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EXECUTI VE SUMMARY

Environmental watering has been a major Government program in Victoria, particularly since the

OMi Il Il ennium droughtd. The focus of this program has
improve or maintain the health of rivers, floodplains and wetlan ds - and associated plants and

animals. A large proportion of this program has been directed at the northern regions of Victoria

including the Mallee, North Central, and Goulburn Broken catchment management areas.

Healthy rivers, floodplains and wetlands in these catchment areasprovide a range of benefits that are
important for society and the economic system both within these geographical (catchment
management) areasand acrossthe wider Victoria. However, to date, the nature and extent of these
socio-economic benefits have not been well understood by many stakeholder groups.

To help improve this understanding, the Victorian Environmental Water Holder (VEWH) in
collaboration with the Mallee Catchment Management Authority, North Central Catchment
Management Authority (NCCMA), Goulburn-Broken Catchment Management Authority and the
Department of Environment Land Water and Planning (DELWP) have engagedatural Capital
Economics (NCE) tadescribe and value these benefits in economic terms - to the extent possible
based on existing data and information . This is intended to contribute to an increased awareness of
benefits generated as well as to inform where future research effort is best allocated.

Methodological approach and study focus

The methodological approach developed for this study employed an ecosystem services framework to
help establish a sound and shared understanding of the chain of relationships between environmental
watering through to socio-economic benefits. This framework was used to assesdive ecosystem
service flows and related benefit categoriesin quantitative monetary terms :

1 Pollination services to almond production
1 Climate regulation services
1 Water quality regulation services 0 avoided salinity management costs

1 Water quality regulation services & avoided hypoxic blackwater and blue-green algae risk
management costs for livestock production

1 Recreation servicesd contribution of Gunbower Forest to community enjoyment, health and
recuperation

1 Existence and bequest benefits

Different valuation techniques were used for each benefit category to suit the nature of benefits being
assessedthe availability of secondary data, and the timeframe available to complete the analysis A
key focus was to underpin the economic analysis with best-available scientific information and to
transparently account for key uncertainties in data inputs using the monte -carlo simulation process.
The analysis assessed benefitgenerated from environme ntal watering relative to a scenario without
any environmental watering interventions. Benefits were measured in annual terms for the current
time period (i.e. 2019/2020) as well as ten years in the future (i.e. 20309 to account for the dynamic
and long response-rates of many ecosystem elements to environmental watering.

Results and suggestions for future research

The values estimated for each of the benefit categoriesare summarised in Table ES1Due to data gaps
in many input parameters and hence the need to make expert judgements & which are explicitly
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documented in the body of the report and which exercised aconservative approach - the values
presented should be interpreted as a conservative plausible range of likely values. They do not reliably
represent a probabilistic confidence range, or a strict upper and lower bound.

Moreover, the results summarised below do not represent the overall benefits generated from
environmental watering in northern Victoria. In particular, recreation benefits covered one case study
sites - Gunbower Forest Also,a number of important benefit categories & for example (i) cultural
benefits to Traditional Owner groups, and (ii) erosion control services dhave not been valued in
economic terms in this assessment.For these reasonsthe results should be interpreted as providing
insight to part of the contribution of environmental watering to society and the economic system
only.

Table ES1. Summary of results (2018$M/yea r)

2020 2030

Benefit category

Low Mid High Low Mid High

Pollination servicesd contribution to almond production 13 25 38 29 51 78

Climate regulation services 1 3 5 4 9 15

Water quality regulation services 0 avoided salinity
management costs

Water quality regulation services o avoided blackwater and
blue-green algae risk management costsin Murray River for 1 2 3 2 4 5
livestock farmers

Recreation servicesd contribution of Gunbower Forest to
community enjoyment, health and recuperation

Existence and bequest values 13 19 27 28 41 58

Key findings and recommendations
Benefits to agriculture sector

A key insight of the analysis isthat environmental watering provides substantial benefits to segments
of the agriculture sector. One important benefit stream pertains to the contribution of healthy
Eucalyptusforests (particularly River Red Gumforests) in supporting commercial pollination services to
almond production. These benefits are estimated to be in the range of $13 million to $ 38 million per
year, and largely accrue to the Mallee region where almond production in Victoria is located.

Other benefits to the agriculture sector that have lesssupporting evidence and analysisrelate to the
role that environmental watering plays in mitigating blackwater and blue -green algae events and
associatedimpacts on livestock production. Preliminary analysis undertakenfor the Murray River
indicates these benefits arelikely to be material (in the range of $1 million to $3 million per year at
2020, increasing to between $2 million and $5 million per year by 2030) and thus warrant further
research

Reconmendation: To provide for a more precise assessment of pollination related benefits it is
suggested that further research work be undertaken to better understand the degree to which
commercial honeybee populations depend on Eucalyptusforests that are supported by environmental
watering. This would involve more extensive surveying of apiarists to accurately establish the extent to
which they currently utilise Eucalyptusforests supported by environmental watering to feed/sustain
their European honeybee stocks. It would also involve further investigation of the degree to which
substitute forest/feeding options are available to apiarists should access to healthy Eucalyptusforests
be reduced.

Recommendation To better understand the risks of blackwater and BGA events (including under a
more extreme climate future) and the role of environmental watering in helping to manage these
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risks, it is recommended that further research work be undertaken to examine these issues. In the first
instance, research work should focus on developing a more in-depth understanding of the biophysical
effect environmental watering plays in reducing the frequency and intensity of blackwater and BGA
events. Once the underpinning biophysical knowledge is better established, a more accurate and
reliable assessment of the associated socieeconomic benefits can be undertaken - building on the
work that has been undertaken as part of this study. Assessmat of avoided water treatment costs for
water corporations from blackwater and BGA events should also be undertaken at that time.

Water quality regulation services & avoided salinity management costs

Environmental watering dilute s salinity in the Murray River systemwhich in turn reduces the need to
invest in public salinity management measures such as sakinterception schemes. The extent of this
effect however is not precisely known and is the subject of ongoing research.

Based on the understanding of dilution effects of environmental watering as documented in the
Modelling to support the general review of salinity management in the BasifMDBA, 2017) the value of
these avoided salinity management costs are estimated to be in the range of $1 million to $2 million
per year at 2020, increasing to between $2 and $4 million per year by 2030.

Recommendation It is suggested the avoided salinity management costs estimated in this study be
revisited once work currently underway to refin e scientific modelling of river salinity impacts in the
southern Murray Darling Basin has been completed. This will provide for a more accurate
understanding of the the dilution effects of environmental watering in the northern Victoria region.

Climate regulation services

Healthier ecosystems help to regulate global climate conditions by sequestering greenhouse gases
and storing them in above -ground and below -ground biomass (AlcarazSequera et al, 2013) In this
way, environmental watering mitig ates against climate change which is otherwise expected to result in
increasing frequency and intensity of damaging climate-related events such as drought and
heatwaves (Climate Council of Australia, 2017)

The resuts of the analysis show the value of these benefitsis in the range of $1 million to $5 million in
2020. This value is expected to further increase to between$4 million and $15 million in 2030 in line
with increasing unit values of carbon ($ per tonne of CO2 equivalent) and as the contributio n of
environmental watering to the condition of forest and wetlands (relative to a without -environmental
watering scenario) increases

One key knowledge gap identified, and hence a limitation of the analysis was a lack of published
research to establish the carbon sequestration response of wetlands to environmental watering. The
Blue Carbon Research Lab at Deakin University is currently undertaking some selected case study work
in this area and is thus expected help fill this gap. At the time of writing, a research paper had been
submitted to an academic journal (for publishing) and was in the process of being reviewed.

Recommendation Review the work of the Blue Carbon Research Lalon the carbon sequestration
response of wetlands to environmental watering once published with the view to potentially
supporting further research, if needed.

Recreation related benefits

The analysissupports the widespread understanding that environmental watering contributes to a
range of passive and active nature based recreation activities - e.g. fishing, swimming, camping,
bushwalking, boating and kayaking, and contemplation (VEWH 208, MDBA 2017). These activities in
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turn generate important heath, enjoyment and recuperation be nefits for local and out -of-catchment
communities. They also generate someadditional economic activity in the region.

Benefits generated from watering at Gunbower Forestis conservatively estimated to be in the range of
$1 million to $4 million per year at 2020, increasing to between $3 million and $8 million per year by
2030. When other ecosystem asses are also taken into account, for example the other Living Murray
icon sites, the overall value of recreation related benefits provided by environmental watering is likely
to be substantial.

One important limitation of the analysis was that it had to rely on a number of expert judgements and
conservative assumptions to approximate site visitation and changes in site visitation that are
attributable to enviro nmental watering. This was necessary because o& lack of longitudinal visitation
data available for the case study sites and because primary survey work was beyond the scope of this
study. Results shouldthus be interpreted as a conservativeindicative range.

Recommendation It is recommended that strategic collection of visitor data for key recreation assets
be undertaken as a priority monitoring activity under the environmental watering program. Th is
should include visitor surveyswhich are designed with benefit valuation (i.e. travel cost method
applications) in mind.

Existence and bequest vales

Socio-economic benefits from environmental water-dependent ecosystems extend beyond benefits

generated from the direct use of the ecosystems (e.g. pollination, recreation). SomeVictorians derive a

benefit from the knowledge that these ecosystems exist in reasonable condition (referred to as

0existence valuesd) and/ or ar e av acfelred tohssheduest f ut ur e ¢
values). That is, they value an ecosysten{and its health/condition) even if they never have or never

will use it.

The analysis undertaken as part of this study demonstratesthat the contribution of environmental
watering to existence and bequest benefits in the northern Victoria context are substantial &
conservatively estimated to be in the order of $13 to $27 million per year, increasing to between $28
and $58 million per year by 2030.

It should be noted however t here were a number of important limitations with this part of the analysis
din large part reflecting the inherent difficult y in quantifying non -use environmental values.In
particular, the analysis relied on a number of pre-existing source studieswhich are now all more than
10 years old. It is very possible that community preferences forenvironmental improvements valued in
these studies have shifted since this time 6 for example in the knowledge that the planet is no w
experiencing a sixth massextinction event. Also, the source studies did not disaggregate non-use
values from other components of value that households derive from ecosystem improvement. This
study has attempted to address this by apportioning relativ e values based ona rapid review of
relevant economic literature.

Recommendation Future researchshould be undertaken to gain a better understanding of the relative
importance of existence and bequest benefits compared to other socio-economic benefits for the
northern Victorian environmental watering context. In the first instance, this should involve a more
extensive review of the literature expanding to other disciplines such as (social) anthropology.

Concluding remarks

The analytical framework developed as part of this assessment providesa logical and practical
methodology for assessing thesocio-economic benefits generated from environmental watering in
northern Victoria.

This initial desktop application of the framework provide s insight into the order -of-magnitude values
of key benefit categories and, related to this, identifies priority areas for further data collection and
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research.Over time, and with additional data inputs, the application of the analytical framework can
be progressively refined to generate more accurate resultsthat can be incorporated into the
monitoring and evaluation fra mework for the environmental watering program and used to inform
ongoing learning for improvement.

Future applications of the analytical framework may consider expanding the coverage of the analysis

to also include other socio-economic benefits that have been identified as potentially significant but

not assessed in detail in this report due to time and resource constraints. These benefits include

(i) cultural benefits to Traditional Owner groups, and (ii) erosion control services (avoided costs of river

remediation works achieved through improved condition of in -stream and bank riparian vegetation

and associated riverbankstabilization). A further benefit not investigated in this report but potentially
worthy of future e x pl or ati on relates to the contribution of en
greend branding of agr inathentvistorie. goods produced in
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1 I NTRODUCTI ON

Context

Environmental watering has been a major Government program in Victoria, particularly since the
Millennium drought 8 The focus of this program has been to manage the water flow regime to help
improve or maintain the health of rivers, floodplains and wetlands 6 and associated plants and
animals. A large proportion of this program has been directed at the northern regions of Victoria
including the Mallee, North Central, and Goulburn Broken catchment management areas.

Healthy rivers, floodplains and wetlands in these catchment areasprovide a range of benefits that are
important for society and the economic system both within these geographical (catchment
management) areasand across Victoria. However, to date, the nature and extent of these socio-
economic benefits have not been well understood by many stakeholder groups and are not
systematically monitored and evaluated as part of the environmental watering program
implementation .

To help improve this understanding, the Victorian Environmental Water Holder (VEWH) in
collaboration with the Mallee Catchment Management Authority (MCMA), North Central Catchment
Management Authority (NCCMA), Goulburn-Broken Catchment Management Authority (GBCMA)and
the Department of Environment Land Water and Planning (DELWP) have engagedNatural Capital
Economics (NCE}o describe and value the socio-economic benefits attributable to environmental
watering in economic terms (to the extent possible). This is intended to contribute to an increased
awareness of therelative importance of benefits generated as well as to inform areas where further
data collection and research effort could most usefully be allocated.

Objectives

The objective of this study is to assess the nature, extent and distribution of socio-economic benefits
generated as a result of environmental watering in the northern Victoria region.

More specifically, the assessment aims to answer a number of key assessment questions that are
importantfor VEWH 3 s  a rdptogrénv lanagement needs. These key assessment questions are:

1 What are the different types of socio-economic benefits generated through environmental
watering in northern Victoria? How d through what ecological mechanisms & are these benefits
achieved/provided? [i.e. what is the nature of benefits 7]

1 What is the approximate size or magnitude of each key benefit type? How important are each of
these benefit streams? [i.e. what is theextent of benefits?|

1 Who receives each of these benefit types and over what time scale? [i.e. what is thalistribution of
benefits across different stakeholder groups, regions and time?|

1 What is level of accuracy or confidence in our current understanding of each benefit category?
What are the key areas of uncertainty/knowledge gaps? What areas should be a focus of further
research? [i.e. what are the key areas ofincertainty?|



Structure of report
The economic assessment report is organised into four parts:

1 Part A provides background information on environmental watering in northern Victoria along
with a brief explanation of key concepts and terminology used in this assessment. It then provides
an overview of the methodology that has been followed to value socio-economic benefits in
economic terms.

1 Part B describesthe methodology employed for each of the key benefit categories and reports
the results of these assessments.

1 Part Creports the aggregate results.
1 Part D provides summary remarksand offers suggestions for next steps.

In addition, the appendices provide some more detailed information on the technical elements of the
assessment:

1 Appendix 1 outlines the method for assessing ecosystem condition changes attributable to
environmental watering;

1 Appendix 2 to 7 details the methodology employed for each of the key benefit categories and
reports additional results of the uncertainty analysis.



PARTA: CONTEXT AND APPROACH
2 ENVI RONMENTAL WAOKERHBRKGN I WI CTORI A

Northern Victorian waterways are highly connected and contain a myriad of significant floodplains
and wetlands. They are home to, and support, many unique native plants and animals including
threatened species and communities listed under the Victorian Flora and Fauna Guarantee Act 2017
and the Commonwealth Environment Protection and Biodiversity Conservation Act 1999

Many of Victoriads major river systems have been modi
rural communities and irrigated agriculture and horticulture. As a result, some of these waterways

have substantially less waterthan would have naturally flowed throughout the year. Also , the natural

water flow patterns in these regulated rivers has been reversed with high flows now occurring in

summer to service farming and urban demand and lower flows in winter and spring. This change has

had a direct impact on habitat, breeding triggers , food sources (for aquatic and water-dependent

fauna) and vegetation health.

The environmental water reserve (EWR)was established under the Water Act 1989 to help manage the

health of rivers, wetlands and floodplains in Victoria. The EWR consists of water held in environmental

entitlements as well as other water in the system that contributes to environmental outcomes. The

Victorian Environmental Water Holder (VEWH) was established in 2011as an independent authority

tasked with holding and managing Victoriads environme

The objectives of the EWRare to improve the environmental values and health of water ecosystems,
including their biodiversity, ecological functioning, water quality, and other uses that depend on
ecosystem condition. In rivers, this includesdelivering some of the small and medium sized flows that
play an important role in supporting life cycles of native plants and animals. In wetlands and
floodplains, the focus is on replicating more natural wetting and drying cycles.

Theriver, floodplain and wetland ecosystems that are the target of environmental watering
interventions in northern Victoria are the focus of this analysisand are shown in Figure 1. These
include five river systems (i.e. Murray, Campspe, Loddon, Broken, and Goulburn), four floodplain
ecosystems (i.ethe Living Murray icon sites at Lindsay, Wallpolla, Mulcra Islands; Hattah Lakes;
Gunbower Creekand Forest; and BarmahMillewa Forest), and many wetlands.
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Figure 1. Study location map

Source:Victorian Environmental Water Holder (produced 1 November 2019)

Environmental water management framework

Creates 2112:2018

The Victorian environmental watering program involves many people and organisations including
local communities, Traditional Owners, waterway managers (Catchment Management Authorities and
Melbourne Water), storage managers, environmental water holders, land managers and scientists.

CMAs work with local communities and partner agencies to scope potential environmental water
activities in their region, drawing on scientific studies (documented in environmental flow studies and
environmental water management plans) and monitoring outcomes from previous environmental
watering activities. These potential watering actions are documented in Seasonal Watering Proposals,

whi ch

are submitted

t o

t he

V E WH

for considerat

Watering Plan. The VEWH Seasonal Watering Plan is state-wide plan that informs environmental

watering decisions in Victoria.

The VEWH prioritises how the final environmental water available in any year is used across the state
and authorises CMAs to work with storage and land managers to implement actions as outlined in the

VEWH Seasonal Watering Plan.

Implementation of environmental watering in Victoria is supported by two statewide monitoring
programs - Victorian Environmental Flows and AssessmentProgram (VEFMAPand Wetland
Monitoring and AssessmentProgram (WetMAP) - as well as CMA-specific monitoring programs.
Outcomes are reported on an annual basisin technical reports, on CMA websites, and in the annual

publication of VEWHsReflections.
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3 ECOSY SSTERN IF(REAAME WO R K

The methodological approach employed in this study applies the ecosystem services framework to
establish a sound and shared understanding of the chain of relationships linking environmental
watering to socio-economic outcomes (i.e. benefits). This provides a clear andogical structure for the
analysis.

Key conceptsof the ecosystem services franework

Current international best-practice developments in the ecosystem services framework aredescribed
in the Common International Classification of Ecosystem Services (CICES). The CICES has been
developed by the European Environment Agency to support their contribution to the revision of the
Systemof Environmental-Economic Accounting: Experimental EcosystemApproach (SEEA:EEA) which
is currently being led by the United Nations Statistical Division (UNSD)and has been endorsed by the
Department of Envronment, Land, Water and Planning (DELWPYhrough its strategic plan Valuing and
Accounting for Vi The CICESdldvs theRmditionrofothe Midemrtium Ecosystem
Assessment (MA, 2005) and initiatives such as The Economics of Ecosystemsé Biodiversity (TEEB)
and the Intergovernmental Platform for Biodiversity and Ecosystem Services (IPBES).

The conceptual framework in which CICES is set is based on the cascade model shown iRigure 2. This
model shows the chain of cause-effect relationships for how changes to the environment leads to
changesin socio-economic outcomes.

‘ Environment ‘ The social and economic system ‘

/ Ecosystem asset \/ Ecosystem services / Goods and benefits \
Biophysical structure The ‘production
(e.g. woodland) i boundary’

-

Function
(e.g. photosynthesis) :
k / Service
(e.g. carbon
sequestration) v

Policy action to limit

pressures Benefit
(e.g. environmental (eg. climate regulation

watering) resulting in avoided +

damage costs)

Value

Z Pressures * B — . (e.g. economic value of
K avoided dai mage)/

Figure 2. Cascade model of ecosystem services

Source: adapted from Potschin and Haine¥ oung (2016)

The ecosystem services framework starts with the concept of ecosystem asset® which are defined as
spatial areas containing a combination of biotic and abiotic components and other characteristics that
function together. An example of an ecosystem asset is a river ecosystent. The extent and condition
of these assets are influencedby pressures (e.g. water extractions) and policy interventions aimed at
alleviating these pressures (e.g. environmental watering).

! Ecosystem assets are characterised in terms oéxtent and condition.



The functioning of ecosystem assets generatsa r ange of ©6servicesd that contr
being.? These servicesknown as ecosystemservicesr e f er speci fically to the o0fi
ecosystems that most directly affect the well-being of people (Haines Young et al 2018). An example

of an ecosystem service is climate regulation (carbon sequestratior) services.

Services give rise to benefits, as in the case of avoided damages and losses from climate change
events when the O0pr odu cBenefitsrare theothinygdtizar ultiately bavecvalues s e d .
for people.

Under the CICES, ecosystem services are furtmerganised into three broad categories. The first
category is provisioning serviceswhich consist of all the products obtained from ecosystems (e.g.
genetic material, wild fish harvest). The second category isregulating serviceswhich includes all the
ways in which ecosystems control the environment of people such regulation of water quality, air
quality, climate, flood and erosion. And the third category is cultural serviceswhich comprises all non-
material ecosystem outputs that have symbolic, cultural or intellectual significance. In other words,
these are the intangible ecosystem outputs that enable a range of experiential and intellectual
activities such as recreational swimming or kayaking.

Identification of e cosystem services provided by river, floodplain and wetland
ecosystems innorthern Victoria

There are a wide range of different ecosystem services that are provided by river, floodplain, and
wetland ecosystems inthe northern Victoria context.

To systematically identify and categorise the main ecosystem services(and related benefits) that are
linked to environmental watering a two-stage processwas followed.

The first stage was to identify the ecosystem service classe$rom the CICES Haines Young et al 2018)
that are considered material for freshwater river, wetland, and floodplain ecosystems in northern
Victoria. This identification process followed the guidance on the application of the CICES system
(Haines-Young et al 2018).2

The second stage wasto further develop the ecosystem service description identified from the
relevant CICES classefor the northern Victoria environmental watering context 6 and grouping
certain ecosystem services where considered appropriate. This was informed bya rapid review of
select literatures documenting the main environmental and socio-economic outcomes related to
environmental watering in Victoria (e.g. VEWH2018, MDBA 2017 as well as workshops by the project
team, including the project steering committee (PSC).

The full list of ecosystem services that were identifiedthrough this process as resulting from
environmental watering are summarised in Table 1.

In addition, a number of disbenefits from environmental watering were also identified as part of the
above-outlined process. These are briefly discussed at the end of this chapter.

2CICES further defines ecosystem services as the o0cont-ributions th
being. 6

8 This included a focus on (final) ecosystem serviceshat depend on living systems (i.e. biotic ecosystem services)d as opposed
to abiotic ecosystem services.



Table 1. Ecosystem services and related benefits provided by environmental watering in

Provisioning services

northern Victoria

and related benefit

Description of service provided through environmental watering

Provision of timber/wood

Environmental watering of forest areasincreases theproductivity and biomass (wood) produced by these forests. In some areas, thiswood
can be harvested for direct use or commercial sale. Most commonly, this isEucalyptusspecies harvested for firewood in line with park
management plans and regulations. There are also selecexampleswhere timber species are harvested as part ofcommercial timber
operations (e.g. River Red Gum in Gunbower Forest).

Provision of wild plants (e.g.
aquarium plants) and seeds

Environmental watering leads to improved condition of vegetation and inter -related animal and plant populations & which increases
quantity and quality of wild plants and seeds produced within these ecosystems. Some of these wild plants and seeds can be havested for
commercial sale. An exampleis river redgum seeds.

Provision of food/sustenance
for commercial honeybee
stocks

(related to pollination services)

Environmental watering leads to improvements in the condition of Eucalyptusforest and woodland ecosystems (including River Red Gum
forests) and in turn the flowering functions of these ecosystems. Flowering ecology supports honeybee populations through the provision
of food/sustenance. Healthier honeybee populations in turn have greater capacity to provide commercial pollination services important for
crop production (e.g.almonds) and/or to produce honey for commercial sale.

Provision of genetic material
(from plants, algae, fungi or
animals)

Environmental watering supports the overall health of river, floodplain, and wetland assets d and its component biodiversity. Biological
resources are in turn available for potential use in a range of different applications (e.g.agriculture production, pharmaceuticals). An
example is Dianella Longifolia (flax lily) which contain chemicals with anti-viral properties (ENRC, 2000).

Regulating services

Water quality regulation
services

Environmental watering helps to regulate the quality of consumptive water that is used for agriculture (irrigation and livestock) and town
supply. This occursthrough a number of different biotic (e.g. buffering nutrient run -off) and abiotic (e.g. dilution ) processeswhich in turn
affects different aspects of water quality (e.g. salinity, dissolved organic carbon).

Improved water quality achieved through environmental watering r educes or avoids the impacts of poor quality water that would have
otherwise occurred. This includesreduced impacts on livestock production from hypoxic blackwater and blue-green algae events; reduced
salinity management costs (e.g.construction and operation of salt interception schemes), and avoided water treatment costs for water
corporations.

Erosion control services

Environmental watering, in combination with other interventions , supports improved condition of in -stream and bank riparian vegetation
which in turn stabilises riverbanks. To the extent that more stable riverbanks mitigate against erosion, this is expected to reduce
remediation works and associated costs that would otherwise be required to maintain water delivery services along northern Victoria
rivers.

Climate regulation services

Environmental watering promotes ecosystems®d productivity oxded
from the atmosphere. This occurs through a chemical process known as photosynthesis whereby light energy from the sun is usel by
plants to convert carbon dioxide and water to glucose sugar and oxygen through a series of reactions.
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Description of service provided through environmental watering and related benefit

In this way, environmental watering helps to mitigate against (global) climate change which is otherwise expected to result in increasing
frequency and intensity of climate -related events such as drought and heatwaves- and associated damages and losses.

Pest control (including invasive
species) services

Environmental watering supports populations of native pest control agents which can regulate pests and associated damagecaused by
these peststo agriculture production. An example is the role of ibis in controlling crickets on irrigated pastures - especially in the western
part of the Goulburn Murray Irrigation District ( pers.comm Garry Smith).

Soil quality regulation services

The processes through whichenvironmental watering and ecosystems contribute to improved soil quality on adjoining agricultural lands is
not well understood (CSIRO 2003).One mechanism that is somewhat understood is the role of improved extent and condition of native
vegetation on mitigation of soil acidification risk (CSIRO 2003).Environmental watering contributes to soil acidification benefits through
improved extent and condition of native vegetation.

Air quality regulation services

Healthy vegetation areasthat are supported by e nvironmental watering can help to filter and accumulate dust that is sometimes
experienced during dry climate periods. No documented examples were located in the time available for this analysis & though this effect
is likely to be material, especiallyin the future under a hotter and drier climate future .

Flood regulation services

The physical characteristics ofhealthy floodplain and wetland eco systems (e.g. presence of more trees, depressed wetland topography)
that are supported by environmental watering can store and slow water and mass movement associated with flooding events.This in turn
can help to reduce the damages and losses experiencedfrom such flooding events.

Supporting servicesto other
ecosystems

Environmental watering supports nursery and habitat services (including gene pool protection) for plant and animal populations that
intersect with other ecosystems (e.g.the marine ecosystem). In this way, environmental wateringcontributes to benefits that are generated
through ecosystem services provided by other ecosystem assets. This reflects the inteiconnected nature of ecosystems.

Cultural services

Recreation-related services

The river, floodplain and wetland ecosystems innorthern Victoria support a wide range of active and passive recreation activities and
experiences. In river ecosystems, these activities include swimming, fishing, kayaking, waterskiing, birdwatching, hiking, @fing, camping,
and picnicking @ amongst others. Characterisics or attributes of river ecosystems that are important for these activities include clean
water, native fish populations (e.g. Murray cod), native bird populations, and healthy native vegetation. In wetland and floodplain
ecosystems, birdwatching, hunting and camping are key recreation activities. Characteristics or attributes that are important for these
activities include native bird populations and healthy native vegetation.

People value these activitiesbecause they derive a level of enjoyment. They also value themd to varying degrees 8 because they support
health and recuperation outcomes as well as social/community interaction. Further, to the extent that recreation activities are associated
with consumption of (market) goods and services in the local regional economy (e.g. purchase of fuel, bait and food), they also contribute
to the local tourism sector.

Indigenous cultural values

Environmental watering supports health of &ountry dwhich in turn provides a wide range of benefits importantto Traditional Owner and
more broadly to Aboriginal people. The nature of these benefits are varied and complexand are being more thoroughly investigated




Description of service provided through environmental watering and related benefit

through a range of programs, including Victor i ads Aboriginal Water Program, as well as
program.

Non-Indigenous cultural and
heritage values

Environmental watering supports the presence and condition of certain ecosystem attributes that are resonant in terms of culture or
heritage. These elements contribute to a sense of local identity (well-being) as well as to the local tourism sector. An example is the
heritage value of the Murray River in the historical settlement of Echuca.

Existence and bequest values

Socio-economic benefits from water-dependent ecosystems extend beyond benefits generated from the direct use of the ecosystems (as

identified above). Some Victorians further derive a benefit simply from the knowledge that these ecosystems exist (referredto as 06 e
valuesd) and/ or are available for future generati ons tndftheysevdre n
have or never will use it. Existence and bequest values can correspond to a particular speeis or feature of an ecosystem (e.g. Murray

hardyhead) and/or to the overall health of an (river, floodplain, wetland) ecosystem.




Ecosystem services that are the focus of this study

Given the time and resources available for this analysis it was necessary to focus the detailed analysis
on a subset of ecosystem services and related benefits.

To help inform the selection of this subset of ecosystem services and related benefits a basic multi-
criteria analysis (MCA) was undertakerby the project team and the project steering committee. The
criteria used in this analysis were

i.  Whether data is likely to be available to support meaningful valuation of the ecosystem
services and associatedbenefits that are attributable to environmental watering. *

i. Thejudged size (or level ofimportance) of the ecosystem service flows that are attributable to
environmental watering and the corresponding economic value of these ecosystem services
to Victoria overall.

iii. Whether the ecosystem service contributes to benefits to local communities (i.e. distribution
of benefits).®

The subset of ecosystem services and related benefits thatwere selected asthe focus of the study 6
based on the MCA 6 are summarisedin Table 2.

Table 2. Ecosystem services and related benefits that are the focus of this study

Ecosystem service Benefit and primary recipient of benefit

Provisioning services

o . Contribution to commercial pollination service providers
Pollination -related services o ]
Contribution to select crop production

Regulating services

Reduced / avoided salinity management costs for farmers

Water quality regulation  services Reduced / avoided productivity impacts for livestock
producers

Reduced / avoided costs of mitigating climate change,

Climate regulation services . )
g benefiting the broader community

Cultural services

Well-being (health, recuperation, enjoyment) for general

Characteristics of ecosystems that enable active population

and passiverecreation activities and experiences N . ) . )
Contribution to tourism (local and international tourists)

Characteristics or features of living systems that

. Well-being for the broader community
have anexistence or bequest value

Potential socio-economic dis-benefits from environmental watering

It is important to acknowledge that the delivery of water for the environment can , in some instances,
potentially result in socio-economic disbenefits. A brief summary of the type of dis-benefits that can
potentially be generated from environment al watering is provided in the table below.

4 Scoring for this criterion was separated into two component parts 8 (i) data available for the biophysical analysis (of estimating
the effect of environmental watering on ecosystem condition and in turn on flow of ecosystem services) and (ii) data available
for economic analysis (for assessing the contribution of ecosystem services to benefits and assigning values to this
contribution).

5 This criterion reflects an objective of the study to help better demonstrate how environmental watering benefits local
communities, as opposed to benefits outside the region.
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Potential socio-economic dis-benefits from environmental watering are managed through the Victorian
Environmental Watering Program Risk Management Framework (RMF) which ensures all risks are
appropriately managed prior to delivering any watering actions. The includes (but is not limited to):

1 Annual risk assessment workshops to with all environmental watering partners to identify and
establish risk management strategies. The outcomes of these workshops are incorpoated into the
CMA Seasonal Watering proposals and VEWH Seasonal Watering Plan

1 Ongoing adaptive management through operation advisory groups established for each system

1 Incident reporting and continuous improvement.

Where the risk assessment identifies that dis-benefits are potentially significant, detailed investigation
to understand the risk is undertaken and appropriate management strategies are established.

Residual risksand related dis-benefits are therefore considered to be small in magnitude. For this
reason, quantification of these residual risks/disbenefits is not a focus of this study.

Table 3. Potential socio -economic disbenefits from environmental watering in northern Victoria

Description of dis-service provided through environmental watering and related

Water quality
regulation dis-
services

dis-benefit

Environmental watering has been associated with increased concentrations of dissolved
organic carbon, total nitrogen, and total phosphorous in s ome locations where
environmental flows connect floodplains and channels (Wentworth Group, 2017). This effect
however has not been found to result in any hypoxic blackwater events or BGA blooms that
are known to cause material dis-benefits for livestock production and/or town water

supply.

Erosion control
dis-services

Environmental watering, if not carefully designed, can exacerbate bank erosion in
vulnerable areasd for example, banks that have been weakenedfrom overgrazing (GBCMA
2019). This bankerosion in turn can require costly remediation works.

Pest control dis-
services

Environmental watering may support animal populations that are themselves pests. One
example is the European Carp(Wentworth Group, 2017). Carp have beenreported to cause
a range of different economic disbenefits including increased bank erosiorf (DPI, 2019)
which in turn can require costly remediation works.

Flood regulation

The physical characteristics of healthy floodplain and wetland ecosystems (e.g. presence of
more trees, depressed wetland topography) that are supported by environmental watering
can store and slow water and mass movement associated with flooding events.Sowing

dis-services ‘ ) -
water movement however can extend the duration of a flood event in a given area,
potentially leading to some increased damages and losses in those areas.
Recreation The delivery of water for the environment can have some negative effects on recreational
related dis- uses of ecosystem assets. For example, floodplain watering can restrict access for camping
services and the like to some park areas.

5 Caused by their feeding habits.
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4 METHOD OVERVI EW

As mentioned above, the methodological approach employed in this study applies the ecosystem
services framework to establish a sound and shared understanding of the chain of relationships
between environmental watering through to socio-economic outcomes (i.e. benefits).

The application of the ecosystem services frameworkis underpinned by a range of economic valuation
techniques to assess each of the component ecosystem service flows and related benefit categories.
The techniques employed for each category have been selectedto suit the nature of benefits being
assessed, availability of secondary data and the timeframe available to complete the assignment.

The methodology for the northern Victoria environmental watering application can be further
described asthree specific geps (refer Figure 3) d in line with the cause-effect logic of the ecosystem
services conceptual framework/model outlined in Figure 2. These steps are generic and were
performed for each key ecosystem servicetype. A summary of each step is provided below. More
detailed information on the approach adopted for each ecosystem service is set out in Part B and in
the appendices.

| Step 1: Measure the changes in ecosystem asset condition attributable to environmental watering |
I

| Step 2: Measure the effect of changes in ecosystem asset condition to the flow of ecosystem services

I
| Step 3: Measure the contribution of ecosystem service flows to changes in socio-economic benefits

Figure 3. Generic stepwise procedure for valuing socio  -economic benefits from environmental watering

Stepl: Measure thechangesin ecosystemassetcondition attributable to environmental watering

Step 1 of the analytical procedure measured the changes inecosystem asset condition attributable to
environmental watering.

The intention of this step was to identify and measure only the changes in ecosystem condition that
are clearly associated with environmental watering, and not include changes that would have occurred
anyway.

The methodological approach for doing this was to first assess what would happen to key measures of

ecosystem condition for each asset type if the environmental watering program was not implemented
(6wi thout environmental wateringd scenaedunderntheand t he
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environment al wateenwmgr emmogmtaanl ( Waihe differencés betweenn ar i o
these scenarios are the changes that are attributable to environmental watering.

The Oowenhwiouodonment al wat er i ng @0lGlevelsohwateraecovexysforthea k en t o b
environment 8 prior to the implementation of la rge-scale environmental water recovery programs.

The é&wivtir onment al w ia theecurremt gader resougce @management regime in the
northern Victoria region dmanaged through the environmental water management framework
described in section 2.

Differences between the 6withd and wverddteminadal envi ronr
two points in time & at 2019/2020 (i.e. now) and 2029/30 (i.e. 10years in the future) (see Figure 4). The

rationale for including a future time period is to account for the dynamic and long response -rates of

many ecosystem condition elements to environmental watering interventions. Given the majority of

water entitlements under the environmental watering program were only secured around 2010,

assessing outcomesonly at the current point in time is lik ely to significantly understate the

contribution of the program.

o= ‘with’ scenario

‘without’ scenario

Ecosystem condition

2010 2020 2030 Time

AJ

Figure 4. aVith 6and Gvithout Ganalysis

A summary of the ecosystem asset condition elementsthat were measured in the @vith6and &vithout 6
analysis along with the corresponding ecosystem services they supportand the underlying
assumptions for each scenario is outlined in Table 3. Appendix 1 outlines the detail regarding data
limitations and rationale for the assumptions used in this analysis
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Table 4. Summary of the biophysical assessment approach

Ecosystem
condition

Associated ecosystem

services

Biophysical metric assessed
and relevant assets

Data sources

Scenario assumptions

6 Wi tervidbnmental

OWit houtd envi

element water water
Native fish 1 Recreation Change in large bodied native | Victorian Environmental Flows | The o6wi t hd scegThe O6withoutd ¢
abundance | T Existence and fish abundance with diverse Monitoring and Assessment 1 A positive linear regression | 1 An assumed 1% per year
bequest range of age cohorts over time | Program fish monitoring based on actual catch data | linear decline in 2010 catch
0 Golden Perch and Murray (Rivers). for each asset. data for Living Murray Icon
Cod. Sites.
The |_|V|ng Murrayfish i The maintenance of 2010
Assets assessed: condition monitoring program abundance levels for rivers.
{ The Living Murray icon sites | (The Living Murray Icon Sites).
9 Rivers
Vegetation | { Recreation Change in vegetation The Living Murray River Red The O6withd6 sceThe O6withoutd g
condition 1 Pollination services condition over time. Gum Forest Stand Condition {l The maintenance of 2010 | 1 An assumed 2% per year
{1 Climate regulation reports (The Living Murray vegetation condition . linear decline in 2010
services Assets assessed: Icon Sites). vegetation condition.
1 E:;:nge and 9 The Living Murray icon sites N
1 Rivers Index of Stream Condition
1 Wetlands streamside zone sub-index
(Rivers).
Index of Wetland Condition
biota sub-index (wetlands).
Waterbird Existence and bequest | Change in waterbird The Living Murray waterbird The 6withd scegThe 0 wscenarmappliéd:
abundance abundance over time. condition monitoring program 9 The maintenance of 2010 1 An assumed 2% per year

Assets assessed:

9 The Living Murray icon sites
1 Wetlands

(The Living Murray Icon Sites).

CMA waterbird datasets (some
Living Murray icon sites and
wetlands).

waterbird abundance.

linear decline in 2010
waterbird abundance.
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Ecosystem . . . . Scenario assumptions
condition Associated ecosystem  Biophysical metric assessed Data sources o " L 3 _
services and relevant assets 6 Wi tervidbnmental OWi t hout d envi
element water water
Water Salinity mitigation Change in the modelled MDBA General Review of The 6withd sceThe o6withoutd ¢
quality & salinity levels at Morgan over Salinity Management in the 1 The modelled 95" {l The modelled 95" percentile
salinity time. Murray-Darling Basin (2014). percentile salinity at salinity at Morgan under
Morgan under 2400 GL 2010 management

Assets assessed: water recovery scenarid. arrangements (Baseline

1 Murray River Diversion Limits).
Water Water quality Change in the frequency and Published reports 0 Baldwin The Oowithd sceThe o6withoutd ¢
quality & regulation services duration of hypoxic blackwater | and Whitworth (2013) and {l Maintaining the number of | 7 An assumedincrease in the
hypoxic events over time. Symes (2017). hypoxic blackwater days at | number of hypoxic
blackwater 2010 levels. blackwater days by 19% at

Assets assessed: 2020 and 25% at 2030.

1 Murray River
Water Water quality Change in the frequency and Published reportsd Croomeet | The O6withdé sceThe o6withoutd ¢
quality & regulation services duration of red alert level al (2011) and Crooke (2002). 1 Maintaining the number of | { An assumedincrease in the
Blue-green Blue-green algae blooms over red alert BGA bloom days number of red alert BGA
algae time. Water NSW Murray River BGA |  at 2010 levels. days by 13% at 2020 and

database. 19% at 2030.
Assets assessed:
9 Murray River

" The data used to inform the salinity assessment are nodelled outputs based on implementation of Basin Plan water recovery targets, not based on the outcomes of actual water delivery.
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Step2: Measure the effect of changes in ecosystem asset conditi@am the flow of ecosystem services

Step 2 of the procedure was to assess how changes in ecosystem condition have translated to
changes in the flow of ecosystem services. Thistep measured ecosystem flows in biophysical terms
(e.g.tonnes of carbon dioxide equivalent abated), drawing on a range of data sets, academic literature
and grey literature (specified in relevant appendices).

Step 3: Measure the contribution of ecosystem service flows to changessacio-economic benefits

Step 3 was to measure how ecosystem servicdlows contribute t o benefits within the social and
economic system.

This stepfirstly measured benefits in biophysical terms (e.qg. yield of almonds, visitation rates to
ecosystems) drawing on a range of data sets, academic literature and grey literature (specified in
relevant appendices).

It then assigned economic values to these benefits streams.A range of different economic valuation
techniques were usedand these were selectedto suit the benefit category in question as well as the
availability of secondary data and the timeframe available to complete the study. Details on the
specific valuation techniques applied for each benefit category are described in the relevant chapters
of Part B and further detailed in the appendices.

Step4: Investigate uncertaintiesin steps 1, 2, and 3

Step 4 of the procedure was to investigate uncertainties in steps 1, 2 and 3 of the modelling using a
monte -carlo simulation method.

The main element of the monte-carlo method is to define probability distributions for key input
parameters in the model (as described in steps 1 b 3), and to run simulations of these parameters to
approximate an expected range of possible parameter values. In this application, a triangular
probability distribution was defined for most parameters drawing on available information to indicate
a most-likely estimate, low estimate (broadly corresponding to the 5 percentile) and high estimate
(broadly corresponding to the 95™ percentile). Where information available to inform definition of
probability distributions was thin and only a most likely estimate (sometimes also referred to as
central estimate) was available expert judgement was employed to define low and high point
estimates as either:
i. +50 per cent of most likely estimate - corresponding to parameter values considered to have
dighbuncertainty;
ii. +25 per cent of most likely estimate - corresponding to parameter values considered to have
@noderate duncertainty; or
iii. +10 per cent of most likely value estimate - corresponding to parameter values considered
to have dowduncertainty.

The advantage of defining a probability distribution for parameter inputs, instead of a single estimate,
is that it helps to create a realistic picture of the expected economic value of benefits 6 by describing a
plausible range of likely values . Another advantage is that it provides insight on the cumulative
effect of multiple uncertainties and the relative importance of each component of uncertainty . This
information can be used, amongst other things, to help prioritise where future research and data
collection effort should best be allocated.

The first output of the monte -carlo analysis step was a plausible range of likely benefit valuesd
reported as the Gowdbestimate, the dnost likelydvalue, and dighdestimate.

The second output of the monte -carlo analysiswasa 6t o r n a.dhis g@gphahpwsthe relative
contribution of uncertainty for each input parameter to the accuracy of the overall benefit value
estimation.
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Summative step

In addition, following the stepwise procedure for the individual benefit analysis, a final summative step
was also undertaken to aggregate results.

The analysis is for current economic conditions and populations. This is considered appropriate given
the substantial uncertainties associated with modelling future economic activities and that the
intention for this study is to inform short -medium term water resource planning.
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PARTB: ASSESSMENT OF KBENEFIT CATEGORIES

Part Bprovides a summary of the assessmentundertaken for each of the ecosystem services and
related benefits that were the focus of the study (refer Table 2).

For eachecosystem service the assessment is organisednto four sections as follows:

1.
2.
3.
4,

Nature of ecosystem service and contribution to benefits in northern Victoria context.
Description of how environmental watering impacts ecosystem service flows
Valuation methodology.

Resultsand suggestions for further research

More detailed technical explanations of the method and results are also provided at Appendices 2
through to 7.
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5 POLLI NATI ON SERVI CES

Nature of ecosystem service and contribution to benefits imorthern Victoria context

A large proportion of agricultural production in  northern Victoria depends on insect pollination. This
includes almonds which, in 2017/18, made up some 30 per cent ($322 million) of total agriculture
output in the Mallee ($1,803 million). It also includes apples, pears, and stonefruit which are a similarly
important for the Goulburn Broken ($366 million) and, to a lesser extent, the North Central ($85
million) regional economies (ABS 2018).

Many different insects can affect pollination of the abovementioned crops. However, the European
honeybee has for many reasons become the predominant pollination agent of choice in northern
Victoria (and indeed most parts of the world). Producers of these crops have thus come to depend on
the services provided by honeybees to achieve economically viable productivity (Keogh et al, 2010).

For almonds, pollination is generally affected by the deliberate introduction of honeybees to the crop
at flowering 0 either by the grower of the crop or b y an apiarist as part of a commercial arrangement
with the grower. This is achieved by placing hives within the orchard areas. As at 2016, 96 per cent of
all commercial managed pollination services in Victoria were provided to almond crops (Van Dijk et al,
2016) Apiarists often transport hives large distances in order to prowde these services.

Figure 5. Beehives in or chards of north -west Victoria
Source: ABC Rural

For other crops such as pome and stone fruit only a small proportion of (European honeybee)
pollination services to these crops are from commercial managed pollination service providers (Van
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Dijk et

2016) .

Pollinat

on servi

honeybee populations located within® those areas (Keogh et al, 2010).

ces t o

European honeybee populations used for commercial pollination services rely heavily on floral

resources (nectar and pollen) provided by healthy native forest assetsd especially Eucalyptusforests d

for their sustenance (Keogh et al, 2010). As at 2017around 50 per cent of beekeepers in Victoria are
understood to depend on River Red Gum forests to sustain their bee stocks (MDBA, 2017).

Furthermore, anecdotal evidence suggests that the (carrying) capacityof River Red Gumforests to
support commercial beehives, including those used in commercial pollination services, is currently
exhausted

consi

dered

to be

0Oabout

%

Description of how environmental watering impacts ecosystem service flows

Environmental watering leads to improvements in the condition of Eucalyptusforest and woodland
ecosystems (including River Red Gumforests) and in turn the flowering functions of these ecosystems.

Vi

Flowering ecology supports native and non-native insect pollinator populations 0 through the
provision of food/sustenance. Healthier insect pollinator populations have greater capacity to provide
commercial (and non-commercial) pollination services important for crop production.

ctori

ao

A graphic showing the cause-effect relationships from environmental watering to pollination services
and its contribution to crop production is shown in Figure 6.

t hese

Environment

The social and economic system

/ Ecosystem asset

River redgurmn forest
extent & condition

N

Policy action to limit
pressures
(i.e. environmental
watering)
3

¥ Pressures

Flowering (function)

)/

e

Ecosystem senn'ce—s\.

Pollination (managed
and wild)

\.

Figure 6. Conceptual model for pollination services

Valuation methodology

e

The 'production

boundary”

Goods and benefits

¥
Contribution to
agriculture production
(nuts, fruit)
Contribution to
commercial pollination
services

L ]

Economic value of
goods and services
(agriculture
production)

The methodology employed to value the contribution of pollination servicesattributable to

environmental watering to the agriculture sector was a basic production -function approach. This
approach measuresthe physical change in output due to environmental changesand then uses

market prices or costs to value these changes/impacts in monetary terms (Hanley et al 2009).

8 Honeybees have a relatively small territorial range 8 usually travelling between 1 and as much as6 kilometers to feed
(https://beekeepercenter.com/how -far-do-bees-travel/).

® The placement of European honeybees in native vegetation is the source of some controversy in various parts of Australia.

Those opposed to it have concerns that it has negative impacts on the natural ecology (Keogh et al 2010).

™~
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The production -function application for pollination servicesfocused on commercially managed
honeybee pollination servicesto almond production & asthis makes up the large majority of benefits

provided.

The procedure for applying this method - following the generic stepw ise approach outlined in Part 1 8

is summarised below.

Table 5. Procedure for valuing the contribution of pollination services to the agriculture sector

Step of generic
procedure

Stepl. Measure
changesin ecosystem
assetcondition
attributable to
environmental
watering

Description

The first step of the procedure was to measure the changes in ecosystem condition
that are relevant for supporting pollination services. These are Eucalyptusforest and
woodlands.

River Red Gumforest stand condition was taken as the measure of Eucalyptusforest
and woodland condition. This index was measured for the Mallee CMA area- where
96% of the commercial pollination services in Victoria are provided.

The method for assessing change inRiverRed Gumst and condi t i
and 0 wi nvinoonoentdl wategng) analysis is outlined in Appendix 1. These
results were further expressed as a percentage of the withenvironmental watering
condition.

on

The output of this step wasthe estimated percentage change in River Red Gum
stand condition.

Step2: Measurethe
effect of changesin
ecosystemasset
condition to the flow
of ecosystemservices

The second step of the procedure was to measure the effect of changes in the
condition of Eucalyptus forest and woodlands on the flow of pollination services
provided by honeybee populations.

The specific relationship between River Red Gumstand condition, flowering ecology,
the health of honeybee populations, and the pollination services provided by these
populations is not currently well-understood (MDBA, 2017). In the absence of this
knowledge, it was conservatively assumed thatchanges in River Red Gumstand
condition result in commensurate percentage changes in managed honeybee stocks
and pollination services provided by those stocks.

The output of this step wasthe estimated percentage change in pollination service
flows in forest areasthat are supported by environmental watering.

Step3: Measurethe
contribution of
ecosystemservice
flows to changesin
socic-economic
benefits

The third step of the procedure was to measure the benefits that pollination services
attributable to environmental watering provide to the almond sector.

This was calculated using the equation below.
Equation 1. Contribution of pollination services

WRAAD DA & ERFIE Q6 OOTEEEAO O 0 00000
Where:

E= percentage change in pollination service flows in River Red Gum forest
(%, from step 2)

H = proportion of managed honeybee po pulations that depend on River
Red Gum forests (%)

L = land area in the Mallee region used for almond production (ha)

PDF= managed pollination -dependence-factor of almond production
(factor)
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Step of generic

procedure Description

GM = average gross margin'® of almond production ($/ha)

The output from this step was the estimated value of benefits to the almond industry
in the study area.

Monte - Carlo analysis was used to explore thesensitivity to uncertainties in a number
of key input parameters 8 notably (i) change in River Red Gumforest stand condition
attributable to environmental watering, (ii) proportion of commercial pollination
services that depend on River Red Gumforests supported by environmental

watering (from Step 3), and (iii) gross margin values for almond production.

Step4: Investigate
uncertainties

Results and suggestions for future research

The resuts of the analysis show the estimated value of the contribution of environmental watering to
almond production through pollination -related ecosystem services(see Table 6) is in the range of $13
million to $38 million in 2020 and increasing to between $29 million to $78 million in 2030. These
benefits accrue to the Mallee region, where northern Victoriad s al mon d gnd cordmeciali o n
pollination service providers are located.

Table 6. Estimated v alue of the contribution of pollination services provided by environmental watering
to the almond sector (2018%M/year )

Estimated change in productivity of
almond producers

13 25 38 29 51 78

The large range is mostly explained by uncertainty in the proportion of commercial bee populations
that depend on River Red Gumforests supported by environmental watering (Step 3) as well as
uncertainty in the modelled River Red Gumstand condition decline under the without -environmental
watering scenario (Step 1)

It is therefore suggested that further research be undertaken to better understand the dependence of
commercial bee populations on River Red Gumforests supported by environmental watering . This
would involve more extensive surveying of apiarists to accurately establish the extent to which they
utilise Eucalyptus Forests suppeted by environmental watering to feed/sustain their European
honeybee stocks. It would also involve investigating the degree to which there are substitute
forest/feeding options available to them. This will provide greater confidence when reporting
pollination benefits to almond producers.

10 A gross margin refers to the total income derived from an enterprise less the variable costs incurred in the enterprise.
Generally, the gross margins for any agricultural crop are determined by deducting variable costs from the gross farm income of
a given crop for a given period of time (u sually per year or per cropping season). They are not a measure of farm profit as they
do not include capital (land, buildings, machinery, irrigation equipment etc.) or fixed costs (building and machinery

depreciation, administration, insurance, rates, taxes, etc.).
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6 CLI MATE REGULATI ON SERVI CES

Nature of ecosystem service and contribution to benefits imorthern Victoria context

Floodplain and wetland ecosystemshelp to regulate global climate conditions by sequestering
greenhouse gases and storing them in above-ground and below -ground biomass (AlcarazSequera et
al 2013, Carnell et al 2018. In this way, floodplain and wetland ecosystems innorthern Victoria help
contribute to mitigation of global climate change which is otherwise expected to result in increasing
frequency and intensity of climate -related events such as drought and heatwaves(Climate Council of
Australia, 2017)

When climate-events (e.g. drought and heatwaves) occur, they can cause a range bdamages and
losses to many different sectors of the social and economic system. This includes the health sector as
well as the agriculture sector & which are both very important sectors for the northern Victorian
regions.

Damages and losses from climate events can be very substantial, when they occur. For example, a
study of the losses incurred by heatwaves in Victoria found for a very extreme heatwave event?! losses
are in the order of $1 billion & representing around 0.31 per cent of Gross State Produ¢ (NCE, 2018).
This study further showed that the Mallee, Goulburn Broken, and North Central CMA regions were
proportionately mo re affected (as a percentage of Gross Regional Product) compared to Melbourne
and the Victorian average & reflecting the high im pacts on the agriculture sector.

Description of how environmental watering impacts ecosystem service flows

Environment al watering promotes ecosystems® productiyv
gases (carbon) from the atmosphere. This occurs through a chemical process known as photosynthesis

whereby light energy from the sun is used by plants to convert carbon dioxide and water to glucose

sugar and oxygen through a series of reactions.

A graphic illustrating this cause-effect relationship from environmental watering to climate regulation
and its contribution to avoiding damages and losses from climate e vents is shown inFigure 7.

11 Similar to the 2014 Victorian heatwave event.
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Figure 7. Conceptual model for climate regulation services

Valuation methodology

The methodologies employed to value the contribution of climate regulation servicesattributable to

S N1

environmental watering was a benefits-transfer approach. Benefits transfer involves the use of values
estimated in an existing study and using these estimates to infer valuesfor a different study

application.

The studies identified as being most suitable for this benefits-transfer application were:

1 IPCC Fifth Assessment Reporf2014).

1 World Bank Carbon Pricing Dashboard

Thesestudies are used by DELWPfor valuing greenhouse gas emissions.

The procedure for applying this method & following the generic stepwise approach outlined in Part 1

is summarised below.

Table 7. Procedure for valuing the contribution of climate regu lation services

Step of generic
procedure

Stepl. Measure
changesin ecosystem
assetcondition
attributable to
environmental
watering

Description

Thefirst step of the procedure wasto measurethe changesin ecosystem condition
that are relevant for supporting climate regulation services.Theseare forest and
woodland areasin the Living Murray (TLM) icon sites, as well as vegetation in
wetland areas.

River Red Gum (River Red Gum) forest stand condition wastaken asthe measure of
forest and woodland condition for all forest and woodland types 8 as monitoring
work does not yet provide for measurement of the condition of blackbox-dominated
or other forest and woodland types. The index of wetland (IWC)condition biota sub-
index was taken asthe measure of wetland vegetation condition.

The method for assessingchange in River Red Gum stand condition and IWC using
the 6 wi andédw i t Keoviranrbental watering) analysisis outlined in Appendix 1.

The output of this step wasthe change in River Red Gum stand condition and IWC.
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Step of generic
procedure

Step2: Measurethe
effect of changesin
ecosystemasset
condition to the flow
of ecosystemservices

Description

The second step of the procedure was to measure the effect of changes in theRiver
Red Gumstand condition and IWC biota-sub index on the sequestration and storage
of carbon dioxide.

For forests and woodlands (within TLM icon sites), the relationship between River
Red Gumstand condition and carbon sequestration rates was approximated using a
study by Smith et al (2016) 8 which measured the relationship between crown health
and carbon sequestration rates (tonnes of carbon dioxide/ha/year) for River Red
Gum forests in Namoi (NSW).

For wetlands, there is currently (asat July 2019) no published researchwhich
demonstrates the carbon sequestration responseto changesin or environmental
watering directly (pers comms Katy Limpert, Blue Carbon ResearchLab, Deakin
University). In the absence of this information, the approach taken wasto adjust the
functional relationship used for River Red Gum forests (mentioned above) in line
with differences in index scoring scale and average annual carbon sequestration
rates between the two assetclasses.

The change in carbon sequestration rates measured for each relevant assetwere
then multiplied by the total area of that assetto estimate the total carbon dioxide
mitigated annually.

The output from this step wasthe estimated change in carbon sequestration
associatedwith environmental watering for forests and wetlands.

Step3: Measurethe
contribution of
ecosystemservice
flows to changesin
socio-economic
benefits

The third step of the procedure wasto measure the benefits that carbon
sequestration and storage attributable to environmental watering provide to the
economic system.

The economic value of benefits was approximated using the 2014 IPCCFifth
AssessmentReport and the World Bank Carbon Pricing Dashboard & as has been the
practice by DELWPfor valuing greenhouse gas emissions. Thesestudies measure the
unit cost of greenhouse gas abatement based on existing global carbon market
values and emission reduction pathways in line with scenariosto limit warming to
below 2 degrees Celsius.

The total value of carbon sequestration servicesto the social and economic system
was thus estimated by multiplying the quantity of carbon dioxide abated in step 2 by
the unit cost of carbon dioxide ($ per tonne of carbon dioxide equivalent).

The output from this step wasthe estimated value of carbon dioxide equivalent
sequestered and stored by forests and wetlands associatedwith environmental
watering.

Step4: Investigate
uncertainties

The fourth step wasto investigate the effect of uncertainties in key input parameters
on the modelled results, and the relative importance of each of these uncertainties.
Keyinput parameters investigated were (i) change in River Red Gum stand condition
and IWC attributable to environmental watering, (ii) relationship between River Red
Gum stand condition and marginal carbon sequestration rates, and (iii) unit values
for the (social) cost of carbon dioxide equivalent.

Results and suggestions for future research

The resuts of the analysis show the estimated benefits from greenhouse gas mitigation attributable to
environmental watering (see Table 8) isin the range of $1 million to $5 million in 2020 . This value is
expected to further increase to between $4 million and $15 million in 2030 in line with increasing unit
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values of carbon ($ per tonne of CO, equivalent)*?, and as the contribution of environmental watering
to the condition of forest and wetlands (relative to a without -environmental watering scenario)
increases

Table 8. Estimate v alue of the contribution of  environmental wateringto  climate regu lation services
(2018%$Mlyear )

TLM icon sites

Mallee 001 001 001 1 2 4
North Central 001 001 001 1 1 2
Goulburn Broken 001 1 3 2 5 8
Sub-total 1 3 4 4 9 14
Wetland

Mallee 0 081 081 081 061 081
North Central 0 001 001 0 001 001
Goulburn Broken 0 001 001 0 0 001
Sub-total 0 061 061 0061 061 1
Total estimated benefits 1 3 5 4 9 15

The large variance in these results is mostly explained byuncertainty in the unit value of carbon (Step
3). To a lesser extent it is also explained by the uncertainty inthe modelled River Red Gumstand
condition decline under the without -environmental watering scenario (Step 1), and the marginal
carbon sequestration rates from healthier River Red Gumforests (Step 2).

A key knowledge gap identified as part of the analysis is a lack of published research to establish the
carbon sequestration response of wetlands to environmental watering. The Blue Carbon Research Lab
at Deakin University is currently undertaking selected case study work in this area and is thus expected
to help fill this gap. At the time of writing, a research paper had been submitted to an academic

journal (for publishing) and was in the process of being reviewed. Further researchmay be required to
adequately establish this knowledge and understanding.

12 which, amongst other things, is reflective of the trajectory of (greenhouse gas) emissions reductions 8 which progressively
increase between the years 2020 to 2030. These trajectories are iniie with greenhouse gas concentration targets that limit
global warming to below 2 degrees.

26



/7 WATER QUALITY REGULATI ON SERVI CE

Environmental watering helps to regulate the quality of consumptive water that is used for agriculture
(irrigation and livestock) and town supply. There are a number of distinct dimensions of these services
which in turn contribute to a number of different benefit streamsin society and the economic system.
For this reason, the analysis in thischapter is presented in two parts.

The first part (7.1) examines salinity dimensions of water quality and the benefits generated from
environmental watering in term s of avoided salinity management costs.

And the second part (7.2) examineshypoxic blackwater and blue-green algae dimensions of water
guality and the benefits generated from environmental watering in terms of avoided impacts on
livestock production from these types of events.

7.1 Avoided salinity management costs

Nature of ecosystem service and contribution to benefits imorthern Victoria context

Many irrigation districts in the northern Victoria region, particularly the Mallee, are underlain by sandy

aquifers containing groundwater as salty as seawater. Because these aquifers are connected in places

to the River Murray, irrigation water that is applied to the surface and enters the aquifer from above,

squeezes the salty groundwater and mobilises it sidewaysout of the aquifer. If not intercepted, this

salty water enters the river and can degrade water

gL

River &6ésalinity® can cause a range of i mpacts on user

production, ecosystem health, and urban water treatment costs. Iffwhen these impacts occur they are
mostly experienced by third parties downstream of where salinity is generated.*®

Under the MurraydDarling Basin Agreement and the Basin Plan, partner governments are required to
meet a range of salinity management-related obligations. A key element of this is a headline salinity
target at Morgan (South Australia).'*

Each state has its own arrangements for achieving the salinity target at Morgan obligations. In the
Victorian Mallee region®® & where the majority of new irrigation development in Victoria has occurred
over the last 10 plus years(Aither, 2016) 8 a key salinity management strategy has been the
construction and operation of off -farm (public) salt-interception schemes. Theseschemesare large-
scale groundwater pumping and drainage projects that serve to reduce the hydraulic gradient that
drives saline groundwater towards the Murray River.

Description of how environmental watering leads to changes irsocio-economic outcomes

Environmental watering dilutes salinity (measured in terms of Electrical Conductivity, EC) in theMurray
Riversystem. This in turn reduces the EC impact from a given irigation activity and hence the need for
additional (public) interventions to manage salinity impacts.

In contrast to most other ecosystem services investigated in this report 8 which are generated through
biotic (i.e. living ecosystem) processesd diluti on is an abiotic process. In this way, environmental
watering can be thought of as directly providing water quality (salinity) services, rather thanvia a

B¥This type of environment al problem is characterised in the econon

4 The BSM2030 outlines a headlinesalinity target to maintain the average daily salinity at Morgan (South Australia) at a
simulated level of less than 800 EC for at least 95 per cent of the time.

15 Around 59 per cent of new irrigation development (permanent plantings) in the Mallee region over the 2015-2017 period has
been nuts (Agriculture Victoria, 2017).
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change in the condition and biological functioning of the river ecosystem. This is illustrated in Figure
8.

Environment The social and economic system

/ River ecosystem assets \/E—cosystem servioe—s\, / Goods and benefits \
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Figure 8. Conceptual model for water quality (salinity) regulation services

Valuation methodology

The methodology employed to value the contribution of environmental watering to avoided salinity
management interventions was a cost-based approach. This approach measuresthe change in off-
farm, publicly managed salinity management interventions due to environmental changes,and then
used market prices to value this avoided intervention investment.

The procedure for applying this method & following the generic stepwise approach outlined in Part 1 8
is summarised below.

Table 9. Procedure for valuing the contribution of salinity mitigation services

Step of generic e

procedure

Stepl. Measure
changesin ecosystem
assetcondition
attributable to
environmental
watering

As outlined above, river salinity improvements provid ed by environmental watering
are achieved through a direct abiotic dilution process.Thisis unlike most other
ecosystemservicesconsidered in this analysiswhich are generated 6 i ndi r ect
through an improvement in the condition and functioning of aliving ecosystem
asset.As such, this step is not applicable for this service.

The second step of the procedure wasto assessthe 6 d i rdiaution éffects that
environmental watering has on river salinity.

Thedilution effects utilized in this analysiswere based on the Murray Darling Basin
ecosystemasset Authority modelling in the General Reviewof Salinity Management in the Murray
condition to the flow | Darling Basin(2017).

of ecosystemservices | The output of this step was the modelled change in EC at Morgancompared to the
benchmark period.

Step2: Measurethe
effect of changesin
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Step of generic

pracedire Description

The third step of the procedure wasto measure the benefits that reduced river
salinity attributable to environmental watering provide in terms of avoided salinity
management costs.

Thiswas measured asthe reduction in the construction and operation of salt-
interception schemesand was undertaken astwo sub-steps:

First,an equivalent annual cost for constructing and operating an average salt-
interception scheme ($/EC/year)was estimated.

Step3: Measurethe
contribution of
ecosystemservice
flows to changesin
socio-economic
benefits

And second, this unit cost was multiplied by the quantity of ECat Morgan associated
with new irrigation development that has not required additional salinity
management investments & due to dilution effects from environmental watering. The
guantity of ECat Morgan asscciated with new irrigation development are based on
rates and location of new irrigation development and corresponding ECgenerated in
the Victorian Mallee for the period 2012/13 to 2017/18 (Mallee CMA).

The output wasthe estimated annual value ($/year) of avoided salt interception
scheme costs.

The fourth step wasto investigate the effect of uncertainties and variancesin key
Step4: Investigate input parameters on the modelled results, and the relative importance of each of
uncertainties these uncertainties. Keyinput parameters investigated were (i) the capital cost of an
salt-intercept scheme and (ii) the expected useful life of a salt-interception scheme.

Results and suggestions for future research

The resuts of the analysis show the estimated value of avoided salinity management costs from
environmental watering (see Table 10) is in the range of $1 million to $ 2 million in 2020 and up to a
range of $2 million to $ 4 million in 2030.

Table 10. Estimated v alue of avoided salinity management ¢ osts (2018%M/year )

2020 2030 ‘

Low ‘ Mid ‘ High Low Mid High ‘

Estimate avoided cost of salt-interception schemes 1 2 2 2 3 4

The differences between low and high result estimates is mostly explained by variance in the capital
cost of salt-interception schemes (Step 3).

Further work is currently underway to refine scientific modelling of river salinity impacts in the
southern Murray Darling Basin. This will provide a more accurate understanding of the salinity impact
from irrigation development in the region as well as the dilution effects of environmental watering.
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7.2 Avoided costs of blackwater and blue-green algae events

Nature of ecosystem service and contribution to benefits imorthern Victoria context

Hypoxic blackwater'® events and blue-green algae (BGA) blooms’ are naturally occurring within the
river systems of northern Victoria. However, land and water management practices can exacerbate the
frequency and extent of these events. When these events occur, the quality of river water is affected,
which in turn impacts on the (consumptive) users/uses of this water (e.g. agriculture, towns). For
agricultural water users, the livestock subsectors of sheep, dairy and beef are most affected by these
events. Livestock are sensitive to water quality, particularly the palatability of water and are likely to
drink less or stop drinking altogether when water quality is poor (DPIRD, 2019§2 Further, BGA can
lead to paralysis and respiratory failure if the bloom turns toxic (DPIRD, 2019). Risk management
options include destocking the property, carting water and/or finding another water source (e.g. bore
water).!® Eat of these options have their own challenges. Destocking the property will likely lead to
revenue losses (anecdotally) there are not enough enterprises that cart water to meet demand of the
region; and (where available) bore water might be too saline for consumption by the livestock.
Difficulties are amplified for long -lasting events/blooms.?°

For town water users, BGA presents a major hazard and can be dangerous to the health of

humans (CSIRO, 2019). Blackwater events and BGA blooms typically requirgater corporations to
undertake increased (water) chemical treatment activities and monitoring to manage associated

health risks. Costs associated with these management activities flow through to consumers in the form
of higher water prices.

Description of how environmental watering leads to changes insocio-economic outcomes

Environmental watering can contribute to abatement of hypoxic blackwater and BGAhazard events,
and associated impacts through several different mechanisms.

First, environmental watering can contribute to abatement through direct dilution and mixing effects
provided by increased volume of water flow (e.g. dilution of carbon). 2! For example, environmental
water was relea®d to provide dilution and refuge during blackwater events in 2012 and 2016 (Baldwin
et al 2013; Symes 2017).

16 Blackwater is a natural feature of lowland river systems that occurs when organic matter from floodplains is washed into
rivers following flooding. The influx of organic matter into th e river during warmer times of the year can lead to a sudden
reduction in the availability of dissolved oxygen required to sustain aquatic organisms, leading to severe stress and often death
- referred to as hypoxic blackwater. It is important to note that carbon inputs from the floodplain are a critical component of
riverine food webs. However, when larges sections of riverine systems are affected this can lead to large scale fish and othe
aquatic animal deaths.

17 Blue-green algae are types of bacteriaknown as Cyanobacteria. 'Bloom' is the term used to describe an

accumulation of algal cells to a point where they discolour the water, form scums, produce unpleasant tastes and

odours, affect fish populations and reduce the water quality. Decomposing algae can also cause depletion of oxygen

and induce fish Kills.

BDPI RD (2019) explains that when o0éanimals drink |l ess, ihhey will €
production.

19 A portion of water users in northern Victoria secure their supply of fit -for-purpose water through mitigation measures (e.g. off
stream storages). It is difficult to estimate the proportion of water users that have this resilience given that in many cases they
are not required to hold a licence to access this water. As such, it is also unclear how many days these mitigation measures
would last in the event of a poor water quality event.

20 Farmers are required to meet animal welfare standards, ensuring that their stock do not dehydrate to significant iliness or
death. In extreme circumstances farmers are expected to euthanize their stock to avoid suffering.

21 It is noted here however that there is not a sufficient quantity of environmental water to dilute large scale blackwater events
as they occur.
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Second, environmental water delivery flushes leaf litter and other organic matter build up from
riparian zones, floodplains and wetlands; thereby limiting the quantity of organic matter build -up that
will be mobilised during natural flooding events (which contributes to hypoxic blackwater events).

And third, environmental watering improves condition of in -stream and riparian vegetation. Healthier
vegetation in turn strengthens the buffering functions provided by vegetation in -stream and
alongside water courses and thereby remove nutrient run-off (which contributes to BGA).

A simplified graphic illustrating a conceptual model for hypoxic blackwater and BGA regulating
servicesattributable to environmental watering is provided in Figure 9.

It is noted here, there is currently limited information available to reliably establish the contribution of
environmental watering to abatement of hypoxic blackwater and BGAhazard eventsd particularly
through flushing and buffering mechanisms . This isin part reflects the complexity of these hazards
which involve multiple and inter -related causal factors including 8 but not limited to 8 water
temperature, amount of sunshine, nutrient levels and the specific algal and microbial species present
in the waterway.

Environment The social and economic system
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Figure 9. Conceptual model for water quality (  blackwater and BGA ) regulation services

Valuation methodology

As outlined above, there is currently only limited information available to accurately quantify the effect
of environmental watering on abating hypoxic blackwater and BGAhazards.As such, a reliable
guantitative assessmentof the contribution of water quality regulation servicesto livestock
productivity and town water supplies is not possible at this stage.

However, to help progress understanding in this areaa number of hypothetical scenarioswere
investigated. The objective of this analysiswasto help establish whether this is a potentially significant
serviceand thus warrants further researchand analysisto better understand.

The Murray Riverwasthe sole focus of this part of the analysisbecauseit wasthe only river in the
scope of this study where suitable historical data existsthat could be usedto plausibly approximate a
likely effect of environmental watering on blackwater events and BGAblooms.

Further, the study focused on the potential benefits in terms of livestock (i.e.sheep and lamb, dairy
and beef) in the first instance as 6 given the hypothetical nature of the exerciseand the findings of the
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livestock analysis(discussedbelow), a further in-depth analysisof waterc o r p o r aosts wasnstd
considered a priority for researcheffort at this point in time.

Two methodologies were used to investigate benefits of water quality regulation (blackwater and
BGA) services to livestock production,reflecting considerable uncertainty in how blackwater events
and BGA blooms impact livestock production.

The first method used a basic production -function approach, determining the physical change in
output (i.e.avoided loss of production) due to the reduction in the blackwater and BGAdays. This
approach then used gross margins to value the avoided lossin production in monetary terms.

The second method used a simplified cost-based approach, to estimate the avoided cost of water
carting during blackwater and BGAevents 2

The procedure for applying each of the methods & following the generic stepwise approach outline d
in Part A d is summarised below.

Table 11. Procedure for valuing the contribution of water quality (regulation) services to the livestock

sector

Step of generic procedure

Step 1. Measure changes in
ecosystem asset condition
attributable to environmental
watering

Description ‘

As outlined above, blackwater and BGA mitigation services provided by
environmental watering are achieved through a combination of biotic and
abiotic processes.

At this time however, the biotic processes are not wellunderstood. As such, no
ecosystem asset condition elements were explicitly measured or modelled as
part of this step.

Step 2: Measure the effect of
changes in ecosystem asset
condition to the flow of
ecosystem services

The second step of the procedure was to measure the changes in the quality
of water resources in the Murray River (including consumptive water). These
changes were measured in terms of:

The change in the expected number of blackwater days per year from
environmental watering.

The change in the expected number of (Category 2 / High alert) BGA days per
year from environmental watering.

In the absence of good quality data and studies to support this measurement,
a number of conservative scenarios were genegated - drawing on the historical
frequency and duration of blackwater events and BGA blooms experienced in
the Murray River under past climate conditions. Details on these scenarios and
their underpinning logic is provided at Appendix 1.

Step 3:Measure the
contribution of ecosystem
service flows to changes in
socio-economic benefits

Method 1: Avoided production losses

For method 1, the third step of the procedure was to measure the avoided
production losses from reduced blackwater and BGA events.

This stepfirstly quantified the avoided production losses (in terms of kg)
associated with reduced blackwater or BGA eventduration (from
environmental watering) estimated in the step above. This was done by
approximating exposure of agricultural land areas to a blackwater or BGA
event in the Murray and then using reports prepared by Agriculture Victoria to
estimate yields from these areas. Yields were assumed to be zero during days
when blackwater and BGA were present.

The second part of the step was to assign economic values to avoided
production lossesusing gross margin values (in terms of $/kg) derived from
reports published by Agriculture Victoria.

Method 2: Avoided cost of carting water

22 Water carting prevents productivity losses but incurs charges primarily for the transportation of water.
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Step of generic procedure Description ‘

For method 2, the third step of the procedure was to measure the avoided
cost of carting water associated with reduced blackwater and BGA events.
This step firstly measured the quantity of water carting avoided (in terms of
litres) associated with reduced hypoxic blackwater or BGA event duration
(from environmental watering) estimated in the step above. Similar to method
1, this involved approximating exposure of agricultural land areas to a
blackwater or BGA event in the Murray and then using a combination of
academic literature (e.g. McLaren, 1997) and information published online by
Agriculture Victoria (2019) to approximate water carting requirements during
these events.

The second part of this step was to assign economic values tothe quantity of
water carting avoided (in terms of $/litre) using market prices.

The fourth step was to investigate the effect of uncertainties in key input
parameters on the modelled results, and the relative importance of each of
these uncertainties. Key input parameters investigated were (i) proportion of
land used for livestock production that obtains water from the Murray River in
the Goulburn Broken, Mallee and North Central CMA regions, (ii) gross
margins for sheep and lamb, dairy and beef, and (iii) market price to cart water
($ per litre).

Step 5: Investigate
uncertainties

Results

The resuts of the analysis indicate the estimated value of avoided costs to livestock producers from
both hypoxic blackwater and blue-green algae events arelikely to be material.

For hypoxic blackwater events in the Murray River (Table 12), benefits to livestock producers are
estimated to be in the range of $1 million to $ 2 million in 2020, increasing to a range of $1 million to
$3 million in 2030.

And for BGA bloomsin the Murray River (Table 13), benefits to livestock producers are estimated to
be in the range of $1 to $2 million in 2020, increasing to a range of $1 million to $ 3 million in 2030.

It is noted here the results reported for 2030 are considered conservative as scenarios used in the
analysis do not account for more extreme climate events (e.g. heatwaves, drought, or flooding) that
may occur in the future under climate change and which are expected to increase hypoxic blackwater
and BGA risks

Table 12. Hypothetical benefits to livestock producers of avoiding blackwater events  in the Murray River
0 abiotic and biotic combined & catchments combined (20183%M/year )

Method Livestock
asset
sheepand | 5y 0-1 0-1 081 081 0-1
Method 1: lamb
Avoided Dairy 1 2 2 1 2 3
loss of
oroduction | Beef 061 0-1 0-1 051 061 0-1
Total 1 2 2 2 2 4
h
Method 2: znfspa”d 081 0-1 0-1 061 081 0-1
Avoided
cost of Dairy 051 1 1 0 1 1
water Beef 061 0-1 0-1 081 081 0-1
carting
Total 1 1 1 1 1 1
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Table 13. Hypothetical benefits to livestock producers of avoiding BGA blooms in the Murray River o

abiotic and biotic combined & catchments combined (2018%M/year )
Method Livestock
asset
Sheepand | 54 0-1 0-1 061 0-1 0-1
Method 1: | lamb
Avoided | pairy 1 2 2 1 2 3
loss of
production Beef 001 0-1 0-1 001 0-1 0-1
Total 1 2 2 2 2 3
Method 2: | oneePand | 54 0-1 0-1 061 0-1 0-1
. lamb
Avoided
cost Of Dairy 0 6 1 1 1 1 1 1
water Beef 001 0-1 0-1 0061 0-1 0-1
carting
Total 1 1 1 1 1 1

These results suggestfurther research work is warranted to better understand the effect of
environmental watering in reducing hypoxic blackwater and BGArisks. In the first instance, research
work should focus on developing a more in -depth understanding o f the biotic and abiotic processes
through which environmental watering serves to abate each of these hazards.

Once this underpinning knowledge base is established, a more accurateand reliable assessment of
the associated socio-economic benefits should be undertaken & building on the work that has been
undertaken as part of this study.?® At that time, assessmentof socio-economic benefits should also be
expanded to include the avoided water treatment costs for water corporation s.

2 |t is further noted here that, consultation undertaken during this assignment highlighted that staff at the Chief Veterinary
Officer Unit and Agriculture Victoria are currently researching BGA risks for the livestock sector.
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8 RECREATI ON

Nature of ecosystem service and contribution to benefits imorthern Victoria context

The river, floodplain and wetland ecosystems innorthern Victoria support a wide range of active and
passive recreation activities and experiences

In river ecosystems, these activities include swimming, fishing,canoeing, waterskiing, birdwatching,
hiking, cycling, camping, and picnicking 8 amongst others. Characteridics or attributes of river
ecosystems that are important for these activities include clean water, native fish populations (e.g.
Murray cod), native bird populations, and healthy native vegetation (Bennett et al., 2008). Water
guantity is also an important attribute for some activities such as canoeing.

In wetland and floodplain ecosystems, birdwatching, hunting and camping are the key recreation
activities. Characteristics or attributes that are important for these activities include native bird

populations and healthy native vegetation (Bennett et al., 2008).
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Figure 10. Recreation activities at Gunbower National Park

Source: Parks Victoria (2014)

Both local community members and tourists from other parts of Victoria and Australia visit these
ecosystems to partakein nature-based recreation related activities. Locals and tourists alike value
these activities becausethey derive a level of enjoyment. They also value thema to varying degrees 0
because they support health and recuperation outcomes as well as social/community interaction.
These are important elements contributing to the livability of rural areas and townships.

Further, to the extent that recreation activities are associated with consumption of (market) goods and
services in the local regional economy (e.g. purchase of fuel, bait and food), they also contribute to
the local tourism sector.

Description of how environmental watering leadsto changes insocio-economic outcomes

Environmental watering contributes to recreation -related benefits through many of the same
mechanisms which environmental watering objectives are achieved?* This reflects the situation that
many environmental watering objectives such asimproved River Red Gumhealth, waterbird
populations, and healthy waterways are also the ecosystemfeatures or attributes that people value for
recreation.

The causeeffect relationships from environmental watering to recreation serv ices and its contribution
to the social and economic system is shownin Figure 11.

24 As outlined in Part A, environmental watering aims to achieve these environmental objectives by mimicking some of the
flows that would have occurred naturally before rivers were modified.

In rivers this generally focus on returning some of the small and medium-sized river flows important in the life cycles of native
plants and animals. In wetlands and floodplains, this is more achieved by trying to recreate some of the natural wetting and
drying cycles.
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The ‘production

boundary”

Figure 11. Conceptual model for recreation services

Valuation methodology

The methodolog y employed to value the contribution of recreation -related services to the social and

economic systemwas a travel cost method. The travel cost method is based on the basic insight that

an individual 6s wi |l I i ngn edsschascampiregyt ahational paekdisat at i on at
least their trip cost of reaching the site (Parsons, 2017). This willingness to pay captures all (or, at least

the majority of) of the benefits that people derive from recreation activities & including enjoyment,

health and recuperation.

The travel cost method is well suited to modelling the economic benefit of outdoor recreation & and it
is widely used for valuing contribution to fishing, hunting, boating, camping and bushwalking
activities in particular (Hanley et al. 2009)%

In this study, the travel cost method was applied to a casestudy of Gunbower Forest, where sufficient
secondary visitation data was available. The Gunbower Forestin the North Central CMA. Thisis a
20,000-hectare forest areain the floodplains of the River Murray. The forest areais endowed with
various endangered plants and animals and has several Aboriginal and post-settlement cultural
heritage sites.

The procedure for applying the travel cost method o following the generic stepwise approach outlined
in Part 1 8 is summarised below. In reading this procedure, it is important to be aware that only point -
in-time visitation data was available to derive benefit estimates and that further surveys were beyond
the scope of this study. This constraint has implications for how changes to visitation rates due to
environmental watering has been measured (in step 3), and hence what ecosystem attributes are
utilised to approximate this effect (in steps 1 and 2).

25 The travel cost method seeks to place a value on nonrmarket environmental goods (such as nature-based recreation activities
in river, floodplain, and wetland areas) by using consumption behaviour in related markets. Specifically, the costs of accesig

an ecosystem aread such as a river or a national park forestd are used as a proxy for a market price which does not exist. These
consumption costs include costs associated with a round trip travel to the site (Lansdell and Gangadharan 2003).
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