knowledge
about irrigators’ preferences for receiving information, the
importance of producer networks, and the importance of irrigators
being involved in learning by measuring and doing

Principal outcomes

Demonstration of feasibility and benefits

The successful demonstration of CPT with its large increases in WUE, pasture production
and dollar returns for added milk produced has stimulated greater interest and confidence
of both dairy and beef farmers considering changing to this irrigation technology.

While total labour involved was about the same for each system, CPT did not involve the
irrigator having to remain on the farm all day as with the surface irrigation system.

Results from simulation of larger pivots suggested that large pivots with a higher
application rate were preferable. Larger pivots also capture some economies of size; the
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marginal investment is only $1700 per ha for moving from a 40 to a 50 ha size; the
average cost for a 40 ha pivot was $3875 per ha and the average for a 50 ha pivot was
$3440 per ha.

The results of the project are assisting other farmers in assessing their irrigation systems
and their future investment in improved systems and management for changed systems.
The project also demonstrated the potential for improving surface irrigation technology.

Adoption

Dale Hanks purchased a 43 ha centre pivot in December 2007 (Dale Hanks pers comm.).
By June 2008, about 10 dairy farmers had purchased CPT systems since the project
commenced. Five beef producers had also installed centre pivots (Geoff Calder and Rob
Kuzich pers comm.). Other dairy and beef farmers are considering changes to their
pasture irrigation systems which would result in overall water savings and increased
production and profitability.

The extension and training program design implications have been manifest since the
project was completed. These were the preference for learning by doing, recognition of
the confidence gained from involvement, and direct observation of changes made through
measurement (instead of a strict adherence to guidelines or promoting detailed irrigation
scheduling and water management training packages).

Surface irrigation improvements

The recognition of potential for significant improvements in existing surface irrigation
performance from measurement, monitoring and associated management changes has led
to an insignificant number of dairy farmers changing their surface irrigation management
practices. This is probably because the scientific method of monitoring promoted was
hard to adopt and needed consulting advice (Ken Moore pers comm.).

Environmental outcomes

Another important outcome was the capture of the positive environmental impacts of
irrigation, particularly in addressing the wider area and regional issues (e.g. resource
saving, reduced nutrient export). It is presumed that nutrient exports have not fallen
measurably due to CPT as the impact of lowered runoff from the small number of farms
installing centre pivot technology would not be highly significant in a whole of
catchment context.

Wider area issues

The project has contributed to other programs in WA, namely the Water Wise on the
Farm program, the Harvey Water strategic plan, the Western Dairy regional action plan
and the strategies for the Peel sub-region. The project demonstrated for the first time in
Western Australia the value of large-scale investment in CPT. Harvey Water believes that
CPT and other technology will be the new standard for irrigation compared to flood
irrigation. This has direct effects on the thinking involved in all the other programs
(Geoff Calder pers comm.).
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Project awards

The project was selected as one of 12 case studies from across Australia featured in the
Australian Government Innovation in Irrigation Showcase in 2004. The project was also
a finalist in the 2004 WA Premiers Water Foundation Water Conservation and
Management Awards and received a special commendation in the SGIO 2004 Western
Australian Environmental Awards. The project won the 2005 Western Australian
Environmental Award for the category of Water Conservation and Management.

A summary of the principal outcomes from the project is reported in Table 4.

Table 4: Summary of principal outcomes

Principal outcomes

e Potential for changed practices and systems that optimise productivity
and profitability and minimise ecological impacts

e Adoption of improved technology that is more profitable, uses less
water and is more environmentally sustainable than current technology

e Improved decision making regarding centre pivot management,
including choice of pivot size, fertiliser and grazing, and interactions of
changed irrigation technology with other farm management decisions

e Demonstration that the HWIA can compete for water with other
potential water uses in order to retain its water allocations

e Contribution to other water and dairy programs in WA

e More effective extension and training programs through enhanced
recognition of importance of learning by doing with regard to irrigation
technology changes and improvements

Benefits associated with the investment

Despite the capital costs associated with a change to CPT, there are significant benefits.
The benefits associated with the project are described in a triple-bottom-line format
below:

Economic
e Improved decision making regarding investment in CPT as opposed to surface
irrigation

e Water savings compared to surface irrigation for those dairy and beef farmers
changing to CPT

e Increased pasture production, pasture quality and milk and beef production for those
farmers changing to CPT.

Environmental
e Reduced groundwater recharge, water runoff and export of nutrients.

Social
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e More viable local community from irrigators realising and demonstrating higher
WUE and reducing nutrient runoff into estuaries

e Some improvements in water quality in estuaries, potentially resulting in improved
recreational opportunities.

Type of benefits
A summary of the principal types of benefits associated with the investment is shown in
Table 5.

Table 5: Categories of benefits from the investment

Benefits

Productivity and profitability

e Lowered water costs to dairy and beef farmers

e Higher net incomes from improved pasture production, pasture quality and milk and
beef production

e Water available for other uses

Environmental
e Marginally improved water quality in nearby estuaries

Social
e More sustainable local community
e Marginally improved recreational opportunities in estuaries

Public versus private benefits

The principal benefits are being captured by the private sector, namely the water saving
and productivity improvements on-farm by irrigating dairy and beef farmers. However,
some public benefits have been captured in the form of reduction in water export and
nutrients off-farm and associated water quality benefits in nearby estuaries.

Distribution of benefits along the supply chain
A small part of the benefits received by dairy and beef farmers may be passed along the
supply chain to processors and consumers.

Match with national priorities

The Australian Government’s national and rural R&D priorities are shown in Table 6. In
terms of national research priorities, the investment addresses national priority 1. For the
rural research priorities, numbers 1 and 3 are supported by the investment.
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Table 6: National and rural research priorities 2007-08

Australian Government

National research Rural research priorities
priorities
1. Anenvironmentally 1. Productivity and adding value
sustainable Australia 2. Supply chain and markets
2. Promoting and 3. Natural resource management
maintaining good health
4. Climate variability and climate

3. Frontier technologies for
building and transforming _ _
Australian industries 5. Biosecurity

4. Safeguarding Australia Supporting the priorities:
1. Innovation skills

change

2. Technology

Quantification of benefits

Counterfactual scenario

As there were some dairy farmers in the HWIA already considering centre pivot
irrigation technology in 2002, it is likely that there would have been some change to
sprinkler irrigation even without the NPSI investment. However, the form that this would
have taken is uncertain. For example, the number of dairy and beef farmers making the
change may have been fewer, the change may have been slower, or any changes made
may have been less effective. As DairyCatch had been funded before the NPSI project,
some nutrient export reduction impacts described earlier would need to be attributed to
the DairyCatch investment.

As the decision to pipe the HWIA was made before the NPSI project, there would not be
any attribution to the NPSI investment from the benefits emanating from the piping
investment.

Scenario with the NPSI investment

Water savings from change to CPT

The first impact of the NPSI investment is the water savings from moving from surface
irrigation to CPT. The savings are assumed to be 30 per cent per ha per annum. Based on
an average surface irrigation use of 11 ML per ha, this is equivalent to a saving of about
3.3 ML per ha per annum.

Value of water saved

The value of water in 2006 included a fixed charge of $19.11 per ML plus a variable
charge of $22.29 per ML (DAF 2006). In 2008, the unit cost of water is $26.01 per ML
for fixed costs plus a delivery cost of $22.23 per ML (a total of $48.24 per ML, Geoff
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Calder pers comm.). This would be the minimum value of water saved as the water could
well be used for a higher-value use. Most irrigators are using water savings to increase
reliability or to expand the irrigated area on their own farm (Geoff Calder pers comm.).

Increased production from use of CPT

Based on the difference in metabolisable energy and pasture quality of the respective

pasture production for the two irrigation methods, an estimate of additional milk

production was derived in the project report. This estimate was made for each of the two
years of the trials. If the added milk production was valued at 30 cents per litre, the
average gain per annum was estimated at $4554 for each irrigated hectare. Due to the
nature of the trials and the method of estimation, for purposes of the current analysis, the
gain has been assumed less than that estimated in the project. Important factors driving
this reduction were:

e No allowance of additional cows to utilise the additional energy produced was made
although it could be assumed that the additional energy produced on-farm could
replace some purchased feedstuffs.

e The derived estimates assumed that more fertiliser would be required for CPT
compared to surface irrigation. Since the derived estimates were made, the price of
nitrogenous fertiliser has increased significantly, possibly trebling (Dario Nandapi
pers comm.).

e Counterbalancing these factors is the fact that the price of milk has risen, possibly
doubling.

Overall it is assumed conservatively that the average gain per annum would still be 50
per cent of the $4554 or $2277 per ha. It is assumed that the net value of the additional
beef produced from beef producers irrigating pasture would be only half of that for dairy,
namely $1138 per ha, because of the higher return per hectare for dairy systems.

Cost of CPT investment and other changes on farm

Experience from the project has shown that the capital cost of CPT is about $4000 per ha
based on a pivot capacity of 40 ha. The capacity of the CPT units introduced to date has
ranged from 15 to 70 ha. It is assumed no on-farm pumping equipment is required and
that maintenance costs of the CPT are similar to those of the surface irrigation system.
Similar labour costs are also assumed.

Number of farms

About 60 dairy farms are irrigating pasture in the HWIA. Over time this number may fall
as farms become larger. However, such changes will probably make CPT technology
more attractive than assumed in this analysis.

As well, there could be up to 300 farmers irrigating pastures for beef production in the
HWIA, albeit most on a small scale. However, it is only the larger beef producers who
are likely to invest in CPT. It is assumed conservatively that the maximum number of
beef producers who are likely to adopt CPT is 15.

Adoption of CPT due to the project
43

Agtrans Research



The project has given considerable stimulus for increasing WUE and consideration of
adoption of CPT by HWIA dairy and beef farms.

However, existing pressures in the HWIA may well have resulted in some adoption of
WUE increases and some changes to irrigation systems even without the project. It is
assumed that adoption has commenced sooner and the adoption rate has been and will be
considerably greater with the NPSI investment than without it. It is also assumed that,
given time, all dairy and beef producing farms in the HWIA would have the potential to
convert their systems to CPT or other forms of sprinkler systems such as lateral moves
(Geoff Calder pers comm.).

Table 7 shows the comparative increases assumed for adoption of CPT, with and without
DAWA45.

Table 7: Assumptions for adoption of CPT

Period Without DAW45 With DAW45
First year of 2008-09 2004-05
adoption

Adoption rate 3% of farms per

annum

5% of farms per
annum

Maximum Maximum of 100% Maximum of 100%
adoption level | of farms, reached 33 | of farms, reached 20
of farms years after year of years after year of
producing milk | first adoption first adoption

or beef

Benefits not valued

The possible environmental benefits were not valued in this analysis due to the weak
linkages between the irrigation practice changes and their attribution changes in water
quality downstream.

Summary of assumptions
A summary of all assumptions made is given in Table 8.

Table 8: Assumptions for the valuation of benefits from project DAW45

Variable | Value | Source

Water savings

30% lower than the 11ML
per ha used for surface
irrigation

Water savings due to CPT Based on an average of first

and second year of the trials

Average irrigated area per | 40 ha

dairy farm

Agtrans Research

Value of water saved $48.24 per ML Geoff Calder, pers comm.

Increased production
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Net value of higher
production of milk per
irrigated ha with CPT

$2277 per ha; this is based
on a conservative
adjustment (50%) to the
average increase across the
two years of trials of $4554
per ha

Agtrans Research, based on
Table 8 in Project Report,
and after discussions with
Rob Kuzich

Net value of higher
production of beef per
irrigated ha with CPT

50% of that assumed for
dairy, i.e. $1138 per ha

Agtrans Research after
discussions with Rob
Kuzich

Additional costs for those adopting CPT

Capacity of CPT systems
installed

40 ha, based on minimum
capacity of some systems
installed to date

Agtrans Research after
input from Geoff Calder
and Rob Kuzich

Capital costs for a CPT $4000 per ha for a system Project documents
system of 40 ha capacity
Additional operating costs | Nil Agtrans Research

for CPT over surface
irrigation systems

Adoption of CPT without NPSI investment

Number of dairy and beef 75 Agtrans Research after

farms in HWIA input from Geoff Calder
and Rob Kuzich

First year of adoption 2008-09 Agtrans Research

Proportion of dairy and beef
farms

80% dairy and 20% beef

Agtrans Research based on
inputs from Geoff Calder
and Rob Kuzich

Adoption rate

3% of farms per annum

Agtrans Research

Maximum adoption level

100% of dairy and beef
farms in 33 years

Agtrans Research

Lag between adoption and
first year of benefits

1 year

Agtrans Research

Adoption of CPT with NPSI investment

Number of dairy and beef 75 Agtrans Research after

farms in HWIA input from Geoff Calder
and Rob Kuzich

First year of adoption 2004-05 Agtrans Research

Proportion of dairy and beef
farms

80% dairy and 20% beef

Agtrans Research based on
inputs from Geoff Calder
and Rob Kuzich

Adoption rate

5% of farms per annum

Agtrans Research after
input from Geoff Calder
and Rob Kuzich

Maximum adoption level

100% of dairy and beef
farms in 20 years from year
of first adoption

Agtrans Research after
input from Geoff Calder
and Rob Kuzich
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Lag between adoptionand | 1 year Agtrans Research
first year of benefits

Results

All past costs and benefits were expressed in 2007-08 dollar terms using the CP1. All
benefits after 2007—-08 were expressed in 2007-08 dollar terms. All costs and benefits
were discounted to 2007-08 using a discount rate of six per cent. The base run used the
best estimates of each variable, not withstanding a high level of uncertainty for many of
the estimates. The base analyses ran for the length of the investment period plus 40 years
from the first year of investment to the final year of benefits assumed. Investment criteria
were estimated for total investment, NPSI investment, and for the LWA investment
alone. Benefits for NPSI investment criteria were estimated as 15 per cent of the total
benefits, which represents the proportion of total costs contributed by NPSI. LWA
contributed 15 per cent of NPSI phase 1 funding. The investment criteria are reported in
Table 9.

Table 9: Investment criteria for the investment (discount rate 6%)

Criterion LWA only NPSI only Total
Present value of 0.64 4.26 29.29
benefits ($m)

Present value of 0.05 0.32 2.26
costs ($m)

Net present value 0.59 3.94 27.04
($m)

Benefit-cost ratio 13.34 13.34 12.99
Internal rate of 30.8 30.8 29.1
return (%)

Given the assumptions made, the proportion of benefits estimated for each source (for the
40-year analysis) is 93 per cent for the productivity benefits and seven per cent for the
water savings.

Figure 1 demonstrates the rate at which net benefits accrue for the total investment.
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Figure 1: Annual net benefit flow
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Sensitivity analysis

Sensitivity analyses were carried out on several variables and results are reported in
Tables 9 to 11. All sensitivity analyses were performed on the NPSI investment criteria
using a six per cent discount rate with benefits taken over 40 years from the first year of
investment. All other parameters were held at their base values. Table 10 shows the
sensitivity of the investment criteria to the level of maximum adoption of centre pivots in

the HWIA.

Table 10: Sensitivity of investment criteria to maximum level of adoption
(NPSI benefits and costs only)

Criterion

Discount rate 6%

509% of dairy and

75% of dairy and

100% of dairy and

beef farms beef farms beef farms (base)
Present value of 2.13 3.19 4.26
benefits ($m)
Present value of 0.32 0.32 0.32
costs ($m)
Net present value 1.81 2.87 3.94
($m)
Benefit:cost ratio 6.67 10.01 13.34
Internal rate of 22.1 27.0 30.8

return (%)

The maximum adoption where the investment breaks even is about eight per cent, i.e.
only a maximum of about six farms need to convert to centre pivots for the project
investment to break even, given the other assumptions made.
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http://dairyinvestwa.com/pasture-production-irrigation-dairy-cows-grass-fed/irrigation-availability/
http://dairyinvestwa.com/pasture-production-irrigation-dairy-cows-grass-fed/irrigation-availability/
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