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Abstract

A target to reduce phosphorus flows into the GigpdILakes in south-eastern
Australia by 40 per cent to improve water quali@g Ipreviously been established by
stakeholders. An integrated analysis at the catohseale is undertaken to assess the
agricultural land management changes requiredh®we this target, and to evaluate
the cost-effectiveness of these changes. It appectsically feasible to achieve a 40
per cent reduction in P load entering the lakesihmileast-costly way of doing so
would require around A$1 billion over 20 years ramdatic increase in the current
levels of funding provided for management. On ttiteeohand, a 20 per cent P
reduction could be achieved at much lower costrdd80 million over 20 years and
requiring more modest land-management changescAdiee of optimal land-
management strategies depends upon whether on-gositgyfor management
maintenance are likely to be available after thigainfunding ceased. Reliance on
voluntary adoption of ‘Current Recommended Prasti@@RPSs) is unlikely to deliver
changes in management practices at the scale eddoihave sufficient
environmental impacts. Enforcement of existing taetons for the dairy industry
would be amongst the most cost-effective managestetegies. The major
implications of this work for agriculturally indudeliffuse-source pollution include
the need for feedback between goal setting and-anogosts, and consideration of
factors such as the levels of landholder adoptfarew practices that are required,
and the feasibility of achieving those adoptiorelsyCosts, land holder adoption of
new practices and socio-political risks appear eegll in the formulation of many
water quality programs. The framework used in shigly provides a strong basis for
discussion and debate about the environmental m@sahat can be achieved with
limited budgets and also about the agriculturalpmion and environmental trade-
offs required to reduce diffuse-source nutrientyimn. The results are relevant to
comparable water-quality programs worldwide.
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1. Introduction

Agricultural systems have long been known to redbeewvater quality of waterways
through loss of sediments, phosphorus (P) andgatr¢N) (e.g., Logan, 1993;
Sharpley et al., 1999). Though not large compawdevels of nutrient application,
nutrient losses from agriculture are often suffiti® impair the provision of
economic, social and environmental values by wagsthrough promoting the
nuisance growth of algae, leading to eutrophicatitxtess P inputs are often the



major cause of eutrophication of surface freshvga{Bharpley et al., 1999), although
N can also contribute to the problem (Stoate e@D9). Nitrogen leaching is most
often the cause of problems in marine systems ¢NatiResearch Council, 2008;
Stoate et al., 2009) and groundwaters (Maticic918@y et al., 2009).



Water bodies affected by nutrient and sedimentfiass agriculture include the
Great Lakes (Le0n et al., 2004), Chesapeake Bayp&in, 2010), the Florida
Everglades (Rice et al., 2002), the Gulf of Mexiblational Research Council, 2008)
and the Californian Central Coast (Dowd et al.,&00 North America and the Baltic
and Black Seas in Europe (Stoate et al., 2009). Realand has nutrient-impaired
rivers (Monaghan et al., 2009) and highly-valudefa such as Lakes Taupo and
Rotorua, are threatened (Connor et al., 2009; &teat., 2007; Monaghan et al.,
2007). Agriculturally-induced water quality problertboth P and N) also occur in
Australia, threatening highly-valued environmerassgets, such as the Great Barrier
Reef (Waterhouse et al., 2010), the Peel-Harvest (Summers et al., 1999) and the
Gippsland Lakes (Department of Natural ResourcdsEanvironment, 2002).

Point-source nutrient pollution (e.g. sewage treatimvorks, industrial sites, animal
feeding operations) has often being successfutlyged in developed countries
(Baker, 1993; National Research Council, 2008; fbgret al., 1999). This stems
from the fact that nutrient loadings from point sms are measurable and occur from
spatially confined areas, making them cost-effectovmonitor and regulate. In
contrast, regulation of non-point (diffuse) souresore complicated for several
reasons: the emissions are often essentially ururedae and highly variable across
time (Shortle and Horan, 2001); there are largebarsiof farmers involved,
increasing the transaction costs of policy engagenie some policy regimes
agriculture receives special treatment — in the USAexample, the Clean Water Act
exempts many agricultural sources of pollutantsifregulation (National Research
Council, 2008; Ruhl, 2000); and regulation may regjaooperation and agreement
across different states or nations (National Rese@ouncil, 2009), such as for the
Great Lakes of North America and many European muatys, lakes and marine
ecosystems. Consequently, diffuse pollution is tlmevmajor contributor to declining
water quality in much of North America, Europe axuktralia, with agriculture being
the largest contributor (Cherry et al., 2008; Wadeise et al., 2010; Hancock et al.,
2007).

Nutrient reduction programs are usually developgdditing targets aimed at
attaining water-quality standards. These inclugeirater Framework Directive in
Europe (Kay et al., 2009) and the total maximuniydaad (TMDL) approach in the
USA (National Research Council, 2008). Given theplexities of dealing with
diffuse-source pollution problems, Gunningham aimat|8ir (2002) suggest that
policy approaches need to include 1) the removakoferse market signals; 2)
education and training; 3) underpinning regulatimmg 4) a systematic approach to
rewarding performance. The mix of policy tools dif between countries; for
example, regulation is common in Denmark; volunggproaches are common in the
United Kingdom (UK); and Sweden uses a mixtureegiutations, subsidies and
education/extension (Kylimar et al., 2006).

The aim of this study is to assess the potentratfianged land use and land
management practices to achieve nutrient redutdi@ets for an important
Australian environmental asset, the Gippsland Lakke analysis identifies least-
cost integrated strategies (involving combinatioheiany practices) to achieve a
range of target nutrient reductions. It is an idiseiplinary and participatory study,
bringing together researchers, managers, exteagients and various technical



experts. Results provide a trade-off curve betweegram cost and environmental
benefits (Weersink et al., 2002), and sets of {east management actions to achieve
particular targets.

2. Methods
2.1 Study area — Gippsland Lakes,Victoria, Australi

The Gippsland Lakes, located in south-eastern AlistfFigure 1), are one of the
most important environmental assets in the sta¥éiaibria. They consist of a system
of coastal lagoons separated from the Tasman Steelnpastal dunes of the Ninety
Mile Beach. The main lakes — Wellington, VictoriadaKing — cover 340 kf with a
shoreline of 320 km. There are seven major riveagahg into the Lakes and the size
of the catchment is approximately 20,000°kithe Gippsland Lakes empty into the
ocean through a constructed and dredged entratice sitwn of Lakes Entrance. The
Lakes and catchment contain a number of sitestadmad and international
significance under the Ramsar Convention, the J&pestralia Migratory Bird
Agreement and the China-Australia Migratory Birdrégment (Department of
Sustainability and Environment, 2003).

Within the catchment, agriculture and forestry gateeover A$1 billion per year of
agricultural products (Department of Primary Indest 2006). The main industries
are dryland grazing (beef and sheep), dairy preda¢irrigated and dryland in
different parts of the catchment), forestry andibattural cropping (potatoes,
vegetables) (Figure 2). The Lakes are also impbftartourism, being a major
recreational boating destination, generating ov& 30 million per year in tourism
income to the regional economy (Department of NatResources and Environment,
2002).

The Gippsland Lakes are threatened by eutrophicétioth P and N) (Harris et al.,
1998). By Australian standards, there is a strasgarch basis for understanding
major nutrient sources for the Lakes, with modelistudies (Grayson and Argent,
2002; Hancock et al., 2007) having been previoashducted.

A target of 40 per cent reduction in the averagauahnutrient (P and N) load
entering the lakes over 20 years was agreed t008 PDepartment of Natural
Resources and Environment, 2002) by stakeholdenpesing a governing body
called the Gippsland Lakes Taskforce (GLTF). Thhigahwas set based on an
expectation that this would reduce the frequencgi@dl blooms and improve aquatic
habitat.
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Figure 2. Major land useswithin the Gippsand L akes catchment.
The approach for nutrient reduction activities hasn largely based on previous

identification of major nutrient sources. It hagatved fencing off the riparian areas

of major rivers to exclude livestock from the rivenks, wetland restoration and



provision of small temporary payments to irrigatkiry farmers for adoption of
improved management practices. Despite a conceffed with the available budget,
the GLTF has acknowledged that the current appredthall far short of the target,
with achievable P reductions being estimated atamately 13 per cent (Ladson
and Tilleard, 2006). This analysis was therefoghlyi relevant to the GLTF as it
considers its future strategies and directions.

2.2 Stakeholder engagement in the analysis

The analysis was conducted in partnership withah&F. This group chose a trusted
consultant with knowledge of the institutional aaxtt previous research and
implementation projects and people involved. Thesattant oversaw the
participatory process, and collection of informat{previous reports, expert opinion,
local knowledge). The major stages of participatiare:

» Gaining GLTF support to conduct the analysis, agwktbping lines of
communication.

* Aninception workshop of key stakeholders to agne¢he definition of the
asset, its condition, main land-use types (irrigatairy, dryland dairy, mixed
dairy and beef, dryland beef/sheep grazing, foyebtrticulture), suggested
scenarios for analysis and some parameters fdatéeanalysis.

» A workshop of technical experts to identify prevsagsearch conducted in
which there was sufficient confidence for it tousable in this analysis,
identify major knowledge gaps and agree on imprdaad management
options for major land uses. For each nominated-fraanagement option,
implemented at a particular scale, experts weredask estimate their
effectiveness in reducing nutrient loss, as a peage of the total nutrient
load entering the lakes. From this, it became dleatrthere was less
confidence about N impacts on the Lakes than fdi&agement practices
whose effectiveness in P reduction could not beneséd using expert
opinion were discarded. In addition it was cleat thnd management
practices which had been emphasised by the GLTRt®had been focussed
on P-load reduction. For this reason, and duedo ¢& knowledge about
impacts of management, N was excluded from theentianalysis.

» A workshop of local extension staff. For each landragement option,
extension staff were asked to identify the like®yrgentage levels of adoption
by farmers under three levels of funding: zero mulninding, current standard
payment levels (if any), and the full opportunibstto farmers of adopting
the practice.

* Follow-up discussions with individual technical exs and extension staff for
details of CRP effectiveness and cost estimatetadfication of information.

» Opportunities for technical experts and extenstaff 0 review/change
assumptions based on additional evidence.

» Discussions with the Executive Officer and Chaitref GLTF when decisions
were required or when concerns arose.

* Presentation of an interim progress report to th&Fs It became clear part
way through the process that the costs to achlevexisting 40 per cent P
reduction target would be prohibitively expensiVhaere was concern that
results could be disregarded due to their lackatditability. A decision was
made to include additional scenarios based onigallit achievable budgets
and to assess what could be achieved by focussipgmicular land



management practices. This was also viewed as afyapviding a range of
options for the GLTF as the basis for developifisiness case for further
public funding. The scenarios developed are oudlineTable 1. Three of
these (scenarios 16-18) were included to test lemsigve the results were to
changing some of the important factors in the aisly

» Visual presentation of the results to the GLTFdonsideration, during which
there was a high level of engagement and activaig#son, including
agreement on the need for additional time to candidw best to use the
information.

» External review of the science and knowledge baséd tor the analysis and
scrutiny about the assumptions used to underpiaragysis.

2.3 Use and modification of existing data, produid reports

Many reports providing data and information for #malysis were available.
However, only a minority of information was in atrio useful for the analysis. Some
information was excessively complex (e.g. informatabout the land management
options), and other information was not sufficigritétailed (e.g. the available land-
use information on which previous modelling hadrbbased). Without modification,
reliance on existing information would have redutiezlcredibility of the analysis. As
a result of these issues two products were deveiope
* An updated land-use map that reduced inconsistentiand-use
classifications between the eastern and westeta pathe catchment, relative
to previous maps (Anonymous, 2007; Sargant, 2@0%),that separated
extensive beef cattle grazing and non-irrigatedydarming systems (two
new land classes of dryland dairy and mixed-daggfp The total P load from
the generic dryland grazing systems estimated &yigus modelling work
was retained, but was apportioned between the aegvdlasses (dryland
dairy, mixed dairy-beef) assuming that P expoesdper ha) of dryland
dairying land were three times that of dryland bstedep systems, based on
the known large P surpluses generated by dairgsys{Gourley et al., 2007).
* A model integrating the available information tdiesite the P-load
reductions in the Gippsland Lakes in response é&mgés in land use or land
management. This spreadsheet tool was based @viays tool (Ladson and
Tilleard, 2006), modelling results (Grayson, 20863 information collected
from the various stakeholder meetings and workshbips model is described
further below, and assumptions are outlined inrdime report
(http://cyllene.uwa.edu.au/~dpannell/archive/gippdl.pdf) and provided in
detail in the spreadsheet tool itself, availablinenat
(http://cyllene.uwa.edu.au/~dpannell/archive/gippsdl_tool27.xIs).

Data and assumptions are too voluminous to présast To illustrate the model and
its assumptions, consider the case of irrigatedyd@here are approximately 46,000
ha of irrigated dairy production in the catchmemtg this land includes 1,400 km of

small streams. Total P exports to the Lakes iratisence of additional interventions
are estimated at 65 tonnes per year.



Table 1. Scenarios analysed for the Gippsland L akes INFFER analysis.

Scenario Description

no.

1 40% P reduction by 2030, based on the 10 yeaag®doad to the Lakes

2 30% P reduction by 2030, based on the 10 yeaaggdoad to the Lakes

3 20% P reduction by 2030, based on the 10 yeamgedoad to the Lakes

4 10% P reduction by 2030, based on the 10 yeaagedoad to the Lakes

5 $2 million/year for 5 years, followed by funditgmaintain works

6 $5 million/year for 5 years, followed by funditgmaintain works

7 $10 million/year for 5 years, followed by funditgmaintain works

8 $2 million/year for 5 years, followed by no onkgg funding

9 $5 million/year for 5 years, followed by no onkgg funding

10 $10 million/year for 5 years, followed by no gaing funding

11 Payments for all CRPs at current rates fomallistries, and including
management of riparian areas for rivers and smstifeams

12 As for scenario 11, but excluding riparian mamagnt of smaller streams

13 Current incentive rates for irrigated-dairy CRfe# enforcement of
effluent management, no riparian management

14 Enforcement of farm effluent management only

15 Riverbank protection (riparian management oersy— full costs
assuming 50% effectiveness in P reduction

16 Riverbank protection (riparian management oergy— full costs
assuming 20% effectiveness in P reduction

17 As for scenario 1, but a 10-fold increase irugbn of the Lakes

18 As for scenario 3, but halving the valuatiornhs Lakes

Management options which have an impact on nutreshiction for irrigated dairy
(agreed to by participating stakeholders) are:aymfre-use systems for irrigation
tailwater, conversion to pressurized irrigationigation automation, effluent
management, irrigation farm plans, and managenfeigarian areas (fencing to
exclude livestock). The first option, tailwateruse, is potentially applicable to 40 per
cent of irrigated dairy land. If adopted, it wouttluce total P exports from that area
by 80 per cent. The level of adoption of tailwateiuse is predicted to be 10 per cent
in the absence of incentive payments, 18 per céhtexisting modest incentive
payment rates, and 90 per cent if payments coeefulhopportunity cost of adoption.
Total P export reductions from these three payrtesais are calculated to be 5.2, 8.0
and 19.2 tonnes per year, respectively. The c&3,B00 per ha up front with no
ongoing maintenance cost.

Similar assumptions were required for each of theromanagement options for
irrigated dairy, and repeated for each of the oldwed uses in the catchment: dryland
(non-irrigated) dairy and mixed dairy-beef, dryldmekf-sheep, forest, and river
riparian areas (which span a variety of agriculturdustries).



2.4 Economic optimisation

The spreadsheet P-load model described above wdsassa basis for an optimisation
analysis to estimate P-load reductions for sceadrithO (Table 1). The optimisation
analysis aimed to select the least-cost combinatdpractices to achieve P-load
reduction targets of 40, 30, 20, and 10 per cex@n@rios 1-4), as well as to assess the
management actions that would maximise P-load texhscfor fixed budgets ($2
million, $5 million and $10 million per year fory®ars) (scenarios 5-10). Scenarios
5-7 also allowed for on-going annual maintenancelifng, whereas scenarios 8-10
assumed no ongoing funding is available.

Decision variables for the optimisation were: theazallocated to each land use, the
levels of payments made to landholders to encouadgption of Current
Recommended Practices (CRPs), the percentageswfirelland over which these
payments were offered, and the areas of land clolafingen current agricultural or
forestry industries to non-commercial forests (withnutrient inputs). The payment
levels could be one of several values: zero, cutoamlevels of payment, or higher
payments calculated to cover the farmers’ full appaty costs. The percentage of
land over which payments were offered was constthgo that it could not exceed
the maximum area of land over which the CRP coeld$ed minus the level of
current adoption.

The number of potential combinations of manageraetibns in the model is
enormous. Optimisation was used to search for-lgaststrategies. The
interdependency of integer and continuous decigaoiables prevented the
application of standard mathematical programmingnapation methods, so a genetic
algorithm (GA) (Mitchell, 1996) was used. The GAsnzart of the Premium Solver
Platform version 9.5 (Frontline Systems, 2009) paekused for optimisation in
Microsoft Excel.

When using GA, the solutions found are generalbr+mptimal but may not be
absolutely optimal. To get solutions as close tinogl as possible, the following
strategies were used:

1. The termination conditions for the search algorithare tightly defined to
prevent premature completion of the search process.

2. The GA was run more than three times for each probhstance to see
whether superior solutions could be identified.

3. Solutions were used as starting strategies foregjuent optimisations.

4. The model was also coded in the General Algebradéiing System
(GAMS) (Brooke et al., 2008) and optimised usirtgmative global
optimisation algorithms (i.e. BARON, LindoGlobal).

5. Trial and error was used to test whether solutcmsd be feasibly improved.

These measures ensured that the identified sotusionof very high quality.

2.5 Investment Framework for Environmental Resau(ieFFER)
The analysis made use of the INFFER framework (Blaenal., 2009,

www.inffer.org). INFFER is designed to assist wakcision making about public
investment in the environment and natural resoustash as natural habitat, rivers,
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wetlands, threatened species, agricultural lak@slgparks and reserves. INFFER is
used to evaluate and compare alternative envirotahprojects on the basis of
environmental benefits per dollar spent. For eaatkrgial project, it elicits and
integrates the following information:

* The significance or importance of each environnleagset,

» Threats currently affecting or likely to affect tasset,

A SMART (Specific Measureable, Achievable, Releydmine-bound) goal for
the project,

* Proposed works/actions in the project,

* Time lags between undertaking works/actions aneige¢img benefits,

* The effectiveness of proposed works/actions, aclahieal risks,

» Spin-off benefits and costs from the project,

* The adoptability of proposed works/actions by targers,

» Delivery mechanisms/policy mechanisms to be usehdrproject,

* Project costs,

* A variety of risks,

* Knowledge gaps and information quality.

Users are guided through a process to developgtsdjeat are internally consistent,
in that they will deliver the required on-groundian to achieve a specific,
measurable, time-bound goal. The Public: Privateeits Framework (Pannell,
2008) is used to guide the choice of delivery mawdmas (e.g. positive incentive
mechanisms, negative incentive mechanisms, extensiochnology development, no
action).

An output from the INFFER process is a Benefit: tQodex (BCI). The higher the
BCI, the more attractive is investment in the pcoj@he BCI is closely consistent
with a standard Benefit:Cost Ratio used by econtsmexcept that it usually does not
require dollar values to be placed on environmesdaéts (e.g. using non-market
valuation), instead relying on a scoring systensignificance or value of the asset in
good condition. Other variables in the BCI formatfjust the score to reflect the
expected difference that the project will makeeteel of degradation of the asset.
This study, involves comparison of alternative potg for the same environmental
asset, so the asset score is the same in eacfwitksthe exception of scenarios 17
and 18 which show the sensitivity of the assetevétuthe result), while the impact of
the project on asset degradation varies. Thusgbet significance score makes no
difference to the ranking of projects in this stdidyscenarios 1 to 16 — it is the same
for all projects. If it is assumed that an assghisicance score of 100 corresponds to
an asset value of A$2 billion, then a BCI figuregoéater than 1 is desirable,
indicating that benefits exceed costs. Furtheridata the BCI, including the
parameters used in this analysis, are provided i@pendix.

3. Reaults
Table 2 shows core results for each of the scemdescribed in Table 1. The second
column shows the percentage reduction in P loaeliegtthe Lakes. For scenarios 1

to 4 and 17 to 18, the percentage reduction isiddfas part of the scenario. For
scenarios 1 to 10, the reduction is calculatechbyoptimisation algorithm as being
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the greatest reduction that is possible for thél@a budget. Scenarios 11-16 were
added as scenarios of interest to the GLTF ordkearch team itself. The third
column shows the present value of project costs 20eg/ears. Project costs include
up-front costs and annual maintenance costs, tohadareal discount rate of 5 per
cent was applied. Project administration costs \aé&se included, assumed to be 5 per
cent of upfront and annual maintenance costs. @t column shows the Benefit:
Cost Index for each scenario.

In Table 3, land management strategies are prasémtscenarios 1-10.

Based on the data collected from stakeholders,rexpad existing reports, a 4 per
cent reduction in P load was calculated as beihgegeable at no public cost. This
reduction results from low levels of voluntary atiop of CRPs by landholders who
are environmentally motivated.

3.1 Least cost P-load reduction (scenarios 1-4)

Using the available science and assumptions usedXisting official target of a 40
per cent reduction in P load entering the Lakesr(ado 1) is technically feasible but
very costly, requiring public expenditure of atde$994 million (present value) over
20 years (Table 2). This vastly exceeds currentipelzpenditure on management of
the Lakes. Least-cost actions to achieve this tagesist of paying full opportunity
costs to farmers to achieve maximum adoption o€BIPs, enforcement of effluent
regulations in both irrigated and dryland dairyniarg, management of riparian areas
for both rivers and streams, works on forest raadainimise erosion and conversion
of 2,415 ha of irrigated dairy land to non-commalciative forests (Table 3). The
estimated Benefit: Cost Index for this strateg.32, indicating that benefits are
likely to be much smaller than costs.

The 30 per cent P reduction target (scenario 2lsis expensive ($223 million over
20 years, Table 2), although much less so thaAQhger cent target. It also has a low
BCI of 0.25. The 30 per cent target appears achiewaithout land-use change away
from agriculture but still requires a diverse pagkaf other measures (Table 3).

Twenty percent P reduction (scenario 3) can beezeli at a present value cost of
$80.2 million (Table 2). For this target, the lamé&nagement changes are more
modest, including paying full costs for riverbaniofection (but not riparian
management of smaller streams), payments for teitdairying farm plans and re-
use systems, and enforcement of existing dairylatigus (Table 3). The BCI for this
target is 1.0, indicating that benefits would b#isient to approximately offset costs.

The cost of the 10 per cent P reduction targetlatively modest ($16.5 million),

involving a much less extensive package of actiinesults in a favourable BCI of
2.6, indicating that benefits would significantlytaveigh costs.
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Table 2: Percentage P reduction load achieved and the associated Benefit: Cost
Index for each investment scenario in the Gippsland L akes.

Scenario % P reduction Present value Benefit:Cost Index

($ million) over

20 years

1. 40% P reduction 40 994 0.02
2. 30% P reduction 30 223 0.2
3. 20% P reduction 20 80 1.0
4. 10% P reduction 10 16 2.6
5. $2mlyr for 5 yrs, with 9 23 2.0
on-going annual costs
6. $5m/yr for 5 yrs, with 18 114 0.6
on-going annual costs
7. $10ml/year, for 5yrs, 22 142 0.6
on-going annual costs
8. $2m/yr for 5 yrs, no on- 7 10 4.4
going funding
9. $5m/yr for 5 yrs, no on- 7 25 1.7
going funding
10. $10m/yr for 5 yrs, no 10 49 0.9
on-going funding
11. Current payments 17 192 0.4
including  rivers  and
smaller streams
12. As for 11, minus 13 30 1.8
smaller streams
13. Current payments 9 25 1.7
irrigated dairy + effluent
enforcement, no riparian
management for rivers or
smaller streams
14. Effluent enforcement 6 16 2.8
15. Riverbank protectiol 16 61 1.1
(50% effective, full costs)
16. Riverbank protection 9 61 0.7
(20% effective, full costs)
17. As for 1, but V = 1000 40 994 0.2
18. As for 3 but V=50 20 80 0.5
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Table 3. Optimal land management strategies to achieve P reduction scenariosin
the Gippsland L akes.

Scenario Cost ($million) Strategy
1.40% P Upfront costs: $584m Full costs of CRPs in all dairy and dryland beef-
Ongoing costs: $38m sheep, full costs riverbank protection and forest
Present value (PV) over 2droads, enforcement of effluent management. Land
years: $994m retirement of 2,415 ha of irrigated dairy land.
2.30% P Upfront costs: $117m Full cost, tailwater re-use, over 30% of the
. i relevant area; current payments, pressurised
Ongomg costs: $10m irrigation, 40%:; enforcement, effluent
PV: $223m management, 80%; current payments, irrigation
farm plans, 98%; current payments, irrigated dairy
riparian buffering, 82%; full cost, groundcover
above 70%, 41%; full cost, riverbank protection,
99%.
3.20% P  Upfront costs: $54m Current payments, tailwater re-use, 30%; current
. i payments, pressurised irrigation, 40%;
Ongomg costs: $2.5m enforcement, effluent management, 80%; current
PV: $80m payments, irrigation farm plans, 98%; full cost,
riverbank protection, 90%.
4.10% P  Upfront costs: $10m Current  payments,  pressurised irrigation
. i conversion, 40%; current payments, riverbank
S\r/‘gglng costs:$0.6m protection, 73%.
: m
5. Upfront costs: $9.9m Current payments, pressurised irrigation, 40%;
9P Ongoing costs: $1.2m enforcement effluent management 80%; current
PV: $23m payments, riverbank protection, 23%.
6. Upfront costs: $25m Current payments, pressurised irrigation, 40%;
18% P Ongoing costs: $8.4m enforcement effluent management 80%; full costs,
PV: $114m groundcover above 70%, 40%; current payments,
' riverbank protection, 99%.
7. Upfront costs: $50m Current payments, pressurised irrigation, 40%;
o . ) enforcement effluent management 80%; full costs,
22% P Ongomg costs: $8.6m groundcover above 70%, 38%; full costs
PV: $142m riverbank protection, 82%.
8. Upfront costs: $9.8m Current payments, tailwater re-use, 30%; current
6.6% P Ongoing costs: $0 payments, pressurised irrigation, 40%; full cost,
) g 9 ) irrigation automation, 1%; current payments,
PV:$9.8m irrigation farm plans, 98%.
9. Upfront costs: $25m Full cost, tailwater re-use, 12%; current payments,
7 4% P Ongoing costs: $0 pressurised irrigation, 40%; current payments,
' PVg$259 ' irrigation farm plans, 98%.
: m
10. Upfront costs: $49m Full cost, tailwater re-use, 27%; current payments,
10% P Ongoing costs: $0 pressurised irrigation, 40%; current payments,

PV:$49m

irrigation farm plans, 98%.
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Figure 3 shows the trade-off between P reductiodscasts. The relationship is
highly non-linear, with costs escalating as theiremmental target becomes more
stringent.

1000 b

800 -

600 -

400 -

Present value of costs ($)

200 -

0 : T T T
0 10 20 30 40

P-load reduction (%)

Figure 3. Trade-off between reductionsin P-load into the L akes and present
value of costs of abatement (present value over 20 yearsusing 5% real discount
rate).

3.2 P reductions achievable for different budgetefiarios 5-10)

Scenarios 5-7 show results that maximise P rechefior budgets of $2 million, $5
million and $10 million per year for five years|lfiwed by additional ongoing
maintenance costs. The levels of maintenance aostsot constrained. Scenarios 8-
10 are for the same budgets for the first five gelut are constrained to actions that
do not require on-going funding beyond the inifieé-year phase. With ongoing
funding available, higher P reductions are possiilé the additional costs are such
that the BClIs are lower (Table 2). For example2 arffilion/year budget for five
years with ongoing maintenance funding (scenaricob)d achieve 9 per cent P
reduction with a BCI of 2.0. In contrast, wheremaintenance funding is allocated
beyond 5 years (scenario 8) it is only possibladioieve 7 per cent P reduction but
the BCl rises to 4.4.

3.3 Payments for Current Recommended Practicesethant enforcement
(scenarios 11-14)

The BClI results are sensitive to which CRPs aranionally supported and whether
effluent regulation is enforced. Scenarios 11-L#ilrate some of the possible
choices. For example, scenario 11 includes paynamgrrent standard levels for all
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CRPs for farm and riparian management (both rigadsstreams) across the dairy
(both irrigated and dryland) and beef-sheep intesstihis could achieve a P
reduction target of 17 per cent (Table 2), butege cost ($192 million) and low BCI
(0.4). This is much more costly than scenario 3ctvlachieves a higher P reduction,
illustrating the cost of constraining the choicerdérventions. Excluding riparian
management (scenario 12) reduces the P load terl&pt, and the cost to $30.1
million, but produces a more favourable BCI (1L &)nply enforcing existing effluent
regulations (scenario 14) has only a modest effied® emissions but is very cost-
effective (BCI 2.8).

3.4 Riverbank protection (scenarios 15-16)

Based on previous work (Hancock et al., 2007) effectiveness of riparian
management on rivers was assumed to be 50 pemgeahing that total P exports
from this land area would be reduced by this amdiitiis strategy is used on its

own (scenario 15), it achieves a significant P otida (16 per cent) and appears cost-
effective (BCI = 1.1). Given that there are veryited data on the rates of riverbank
erosion (Hancock et.aR007), a scenario of low effectiveness (20 per)osgas

tested (Table 2). This reduced the P reductiongerent and the BCI to 0.7.

3.5 Sensitivity of the BCI to valuation of the Lake

One area of uncertainty and debate is the value f¢passigned to the asset.
Scenarios 1-16 have been based ¥rsaore of 100. Some may argue that the
Gippsland Lakes would be worth much more than $®bj and use this as an
argument to disregard low BCI results. In scendaridhe assumed value of the Lakes
was increased by 10-fold, keeping other paraméhtersame as for scenario 1. Even
with such a large increase, the 40 per cent P texfutarget is still not cost-effective
(BC1 0.2, Table 2). Conversely, it could be argtieat the score of 100 is too high.
Keeping all other factors as for scenario 3 (20geert P least cost target) but
reducingV to 50 (corresponding to a value of $1 billion),ueéds the BCI from 1.0 to
0.5.

4. Discussion

One of the most significant findings is that thetoof the current 40 per cent P
reduction target (at least A$1 billion) is far bagahe reach of existing
environmental budgets. Over the period 2002-2068,828 million funding was
allocated to improvement of water quality for thipsland Lakes
(www.gippslandlakestaskforce.vic.gov.au). Furtlmereasing the budget sufficiently
to achieve 40 per cent would not be cost-effecive would involve substantial
social, economic and political challenges assodiati¢h land-use changes away from
agriculture. The analysis points to the need fonagars and policy makers to
reconsider the 40 per cent P reduction target.

The results for P reduction scenarios up to 2@pat provide a basis to develop a
stronger business case for higher public investnmetiie Lakes. Up to 20 per cent P
reduction could be achieved cost-effectively. Theision about whether 20 per cent
P reduction will give sufficient environmental béhes one that needs further
discussion by governments, agencies and stakelolder
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The analysis indicates that achievement of sufficoddanges in land management to
deliver substantial reductions in emissions is \gllenging and expensive. This
reinforces previous conclusions of Monaghan ef2&l07) that reliance on voluntary
adoption of CRPs is unlikely to deliver changemismagement practices at the scale
required to have large environmental impacts withaxge payments or effective
enforcement of regulations. (Here we estimatetti@tevel of reduction in P exports
that is possible at minimal public expense is @hper cent.) A large number of
impediments to adoption of new conservation prastizy land managers have been
identified (Pannell et al., 2006; Botha and Parerin2006) including cost,
compatibility with the current farming systems, qaexity of new systems,
difficulties in trialling new systems and uncertgiabout their performance. These
impediments explain the high difficulty and expen$achieving substantial practice
change for environmental benefits. The study hgiité the importance of explicitly
considering likely adoption of management changes aarly stage in the decision
making process for environmental projects (as emsiphd by Pannell et al., 2006). In
practice, this rarely occurs (e.g. Simpson, 2010ats et al., 2009).

Another key factor considered in this analysis thatften neglected when
establishing environmental targets and developmogepts is the relationship between
the works to be undertaken and environmental ougsoffhis, together with the
adoptability of the required works, determinesrgmistic level of project costs.
Environmental goals for the Gippsland Lakes (40qgasit nutrient reductions) were
set on a patrtial biophysical basis without consitlen of costs. The same could be
said for many other natural assets including, ¥@ameple, Chesapeake Bay — also with
a target 40 per cent nutrient reductions (Simp26a0), the Great Barrier Reef — 50
per cent (State of Queensland, 2009), the WaikaterRNew Zealand — 50 per cent
(Vant and Petch, 2006) and Lake Rotorua, New ZéatarO per cent (Kerr et al.,
2007). For the Gippsland Lakes, the upfront costabiieving official targets for this
one asset (close to A$600 million) greatly exceetts national annual expenditure
on this type of program for all assets. We sustettother assets with similarly large
catchments (e.g., Chesapeake Bay - 165,000ckichment area, Great Barrier Reef -
424,000 km catchment area) also have targets that are higbdysistent with

current budgets. This lack of financial realisnséiting environmental targets makes
it impossible to implement a rational approachrongising environmental
investment, and likely reduces the environment&t@ues that are achievable for the
available budget. Consideration of realisticallgteal scenarios would enable a more
informed dialogue about what is environmentallyegtable, technically feasible,
politically realistic and cost-effective to achieve

As well as adoption, feasibility and cost, othemooonly neglected factors that have
been considered in the determination of cost-affeness in this analysis include:
socio-political risks, the requirement for longaremaintenance funding beyond the
initial project phase, the risk of not obtaining trequired long-term funding, and time
lags between undertaking works and environmentadfis. These are all included as
standard elements of the INFFER process for asgptse cost-effectiveness of
environmental projects. INFFER’s facilities to tds internal consistency of
environmental projects and to advise on appropdeti¥ery mechanisms for a
project were also valuable in this study.
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Based on this experience, we believe that a simndarprehensive analytical approach
would be very valuable for other large, complexissnmental assets affected by
poor water quality. For example, decisions aboetGineat Barrier Reef have lacked a
comprehensive analysis of the agricultural andremwmental trade-offs that are
required to reduce sediment and nutrient inputscseitly to halt the Reef ecosystem
decline. It is recognised that adoption needs thigpe across all industries operating
in its catchment, and that resources need to et at priority areas and actions to
achieve environmental outcomes cost-effectively @hfoouse et al., 2010), but
analysis to underpin policy and project designlbeen very partial.

The Chesapeake Bay Program in the USA is one oftiikel’s leading nutrient
reduction programs. It has an ambitious nutriedticgion goal of 40 per cent and
requires co-operation from six states, Washingtdd. &nd the Federal government
(Simpson, 2010)The program has set quantitative goals, underpibyegater

guality modelling to identify major contributingesas and developed quantitative
CRP tracking and crediting, monitoring and repayim progress (Simpson, 2010). It
has placed much less emphasis on outlining costxiated with landholder adoption
at the scale required to have an impact. It hasoyedbnsider socio-political risks,
including the power of the farm lobby and incregsimbanisation. In each of these
cases, a comprehensive INFFER-style analysis wanaldde a stronger basis for
more informed debate about appropriate targetdaddets.

The analysis for the Gippsland Lakes highlightedimber of important knowledge
gaps, including: lack of data on the effectiver®#sSRPs, which were only estimated
using expert opinion; poorly understood connegtibgtween farm scale nutrient
surpluses and delivery to the Lakes; and generkldascientific information about
nitrogen’s impacts and management. Experience thenChesapeake Bay Program
suggests that estimates of CRP effectiveness dkfigen workshops of technical
experts (as we have done) are likely to be oveplyrastic (Simpson, 2010). If so,
results for cost per unit of P reduction will bederstated.

It was important that the analysis was done inngaiship with the peak management
body (GLTF), local stakeholders and experts, fasoms including credibility,
management of political sensitivities, access tormation (both published and
unpublished) and “ownership” or acceptance of &sellts. The technical report from
the study has been released on the GLTF websitecaihment that ‘The Taskforce
believes this work provides the most transparedtrahust framework to justify
future cost-effective public investment that hasrbdone to date and looks forward
to further improving components of the analysighia future’.

5. Conclusion

A 40 per cent P reduction goal for the Gippslankdsa whilst appearing technically
feasible, is well beyond the reach of existing emwnental budgets (at a cost of close
to $1 billion over 20 years) and far from beingteefective. Achieving a 20 per cent
P reduction appears cost effective, requiring onddest levels of change within
agricultural systems. The major implications otthiork for agriculturally-induced
diffuse-source pollution problems include the neelde clear about what
environmental assets are being protected, the foeéeledback between goal setting
and program costs, and consideration of factors asdhe impacts of works on
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environmental condition, the levels of landholdeotion of changed land-
management practices required to achieve partieambronmental targets and the
costs of achieving those level of adoption. Thdyama provides a basis for more
informed discussion about the environmental outthat can be achieved with
limited budgets and also about agricultural promuncand environmental trade-offs
involved in reducing diffuse-source nutrient pathmt Results are relevant to
comparable water-quality programs worldwide.
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Appendix: The Benefit: Cost Index

Consistent with a Benfit: Cost Ratio, the broadgtesf the Benefit: Cost Index is as
follows:

(Asset value or significance)(Proportional impact of project on that value)
BCl = (A.1)
Cost

The formula is designed to allow comparison of @ctg of different types, scales, and
durations. It facilitates this because, respedfivielexpresses benefits in a common
unit of measure (a score standardised againstsat afshigh national significance), it
divides benefits by costs to allow comparison tdtree cost-effectiveness, and it
discounts future benefits and costs to calculae hresent values. The higher the
value of the BCI, the higher the priority of thejarct.

Specifically, the BCI formula is as follows:

V xW x F x Ax Bx PxGx DF4(L)x20

BCI =
c+PV(M)

(A.2)

where
V = value of the asset
W = multiplier for impact of works
F = multiplier for technical feasibility risk
A = multiplier for adoption
B = multiplier for adverse adoption
P = multiplier for socio-political risk
G = multiplier for long-term funding risk
DFg = discount factor function for benefits, which degds or.
L = lag until benefits occur (years)
C = short-term cost of project
PV = present value function
M = annual cost of maintaining outcomes from thgqmtan the longer term.

Details about each of the variables is providedwel
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Asset valugV): V is estimated as a score out of 100 that represiemtzlue of this
asset, assuming that the asset is in good conditlescoring range is calibrated
such that a score of 100 corresponds to an asb@lohational significance (such as
the Gippsland Lakes).

Impact of workgW): W represents the proportional increase in futuretassdue that
would result if the project was fully implementeck (assuming that it is fully
adopted) compare to if it wasni/ is measured as a proportion of the total value of
the asset (in good condition).

Technical feasibilityF): F is the probability that the benefits generated lddoe as
large as specified iW. In other words, it is the probability that bemefivill not be
significantly less thaiV. Like all the probabilities included in the formayF is
expressed as the probability of success, rathardahtailure, so that the formula
provides the expected value of benefits.

Private adoption of works and actio(%): A is the probability that the on-ground
works and actions specified in the project williedly be adopted, assuming that the
project is fully funded and the project’s deliveamgchanisms are implemented.

Preventing adoption of adverse practi¢B$: B is the probability that the project will
not fail due to adoption of adverse works or adjalespite efforts by the project to
prevent that adoption from occurring.

Socio-political riskgP): P represents the probability that other socio-prditfactors
will notderail the project. This includes the risk of rameperation by other
organisations and the impacts of social, admirig&ar political constraints. The
latter can include resistance to the project apthigical level, bureaucratic approvals
that would be needed, or opposition by local gonesmni.

Long-term funding risk@G): G represents the probability that essential longiter
funding will be available to continue to maintaietbenefits generated by this
project, or to complete the essential works comradiy this project.

Time lag to benefitd): L is the expected time lag in years until the desime-
physical outcomes would be achieved. It repredhetearliest time when a large
proportion of the benefits will occur.

Discount factor(DFg(L)): Benefits that occur further into the future arewer
priority than similar benefits that occur rapidBhis is captured through the use of
discounting. The discount factor is calculatedai®ws:

DFg(L) = 1/(1.05Y (A.3)
This assumes that the real discount rate (nefflattion) is 0.05.

Up-front costqC): C is the sum of direct costs that will be incurrethi the
immediate time frame of this project — assumedetthioee to five years.
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Ongoing or maintenance cosBV(M)): Some costs may be incurred each year in the
long term, such as monitoring and evaluation, doreement costs, or ongoing
compensation payments. The annual total of thesetem@nce costs i¥. To make
them comparable to the up-front costs, we needpoess them as a discounted
present value.

The BCI formula is designed so that it behaveslantgito a BCR, in that a BCI
exceeding 1.0 is desirable. This is achieved blding the 20 factor at the end of
equation (2) to scale the results appropriatelgetdaon an assumption tha¥ acore
of 100 corresponds to a total dollar value of $kdwi.

Table A.1 outlines each of the parameters useth®BCI calculation in each
scenario.

Table A.1: Parameters used to calculate the INFFER Benefit: Cost Index (BCI).

Parametér V W F A B P G DFg L C M
Scenario

100 050 082 04
0.38 0.85 0.6 048 15 116.8 9.9

o

037 05 0.38 20 584.38.3

1

2

3 100 025 089 0.7 1 050 0.6 061 10 54.02.5
4 100 0.13 092 0.7 1 062 0.7 061 10 10.30.6
5 100 0.13 091 0.7 1 0.62 0.7 061 10 9.91.2
6 100 023 089 0.7 1 062 0.7 061 10 24.98.4
7 100 028 088 0.7 1 0.62 0.7 061 10 50.08.6
8 100 0.13 092 0.7 1 062 0.7 061 10 98 0
9 100 0.13 092 0.7 1 0.62 0.7 061 10 247 0
10 100 0.13 092 0.7 1 062 0.7 061 10 49.3 0
11 100 0.21 089 0.7 1 062 0.7 061 10 103.8.3
12 100 0.16 091 0.7 1 062 0.7 061 10 20@.87
13 100 0.13 092 0.7 1 0.62 0.7 061 10 141.03
14 100 0.13 092 0.7 1 062 0.7 061 10 5.2.03
15 100 0.20 090 0.7 1 0.62 0.7 061 10 43B57
16 100 0.13 092 0.7 1 062 0.7 061 10 431B57
17 500 050 082 04 1 037 05 038 20 584.38.3
18 50 025 089 0.7 1 062 0.7 061 10 54.02.5
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