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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

The tropical rivers and groundwater systems ofheort Australia contain approximately 70%
of Australia’s freshwater resources (Hamilton arehfke 2005). These tropical river systems
provide ecosystem services that underpin the sairaivd well-being of people; multiple
industries, such as pastoralism and horticulturtyities, such as cultural resource
management and recreational fishing; and the coatimealth and functioning of the
ecosystems of the region.

An ongoing drought in southern Australia and insneg awareness of the value of water
worldwide is drawing attention to the potential élvelopment in northern Australia. Any
development in the tropical rivers region will hawgacts on the ecosystems and ecosystem
services of tropical river systems. These impadisaigo likely affect the uses and benefits
underpinned by these ecosystem services.

This project provides assessments of the potdntjadcts of future development scenarios on
the ecosystem services of Australia’s tropicalmvén doing so, this work builds on existing
knowledge of the values and assets of Australiajgi¢al rivers by identifying the ecosystem
services of Australia’s tropical river systems,itle®ntribution to human well-being, and the
drivers that impact on them. The study assesaibadts of potential development scenarios
through: (1) estimating the economic value of fparticular ecosystem services; and (2)
analysing key changes in the past for insight theofuture. It does this through three case
studies: the Fitzroy River in Western Australia (YW#he Daly River in the Northern Territory
(NT) and the Mitchell River in Queensland (QId).

Economic valuation

The economic valuation was undertaken using thecehnodelling method, selected for its
ability to enable the measurement of people’s mgiiess to pay for the non-use values
associated with tropical river ecosystem serviaad,to elicit preferences for a number of
environmental attributes at the one time. A questaire about the future of each case study
river system was presented to people living in gaar catchment, the capital city of the
state/territory each catchment is in, and capita<in southern Australia. Respondents were
asked about their preferences for: (1) provisiofiaafdplain habitat in good environmental
condition; (2) provision of river conditions for glity recreational fishing; (3) provision of
species and habitat important to Aboriginal custgnaativity at waterholes; and (4)
production from irrigated agriculture.

Different levels for each of the four ecosystenvieeis were identified: low, medium and high.
The lowest levels are: (1) the smallest area afdjain in good environmental condition, (2)
the worst quality of the river for recreationaliisg, (3) waterholes important to Aboriginal
people are in poor condition, and (4) the lowestll®f income from irrigated agriculture. The
medium and highest levels represent improvementaoh of these.

The results of the economic valuation include esta®s of willingness to pay (implicit prices),
aggregate willingness to pay, and compensatindusfom a series of different models.
Respondents from each targeted population expreaia for improvements in all four

The value of Australia’s tropical river ecosystem services « August 2009 7



EXECUTIVE SUMMARY

ecosystem services whether they have visited enéhto visit the region or not. In estimating
value, we calculated a few different types of medbht make different assumptions about how
people make choices, so we present a range ofsge8m

Fitzroy River

The range of values that different groups of pebjpliee for medium and large improvements in
the ecosystem services of the Fitzroy River afelésvs (once-off payments per household):

Medium level area of floodplain in
good environmental condition
Highest level area of floodplain in
good environmental condition
Medium level quality of the river
for recreational fishing

Highest level quality of the river
for recreational fishing

Medium level condition of
waterholes important to Aboriginal
people

Highest level condition of
waterholes important to Aboriginal
people

Medium level income from
irrigated agriculture

Highest level income from irrigated

agriculture

Residents of the Indigenous Residents of Perth
Fitzroy River residents of the and M elbourne
catchment Fitzroy River
catchment

$117.59 - $121.03
$139.50 - $146.08
$223.09 - $252.84
$222.95 - $243.85

$228.36 - $250.59

$314.58 - $363.08

$110.79 - $122.11
$96.24 - $118.97
$185.79 - $200.50
$223.65 - $260.60

$264.36 - $290.55

$347.51 - $426.38

$30.16 - $47.43
$132.74 - $151.7

$70.62 - $78.14
$143.33 - $150.

$141.77 - §H1.

$281.32 - §282.

$110.09 - $122.04

$82.10 - $87.60

There are no estimates for the two levels of incénom irrigated agriculture because the
relevant coefficients were statistically insign#fic. This means that they did not influence
people when they were making their choices andamaat calculate willingness to pay or any
other estimates of value for these levels of tlesgstem service.

8 The value of Australia’s tropical river ecosystem services ¢ August 2009



EXECUTIVE SUMMARY

Daly River

The range of values that different groups of pedplee for medium and large improvements in
the ecosystem services of the Daly River are dsvisl (once-off payments per household):

Residents of the Indigenous Residents of
Daly River residents of the Darwin and Sydney
catchment Daly River

catchment

Medium level area of floodplainin ~ $52.58 - $69.26
good environmental condition
Highest level area of floodplainin ~ $94.45 - $128.81
good environmental condition

$115.86 - $129.80 $61.11 - $63.07

$101.43 - $156.06 $155.23 - $1376.8

Medium level quality of the river ~ $191.15 - $221.21 $152.36 - $163.72 $92.90 - $R11.1
for recreational fishing

Highest level quality of the river $243.81 - $244.92 $342.78 - $344.75 $154.62 - $156.
for recreational fishing

Medium level condition of $178.63 - $197.70  $329.16 - $340.28 $117.98 - 31567,
waterholes important to Aboriginal

people

Highest level condition of $266.89 - $282.75  $429.42 - $447.22 $204.80 - £56.

waterholes important to Aboriginal
people

Medium level income from
irrigated agriculture

Highest level income from irrigated
agriculture

$71.57 - $118.20

$28.13 - $47.22

The reason why there are no estimates for theewald of income from irrigated agriculture is
the same as explained for the Fitzroy River.

Mitchell River

The range of values that people from Brisbane ath€rra have for medium and large
improvements in the ecosystem services of the MitdRiver are as follows (once-off
payments per household):

Residents of Brisbane and Canberra

Medium level area of floodplain in good environnant
condition

Highest level area of floodplain in good environmaén
condition

Medium level quality of the river for recreatiorfeshing
Highest level quality of the river for recreatioffishing
Medium level condition of waterholes important tbakiginal
people

Highest level condition of waterholes importaniooriginal
people

Medium level income from irrigated agriculture

Highest level income from irrigated agriculture

The value of Australia’s tropical river ecosystem services *

$67.78 - $74.04
$171.13 - $203.74
$107.31 - $107.38
$153.53 - $174.50
$131.82 - $155.63
$277.91 - $278.95

$185 - $223.58
$160 - $136.31

August 2009
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EXECUTIVE SUMMARY

There are no estimates for residents of the Mitadathment because the coefficient for the
management cost variable was statistically insigaift. This means that it did not influence
people when they were making their choices andadme this coefficient is used in the
calculation of willingness to pay, we could notatdhte any estimates of willingness to pay for
that sample.

There are no estimates for Indigenous residentseofitchell catchment because the models
did not converge. This means that the range ofiopénpeople have about their preferred
future for the Mitchell River is too wide for theoatels to work.

For the models that yield statistically significaasults, there are some similarities across river
systems for the different types of models:

= Respondents for all three rivers value the higleas condition of waterholes
important to Aboriginal people the most.

= Respondents for all three rivers living in a citg &illing to pay more for the highest
levels of area of floodplain in good environmermahdition, quality of the river for
recreational fishing and condition of waterholegdamriant to Aboriginal people than
the medium levels, and more for the medium levehocdme from irrigated agriculture
than the highest level. This indicates that pegeleerally want to see the maintenance
of tropical river systems in excellent conditiom @mvironmental, recreational and
cultural values and uses, and they value mediuneradhan large scale expansion of
irrigated agriculture.

Given that the incomes of Aboriginal people liviolg remote communities are lower than for
Australians generally (Steering Committee for tleiBw of Government Service Provision
2005), the relatively high willingness to pay amadndigenous residents is interesting. This
result highlights that there is likely a differenmetween willingness to pay and ability to pay or
the actual making of a payment if requested.

There are two main ways that these results carsde to support decision-making. The first is
by multiplying the implicit prices by a proportiai the total number of households in a
population to calculate the aggregate benefit dh@rovement. The second is by forming a
‘scenario’ from a bundle of ecosystem service improents and calculating the benefit
received from a shift from the status quo scentaritis new scenario. This is known as
compensating surplus. Both of these calculationst ine undertaken with great care and with
attention to the assumptions that are being mad¢henestimates of willingness to pay that are
chosen for use in these further calculations.

We provide estimates of aggregate value and comatiagssurplus for each of the river
systems and discuss the policy implications ofghetimates. For example, the estimates of
aggregate value indicate the value of the benéfit@ects to improve each of the ecosystem
services. Based on a cost-benefit analysis, i€tst of a project is less than the benefit, then it
should be undertaken.

The results of the valuation exercise provide imfation about the impacts of development
scenarios on these ecosystem services in dollastfar ease of comparison with other costs
and benefits in the making of management and pdixysions. This information about non-

10 The value of Australia’s tropical river ecosystem services ¢ August 2009



EXECUTIVE SUMMARY

market impacts was previously unavailable and nélp to ensure that a more complete set of
costs and benefits are incorporated into decisiakimg. We acknowledge, however, that some
aspects of these ecosystem services cannot beeadollar terms, i.e., they are priceless.
This means that the economic values that we caéal® likely underestimates of the true or
full value of these ecosystem services.

Resilience analysis: analysing key changes in #% for insight into the future

The second approach to assessing the impactseait@itdevelopment on tropical river
ecosystem services uses resilience theory to gh@exploration of complex interactions
between the social and ecological variables andgases of the tropical rivers region. The
resilience analysis involves the compilation obimhation about:

= the processes underpinning the provision of the flacal ecosystem services,
= the processes that threaten the provision of theftaal ecosystem services,
= the cross-scale interactions that influence theipian of ecosystem services

= the thresholds of ecosystem functioning beyond kvttie provision of these ecosystem
services may be significantly and possibly irreildyscompromised, and

= the slowly changing variables that control the &inte of tropical river systems that is
responsible for the continued provision of thedee@ ecosystem services.

The provision of the four focal ecosystem servisamderpinned by stream flows, the flow
regime, water quality, floodplain vegetation, riparvegetation, and the diversity and
abundance of certain species. These variablef@raténed by water extraction, river
impoundments, sediment build up due in part toieroBom poor riparian management, feral
animals, land clearing and inappropriate fire regginthemical use, weed infestation, and
habitat modification. These land and water usespaactices are themselves influenced by
values and attitudes, policies and other institigjanarket conditions, technology,
demographic change and other economic incentives.

All of these processes operate at different spatidltemporal scales, and interactions between
them lead to outcomes for the tropical rivers radglmat can sometimes be unintended. We
provide a few examples of cross-scale interactibasinfluence the provision of ecosystem
services.

Our survey of the history of the tropical rivergian enables the observation of several cycles
of change, called ‘adaptive cycles’ in resilienicedry, and insight into what might happen next
given current trajectories. One example of the phese of development in the tropical rivers
region could be borne of a significant developn@mwater resources. As existing research for
the tropical rivers region seems to indicate, andxerience in the Murray-Darling basin of
southern Australia dictates, any significant maxdifion of stream flows and the flow regime
may see the social-ecological system of the tropigers region move through the current
phase of conservation and into a collapse sinlaéinat seen in the Murray-Darling system.
Alternatively, the system could shift to a new atatganised around significantly different
land-uses that do not require large input of water.

The value of Australia’s tropical river ecosystem services « August 2009 11
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Resilience theory also brings attention to the irtg role that thresholds play in managing
the capacity of complex adaptive social-ecologsyatems to continue to provide the
ecosystem services that are valued and criticdidianran well-being. The important questions
here are: (1) how much can the provision of anystem service be reduced before there is
significant and potentially irreversible impact community welfare/human well-being; and (2)
how much can an ecosystem be impacted by varioaattbefore its capacity to provide
ecosystem services is significantly and potentiailgversibly affected? Based on the estimates
of willingness to pay for each of the ecosystemises reported above, we suggest that
shifting over these thresholds will also signifitgnmpact the value associated with each
ecosystem service in terms of an associated ecariorpact on community welfare.

While there is currently little information to ansmguestions about a range of important
thresholds, we summarise that which is availabte@oint out that more is being undertaken
through the Tropical Rivers and Coastal Knowledgsedrch Hubhttp://www.track.gov.ay/
and for the Northern Australia Land and Water Tasté fttp://www.nalwt.gov.ay!/

Another key insight of resilience theory is that thynamics of the faster and more localised
variables (from which use, utility and value areivked) are often determined by those of the
more slowly changing variables (referred to as toahng variables”) (Carpentest al.2001).
We put forward some ideas about the slowly changargables that control the structure of the
tropical rivers region and that are relevant tontaning the provision of ecosystem services.
These slowly changing variables for tropical rivars: changes in values and attitudes
(including the increasing influence of Indigenoesple in the debate), changes in policies and
other institutions, dominant grazing practices, hod different stream flows are from the
natural flow regime. More research is needed teebenhderstand the thresholds and slowly
changing variables important for the continued fmion and value of tropical river ecosystem
services.

12 The value of Australia’s tropical river ecosystem services ¢ August 2009



BACKGROUND, AIMS AND APPROACH OF THIS RESEARCH

1. BACKGROUND, AIMS AND APPROACH OF THIS
RESEARCH

The tropical rivers and groundwater systems ofheort Australia contain approximately 70%
of Australia’s freshwater resources (Hamilton arehfke 2005). This fact, plus an ongoing
drought in southern Australia and increasing awessrof the value of water worldwide, means
that there is increasing interest in the poteritiaevelopment opportunities in northern
Australia.

The Tropical Rivers and Coastal Knowledge Reseldh (TRaCK) is providing science and
knowledge to underpin the sustainable use and neamagf of Australia’s tropical rivers in this
time of increasing development interest. This prbje one of two TRaCK projects that are
identifying and assessing the values and assetemtal river systems. Here ‘values’ refers to
“what is desirable, to deeply ingrained standahds determine future directions and justify
past actions” (Braithwaite and Scott 1991, p.6&howledge of the natural and other assets
that underpin the wealth of a region is neededhtuee that the source of wealth is not
compromised over time, and knowledge of the vaamekvalue associated with these assets is
essential for decision-making about the allocatibresources to multiple and sometimes
competing uses. In the vernacular, ‘value’ referthe general importance or desirability of
something (Binghamet al.1995). For much of this study, we refer to ecorowailue as a
measure of the extent of worth in dollar terms.

There are several studies that have documenteaibttets of Australia’s tropical rivers region
(for example, Storegt al.2001; Woinarsket al.2007; Lukacs and Finlayson 2008; van Dam
et al.2008), and work has also been done on documetttéingalues and value associated with
Australia’s tropical rivers (for example, Toussagtial. 2001; Jackson and O'Leary 2006;
Stoecklet al.2006). This project contributes the next stephidf tesearch agenda by focussing
in on the ‘ecosystem services’ that flow from tissets of Australia’s tropical rivers:
identifying them, identifying their drivers, andsassing their economic value. In doing so, it
complements and builds on an assessment of theetoralue of wetland services in the
Northern Territory by de Groot, Finlaysehal. (2008) and a preliminary assessment of the
relationships between ecosystem services, driviezBange and human well-being by
Finlayson, Bellicet al. (2005).

Ecosystem services

‘Ecosystem services’ is the term used to deschibggbods and services provided by
ecosystems that benefit, sustain and support tHebeiag of people. Some examples include
production of food and medicine; regulation of cietr and provision of productive soil, clean
water, and landscapes that provide recreationaharehity benefits. Ecosystem services are
the ‘flows’ of goods and services from ecosystemtha ‘natural capital’ or assets.

Ecosystem services often go unrecognised in manelisies and natural resource
management practices. This is because most ecosgsteices are difficult to see and
measure, so their contribution to human well-bésngrely considered. We can start to correct
this by documenting the existence and role of extesy services, and assessing the value of
their contribution to human well-being.
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BACKGROUND, AIMS AND APPROACH OF THIS RESEARCH

Australia’s tropical river systems and their ecésgsservices underpin and provide for:

(a) the survival and well-being of approximately a qaaof a million people who live
there, including millions of visitors each year andre than 77 different Indigenous
language groups (Stoecdd al. 2006);

(b) the industries of the region, including pastoralismming, Aboriginal enterprise
(including natural and cultural resource managepahand music), tourism,
commercial and recreational fishing, agricultureticalture, defence and government
services (Begg 2001; Australian Tropical Rivers @r@004; Stoeckdt al.2006; de
Grootet al.2008); and

(c) the continued health and functioning of the ecaswstof the tropical rivers region,
and the recognition of Australia’s tropical savabnaegion “as being of outstanding
national or international significance for biodisity” (Woinarskiet al.2007, p.15).

Any development in the tropical rivers region viilve impacts on the ecosystems and
ecosystem services of tropical river systems. Tirapacts will also likely affect the uses and
benefits underpinned by these ecosystem serviteselimpacts can be better understood by
(1) understanding the drivers of change in theitapivers region and how a new
development might flow through the social-ecolobgystem to impact on ecosystem services,
and (2) measuring and comparing the relative ‘vadfiehe impacts on ecosystem services.

This project uses the Millennium Ecosystem Assessiinamework (Millennium Ecosystem
Assessment 2005) to identify the ecosystem serdt@sistralia’s tropical river systems, their
contribution to human well-being, and the drivdrattimpact on them. It assesses the impacts
of potential development scenarios through (1)esing the economic value of four particular
ecosystem services; and (2) analysing key chamgiae ipast for insight into the future.

This research is undertaken through focus on tteise study river systems: the Fitzroy River
in Western Australia (WA), the Daly River in the tifzern Territory (NT) and the Mitchell
River in Queensland (Qld). These rivers were chogenatch three of the focal catchments of
the Tropical Rivers and Coastal Knowledge resehuth Key stakeholders for each river
system have been consulted throughout. The metigmisinclude desktop literature review,
economic valuation, and resilience analysis.

The report is structured as follows. Section 2 dbes Australia’s tropical river ecosystem
services and their contribution to human well-befagction 3 describes and reports the
estimation of economic value for four particulaoggstem services. Section 4 describes the
drivers that impact on tropical river ecosystenvieess and reports the analysis of past changes.
Section 5 contains conclusions about the poteimipacts of potential development scenarios
on the ecosystem services of Australia’s tropiners.
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AUSTRALIA’S TROPICAL RIVER ECOSYSTEM SERVICES

2. AUSTRALIA'S TROPICAL RIVER ECOSYSTEM SERVICES

Australia’s tropical rivers region stretches acragproximately 1.3 million kfof the northern
part of the continent (Figure 1). The landformshi$ region include undulating plains at low
elevation; wetlands including river and stream ctes, floodplains and billabongs; and the

spectacular ranges and escarpments that providetie for much tourism interest and hold
“the richest rock art galleries in the world” (Waiskiet al.2007, p.11).
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Figure 1: Australia's tropical rivers region as included in research by the Tropical Rivers and Coastal
Knowledge research hub (the rivers along the eastern coast of north Queensland are studied by the
Marine and Tropical Sciences Research Facility)

Australia’s tropical river systems are a key featof the landscape. They are comprised of
waterways (Photo 1), wetlands (Photo 2), aquif@psyian vegetation, groundwater dependent
ecosystems, and aquatic communities and speciag, gbwhich are endemic to the region
and/or rare, threatened and endangered. Thess assktheir extent have been identified in
several studies of the natural values of the reffimrthern Gulf Resource Management Group
2001; Daly Region Community Reference Group 20@Ghdelands NRM Coordinating Group
2004; Blanctet al.2005; Lukacs and Finlayson 2008; van Deinal.2008). Appendix A
contains a more detailed description of the natasaéts of the region.

Photo 1: The Fitzroy River at the end of the dry
season from the bridge at Fitzroy Crossing

Photo 2: The Mitchell River near Kowanyama
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The ecosystem services provided by these natwsatsaanderpin much economic and other
activity in the region (Begg 2001; Australian Trogii Rivers Group 2004; Stoeaid al. 2006;
de Grootet al.2008):

The tropical river systems of northern Australiaypde drinking water for people,
cattle and wildlife, and water to support nativgewtion, aquatic species, horticulture,
agriculture, aquaculture, fishing and mining;

Riparian vegetation provides shade, aesthetic lehabitat, medicinal resources, fuel,
building material and subsistence nutrition, ardb#ises river banks;

Tropical river systems provide habitat for spetiest play a role in tropical river food
webs, have conservation value and/or are harvestedreational and subsistence
fishing, hunting and gathering;

The river channels, waterholes and wetlands hamsergation value and provide
places for people to relax, swim, bathe, sociadise learn;

The processes of the river systems help to regthatéocal climate, provide water and
runoff (especially to sites distant from the riediannels via flood pulses), help to
retain and form soil, regulate water quality (thgbuegulating nutrients and wastes)
and support off-shore fisheries;

The tropical river systems as a whole provide &erstific and educational benefit;

The landscapes (for example, gorges, waterholesvatetfalls) and experiences (for
example, fishing and boating) associated with takiiver systems have aesthetic and
recreational benefit and attract tourists; and

The country in and around tropical rivers, andttbpical rivers and features
themselves, are the source of important and urdglieral stories, responsibilities,
identities and relationships for local Aborigin@gple, and important to the identities,
lifestyle and well-being of all people living ingtregion.

As an indication of the extent of economic activitythe region:

The region is home to approximately a quarter wiildion people (less than 2% of
Australia’s total population), including more th@n different Indigenous language
groups (Stoecket al.2006);

Indigenous people are significant landowners inrdggon — the Indigenous estate
makes up 20% of the Australian land mass, a prigpodf which is in northern
Australia (Altmanet al.2007) — and a major and growing proportion ofpibpulation
(Woinarskiet al.2007);

Most Indigenous people in northern Australia livgside the main towns, residing
instead on remote Aboriginal communities (Altma®@)0) and rely directly on water
resources for nutrition, medicine and other resesifd@ oussaingt al.2001);
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= The gross value of production for pastoralism aEthe northern pastoral region of
Australia in 2005-06 was approximately $948 milli&3% of the total $1.14 billion
total value of agricultural production in the regi@and $110 million for vegetables and
fruit (Australian Bureau of Agricultural and ResoerEconomics 2008);

= Mining in the Kimberley region alone was worth $145million in 2007-08 (Western
Australia Department of Mines and Petroleum 2008);

=  Tourism was worth $657 million in the Top End oé tRorthern Territory in 2003-04
(Northern Territory Tourist Commission 2004);

= Most visitors to the Shire of Carpentaria in north@ueensland go for the fishing and
inject $14million per year into the local econon®réineret al.2004); and

= Expenditure in the NT directly attributable to reational fishing came to $34 million
and 1.9 million hours of fishing effort in 1995 (€man 2003).

The Millennium Ecosystem Assessment (2005) provgiedelines for categorising ecosystem
services as ‘provisioning’, ‘regulating’, ‘cultutalr ‘supporting’. The ecosystem services of
Australia’s tropical rivers and their contributiomhuman well-being in the form of the goods,
activities and benefits they provide are summarisékhble 1.

These ecosystem services reflect those identifiextiidies of other river and wetland systems
around the world (Turneat al.2000; Braumaret al.2007) and through th&/etlands and

Water Synthesisf the Millennium Ecosystem Assessment (Millennidoosystem Assessment
2005).
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Table 1: Ecosystem services of Australia’s tropical river systems and examples of the activities and
benefits they provide (adapted from Millennium Ecosystem Assessment 2005, p.2; de Groot et al. 2008,

p.8)

Ecosystem services Examples of goods, activities and benefits provided

Provisioning

Food Production of fish, other agquatic and teriaisspecies, fruit, and grains
for recreational and subsistence hunting and gatper

Fresh watér Storage and retention of water for domestic, egiold, aquaculture,
mining, fishing, and agricultural use

Fibre and fuel Production of logs, fuelwood, andder for building, cooking, and
warmth

Ornamental resources Production of ornaments

Biochemical Production of biochemicals and medisine

Genetic materials Production of genetic material

Regulating

Climate regulation Source of and sink for greenkageses; influence local and regional
temperature, precipitation, and other climatic pases

Water regulation Groundwater recharge/discharge; hydrological regakey driver of

(hydrological flows) ecosystem processes and food-web structure

Water purification and waste Retention, recovery, and removal of excess nusiant other pollutants
treatment

Erosion regulation Retention of soils and sediments

Natural hazard regulation Flood control, storm gctibn

Biological control Control of pests and diseases

Cultural

Spiritual and inspirational Source of inspiration fvell-being and art; spiritual benefit; specific
and unique Indigenous spiritual and cultural values

Recreational Opportunities for recreational adgggitand tourism

Heritage and sense of place Cultural heritage dewttity

Aesthetic Many people find beauty or aesthetic @afuaspects of wetland
ecosystems

Educational Opportunities for formal and informeleation and training

Supporting

Soil formation Sediment retention and accumulatiborganic matter

Habitat provision Provision of habitat for wildlifeeding, shelter, and reproduction

Nutrient cycling Storage, recycling, processing] anquisition of nutrients
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2.1  Assessing the impacts of potential development
scenarios on ecosystem services

We now turn to assessing the impacts of potengaélbpment scenarios on the ecosystem
services of Australia’s tropical rivers. Any devefoent in the tropical rivers region will have
impacts on the structure and/or functioning of gstesms, which will lead to changes in the
provision of ecosystem services, either in quamtitguality. We are assessing the impacts of
these marginal changes on community welfare.

The first method assesses impacts by estimatingdbeomic value of four particular
ecosystem services and the impact of changes $e #eosystem services on community
welfare. While there will likely be impacts on ader range of ecosystem services, we have
had to choose a small number as indicators. Thefé@al ecosystem services are: (1)
provision of floodplain habitat; (2) provision df/er conditions for recreational fishing; (3)
provision of species and habitat important to A&l customary activity at waterholes; and
(4) production from irrigated agriculture. Thesere&vehosen as broadly representative of four
key values or uses of Australia’s tropical rivdysing ecological significance, recreational
fishing, Aboriginal values and customary use, agwicaltural production.

Provision of floodplain habitat

The provision of floodplain habitat for vegetatiand wildlife underpins significant ecological
values of Australia’s tropical rivers. These flotaips are important in Australia for local
waterbirds and aquatic species and have interratgignificance for migratory waterbirds and
in supporting biodiversity (van Dagt al.2008). There are several wetlands of International
Importance in the region and 70 wetlands of Natitmaortance (van Darat al.2008). There
are flow-on services from this habitat: the wildldind vegetation are a source of nutrition for
local Indigenous people; floodplains provide ferplastures for cattle; and many aquatic
species that breed and feed there are importaetteational and commercial fishing and
tourism. The floodplains and estuaries can alswigecaesthetic benefit.

Provision of river conditions for recreational fisly

Recreational fishing is a significant value of Aadit’s tropical rivers. For example, there are
over 22,000 fishing households in the Northern if@sr and over 40,000 non-Indigenous
residents of the Northern Territory fish there aaidtyu(Coleman 2003). The provision of
species, habitat and the river conditions needemderpin this activity is thus a key ecosystem
service. While not all aspects of a recreatiorsdlifig experience are related solely to
ecological factors and processes — for examplantiié/ations for recreational fishing include
being with friends and family or alone, and relaxand unwinding — the quality of the
waterways and fringing vegetation, and the abunelafifish are key components.

Provision of species and habitat important to Aboral customary activity at waterholes

Aboriginal people are significant landowners in trapical rivers region and are a major and
growing proportion of the population (Woinarskial.2007). The entirety of a river system is
central to people’s daily and spiritual lives. Whtdes are of particular importance in
cosmological beliefs, stories and as sources af &ow medicine and places for customary
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activities (Toussaingt al.2001), and especially so towards the end of theseason when
surface water becomes scarce. Similarly to reaeakifishing, not all aspects of Aboriginal
people’s benefit from waterholes are related sdfelgcological factors and processes — for
example, having access and privacy to carry owti@llresponsibilities are also key
components — however, the provision of specieshabitat are important.

Production from irrigated agriculture

While irrigated agriculture is not currently onetbé largest industries in the tropical rivers
region in terms of gross value of production, maxgploration of development potential in the
region centres on the availability of water fortimrlture and irrigated agriculture. Therefore,
in the context of decision-making for the futuretloé region, production from irrigated
agriculture is a key ecosystem service and werdeedsted in people’s preferences for seeing
irrigated agriculture continue as a land use arssipty expand.
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3. ECONOMIC VALUATION OF AUSTRALIA'S TROPICAL
RIVER ECOSYSTEM SERVICES

3.1 Rationale

Any development in the tropical rivers region wilve economic, social and ecological

impacts. Because these impacts are all of a diffarature and are measured in different ways,
it can be difficult to weigh alternative developrteragainst each other. One way to enable easy
comparison is to estimate all impacts in dollam&rHowever, while economic costs and
benefits can be readily estimated through existiagket prices, social and ecological impacts
often do not have a market (are ‘non-market’), mght harder to measure them in dollar

terms.

One way to quantify non-market impacts for the psof decision-making is through
economic valuation, which provides an estimaténefdain or loss in community welfare from
each impact in dollar terms. A framework that hetpslustrate this is ‘total economic value’
(Pearce and Turner 1990, ; Figure 2), which categstthe different values of an ecosystem
that can be impacted by a development. Direct aigeg include the harvest of marketed
outputs such as timber or grain, and unpriced lsrgich as forms of recreation that involve
direct interaction with the environment. Indiresewalues include the provision of many
ecosystem services that support and regulate theoament for human well-being but that
humans do not directly interact with. Non-use valinelude any value received that is not
related to using the ecosystem, for example, haviagption to use it in the future, being able
to bequeath it to future generations, or gainingelfie from its existence.

Total economic value

TTze values Men-use values
|
[ | | ! |
Direct use values Indirect use Option Existence Bequest
values values values walues

Marketed Unpriced

outputs benefits
e.g timher, &g wizual g2 flond &g future i.e henefit 1.2 henefit
graim, amenity, regulation, recreation from from passing
minerals, spiritual, pollination, options, knowledge of on to future
watet sotne aoil fortmation gene ponl existence generationsg
recreaion

Figure 2: Total economic value (adapted from Hodge 1995)
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Impacts on most direct use values are often obdexker directly or indirectly through
market transactions, while impacts on unpriced fisn@on-use and some indirect use values
are not, and so must be estimated through a teemfieconomic valuation.

The first part of this study provides estimateshef economic value associated with the four
focal tropical river ecosystem services descrildmula for three tropical river catchments using
an economic valuation method called choice modgliithe three case study catchments — the
Fitzroy (WA), Daly (NT) and Mitchell (Qld) — are stvn in Figure 3.
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Figure 3: Australia's tropical rivers region and the three focal catchments: the Fitzroy in Western Australia,
the Daly in the Northern Territory, and the Mitchell in Queensland

The first ecosystem service — provision of floodiplaabitat — fits into the indirect use
category, but also has elements of existence Vafubose who live far from the river system.
The second — provision of river conditions for eational fishing — and third — provision of
species and habitat important to Aboriginal custyna&tivity at waterholes — have
components of indirect use value, but also haveesampriced recreational, amenity and
spiritual benefits and again, elements of existeradee for those who live far from the river
system. The fourth — production from irrigated eglture — has a direct use component that
could be estimated through a production functiothefcontribution of water as an input into
irrigated agriculture, however, in the contextluststudy, people are asked for their preference
for seeing irrigated agriculture continue and pbédily expand, which is about the indirect and
non-use values of irrigated agriculture as a lasglnather than as a source of income for each
respondent. This conceptualisation will be impdriahen the values estimated here are to be
used in a cost-benefit analysis. The issues arigilhidpe addressed in the discussion section.

The purpose of this valuation exercise is to previdormation about the impacts of
development scenarios on these ecosystem sermicedlar terms for ease of comparison with
other costs and benefits in the making of manageamhpolicy decisions. This will provide
information about non-market impacts that was fesfy unavailable and will help to ensure
that a more complete set of costs and benefithaoeporated into decision-making. Appendix
B provides a brief summary of economic values estiioh for comparable ecosystem services.
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3.2 Method

There are several different types of economic wananethodology: (1) methods that use
market prices, for example, the replacement cadipaaventative expenditure approaches; (2)
methods that ask people to reveal preferences uslaed markets, for example, the hedonic
pricing and travel cost approaches; and (3) methmatsask people to state their preferences in
hypothetical markets, for example, the contingehtiation and choice modelling approaches.
Different methods are suited to estimating diffétgpes of value, for example, market price
techniques are better suited to estimating direetualues and some indirect use values and
stated preference techniques are better suitestitnaing most non-use values.

The choice modelling method was chosen for thidystar several reasons. First, it is well
suited to estimating non-use values, which is irtgdrfor this study as most of the populations
sampled live far from each river catchment. Secohdijce modelling enables the valuation of
several ecosystem services at a time. Third, choimdelling is a viable alternative where there
is limited data available for market price methaahsich is the case for much of the tropical
rivers region. Fourth, in comparison with the cogént valuation method (another stated
preference technique), choice modelling has beguearby some as being less susceptible to
some forms of bias (Morrisoet al. 1996; Hanleyet al.2001).

Key stakeholders for each river system were coedwbout the use of choice modelling for

the project. Three stakeholders expressed congetnyith the choice modelling method in
particular, but with the practice of economic vdioi generally. The concerns and our
responses are described in Appendix C. The choazkeling questionnaires were reviewed

and modified in response to these concerns anddgiteement of these stakeholders was sought
before proceeding with the survey.

Choice modelling involves presenting a set of atito people and asking them to choose
which one they prefer. It has been used in studfiesarketing (Louviere and Woodworth
1983) and transport (Louviere and Hensher 1982) naore recently applied as a method for
valuing non-market ecological impacts. It has based in Australia to estimate the economic
value of remnant vegetation in central Queensi&tahjeyet al.2000), environmental
attributes of rivers (Morrison and Bennett 2004nBettet al.2008), wetland quality (Whitten
and Bennett 2001; Morrison 2002), diversificatitrices in agriculture (Windle and Rolfe
2005), habitat and agriculture (Hatton MacDonald Btorrison 2005), options for reserve
water (Rolfe and Windle 2005), and the protectibAlooriginal cultural heritage sites (Rolfe
and Windle 2003).

For this study, a choice modelling questionnaire developed for each of the three river
systems. Each questionnaire presented a numbgpofhetical options describing how the
river system could look in the future given a diffiet investment in management. Each option
thus involves a different management cost and gesvdifferent levels of the four ecosystem
services (a description of the ecosystem serviodgleeir levels can be found in Appendix D).
The options were organised into ‘choice sets’ {dgare 4 for an example), and respondents
were presented with several of these and askeluotose their preferred option each time.
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If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3

Area of floodplain 1n good 5,025 km® 3,518 km” 2,513 km”

environmental condition (the current (30% less (50% less
level) than the than the

current level) | current level)

Quality of the river for 3-star 4-star 1-star

recreational fishing

Condition of waterholes Ok Good Poor

important to Aboriginal people

Income from irrigated $100 m/yr $36 mivr $100 m/yr

agriculture

How much would I pay? $50 $10 NIL

X

I prefer (mark one box only)

Figure 4: Example choice set from the Daly River choice modelling questionnaire

In every choice set, Option 3 is always the sanaelas no associated cost. This option

represents a hypothetical ‘future base’ scenariochvdescribes how each river system could
look in the future if there is maximum developme@sithin existing legislative constraints) and

minimal management. The other two options represegrnarios where more is spent on
management and the conditions for some ecosysteficess are improved. By choosing
between options, respondents provide informatiotheir preferences for different

combinations of the ecosystem services and how rafiebch ecosystem service they would
be willing to give up, on average, to secure mdranother. The inclusion of a management

cost enables this trade-off to be measured in naopétrms, which represents the amount
respondents are willing to pay for an extra unieath ecosystem service.
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3.2.1 Questionnaire design and piloting

The choice of ecosystem services to be includédamuestionnaires took place over several
steps. First, key stakeholders for each case stuelywere identified and consulted about
values and issues during several field trips atidvioup reports, phone calls and emails.
Second, values and issues common to all threestadg river systems were compiled into a
short list and expressed as corresponding ecosysrrntes. Third, the project team evaluated
which ecosystem services would be most useful liwevgiven the development and
management decisions facing managers; which wéreamrgt across all case studies; and which
could be relevant to Indigenous and non-Indigenmaple, respondents living in each
catchment and those living far from each catchment.

While it was difficult to satisfy all of these agitia and the requirements of the method, the four
ecosystem services described above were choseadltdlé in the study. The description of
each ecosystem service and how each could beedfbgtmanagement are included in the
example information sheet in Appendix D. The chat&vels for each ecosystem service for
each river system was undertaken through consaitatith staff in several government
departments and tropical river researchers. Thesdd were chosen to be reasonable and
realistic given current and potential future depetent scenarios and government legislation
and water plans (Table 2). We decided to use quiakt indicators for the quality of the river

for recreational fishing and condition of watertsoilmportant to Aboriginal people because
each involved a composite of characteristics (asriteed in the information sheet in Appendix
D). The levels of the management cost were chaseovter a range of realistic options given
the range of socio-economic demographics for thepses and were based on the levels used in
previous Australian choice modelling studies bytblatMacDonald and Morrison (2005) and
Rolfe and Windle (2003; 2005).

Table 2: Levels of each ecosystem service for each river system

Ecosystem service Levelsfor theFitzroy  Levelsfor the Daly Levelsfor the Mitchell
survey survey survey

Area of floodplainin 4,350 knf, 4,930 km, 2,513 knf, 3,518 kmi, 6,000 knf, 8,400 km,

good environmental 5,800 knf 5,035 knd 12,000 ki

condition

Quality of the river for ~ 1-star, 3-star, 4-star 1-star, 3-star, 4-star fi-8tatar, 4-star

recreational fishing

Condition of waterholes Poor, good, ok Poor, good, ok Poor, good, ok

important to Aboriginal

people

Income from irrigated ~ $2m, 5m, 10m $36m, 68m, 100m $2m, 13m, 70m

agriculture per year

Once-off levy $0, 10, 50, 100 $0, 10, 50, 100 $9,30, 100

A questionnaire was prepared for each river syskanh questionnaire consisted of three
parts: questions about environmental attitudescltivéice sets of the choice experiment, and
guestions on household data/socio-demographic cfeaistics. The choices for all three river
systems were framed as being about hypotheticaraptor the future of the river region.
Respondents read a version of the following texaifgple from the Daly River questionnaire):
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= There are a number of different ways in which economic and community development can
oceur in the Daly River region, each of which has its own advantages and disadvantages. Each
option will have different impacts on people, their values and aspirations, and on natural
resources, such as native plants and animals.

*  Some people have suggested that irrigated agriculture in the area could increase to support more
food production in Australia. This would mean that more water from the river system would
need to be allocated to farming.

®  Others suggest that the natural values of the river system are significant and should be used to
support tourism and other forms of economic activity that don’t require much water.

The management cost of each option was framedasexoff payment by Australian
households that could be used for a humber of neanagt measures, for example, continued
funding of government and non-government agenoi@sanage weeds on riverbanks; giving
assistance to landowners to set aside land foradiabitat on their property; or awarding
grants to people starting tourism or other busiee#isat don’t use much water.

The time frame over which the hypothetical optianight take place was not specified in the
guestionnaires, however, the following statemerg made early in the questionnaire to set the
frame as current:

Across Australia there 1s increasing awareness of the value of water. The recent drought conditions
m some parts of Australia have also raised questions about the use of water for food production and
the potential that the tropical rivers of northern Australia may have for this purpose and for other
forms of development.

It is assumed that respondents framed the scerartbtrade-offs in this context. Respondents
were also asked to acknowledge the following praomaking their choices:

When deciding on the options you prefer and the associated cost, keep in mind your available
income and all other things you have to spend money on. Please answer each and every question.
Even though they may look the same, each question is different. Some options may seem strange
but there are many different ways that impacts can play out in the real world.

Information sheets were prepared for each rivastwaént describing the catchment, the
ecosystem services and levels, and were includédesich questionnaire. The draft
guestionnaire was piloted with ten members of tleddurne public and revised based on
feedback received from respondents and an exteevigwer, and from discussions with water
managers in each catchment. As an example, theRrady questionnaire and information
sheet are included as Appendix D.

3.2.2 Experimental design

The experimental design for a choice modelling eiserrequires that all of the attributes (the
four ecosystem services and the management casthain levels are put together in as many
different combinations as possible. It is impossitol present the full set of resulting attribute-
level combinations in choice sets, so a represgatatmple must be chosen. This
representative sample can be chosen based onga dlesi maximises efficiency criteria and
minimises error criteria (Campbell 2007). This e was undertaken using the statistical
software package, Ngene (Institute of Transportlaogistics Studies 2007). We created 48
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profiles which resulted in 24 choice sets for eacér system. We compared several designs,
choosing the one for this study based on a d-efr@r00066, and a B-error of 31.47% (see
Campbellet al.2007; Ferrini and Scarpa 2007, for more detagfhicient designs).

As 24 choice sets are too many to ask respondetaisider, they were allocated to three
different versions of each questionnaire. As th&t obthe survey was already going to be
substantial, we used a Bayesian information stradtr the design to define the minimum
sample size as 45 completed questionnaires pdaprdie. about 135 in total). The
information about the necessary priors was takem f literature search on similar choice
modelling studies (for example, Rok¢ al.2000; Birolet al.2006; Rolfe and Prayaga 2007).

3.2.3 Data collection and sampling

The survey was undertaken through a mail-out ace-fa-face interviews. Samples of
households to receive the mail-out questionnaim®wrawn from populations in each river
catchment, the capital city of the state/territofyach catchment, and three capital cities in
southern Australia (Table 3). This spread of samplas chosen to reflect the diversity of the
Australian population. The experimental design pescdescribed above yielded the required
sample size for each sub-population as 135.

The catchment sub-population was further brokem limligenous and non-Indigenous
populations based on the proportion of people aheatchment identifying as Indigenous.
Indigenous respondents received the questionr@ivegh face-to-face interviews so as to
ensure inclusion of their preferences in the valsigmates. The face-to-face interviews were
mainly carried out by Aboriginal co-researcherfgwaing them to convey all necessary
information for the choice experiment in a narratway. Loomis, Ellingsoet al (2006)
concluded that language rather than ethnicity cinfldence the willingness to pay/willingness
to accept results in valuation surveys and by eyipipAboriginal co-researchers we aimed to
alleviate this problem.

A modified version of the Dillman (2007) techniqwas employed for the mail-out survey,
involving an introductory letter followed by the @gtionnaire, a personalised cover letter,
dollar coin incentive and addressed reply enveloipe a real stamp. Introductory letters were
sent to 3377 household addresses randomly selizotadhe Australian White Pages®.
Addresses on envelopes that were returned to psdi@mately 14% of the total number of
addresses) were removed from the database, antioqumesres sent to the 2914 remaining
addresses. Examples of the introductory and cetenrs are included in Appendix E.
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Table 3: Survey populations and target samples

Fitzroy Daly Mitchell
. Sample . Sample , Sample

Sub-population L ocation Sze Location 76 Location 76
Catchment . .
(Indigenous face-to- Fitzroy 84 Daly 34 Mitchell 3

catchment catchment catchment
face respondents )
Catchment (whole Fitzroy Daly Mitchell

. 51 101 97

community) catchment catchment catchment
Total catchment Fitzroy 135 Daly 135 Mitchell 135

catchment catchment catchment
Capital city Perth 135 Darwin 135 Brisbane 135
City in _southern Melbourne 135 Sydney 135 Canberra 135
Australia

4 Based on 62% of the Derby-West Kimberley and Hatisek Local Government Area populations
identifying as Indigenous (Australian Bureau oftiStacs 2006; Australian Bureau of Statistics 2006)
® Based on 25.5% identifying as Indigenous (Grif@04)

¢ Based on 28% identifying as Indigenous (Queenszewhrtment of Natural Resources and Water
2006)

3.2.4 Modelling

There are several different statistical methodsdha be used to explain the choices people
make. Each method models how the levels of thedoasystem services, the amount of the
management cost, and the socio-demographic amddatil characteristics of respondents
impact on the probability that a particular scemavill be chosen, and is based on a slightly
different model of choice behaviour. Two types afdels are estimated for this study: a
multinomial logit and a mixed logit model. The mdohg was undertaken using LIMDEP 8.0
Nlogit 3 (Greene 2003).

The multinomial logit model is usually the first dwl that choice modelling practitioners
estimate due to the fact that it is the most basidel of choice and can provide a base for
comparison of subsequent modelling results. Thidaghstates that the likelihood of an
individual choosing an option is dependent on tiiléyuassociated with the levels of each of
the attributes (ecosystem services) and the anaduhée cost.

The utility, U, of optioni consists of an observable compongit,, and an unobservable or
random component,

U ni = ﬂ'Xni + gni [1]

wherex is a vector of the attributes afids a vector of taste weights or utility parameters
associated with each attribute.

The multinomial logit model assumes that the likebd that an individual will choose an
option increases as the utility they associate thigth option increases. It also assumes that
each taste coefficieng, is fixed and the same for every individual; tm®lservable
component of utility has a particular distributidrging ‘independently and identically
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distributed’ (IID), which means that the unobsert&ctors that influence a person’s choice are
new every time they make the choice; and that tiseirdependence from irrelevant
alternatives’ (IlA), meaning that changing the ops in a choice set will not influence the
parameter estimates.

Some of these assumptions of the multinomial logitlel are too restrictive for some datasets
and may not be appropriate to actual choice behavibthis is the case, there are several other
models available to describe the choice proceshjding nested logit, probit and mixed logit.
The mixed logit model has been chosen for compangth the multinomial logit because it
allows each taste coefficient, to vary across respondents; and assumes thatither

correlation in the unobserved factors that affgoeeson’s choice over time, so does not require
the assumption of lIA. Given the heterogeneityhaf samples for this study, the mixed logit
model is more appropriate to our data. The mixgd lmodels presented here allow for panel
data and random parameters to be normally disgthuthe management cost attribute was
specified as fixed in all three models so as tdifate the estimation of distributions of
willingness to pay (Henshet al.2005).

3.3 Results

The response rate for the whole survey was 34.&#%leT4 summarises the numbers of
questionnaires mailed out and face-to-face intersieequested, the numbers of questionnaires
completed, and the response rates for each sulesanmgre were two refusals to respond to
the face-to-face questionnaire in the Fitzroy Rieichment.
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Table 4: Numbers of questionnaires mailed out and face-to-face interviews requested (No. RQ),
completed questionnaires (No. CQ), and response rates (RR)

Fitzroy Daly Mitchell All

No. No. RR No. No. RR No. No. RR No. No. RR
Sub-sample RQ CQ (%) RQ CQ ) RQ CQ () RQ CQ (%)

Catchment
(face-to-face
Indigenous
respondents)
Catchment
(mail-out 179 47 26.3 146 39 267 346 109 315 671 195
respondents)

Catchment
total

91 978 37 37 100 42 42 100 172 170

272 138 50.7 183 76 415 388 151 389 843 365

Capital city 359 118 329 493 168 34.1 368 99 269 1220 385

City in
southern 372 123 33.1 300 97 32.3 351 103 29.3 1023 323
Australia

Cities—total 731 241 33.0 793 265 334 719 202 28.1 2243 708 6
,'[\(A)ta;léom 910 288 316 939 304 324 1065 311 29.2 2914 903.0
TOTAL 1003 379 378 976 341 349 1107 353 319 3086 10338

98.8

29.1

43.3

31.6

31.6

31.

31

& Mail-out total = Catchment (mail-out respondentsapital city + City in southern Australia

3.3.1 Socio-demographic and attitudinal statistics

Fitzroy River questionnaire

Respondents to the Fitzroy River questionnaire tiagdollowing characteristics:

49.1% were male and 50.7% female;
= Mean age of 51;
= 85.3% have children;

= 29.1% have primary school as the highest levetlatation they have obtained and
20.5% have completed a tertiary degree;

= 14.9% have an annual household income before t$4@¥,000 or more;
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= Percent who rank the following as the most impdrissue in the management of
Australia’s tropical rivers:

0 Preserving Australia’s tropical rivers for biodisgy and natural habitat —
44.9%,

o Providing food for Australia — 26.1%,

0 Preserving Australia’s rivers for those who liverth and visitors — 18.8%,
o Developing northern Australia — 6.5%, and

o Providing food for the world — 3.7%;

= 42.4% tend to favour preservation of the environiné®% tend to favour
development, and 51.5% tend to favour preservatighe environment and
development equally;

= 53.6% are very interested in the future of therrsystem (37.1% are a little bit
interested and 5.6% are not at all interested; and

= 83% ticked ‘yes’ to a question about whether thegarstood the information in the
questionnaire, 2% ticked ‘no’ and 15% ticked ‘mdybe

Table 5 summarises the socio-demographic anddittalicharacteristics of the sub-samples of
the Fitzroy River questionnaire.
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Table 5: Characteristics of Fitzroy questionnaire sub-samples

Variable Catchm- Perth M elbou- Cities Indigen- All
ent rne (Perth+ ousface- samples
Melb.) to-face

Socio-demographic characteristics

Male® 38.8% 54.4% 54.5% 54.5% 33.3% 49.1%
Femalé 61.2% 44.8% 45.5% 45.1% 66.7% 50.7%
Mean age 48 54 50 52 46 51
Have children 92.2% 80.8% 82.6% 81.7% 95.6% 85.3%
Highest level of education obtained:
Primary schodl 0.8% 2.5% 1.6% 29.1%
High school Yr 18 12.0% 19.8% 15.9% 10.4%
High school Yr 12 13.6% 14.9% 14.2% 9.3%
Diploma or trade certificafe 27.2% 28.9% 28.0% 18.4%
Tertiary degre® 36.8% 25.6% 31.3% 20.5%
Annual household income
before tax of $100,000 or 6.2% 17.6% 21.5% 19.5% 1.1% 14.9%
more
Family or self involved in o 0 o
farmin 20.0% 9.9% 15.0%
9

Member of/ donate to
environmental organisation
Live inorhave visited the g9 594 54405  455%  50.0%  100.0%  66.9%
tropical rivers region

May visit in the future NA 58.4% 66.9% 62.6%

Had _h_eard of th_e river prior to 28.4% 75 204 76.8%

receiving guestionnaire

18.4% 18.2% 18.3%

Attitudes

Proportion of respondents choose this as the mstritant issue for management of Australia’s trabic
rivers:
Preserving Australia’s tropical
riversfor biodiversity and  40.9% 47.5% 46.3% 46.9% 40.4% 44.9%
natural habitat
Preserving Australia’s tropical
rivers for the people who live 35.4% 12.3% 9.0% 10.5% 42.7% 18.8%
there and visitors
Providing food for Australia  12.6% 31.1% 34.3% 32.8 9.0% 26.1%
Developing northern Australia  10.2% 3.3% 6.0% 4.7% 6.7% 6.5%
Providing food for the world 0.8% 5.7% 4.5% 5.1% 1%. 3.7%
Tendency to favour:
Presevation ofthe - ,, o0 36805  47.0%  42.3%  45.6%  42.4%
environmert
Developmerit  7.0% 3.2% 3.3% 3.3% 4.4% 4.5%
Preservation of the
environment and development 49.6% 57.6% 47.1% 52.4% 50.0% 51.5%

equally’
Level of interest in the future of the river system
Very interested 40.0% 42.1% 41.1% 72.2% 53.6%
A little bit interested 48.0% 50.4% 49.2% 17.8% 37.1%
Not at all interested 4.8% 4.1% 4.5% 10.0% 5.6%

#Where totals do not add to 100% this is becausalhtespondents answered the guestion.
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Daly River questionnaire
Respondents to the Daly River questionnaire haeddliowing characteristics:
= 51.3% were male and 48.1% female;
= Mean age of 51;
= 82% have children;
»= 30.1% have an annual household income before t&%@®,000 or more;

= Percent who rank the following as the most impdrissue in the management of
Australia’s tropical rivers:

0 Preserving Australia’s tropical rivers for biodisgy and natural habitat —
46.3%,

o Providing food for Australia — 25.1%,

0 Preserving Australia’s rivers for those who liverth and visitors — 20.9%,
o Developing northern Australia — 4.8%, and

o0 Providing food for the world — 3.0%;

= 43.9% tend to favour preservation of the environim@®% tend to favour
development, and 50.1% tend to favour preservatidhe environment and
development equally;

= 51.0% are very interested in the future of therrsyestem (40.9% are a little bit
interested and 5.4% are not at all interested; and

= 82% ticked ‘yes’ to a question about whether thegarstood the information in the
questionnaire, 2% ticked ‘no’ and 16% ticked ‘mdybe

Table 6 summarises the socio-demographic anddittalicharacteristics of the sub-samples of
the Daly River questionnaire.
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Table 6: Characteristics of Daly questionnaire sub-samples

Variable Catchm-  Darwin Sydney Cities Indigen- All
ent (Darwin  ousface- samples
+ to-face
Sydney)
Socio-demographic characteristics
Male® 39.4% 54% 55.4% 54.5% 29.7% 51.3%
Femalé 59.2% 45.4% 44.6% 45.1% 70.3% 48.1%
Mean age 44 54 52 53 39 51
Have children 82.8% 84.2% 83.3% 82%
Highest level of education obtained:
Primary schodl  52.1% 0.6% 4.0% 1.9%
High school Yr 18 9.9% 18.4% 11.9% 15.9%
High school Yr 12 2.8% 14.7% 8.9% 12.5%
Diploma or trade certificafe 16.9% 24.5% 27.7% 25.8%
Tertiary degre®  9.9% 39.3% 43.6% 40.9%
Annual household income
before tax of $100,000 or 14.1% 35.0% 33.7% 34.5% 0.0% 30.1%
more
Fam!ly or self involved in 9.8% 7 9%
farming

Member of/ donate to
environmental organisation
Live inorhave visited the g5 ao0 35505 64.4%  73.9%  100%  71.0%
tropical rivers region

May visit in the future NA 32.5% 64.4% 44.7% NA

Had _h_eard of th_e river prior to 93.3% 49 5% 76.5%

receiving questionnaire
Have family or friends who
own land/work in catchment

17.2% 18.8% 17.8%

28.8% 18.2%

Attitudes

Proportion of respondents choose this as the mstritant issue for management of Australia’s trabic
rivers:
Preserving Australia’s tropical
rivers for biodiversity and 38.2% 48.8% 46.0% 47.5% 25.6% 46.3%
natural habitat
Preserving Australia’s tropical
rivers for the people who live 31.6% 18.9% 15.0% 17.4% 41.9% 20.9%
there and visitors

Providing food for Australia  14.5% 27.4% 27.0% 28.5 7.0% 25.1%
Developing northern Australia 7.9% 4.3% 3.0% 3.8% 1.6% 4.8%
Providing food for the world 7.9% 0.6% 9.0% 3.8% 3%. 3.0%

Tendency to favour:
Preservationofthe g g0 45905 4750  447%  324%  43.9%
environmerit
Developmerit  4.2% 3.7% 4.0% 3.8% 2.7% 3.9%
Preservation of the
environment and development 53.5% 50.3% 47.5% 49.2% 59.5% 50.1%
equally’
Level of interest in the future of the river system
Very interested  67.6% 52.8% 36.6% 46.6% 67.6% 51.0%
A little bit intereste@  23.9% 39.9% 54.5% 45.5% 24.3% 40.9%
Not at all interestéd ~ 7.0% 3.7% 6.9% 4.9% 8.1% 5.4%

& Where totals do not add to 100% this is becausalhtespondents answered the guestion.
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Mitchell River questionnaire

Respondents to the Mitchell River questionnaireshiie following characteristics:
= 57.9% were male and 41.5% female;
= Mean age of 51;
=  84% have children;

= 15.2% have primary school as the highest levetlotation they have obtained and
35.2% have completed a tertiary degree;

= 28.7% have an annual household income before t442@¥,000 or more;

= Percent who rank the following as the most impdrissue in the management of
Australia’s tropical rivers:

0 Preserving Australia’s tropical rivers for biodisgy and natural habitat —
38.5%,

o Providing food for Australia — 29.8%,

0 Preserving Australia’s rivers for those who liverth and visitors — 20.8%,
o Developing northern Australia — 6.7%, and

o0 Providing food for the world — 4.2%;

= 39.8% tend to favour preservation of the environim@®% tend to favour
development, and 50.7% tend to favour preservatidhe environment and
development equally;

= 44.7% are very interested in the future of therrsyestem (43.6% are a little bit
interested and 6.3% are not at all interested; and

= 83% ticked ‘yes’ to a question about whether thegarstood the information in the
questionnaire, 1% ticked ‘no’ and 16% ticked ‘mdybe

Table 7 summarises the socio-demographic anddittalicharacteristics of the sub-samples of
the Mitchell River questionnaire.
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Table 7: Characteristics of Mitchell questionnaire sub-samples

Variable Catchm-  Canber- Brisban- Cities Indigen- All
ent ra e (Can.+ ousface- samples
Bris.) to-face
Socio-demographic characteristics
Male® 55.3% 68.2% 50.5% 59.6% 67.4% 57.9%
Femalé 44.7% 31.8% 47.5% 39.4% 32.6% 41.5%
Mean age 49 54 51 53 42 51
Have children 76.6% 80.2% 78.4% 84%
Highest level of education obtained:
Primary schodl  30.5% 3.7% 5.9% 4.8% 15.2%
High school Yr 186  14.9% 20.6% 19.8% 20.2% 18.1%
High school Yr 12 7.1% 9.3% 6.9% 8.2% 7.7%
Diploma or trade certificafe 17.7% 21.5% 15.8% 18.8% 18.3%
Tertiary degre®  24.1% 43.0% 42.6% 42.8% 35.2%
Annual household income
before tax of $100,000 or 20.6% 32.7% 35.6% 34.1% 28.7%
more
Family or self involved in

farmi 31.8% 24.8% 28.4%
arming

Member of/donate to

environmental organisation

Live inor have visited the - 25 h00 50705 663%  63.5%  81.4%  67.3%
tropical rivers region

May visit in the future NA 52.3% 59.4% 55.8%
Had _h_eard of th_e river prior to 67.3% 56.4% 62.0%
receiving questionnaire
Have family or friends who
own land/work in catchment

22.4% 24.8% 23.6%

18.7% 27.7% 23.1% 88.4% 31.2%

Attitudes

Proportion of respondents choose this as the mstritant issue for management of Australia’s trabic
rivers:
Preserving Australia’s tropical
rivers for biodiversity and 37.0% 39.6% 4.4% 39.5% 44.2% 38.5%
natural habitat
Preserving Australia’s tropical
rivers for the people who live 24.0% 18.0% 22.8% 18.6% 46.5% 20.8%
there and visitors
Providing food for Australia  28.8% 29.7% 28.7% 36.5 0.0% 29.8%
Developing northern Australia 7.5% 8.1% 41.2% 6.2% 7.0% 6.7%
Providing food for the world 2.7% 4.5% 2.9% 5.2% 3%. 4.2%
Tendency to favour:

Preservation of the 43.0% 4.0% 40.9%  37.2%  39.8%

environmert
Developmerit 8.4% 18.8% 6.3% 11.6% 6.6%
Preservation of the
environment and development 43.0% 38.6% 49.0% 51.2% 50.7%
equally’
Level of interest in the future of the river system
Very interested 43.9% 38.6% 41.3% 83.7% 44.7%
A little bit interested 46.7% 42.6% 44.7% 16.3% 43.6%
Not at all interested 6.5% 11.9% 9.1% 0.0% 6.3%

#Where totals do not add to 100% this is becausalhtespondents answered the guestion.
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The high percentage of respondents from citiegutlrgern Australia (Perth, Melbourne,
Sydney, Brisbane and Canberra) who tick ‘yes'y¥im§ in or having visited the tropical rivers
region is interesting. This indicates that a |gvggportion of respondents have had some direct
experience with the tropical rivers region of Aa$ia, although not necessarily the three
catchments in particular. This may indicate a mast least some of the respondents.

3.3.2 Choice models

Multinomial and mixed logit models were estimateddll respondents to each questionnaire
and for the following sub-samples for each quesi@me: (1) respondents living in the
catchment; (2) Indigenous respondents to the fadaee questionnaire; and (3) respondents
living in cities. This was to enable comparisonoasrsamples for which there may be
differences in preferences. The face-to-face Inthgs sample is a sub-sample of the
catchment sub-sample, and the catchment and sitlesamples are combined for the all
samples models. We acknowledge that there were smgpendents to the mail-out
questionnaires who identify as Aboriginal or Tor&tgait Islander. The preferences of all
Indigenous respondents will be explored in futuoekawith this dataset. The explanatory
variables are described in Table 8.

Even though some ecosystem services were exprgsgadntitative terms in the
questionnaires, all attributes are modelled asitgtiae dummy variables with the lowest level
as the base level with in the model. Because dépelinearity, only the medium and highest
levels of the attributes were therefore estimaléids enabled the comparison of results across
river systems. Simple multinomial and mixed logadels without the inclusion of socio-
demographic variables are reported for all sub-$esrfpr each river to enable comparison
across all sub-samples and all rivers. We alsortepaed logit models for the all samples
sample for each river with interactions of sociordgraphic and attitudinal variables with
attributes. This allows for the testing of whiclachcteristics of respondents may be
influencing choice. There are no population weigtitthis stage for the all samples models.
Modelling with weights and attribute attendancd d undertaken in future work with this
dataset.
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Table 8: Explanatory variables

Variable name Description

FP_MED Dummy variable for the medium level arefladdplain in good environmental
condition

FP_LARGE Dummy variable for the highest level anéfoodplain in good environmental
condition

FISH3 Dummy variable for the medium level qualifytiee river for recreational fishing

FISH4 Dummy variable for the highest level quatifithe river for recreational fishing

WH_OK Dummy variable for the medium level conditiohwaterholes important to
Aboriginal people

WH_GOOD Dummy variable for the highest level coiatitof waterholes important to
Aboriginal people

INC_MED Dummy variable for the medium level of ime from irrigated agriculture

INC_LOT Dummy variable for the highest level of ame from irrigated agriculture

COST Once-off payment per household

I Income in categories (the higher the categoryhigber the income)

E Level of education in categories (the higherahategory the more educated)

A Age as continuous variable

M Gender in categories 1 for male and 0O for female

IN Interest for rivers in categories 1 for verydrgsted and 0 for little bit/not at all

Multinomial logit models
Fitzroy River

The results of the multinomial logit (MNL) modelsrfthe Fitzroy River are reported in Table
9. For the all samples model, all estimated coieffits are statistically significant at the 1%
level and have the expected sign, with improvemfzota the lowest to the medium or highest
level of each ecosystem service positively influeg¢he probability of choosing a particular
option and increases in the cost attribute nedgtimfuencing the probability of choosing a
particular option.

For the Fitzroy catchment and face-to-face Indigsngamples models, all estimated
coefficients except for the medium and highestlewéincome from irrigated agriculture are
statistically significant at the 1% level and halve expected sign. Estimated coefficients for
the medium and highest levels of income from iiegaagriculture are both insignificant. This
suggests that income from irrigated agriculturerditiinfluence respondents from the face-to-
face Indigenous and Fitzroy catchment sub-samplesaking their choices.

For the city samples model, all estimated coefficare statistically significant at the 1% level
except for the medium level area of floodplain @od environmental condition, which is
statistically significant at the 10% level. All @stited coefficients have the expected sign.

For models of choice, arRdjusted (RsgAdj) between 0.2 and 0.4 indicatasttie model
has a good overall goodness-of-fit (Louvieteal.2000). The RsgAdj for all of the Fitzroy
MNL models sit within this range.
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Table 9: Fitzroy River multinomial logit models

Variable Coefficient for all Coefficient for Coefficient for Coefficient for
samples Fitzroy face-to-face city samples
(standard error)  catchment sample Indigenous (standard error)
(standard error)  sample (standard
error)
0.252%** 0.508*** 0.559*** 0.164*
FP_MED (0.081) (0.143) (0.176) (0.093)
0.658*** 0.613*** 0.545%*+* 0.723243***
FP_LARGE (0.089) (0.155) (0.194) (0.101)
FISH3 0.505*** 0.936*** 0.918*** 0.385***
(0.095) (0.174) (0.219) (0.107)
FISHA 0.826*** 0.936*** 1.024*** 0.781***
(0.068) (0.118) (0.145) (0.078)
0.867*** 0.958*** 1.211%* 0.773**
WH_OK (0.111) (0.205) (0.262) (0.124)
1.525%** 1.320*** 1.592%** 1.533***
WH_GOOD (0.065) (0.108) (0.136) (0.076)
0.470*** 0.034 -0.163 0.665***
INC_MED (0.108) (0.190) (0.243) (0.123)
0.344*** 0.008 -0.062 0.477*%*
INC_LOT (0.061) (0.099) (0.123) (0.071)
COST -0.005*** -0.004*** -0.005*** -0.006***
(0.001) (0.001) (0.002) (0.001)
No.of 2856 989 696 2159
observations
Log likelihood -2411.9 -808.606 -526.76 -1853.4
function
RsgAd; 0.230 0.252 0.307 0.217

*** significantly different from O at the 1% levet* 5% level, or * 10% level

Daly River

The results of the MNL models for the Daly Rivee aeported in Table 10. For the all samples
model, all estimated coefficients are significanth@ 1% level and have the expected sign.

For the Daly catchment sample model, all estimatedficients are significant at the 1% or
10% level except for the medium and highest leg€éiscome from irrigated agriculture,
suggesting that these variables did not influeespandents from catchment in making their
choices. We note that this model is based on alsasige less than that required by the
experimental design.

The basic model for the face-to-face Indigenouspsaryielded insignificant coefficients for
several variables, including the management cdss hay be due to the fact that this model is
based on a sample size less than that requirduebgxperimental design. Estimated
coefficients became significant once we removedwutemost insignificant variables (the
medium and highest levels of income from irrigadgdiculture) and the resulting model is
reported in Table 10. All estimated coefficients afatistically significant at the 1% or 5%
level and have the expected sign.
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For the city samples model, all estimated coeffitsere statistically significant at the 1% level
and have the expected sign. The RsqAdj for all dsoaveals good overall goodness-of-fit.

Table 10: Daly River multinomial logit models

Variable Coefficient for all Coefficient for Coefficient for Coefficient for
samples Daly catchment face-to-face city samples
(standard error)  sample (standard Indigenous (standard error)
error) sample (standard
error)
0.436*** 0.394* 0.576** 0.427*+*
FP_MED (0.089) (0.206) (0.293) (0.099)
1.103*** 0.732%** 0.777*%* 1.198***
FP_LARGE (0.099) (0.224) (0.280) (0.111)
FISH3 0.726*** 1.086*** 0.815* 0.629***
(0.107) (0.250) (0.371) (0.119)
FISHA 1.119%** 1.385%** 1.715%* 1.059***
(0.071) (0.162) (0.257) (0.080)
0.850*** 1.015%** 1.638*** 0.799***
WH_OK (0.126) (0.300) (0.521) (0.140)
1.404*** 1.517%* 2.137*%* 1.387***
WH_GOOD (0.067) (0.154) (0.243) (0.074)
0.417*%* 0.213 0.485***
INC_MED (0.119) (0.270) (0.133)
0.167** 0.081 0.191%**
INC_LOT (0.062) (0.143) (0.069)
COST -0.007*** -0.006*** -0.005** -0.007***
(0.001) (0.002) (0.003) (0.001)
No.of 2558 539 284 2019
observations
Log likelihood -2056.7 -402.995 -178.551 -1641.66
function
RsqAd;j 0.267 0.314 0.42059 0.258

*** significantly different from O at the 1% levet* 5% level, or * 10% level

Mitchell River

The results of the MNL models for the Mitchell Ri\are reported in Table 11. For the all
samples model, all estimated coefficients aresttadilly significant at the 1% or 5% level and
have the expected sign.

For the Mitchell catchment sample model, estimateefficients for the medium level
condition of waterholes important to Aboriginal pé®m medium level income from irrigated
agriculture and the management cost are statisticasignificant (all others are significant at
the 1% level and have the expected sign). Thisesitgdhat these variables did not influence
respondents in making their choices.

The face-to-face Indigenous sample model failecbtoverge with all variables. This may be
due to the fact that it is based on a sample sgethan that required by the experimental
design and/or that there was wide variation in oesps.
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For the cities samples model, all estimated caefiits are statistically significant at the 1%
level and have the expected sign. The RsqAd] ferathsamples, Mitchell catchment and city
samples models are low but acceptable for a mddsiace.

Table 11: Mitchell River multinomial logit models

Variable Coefficient for all Coefficient for Coefficient for Coefficient for
samples Mitchell face-to-face city samples
(standard error)  catchment sample Indigenous (standard error)
(standard error)  sample (standard
error)
0.558*** 0.706*** 0.307***
FP_MED (0.081) (0.123) (0.091)
0.788*** 0.567** 0.844%+*
FP_LARGE (0.087) (0.126) (0.101)
0.761%* 1.157*** 0.444 %+
FISH3 (0.099) (0.154) (0.107)
0.653*** 0.720%** 0.723%*
FISH4 (0.071) (0.109) (0.078)
0.466*** 0.231 , 0.546%**
WH_OK (0.117) (0.195) Failed to converge (0.120)
0.971 %= 0.948%*** 1.151%**
WH_GOOD (0.069) (0.115) (0.072)
0.204** 0.022 0.607***
INC_MED (0.090) (0.119) (0.121)
0.463*** 0.391%** 0.541%*
INC_LOT (0.065) (0.106) (0.070)
-0.002%** -0.000 -0.004**=*
COST (0.001) (0.001) (0.001)
No.of 2417 1053 2101
observations
rog kelihood 2217.69 1938.172 11902.07
unction
RsqAd] 0.163 0.186 0.174

*** significantly different from O at the 1% levetf 5% level, or * 10% level

Mixed logit models
Fitzroy River

The results of the mixed logit (MXL) models for tRzroy River are reported in Table 12. For
the all samples model, all estimated coefficienéssdiatistically significant at the 1% level and
have the expected sign.

For the Fitzroy catchment and face-to-face Indigsrsample models, all estimated

coefficients except for the medium and highestlkewéincome from irrigated agriculture are
statistically significant at the 1% or 5% level dral/e the expected sign. Estimated coefficients
for the medium and highest levels of income frongated agriculture are both insignificant in
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both models. This suggests that income from iredatgriculture did not influence respondents
from the face-to-face Indigenous and Fitzroy catehtsub-sample in making their choices.

For the cities samples model, all estimated caefiits are statistically significant at the 1%
level and have the expected sign.

The derived standard deviation of each variable {th variables in Tables 12 to 14) indicates
whether there is heterogeneity in the parameteanasts across respondents around the mean
parameter estimate (Hensletral.2005). If the Ns variable is significant, therédneterogeneity
between respondents and “different individuals psssndividual-specific parameter estimates
that may be different from the sample populatiommparameter estimate” (Hensle¢ial.

2005, p.633). If it is insignificant, the paramedees not vary between respondents and “all
information in the distribution is captured withtime mean” (Hensheat al. 2005, p.633). Most
derived standard deviations in the Fitzroy modedssignificant, except for the medium level
condition of waterholes important to Aboriginal pémand the medium level income from
irrigated agriculture for the Fitzroy catchment gdgnmodel, and the medium levels of area of
floodplain in good environmental condition, qualdfythe river for recreational fishing, and
income from irrigated agriculture and the highesel income from irrigated agriculture for the
city samples model. This indicates that the MXLasfeation is more appropriate to these data
than the MNL.

The RsqgAdj for all models reveals a good overatidyeess-of-fit. The increase in RsqAdj and
increase in the log likelihood function for all nedsl reveals an improvement on the MNL
models for the Fitzroy.
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Table 12: Fitzroy River mixed logit models

Variable

Coefficient for all

samples

(standard error)

Fitzroy

Coefficient for

catchment sample
(standard error)

Cosefficient for
face-to-face
Indigenous
sample (standard

Coefficient for
city samples
(standard error)

error)
Random parameters in utility functions
0.493+ 0.685 0.751% 02717
FP_MED (0.088) (0.214) (0.266) (0.096)
0.938+* 0.813%* 0.653* 0.866%*
FP_LARGE (0.098) (0.214) (0.278) (0.106)
1S3 0.625%* 1.473% 1.260% 0.446%*
(0.108) (0.315) (0.399) (0.115)
C1SHa 1.023% 1.420% 1.768% 0.858+*
(0.073) (0.227) (0.320) (0.080)
1,157+ 1.460% 1.971% 0.866%*
WH_OK (0.132) (0.323) (0.456) (0.132)
1,705+ 2 115w 2,892 1.614%
WH_GOOD (0.073) (0.234) (0.393) (0.078)
0.409%+* 0.137 0.115 0.629%*
INC_MED (0.121) (0.286) (0.406) (0.130)
0.266+* 0.206 0.017 0.469+*
INC_LOT (0.066) (0.170) (0.224) (0.073)
Nonrandom parameters in utility functions
cosT 20.006" 20,006 20.007% 20.006"
(0.001) (0.002) (0.003) (0.001)
Derived standard deviations of parameter distribus
0.001%* 0.681" 0.704% 0.001
NsFP_MED (0.001) (0.287) (0.391) (0.001)
0.001%+* 0.769%* 0.634+ 0.003*+*
NsFP_LARGE (0.000) (0.252) (0.444) (0.001)
0.001* 1.535% 1.848%* 0.001
NSFISH3 (0.000) (0.336) (0.751) (0.001)
0.002++* 1.396% 1.430% 0.001%
NSFISH4 (0.000) (0.230) (0.297) (0.001)
0.002++* 0.436 1.348%* 0.002+
NSWH_OK (0.000) (0.405) (0.552) (0.001)
0.002++* 1.435% 1.877% 0.003*+*
NsWH_GOOD (0.000) (0.255) (0.329) (0.001)
0.001* 0.698 1.796% 0.001
NSINC_MED (0.001) (1.349) (0.441) (0.001)
0.001% 1.081% 1.130% 0.000
NSINC_LOT (0.001) (0.211) (0.285) (0.001)
No.of 2856 989 696 2159
observations
Log likelihood -2308.88 -746.66 -474.63 -1795.25
function
RsgAd| 0.262 0.307 0.372 0.240
Chi squared 1657.505 679.737 580.003 1153.301
Halton draws 200 200 200 200

*** significantly different from O at the 1% levet* 5% level, or * 10% level
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Daly River

The results of the MXL models for the Daly Rivee aeported in Table 13. For the all samples
model, all estimated coefficients are statisticalfynificant at the 1% level and have the
expected sign.

For the Daly catchment sample model, all estimatedficients are statistically significant at
the 1% or 10% level except for the medium and réghevels of income from irrigated
agriculture and all have the expected sign. Thisstal insignificance of the medium and
highest levels of income from irrigated agricultstegests that these variables did not
influence respondents from the catchment in matieg choices. We note that this model is
based on a sample size less than that requirdeebgxiperimental design.

Similarly to the MNL model for the face-to-face Igdnous sample, the MXL model yielded
insignificant coefficients for several variablasgluding COST. This may be due to the fact
that this model is based on a sample size lessthi@mequired by the experimental design.
Estimated coefficients became significant once eveaved the two most insignificant
variables (the medium and highest levels of incénomn irrigated agriculture) and the resulting
model is reported in Table 13. All estimated cardints are statistically significant at the 1%
or 5% level and have the expected sign.

For the cities samples model, all estimated cdefiits are statistically significant at the 1%
level and have the expected sign.

Most derived standard deviations in the Daly modedssignificant, except for the medium
level are of floodplain in good environmental cdratfi for the Daly catchment and face-to-face
Indigenous samples models. This indicates thalkkk specification is more appropriate to
these data than the MNL.

The RsqgAdj for all models reveals a good overatidjeess-of-fit. The increase in RsqAdj and
decrease in the log likelihood function for all retalreveals an improvement on the MNL
models for the Daly.
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Table 13: Daly River mixed logit models

Variable

Coefficient for all

samples

(standard error)

Coefficient for
Daly catchment
sample (standard

Coefficient for
face-to-face
Indigenous

Coefficient for
city samples
(standard error)

error) sample (standard
error)
Random parameters in utility functions
0.7755 0.602* 1.336% 0.841
FP_MED (0.164) (0.327) (0.566) (0.212)
1.811% 1.082% 1.044% 2.136%+
FP_LARGE (0.194) (0.369) (0.465) (0.247)
E1SHa 1.357% 2.534%% 1.568* 1.530%*
(0.238) (0.604) (0.701) (0.310)
EISHA 1.924% 2.806%+ 3.527%% 2.128%%
(0.185) (0.532) (0.965) (0.236)
2.077%* 2.265%+ 3.501%+* 2,167
WH_OK (0.307) (0.630) (1.283) (0.404)
2.696%+ 3.239%+ 4,601 3.118%
WH_GOOD (0.211) (0.507) (1.150) (0.263)
1.335% 0.391 1627+
INC_MED (0.230) (0.421) (0.273)
0.548%+ 0.297 0.650%+
INC_LOT (0.134) (0.259) (0.167)
Nonrandom parameters in utility functions
coST -0.013* -0.012% -0.010* -0.014%
(0.002) (0.004) (0.005) (0.002)
Derived standard deviations of parameter distribus
1.119% 0.231 0.502 1.365%
NsFP_MED (0.199) (0.323) (0.510) (0.260)
1.524% 1.358% 1.327* 1.874%
NsFP_LARGE (0.187) (0.341) (0.705) (0.223)
1.981% 2.815%+ 2.176%* 1.909%
NSFISH3 (0.330) (0.716) (0.792) (0.325)
2.014%% 2.105%+* 2.409%+ 2.708%+
NSFISH4 (0.197) (0.395) (0.765) (0.282)
2.182%% 2.108%* 3777 2.580%+
NSWH_OK (0.316) (0.797) (1.546) (0.431)
2.432%% 2,062+ 3.921%% 2,632+
NsWH_GOOD (0.226) (0.385) (1.351) (0.258)
1.169%* 1.184* 1.051%
NSINC_MED (0.251) (0.616) (0.293)
1.297% 1.000%* 1.506%*
NSINC_LOT (0.179) (0.302) (0.240)
No.of 2558 577 284 1981
observations
Log likelihood -1742.32 -354.25 -157.59 -1354.62
function
RsgAdj 0.378 0.392 0.483 0.387
Chi squared 2135.863 475.801 308.839 1726.955
Halton draws 200 200 200 200

*** significantly different from O at the 1% levet* 5% level, or * 10% level
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Mitchell River

The results of the MXL models for the Mitchell Rivere reported in Table 14. For the all
samples model, all estimated coefficients aresdtedily significant at the 1% or 5% level and
have the expected sign.

For the Mitchell catchment sample model, all estadacoefficients except for the management
cost are statistically significant at the 1% or E¥¢el and all have the expected sign, except for
the management cost. The statistical insignificasfdbe management cost suggests that it did
not influence respondents from the catchment inimggtheir choices.

The face-to-face Indigenous sample model failecbtoserge with all variables. This may be
due to the fact that it is based on a sample sgethan that required by the experimental
design.

For the cities samples model, all estimated cdefiits are statistically significant at the 1%
level and have the expected sign.

Most derived standard deviations in the Mitchelld®is are significant, except for the medium
level area of floodplain in good environmental citiod for the Mitchell catchment sample
model, and the medium level quality of the river fiecreational fishing for the city samples
model. This indicates that the MXL specificatiommsre appropriate to these data than the
MNL.

The RsqgAdj for all models reveals a good overatidyeess-of-fit. The increase in RsqAdj and
decrease in the log likelihood function for all retglreveals an improvement on the MNL
models for the Mitchell.
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Table 14: Mitchell River mixed logit models

Variable Coefficient for all Coefficient for Coefficient for Coefficient for
samples Mitchell face-to-face city samples
(standard error)  catchment sample Indigenous (standard error)
(standard error)  sample (standard
error)
Random parameters in utility functions
1.029*** 1.138*** 0.580%***
FP_MED (0.130) (0.237) (0.159)
0.971%* 0.593%+* 1.464*+*
FP_LARGE (0.172) (0.230) (0.223)
1.621** 1.710%+* 0.919%+*
FISH3 (0.230) (0.322) (0.209)
*k%k *kk *kk
FISHA 1.045 0.908 1.314
(0.145) (0.231) Failed to converge (0.168)
WH OK 1.719** 0.876** 9 1.332%*+*
- (0.293) (0.403) (0.239)
1.750*** 1.640*** 2.387%*
WH_GOOD (0.196) (0.339) (0.217)
0.939%** 0.691* 1.913*+*
INC_MED (0.219) (0.305) (0.288)
1.115%* 0.896*** 1.166***
INC_LOT (0.165) (0.239) (0.174)
Nonrandom parameters in utility functions
-0.003** 0.003 . -0.009***
COST (0.002) (0.002) Failed to converge (0.002)
Derived standard deviations of parameter distribus
0.318 1.097*+* 1.012%+*
NsFP_MED (0.345) (0.383) (0.279)
1.756*** 0.988*+* 2.080%+*
NsFP_LARGE (0.200) (0.266) (0.209)
2.086*** 2.127%* 0.339
NSFISH3 (0.241) (0.403) (0.654)
1.481** 1.674*%+* 1.645%+*
NSFISH4 (0.150) (0.263) . (0.205)
Failed to converge
NsSWH OK 2.139%* 1.915%+* 1.681***
- (0.295) (0.589) (0.480)
2.320%* 2.204%+* 2.265%*
NsWH_GOOD (0.212) (0.391) (0.222)
1.605*** 1.919*+* 1.450***
NSINC_MED (0.218) (0.330) (0.362)
1.874** 1.642%+* 1.958***
NSINC_LOT (0.174) (0.251) (0.187)
No.of 2417 1053 2101
observations
Log likelihood -1884.18 -822.99 -1569.18
function
RsgAdj 0.288 0.283 0.317
Chi squared 1542.343 667.700 1478.011
Halton draws 200 200 200 200

*** significantly different from O at the 1% levet* 5% level, or * 10% level
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Inclusion of socio-demographic and attitudinal \adoies

Inclusion of socio-demographic and attitudinal shtés allows for testing of which
characteristics of respondents may be influenciraioe. We report three MXL models with
interactions, one for each river system, basedhermata from all samples. The socio-
demographic and attitudinal variables that areraaied with the attributes are: (1) respondent
income in categories (the higher the category tbledn the income); (2) respondent level of
education in categories (the higher the categantbher the level of education completed);
(3) respondent age as continuous variable; (4presgnt gender in categories (1 for male and
0 for female); and (5) respondent interest in titare of the river system (1 for very interested
and O for little bit/not at all). These variablemv/b been interacted with all of the attributes and
only significant interactions have been includethia final models presented here in Table 15.

All estimated coefficients for the attribute valiedbare statistically significant at the 1% level
in all of the models, except for the highest lemeda of floodplain in good environmental
condition in the Daly model. All estimated coefénts for the attribute variables have the
expected sign. All models have a good goodnesg-afifl, compared to their equivalent basic
MXL models, all have improved RsgAdj and log likedbd function.

For the Fitzroy model, respondents who have achieveigher level of education are less
likely to choose options with the highest level lityaof the river for recreational fishing and
the medium level area of floodplain in good enviremtal condition. Male respondents are
less likely to choose options with the highest l@andition of waterholes important to
Aboriginal people. Respondents with higher incorresmore likely to choose options with the
highest level quality of the river for recreatiofighing, and the medium and highest levels of
condition of waterholes important to Aboriginal pém Respondents with children are more
likely to choose options with the highest level dition of waterholes important to Aboriginal
people and the higher levels of cost.

For the Daly model, respondents who have achievedheer level of education are more likely
to choose options with the medium level qualityrd river for recreational fishing. Male
respondents are more likely to choose options thighhighest level quality of the river for
recreational fishing and are less likely to choogtons with the medium level area of
floodplain in good environmental condition. Respemis with higher incomes are more likely
to choose options with the highest levels of incdrom irrigated agriculture. Respondents
with children are less likely to choose optionshwitie highest level area of floodplain in good
environmental condition. Respondents who are vagrésted in the future of the river system
are more likely to choose options with the highipsdlity of the river for recreational fishing,
and area of floodplain in good environmental canditThe older a respondent is, the more
likely they are to choose options with the higHesel area of floodplain in good
environmental condition.

For the Mitchell model, male respondents are liksdylto choose options with the highest
level quality of river for recreational fishing. §eondents with higher incomes are more likely
to choose options with the highest level qualityieér for recreational fishing, the medium
level income from irrigated agriculture, the highlesel area of floodplain in good
environmental condition, and the medium level ctadiof waterholes important to Aboriginal
people. Respondents with higher incomes are lksly lio choose options with the medium
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level area of floodplain in good environmental citiod, and higher levels of cost.
Respondents with children are more likely to chamgstions with the highest level quality of
the river for recreational fishing. Respondents wh®very interested in the future of the river
are more likely to choose options with higher levefl cost.

These results raise questions about the influehseai-economic and attitudinal
characteristics on people’s choices that will belese in future work with these datasets.
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Table 15: Mixed logit models for all samples for all rivers with interactions

Fitzroy River all samples

Daly River all samples

Mitchell River all samples

Variable Coefficient ~ Variable Coefficient ~ Variable Coefficient
(standard (standard (standard
error) error) error)

FP_MED 0('331%:; FP_MED O(g.?z?’;; FP_MED O(gi%:;

FP_LARGE 0('81‘2:; FP_LARGE (8:;‘2;) FP_LARGE 1(312%;)

o FisHs oz P {0158

FISH4 1('3'3132; FISH4 1('8.%%*;; FISH4 1(5-5123;

WH_OK 1('3%%?; WH_OK 1('3%%:; WH_OK 1('32‘;;

wiooon SR wmoooo  23ED wcoon S

INC_MED 1('8'815;’;; INC_MED 1(31231;) INC_MED 1('82%;

INC_LOT 0('301?2; INC_LOT o(.gzlzgg; INC_LOT 1('3'1177:;

cost 9 cost O cosr oo

E*FISHA _?6902105; E*FISH3 0(8.%?1*;; M*FISH4 '?6%11925;

E*FPMED _?690202; M*FISH4 c(>6§§§§5 I*FISH4 0('8'%%2;

wmeoon SIS weeueo  OSD vwowes 0012

009 imcior O pewen 0008

I*WHOK ?Ooé.g; CH*FPLARG 0(0031:;* I*FPLARGE 0(8]6%2;

(WHGOOD  (oiogsy  INFISH4  Sgsg  rwHOK (0.008

CHWHGOOD  (grgy  INFPLARG g7z FCOST ooy

CH*COST (;_ 552.05) A*FPLARGE 0(-8_%%*;*; CHFISHA4 (féfgél)

IN*COST 0(8 ]6%2;

NsFP_MED 1(311;; NsFP_MED 1('8‘.51%*; NsFP_MED 1&2%2;

NsFP_LARGE 1(831%;; NsFP_LARGE 1('33;50:; NsFP_LARGE 2('8%%:;

NsFISH3 (8222) NsFISH3 2(84\;:;;; NsFISH3 1(82%2;

NsFISH4 1('301%2; NsFISH4 2(53;71;) NsFISH4 1('812*5

NSWH.OK  Tooee  NSWHOK  fohug NswHOK oSl

NsWH_GOOD 1(3213:; NsWH_GOOD 2(32%:; NsWH_GOOD 2(58222;

NsINC_MED 1.256*+* NsINC_MED 0.815* NsINC_MED 1.48¢

50 The value of Australia’s tropical river ecosystem services ¢ August 2009



ECONOMIC VALUATION OF AUSTRALIA’'S TROPICAL RIVER ECOSYSTEM SERVICES

(0.208) (0.422) (0.317)
1.189%** 1.147%* 2.045%*
NsINC _LOT (0.130) NsINC _LOT (0.173) NsINC_LOT (0.210)
No.of 2856 No.of 2558 No.of 2417
observations observations observations
Log I_|keI|hood -2088.288 Log I_|keI|hood 1711503 Log I!kehhood -1846.709
function function function
RsgAd] 0.332 RsgAdj 0.388 RsgAdj 0.301
Chi squared 2098.698 Chi squared 2197.495 Chi eduar 1617.274
Halton draws 120 Halton draws 120 Halton draws 120

*** significantly different from O at the 1% levetf 5% level, or * 10% level

3.3.3 Estimation of implicit prices

The amount respondents are willing to pay for anaexmnit of each ecosystem service can be
calculated from the models. This amount is calkedimplicit price and, in this study, is a
once-off value per household. Implicit pricé, are calculated by dividing each ecosystem
service coefficient by the cost coefficient, fomexple:

P =— ﬂFP_MED

:BCOST

Implicit prices are calculated with an assumptioat teverything else stays the same. Thus they
provide information on the relative importance lué ecosystem services to respondents.

The lowest level for all ecosystem services wasetied as the status quo, so the implicit
prices reported in Tables 16, 18 and 20 reprebenamount people are willing to pay to see a
change from the lowest to the medium or highestllefeach ecosystem service. We report
implicit prices for the MNL and MXL models for alivers and all samples where estimated
coefficients are statistically significant, and iioft prices for the MXL models with

interactions (MXL plus) for the all samples samijgleeach river. Implicit prices are not
calculated with coefficients that are statisticatigignificant. We present 95% confidence
intervals for the all samples MNL and MXL modeldctéated using the procedure
recommended by Krinsky and Robb (1986). The rarkofgecosystem services are reported in
Tables 17, 19 and 21. Appendix F presents imgicdes in tables according to the model type
and sub-sample to enable further comparison.

For the models that yield statistically significaesults, there are some similarities across river
systems for the different types of models:

= Respondents for all three rivers value the higlest condition of waterholes
important to Aboriginal people the most. This ie tfase for all types of models.

= Respondents for all three rivers living in a citg &illing to pay more for the highest
levels of area of floodplain in good environmerahdition, quality of the river for
recreational fishing and condition of waterholepariant to Aboriginal people than
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the medium levels, and more for the medium leveéhodme from irrigated agriculture
than the highest level. This is the case for bleghMINL and MXL models.

The statistical insignificance of the income framigiated agriculture variables reveals
that they did not influence the choices of peopliad in the Fitzroy and Daly
catchments. This means that, when making theircelsppeople living in the Fitzroy
and Daly catchments only considered the other bkesa This does not necessarily
mean that the level of income from irrigated agtime was not important to people.

There are some similarities across respondent sammi river systems:

All respondents for all three rivers value the lighlevel condition of waterholes
important to Aboriginal people the most. This ie ttase for all types of models.

Respondents living the Fitzroy and Daly catchméatge similarities in their
preferences with the medium and highest levelsotf Quality of the river for
recreational fishing and condition of waterholegdamriant to Aboriginal people being
ranked in their top four ecosystem services andribeium and highest levels of area
of floodplain in good environmental condition beiiig bottom two. This is the case
for both the MNL and MXL models.

Respondents for all rivers living in a city have#arities in their preferences with the
highest levels of condition of waterholes importemfboriginal people and area of
floodplain in good environmental condition rankedheir top four ecosystem services,
and the medium levels of area of floodplain in geaglironmental condition and
quality of the river for recreational fishing, atiae highest level of income from
irrigated agriculture in the bottom four. This etcase for both the MNL and MXL
models.

There are some differences between respondent saiaploss river systems:

Respondents to the Fitzroy and Daly questionnéiviegy in a city value the medium
level of income from irrigated agriculture in thettom four and the highest level of
quality of the river for recreational fishing inetthop four, while respondents to the
Mitchell questionnaire living in a city place theedium level of income from irrigated
agriculture in the top four and the highest leviajaality of the river for recreational
fishing in the bottom four.
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Implicit prices and ranking of Fitzroy River ecomm services

Based on all models of choice for the ecosystenicas of the Fitzroy River (Tables 16 and
17):

= All respondents value the highest level conditibmwaterholes important to Aboriginal
people the most.

= Respondents living in the catchment are willinggay more for improvements in the
quality of the river for recreational fishing arftetcondition of waterholes important to
Aboriginal people than respondents living in cities

= Respondents living in the catchment are willinggdy more for the medium level of
floodplain in good environmental condition thanpesdents living in cities.

= Where the income from irrigated agriculture varggbare significant, respondents
value the medium level of income from irrigatediagiture more than the highest
level.

= Respondents living in the cities are willing to pagre for the highest levels of area of
floodplain in good environmental condition, qualdythe river for recreational fishing
and condition of waterholes important to Aborigipabple than the medium levels,
and more for the medium level of income from irteghagriculture than the highest
level.

= Respondents living in the catchment are willinggdy more for the highest levels of
area of floodplain in good environmental conditeord condition of waterholes
important to Aboriginal people than the medium lsyand more for the medium level
quality of the river for recreational fishing thtre highest level.

= Face-to-face Indigenous respondents are willingapmore for the highest levels of
quality of the river for recreational fishing anadnelition of waterholes important to
Aboriginal people than the medium levels, and nforeghe medium level area of
floodplain in good environmental condition than tiighest level.
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Table 16: Implicit prices for Fitzroy River ecosystem services (once-off payment per household) and 95% confidence intervals for some models

Medium area Largearea Medium High quality Medium -, Medium High income
L o N . o Good condition . L
floodplain in floodplain in quality river river for rec. condition water holes income from fromirrigated
good condition  good condition  for rec. fishing fishing waterholes irrigated agric. agric.
All samples
MNL $49.15 $128.54 $98.65 $161.41 $169.30 $297.80 $91.76 $67.19
($17.08-$90.60) ($93.86-$179.66)  ($58.60-$149.89)  ($127.25-$221.99) ($120.76-$245.04) ($231.06-$413.83)  ($45.66-$166.41)  ($37.12-$109.49)
MXL $86.47 $164.64 $109.63 $179.52 $203.00 $299.08 $71.82 $46.65
($29.05-$112.49)  ($82.91-$165.76)  ($69.20-$168.88)  ($123.08-$225.23)  ($146.54-$306.50) ($223.61-$433.38)  ($79.96-$235.98)  ($55.61-$157.14)
MXL plus $66.88 $119.08 $87.77 $181.44 $199.49 382 $137.30 $101.94
Fitzroy catchment sample
MNL $121.03 $146.08 $223.09 $222.95 $228.36 $314.58
MXL $117.59 $139.50 $252.84 $243.85 $250.59 $363.08
Face-to-face I ndigenous sample
MNL $122.11 $118.97 $200.50 $223.65 $264.36 $347.51 * *
MXL $110.79 $96.24 $185.79 $260.60 $290.55 $426.38 * *
Citiessample
MNL $30.16 $132.74 $70.62 $143.33 $141.77 $281.32 12294 $87.60
MXL $47.43 $151.70 $78.14 $150.27 $151.68 $282.64 110909 $82.10

* Variable is statistically insignificant from zero
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Table 17: Ranking of Fitzroy River ecosystem services

ECONOMIC VALUATION OF AUSTRALIA’S TROPICAL RIVER ECOSYSTEM SERVICES

Catchment sample

Face-to-face I ndigenous

All samples Cities samples
sample

Rank MNL M XL M XL plus MNL M XL MNL M XL MNL M XL
1 WH_GOOD WH_GOOD WH_GOOD WH_GOOD WH_GOOD WH_GOOD HWGOOD WH_GOOD WH_GOOD
2 WH_OK WH_OK WH_OK WH_OK FISH3 WH_OK WH_OK FISH4 A~ LARGE
3 FISH4 FISH4 FISH4 FISH3 WH_OK FISH4 FISH4 WH_OK HAMOK
4 FP_LARGE FP_LARGE INC_MED FISH4 FISH4 FISH3 FISH3 FP_LARGE FISH4
5 FISH3 FISH3 FP_LARGE FP_LARGE FP_LARGE FP_MED MED INC_MED INC_MED
6 INC_MED FP_MED INC_LOT FP_MED FP_MED FP_LARGE HRARGE INC_LOT INC_LOT
7 INC_LOT INC_MED FISH3 FISH3 FISH3
8 FP_MED INC_LOT FP_MED FP_MED FP_MED
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Implicit prices and ranking of Daly River ecosysteanvices

Based on all models of choice for the ecosystenicas of the Daly River (Tables 18 and 19),
and noting that the face-to-face Indigenous sammaldel results are not strictly comparable
due to the omission of the INC variables:

= All respondents value the highest level conditibmaterholes important to Aboriginal
people the most.

= Where the income from irrigated agriculture varggbare significant, respondents
value the medium level of income from irrigatediagiture more than the highest
level.

= Respondents living in the cities are willing to pagre for the highest levels of area of
floodplain in good environmental condition, qualdythe river for recreational fishing
and condition of waterholes important to Aborigipabple than the medium levels,
and more for the medium level of income from irteghagriculture than the highest
level.

= Respondents living in the catchment are willinggdy more for the highest levels of
area of floodplain in good environmental conditiqnality of the river for recreational
fishing and condition of waterholes important toofiginal people than the medium
levels.

Implicit prices and ranking of Mitchell River ecesgm services

Some of the implicit prices for the all samplesibd4NL and MXL models for the Mitchell

are 2-8 times higher than the same variables irduévalent models for the Fitzroy and Daly
Rivers, while for the MXL plus model, these diffaoes are no longer evident. These
differences are also not evident for the citiesgasmmodels. The lack of good models for the
catchment and face-to-face Indigenous samples nila#tgcult to explore whether these
differences are due to the catchment and facee{fadigenous data, however we assume that
this is the case, and that the MXL plus model fiar all samples sample is more appropriate
than the basic MNL and MXL models because it inooages interaction variables that account
for some differences in the characteristics of oegignts. We report all implicit prices in Table
20 below but only use implicit prices from the sdimples MXL plus model in further
calculations. This is also due to the very widegeagiven by the 95% confidence intervals for
the basic MNL and MXL models.

Comparisons between city, catchment and face-®{fadigenous respondents are difficult due
to the lack of good models for catchment and Ingoges samples, however, based on all
models of choice for the ecosystem services oftitehell River (Tables 20 and 21):

= Respondents living in the cities and for the afthpkes models value the highest level
condition of waterholes important to Aboriginal péothe most.

= Respondents living in the cities are willing to pagre for the highest levels of area of
floodplain in good environmental condition, qualitythe river for recreational fishing
and condition of waterholes important to Aborigipabple than the medium levels,
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and more for the medium level of income from irteghagriculture than the highest
level.
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Table 18: Implicit prices for Daly River ecosystem services (once-off payment per household) and 95% confidence intervals for some models

Medium area Largearea Medium High quality Medium -, Medium High income
L o N . o Good condition . L
floodplain in floodplain in quality river river for rec. condition water holes income from fromirrigated
good condition  good condition  for rec. fishing fishing waterholes irrigated agric. agric.
All samples
MNL $66.56 $168.60 $110.98 $170.99 $129.95 $214.51 $63.65 $25.47
($37.31-$102.37)  ($133.79-$219.33)  ($74.67-$155.31)  ($140.99-$217.55)  ($90.75-$181.16)  ($174.33-$280.16)  ($27.01-$113.73) ($6.00-$48.27)
MXL $61.99 $144.84 $108.50 $153.85 $166.09 $215.56 $106.75 $43.84
($33.74-$94.86)  ($111.74-$186.05)  ($72.68-$153.75)  ($122.92-$200.91) ($114.00-$235.83) ($168.36-$284.28)  ($64.23-$164.17)  ($20.96-$75.92)
MXL plus $79.86 $38.04 $112.90 $90.21 $155.82 $232. $91.32 $51.20
Daly catchment sample
MNL $69.26 $128.81 $191.15 $243.81 $178.63 $266.89 * *
MXL $52.58 $94.45 $221.21 $244.92 $197.70 $282.75 * *
Face-to-face I ndigenous sample
MNL $115.86 $156.06 $163.72 $344.75 $329.16 $429.42 ok o
MXL $129.80 $101.43 $152.36 $342.78 $340.28 $447.22 * *
Citiessample
MNL $63.07 $176.83 $92.90 $156.42 $117.98 $204.80 71.5% $28.13
MXL $61.11 $155.23 $111.18 $154.62 $157.44 $226.55 $118.20 $47.22

* Variable is statistically insignificant from zer® Variable not included in final model
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Table 19: Ranking of Daly River ecosystem services

ECONOMIC VALUATION OF AUSTRALIA’S TROPICAL RIVER ECOSYSTEM SERVICES

Catchment sample

Face-to-face I ndigenous

All samples Cities samples
sample

Rank MNL M XL M XL plus MNL M XL MNL M XL MNL M XL
1 WH_GOOD WH_GOOD WH_GOOD WH_GOOD WH_GOOD WH_GOOD HWGOOD WH_GOOD WH_GOOD
2 FISH4 WH_OK WH_OK FISH4 FISH4 FISH4 FISH4 FP_LARG WH_OK
3 FP_LARGE FISH4 FISH3 FISH3 FISH3 WH_OK WH_OK FISH FP_LARGE
4 WH_OK FP_LARGE INC_MED WH_OK WH_OK FISH3 FISH3 WIDK FISH4
5 FISH3 FISH3 FISH4 FP_LARGE FP_LARGE FP_LARGE FREIM FISH3 INC_MED
6 FP_MED INC_MED FP_MED FP_MED FP_MED FP_MED FP_LBR INC_MED FISH3
7 INC_MED FP_MED INC_LOT FP_MED FP_MED
8 INC_LOT INC_LOT FP_LARGE INC_LOT INC_LOT
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Table 20: Implicit prices for Mitchell River ecosystem services (once-off payment per household) and 95% confidence intervals for some models

Medium area Largearea Medium High quality Medium -, Medium High income
L L N . o Good condition . L
floodplain in floodplain in quality river river for rec. condition water holes income from fromirrigated
good condition  good condition  for rec. fishing fishing waterholes irrigated agric. agric.
All samples
MNL $246.73 $348.48 $336.82 $288.72 $206.08 $429.79 $90.07 $204.92
($119.39-$721.31)  ($205.34-$952.29)  ($186.31-$928.35) ($176.24-$781.91)  ($95.53-$619.68) ($252.81-$1257.65) ($10.41-$356.83)  ($99.53-$682.06)
MXL $322.06 $304.12 $507.59 $327.19 $538.09 $547.89 $293.92 $349.03
($147.70-$1710.14) ($151.59-$1451.16) ($232.37-$2646.95) ($169.71-$1501.12) ($248.70-$2610.06) ($267.82-$2684.34) ($88.25-$1828.13) ($136.50-$1957.71)
MXL plus $69.41 $115.57 $113.81 $110.66 $104.07 paisley $118.70 $124.53
Mitchell catchment sample
MNL COST statistically insignificant from zero
MXL COST statistically insignificant from zero
Face-to-face I ndigenous sample
MNL Failed to converge
MXL Failed to converge
Citiessample
MNL $74.04 $203.74 $107.31 $174.50 $131.82 $277.91 $146.52 $130.60
MXL $67.78 $171.13 $107.38 $153.53 $155.63 $278.95 $223.58 $136.31
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Table 21: Ranking of Mitchell River ecosystem services

ECONOMIC VALUATION OF AUSTRALIA’S TROPICAL RIVER ECOSYSTEM SERVICES

Catchment sample

Face-to-face I ndigenous

All samples Cities samples
sample

Rank MNL M XL M XL plus MNL M XL MNL M XL MNL M XL
1 WH_GOOD WH_GOOD WH_GOOD WH_GOOD WH_GOOD
2 FP_LARGE WH_OK INC_LOT FP_LARGE INC_MED
3 FISH3 FISH3 INC_MED FISH4 FP_LARGE
4 FISH4 INC_LOT FP_LARGE INC_MED WH_OK
5 FP_MED FISH4 FISH3 WH_OK FISH4
6 WH_OK FP_MED FISH4 INC_LOT INC_LOT
7 INC_LOT FP_LARGE WH_OK FISH3 FISH3
8 INC_MED INC_MED FP_MED FP_MED FP_MED
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3.4 Discussion

The high percentage of respondents from citie®uthern Australia (Perth, Melbourne,
Sydney, Brisbane and Canberra) who tick ‘yes'y¥im§ in or having visited the tropical rivers
region indicates that the sample of people whoaeded to the questionnaires may be biased
towards those who have had some direct experieithdhve tropical rivers region of Australia,
although not necessarily the three catchmentsricp&ar. Comparison of the willingness to
pay of those who have visited the region with thoke have not and don’t intend to will be
explored in further work with this dataset.

As a stated preference method, choice modellingnass that all people have the same
marginal value for money, in other words, thatlleeefit of an additional dollar is the same to
each individual. It also cannot distinguish betwedingness to pay and ability to pay or the
actual making of a payment. The incomes of Abodgpeople living on remote communities
are lower than for Australians generally (Stee@mnmittee for the Review of Government
Service Provision 2005), yet their willingness &y ps often higher than that of other
respondents. This may indicate that there is atatifference between willingness to pay and
ability to pay for these and other low-income rexgents.

This, and other challenges of eliciting individwaluation responses from Indigenous people,
are discussed by Venn and Quiggin (2007). Our isgoas of the responses of Aboriginal
people to the questionnaire delivered face-to-taeethat people perceived the choices in the
intended way and were capable of evaluating thaetadfs that each choice set presented. The
choice modelling format does not enable complidrias in the same way that other valuation
guestionnaires might because there is no clearéctranswer to each choice question. The
potential impact of the face-to-face delivery metlom the implicit prices will be explored in
further work with this dataset.

Care is required in extrapolating these implicites to other river systems in the tropical
rivers region. The similarity in implicit pricesifesome attributes across the different city
populations might suggest that respondents aréngadugeneric river in northern Australia. If
respondents were faced with a similar questionrfairether river systems, they might be
willing to pay so much for a set of river systemswilling to pay less for additional river
systems as the marginal benefits of protectioreémh additional river decreases. If this is the
case, care should be taken in transferring thesdtseto other rivers.

3.4.1 Application to management and policy question S: aggregation of
implicit prices

For this economic valuation exercise, it is notassary to specify the specific nature of the
development for which impacts are being assesa#lien, we estimate the impact of the
potential resulting change in ecosystem servicesoommunity welfare in dollar terms. This
enables the use of the valuation results in stahclast-benefit analyses where estimates of the
relative value of new tropical river resource adibons and/or management strategies are
needed.
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One way to do this is by aggregating the implicic@s across a proportion of the total number
of households for each sub-population to give dimese of the total amount that households
in a city or region would be willing to pay for ingvements in each of the ecosystem services.

The aggregate willingness to pay of each sub-pdipualés calculated by multiplying the
average implicit prices per household obtainedtersub-samples by the number of
households in a sub-population, and multiplying tieisult by a proportion of each sub-
population equivalent to the response rate for sabRpopulation (Table 4). We assume that
the response rates are indicative of the propodfaach population who have the same
preferences as respondents in the study. We asaémeople per household for non-
Indigenous sub-populations (Australian Bureau atiStics 2004) and 4.9 people per
household for Indigenous sub-populations (AustreBareau of Statistics 2006). The
populations and number of households are repontd@a@lble 22. We assume the same average
implicit prices for a river apply to each city. Thggregate willingness to pay for river
ecosystem services by each sub-population is pegsé@m Tables 23 to 25.
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Table 22: Sub-populations (Australian Bureau of Statistics 2006; Australian Bureau of Statistics 2007)

Fitzroy questionnaire Daly questionnaire Mitchell questionnaire
Sub-population  Population No. of Sub-population  Population No. of Sub-population  Population No. of
households households households

Fitzroy 10,888 4,188 Daly 13,648 5,249 Mitchell AWG 8,041
Fitzroy 7,611 Daly 5,978 Mitchell 3,537
Indigenous 1,553 Indigenous 1,220 Indigenous 722
Perth 1,501,773 577,605 Darwin 1,168,44 44,940 bBrie 1,856,966 714,218
Melbourne 3,805,755 1,463,752 Sydney 4,266,183 013680 Canberra 339,474 130,567
Table 23: Willingness to pay for Fitzroy River ecosystem services (once-off payment) — sub-population aggregation (million)

Medium area Largearea Medium High quality Medium G - Medium High income

T L oo . L ood condition . —_—
floodplain in floodplain in quality river river for rec. condition water holes income from fromirrigated
good condition  good condition  for rec. fishing fishing water holes irrigated agric. agric.

Fitzroy catchment, Perth and Melbourne
MNL $33.33 $87.17 $66.90 $109.46 $114.82 $201.96 2.35 $45.57
MXL $58.64 $111.66 $74.35 $121.75 $137.67 $202.83 48.H $31.64
MXL plus $45.36 $80.76 $59.52 $123.05 $135.29 $285. $93.11 $69.13
Fitzroy catchment
MNL $0.26 $0.31 $0.47 $0.47 $0.48 $0.67 * *
MXL $0.25 $0.30 $0.54 $0.52 $0.53 $0.77 * *
I ndigenous people in the Fitzroy catchment
MNL $0.19 $0.18 $0.30 $0.34 $0.40 $0.53 * *
MXL $0.17 $0.15 $0.28 $0.40 $0.44 $0.65 * *
Perth
MNL $5.73 $25.22 $13.42 $27.24 $26.94 $53.46 $23.19 $16.65
MXL $9.01 $28.83 $14.85 $28.56 $28.82 $53.71 $20.92 $15.60
Melbourne
MNL $14.61 $64.31 $34.22 $69.44 $68.69 $136.30 159. $42.44
MXL $22.98 $73.50 $37.86 $72.81 $73.49 $136.94 353. $39.78

* Variable is statistically insignificant from zero
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Table 24: Willingness to pay for Daly River ecosystem services (once-off payment) — sub-population aggregation (million)

Medium area Largearea Medium High quality M edium G s M edium High income
L o N . o ood condition . L
floodplain in floodplain in quality river river for rec. condition water holes income from fromirrigated
good condition  good condition  for rec. fishing fishing waterholes irrigated agric. agric.

Daly catchment, Darwin and Sydney
MNL $36.52 $92.51 $60.90 $93.82 $71.31 $117.70 $34. $13.98
MXL $34.01 $79.48 $59.54 $84.42 $91.14 $118.28 $58. $24.06
MXL plus $43.82 $20.87 $61.95 $49.50 $85.50 $127.53 $50.11 $28.09
Daly catchment
MNL $0.15 $0.28 $0.42 $0.53 $0.39 $0.58 * *
MXL $0.11 $0.21 $0.48 $0.53 $0.43 $0.62 * *
I ndigenous people in the Daly catchment
MNL $0.14 $0.19 $0.20 $0.42 $0.40 $0.52 o ok
MXL $0.16 $0.12 $0.19 $0.42 $0.42 $0.55 * **
Darwin
MNL $0.97 $2.71 $1.42 $2.40 $1.81 $3.14 $1.10 $0.43
MXL $0.94 $2.38 $1.70 $2.37 $2.41 $3.47 $1.81 $0.72
Sydney
MNL $33.43 $93.72 $49.24 $82.90 $62.53 $108.54 $B7. $14.91
MXL $32.39 $82.27 $58.92 $81.95 $83.44 $120.07 G62. $25.03

* Variable is statistically insignificant from zero

The value of Australia’s tropical river ecosystem services *

August 2009 65



ECONOMIC VALUATION OF AUSTRALIA'S TROPICAL RIVER ECOSYSTEM SERVICES

Table 25: Willingness to pay for Mitchell River ecosystem services (once-off payment) — sub-population aggregation (million)

Medium area Largearea Medium High quality Medium - Medium High income
L o N . . Good condition . I
floodplain in floodplain in quality river river for rec. condition water holes income from fromirrigated
good condition  good condition  for rec. fishing fishing water holes irrigated agric. agric.
Mitchell catchment, Brisbane and Canberra
MXL plus $16.26 $27.07 $26.66 $25.92 $24.38 $40.44 $27.80 $29.17
Mitchell catchment
MNL COST statistically insignificant from zero
MXL COST statistically insignificant from zero
I ndigenous people in the Mitchell catchment
MNL Failed to converge
MXL Failed to converge
Brishane
MNL $14.22 $39.14 $20.62 $33.53 $25.33 $53.39 #®8.1 $25.09
MXL $13.02 $32.88 $20.63 $29.50 $29.90 $53.59 $82.9 $26.19
Canberra
MNL $2.83 $7.79 $4.11 $6.68 $5.04 $10.63 $5.61 $5.0
MXL $2.59 $6.55 $4.11 $5.87 $5.95 $10.67 $8.55 $5.2

* Variable is statistically insignificant from zero
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If there were to be a project to improve the gyalitwaterholes important to Aboriginal
people to the highest quality, for example, thaigalf these improvements to people living in
the Fitzroy catchment and in Perth is estimateat@ind $54 million. Based on a cost-benefit
analysis, if the cost of the project is less thaa @illion, then it should be undertaken.

We note that these aggregate estimates are depeandtre specific framing and definitions of
the questionnaire, and will change with differesgumptions about the number of people per
household, and about the proportion of each popualatho have the same preferences as
respondents in the study. For example, while thestionnaire mailed to households in
Melbourne was completed and returned by 33.1%ad#ivers, this only comes to 0.03% (123)
of Melbourne’s approximately 484,502 householdsidéethe assumption that 33.1% of all
Melbourne households share the same preferencesahédg appropriate and these results
must be treated with great caution.

3.4.2 Application to management and policy question s: evaluating
potential development scenarios

Another way to calculate estimates that can be irsedst-benefit analyses is through the
calculation of ‘compensating surplus’. Compensasagplus approximates how much people
would be willing to pay to move from one scenadanother, or how much they would need to
be paid in compensation to make them indifferemivben the two. Compensating surplus can
be calculated using the following equation (Boxalhl. 1996, p.251):

-1
CS=—(V, - V1)

COST

The coefficient of COSTjcoss IS the marginal utility of incomay, is the utility of the initial
situation, and/, is the utility of the new situation. Similarly bmplicit price calculations, we
assume that everything else stays the same.

The initial scenario in this study is defined beg fiollowing attribute-level combination: (a)
lowest level area of floodplain in good environnamondition; (b) lowest level quality of the
river for recreational fishing; (c) lowest levelradition of waterholes important to Aboriginal
people; and (d) lowest level income from irrigaéepticulture.

We have chosen two examples of alternative scenaiith different impacts on the four
ecosystem services:
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Scenario 1:

(a) medium level area of floodplain in good enviramntal condition; (b) medium level
quality of the river for recreational fishing; (ejedium level condition of waterholes
important to Aboriginal people; and (d) medium llemeome from irrigated agriculture.

Scenario 2:

(a) highest level area of floodplain in good enmireental condition; (b) highest level qualit
of the river for recreational fishing; (c) highéstel condition of waterholes important to
Aboriginal people; and (d) highest level incomenfrorigated agriculture.

<

Estimates of compensating surplus for the two seesanable an assessment of the impact of
each scenario on community welfare. Tables 26 tpr@8ent compensating surplus estimates
for both scenarios for all rivers and all sampled tor all models. Estimates are italicised
where they do not contain implicit prices for dtributes.

For the Fitzroy River,

Perth and Melbourne households are willing to pap@e-off payment of $364.59 -
$387.34 for a scenario where all ecosystem seruigpove from their lowest to their
medium levels and nearly twice as much ($644.9866% 1) for a scenario where all
ecosystem services improve from their lowest tar thighest levels.;

Indigenous households in the Fitzroy catchmentdiing to pay a once-off payment

of $586.97 - $587.13 for a scenario where all estesy services improve from their
lowest to their medium levels and $690.13 - $783a22 scenario where all ecosystem
services improve from their lowest to their highlesels;

All households in the Fitzroy catchment are willtogpay a once-off payment of
$572.48 - $621.02 for a scenario where all ecoryservices improve from their
lowest to their medium levels and $683.61 - $74604& scenario where all ecosystem
services improve from their lowest to their highlesels.
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Table 26: Estimates of compensating surplus for two scenarios for the Fitzroy River (once-off payment per
household)

Scenario Fitzroy Fitzroy Indigenous Perth and
catchment, Perth catchment peoplelivingin Melbourne
and M elbourne the Fitzroy
catchment
MNL
1 $408.86 $572.48 $586.97 $364.59
2 $654.94 $683.61 $690.13 $644.99
MXL
1 $470.92 $621.02 $587.13 $387.34
2 $689.89 $746.43 $783.22 $666.71
MXL plus
1 $491.44
2 $794.53

For the Daly River,

= Darwin and Sydney households are willing to payeesoff payment of $345.52 -
$447.93 for a scenario where all ecosystem seruigpove from their lowest to their
medium levels and $566.18 - $583.62 for a scemvenigre all ecosystem services
improve from their lowest to their highest levels;

= Indigenous households in the Daly catchment aréngito pay a once-off payment of
$608.74 - $622.44 for a scenario where all ecoryservices improve from their
lowest to their medium levels and $891.43 - $93@c2& scenario where all ecosystem
services improve from their lowest to their highlesels;

= All households in the Daly catchment are willingotmy a once-off payment of $439.04
- $471.49 for a scenario where all ecosystem sesvimprove from their lowest to their
medium levels and $622.12 - $639.51 for a scemvehigre all ecosystem services
improve from their lowest to their highest levels.

Table 27: Estimates of compensating surplus for two scenarios for the Daly River (once-off payment per
household)

Scenario Daly catchment, Daly catchment Indigenous Darwin and
Darwin and peopleliving in Sydney
Sydney the Daly
catchment
MNL
1 $371.14 $439.04 $608.74 $345.52
2 $579.57 $639.51 $930.23 $566.18
MXL
1 $443.33 $471.49 $622.44 $447.93
2 $558.09 $622.12 $891.43 $583.62
MXL plus
1 $439.90
2 $411.87
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For the Mitchell River,

= Brisbane and Canberra households are willing togpagce-off payment of $459.69 -
$554.37 for a scenario where all ecosystem seruigpove from their lowest to their
medium levels and $739.92 - $786.75 for a scemvehigre all ecosystem services
improve from their lowest to their highest levels;

Table 28: Estimates of compensating surplus for two scenarios for the Mitchell River (once-off payment
per household)

Scenario Mitchell Mitchell Indigenous Brisbane and
catchment, catchment peopleliving in Canberra
Brisbane and the Mitchell
Canberra catchment
MNL
1 $459.69
2 $786.75
MXL
1 $554.37
2 $739.92
MXL plus
1 $405.99
2 $523.41

These estimates of compensating surplus can alagdregated across whole populations.

Care must be taken in using the implicit pricesast-benefit analysis particularly when it
comes to the benefits and costs of irrigated afjucer As noted in section 3.1, the production
ecosystem service indicated by income from irrigatgriculture is conceptualised as the value
of seeing irrigated agriculture continue as a lasel in the region and potentially expand. This
captures the indirect and non-use aspects of fedgagriculture as a land use, rather than the
direct use values associated with gaining an incioame undertaking irrigated agriculture.
There may be an issue here if respondents beltaedome of the direct benefits (income)
might flow to them, in which case the inclusiontleé implicit prices estimated here and the
gross value of production from irrigated agricuttinay be a double counting of the benefits. It
is fair to assume, however, that the implicit psiestimated for income from irrigated
agriculture in this exercise are only estimatethefindirect/non-use values of this land use and
so can be added to the gross value of productitihowt concern for double counting.

We now turn to assessing the impacts of potenteélbpment scenarios on the ecosystem
services of Australia’s tropical rivers using arethpproach based on resilience theory and an
analysis of how changes in the past have impactdcbpical river ecosystem services. This
approach is based on an understanding of drivezbarige in the tropical rivers region and
seeks to understand further the interactions tifltance the capacity of Australia’s tropical
river systems to provide these valued ecosystewcest
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4. UNDERSTANDING INTERACTIONS THAT INFLUENCE
AUSTRALIA'S TROPICAL RIVER ECOSYSTEM SERVICES

4.1 Rationale

The tropical river systems of Australia are compeaptive social-ecological systems. This

has several implications for the management oftlsgstems. When a system is complex, the
dynamics of the whole system cannot be understgdddiing at separate components of the
system. Due to the many interconnections betweds pathe system, a change in one
component can lead to changes in others that wengradictable and these responses are often
non-linear. Changes can be irreversible because #re so many components that can change
at one time and, somewhat frustratingly for mansigesry seldom is there a stable or ‘resting
point’ for the whole system that can be used tadguaill management decisions into the future.

For this reason, the economic valuation of imppo¢sented above provides a simplified story
of how a potential development trajectory might &mipon the ecosystem services of
Australia’s tropical rivers, and the results aréyarlevant to a specific set of circumstances
defined by the framing of the exercise. The sterg simplified one because the economic
theory of value and the methods of economic vadmatiake many simplifying assumptions
about human choice behaviour and about interactiethween the components of tropical river
systems. However, the results from an economicat@ln are useful precisely because they
provide some information where often none is abdéla

Complete and integrated analysis of how a new dgweént might impact on the provision of
ecosystem services is, of course, one of the ghedienges for scientists and policy-makers.
Assessing how and when a particular activity mightl to a significant and detrimental
downturn in the provision of a valued ecosystemiseris perhaps the holy grail of much
environmental and other policy-related researchpabh, as non-linear systems, they are
always likely to surprise us no matter how muchi@an. In this situation, learning how to
recognise it when they are approaching a critizaghold is perhaps the most that we can do.

The analysis presented here does not presume t® magh headway in answering such
questions without the input of findings from otli&?aCK research that is currently underway,
however, this second approach to assessing theimpbpotential development scenarios on
the ecosystem services of Australia’s tropicalmvgoes some way to providing greater
understanding of how complex interactions betwexanas and ecological systems impact on
ecosystem services and affect human well-beingidlthis, we use the Millennium Ecosystem
Assessment conceptual framework and resiliencetreal analysis to explore past changes in
the tropical rivers region. While resilience an@ysoes not enable prediction, a better
understanding of the behaviour of the tropicalnsuwegion in the past may give insight into
some of the behaviours that might occur in therkitu
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4.2 Method

4.2.1 Understanding drivers of change in Australia’ s tropical rivers
region

The Millennium Ecosystem Assessment (2005) provadaseful framework for understanding
the factors that influence ecosystem services anthh well-being, these being the direct and
indirect drivers of change in a social-ecologigatem (Figure 5).

GLOBAL <— short-term—>
=«— long-term —— >
REGIONAL
LOCAL
Human well-being Indirect drivers of change
and poverty reduction = DEMOGRAPHIC
BASIC MATERIAL FOR A GOOD LIFE = ECONOMIC (e.g, globalization, trade,
HEALTH market, and policy framework)
GOOD SOCIAL RELATIONS & SOCIOPOLITICAL (e.g., governance,
* institutional and legal framework)
SEEURITY ™ SCIENCE AND TECHNOLOGY
FREEDOM OF CHOICE AND ACTION = CULTURAL AND RELIGIOUS (e.g., beliefs,
consumption choices)
Ecosystem services Direct drivers of change
PROVISIONING m CHANGES IN LOCAL LAND USE AND COVER
(e.g., food, water, fiber, and fuel)
W SPECIES INTRODUCTION OR REMOVAL
REGULATING _ ® TECHNOLOGY ADAPTATION AND USE
(e.g., climate regulation, water, and disease) # EXTERNAL INPUTS (e g., fertiizer use,
CULTURAL pest control, and irrigation)
(;;-g-ésﬁicfiafgzh)aestheﬁc, recreation, ¥ HARVEST AND RESOURCE CONSUMPTION
W CLIMATE CHANGE
Sty . ,  NATURAL, PHYSICAL, AND BIOLOGICAL
(e.g., primary production, and soil formation) DRIVERS (e.g., evolution, volcanoes)
LIFE ON EARTH - BIODIVERSITY
) ( Strategies and interventions Source: Millennium Ecosystem Assessment

Figure 5: Millennium Ecosystem Assessment framework (Millennium Ecosystem Assessment 2005)

The tropical river systems of Australia comprisegdhiysical components and processes —
ecosystems and their natural or modified relatiggsshnd cycles (e.g. the hydrological regime,
food webs, material budgets) — and human comporentprocesses — families, communities,
companies, industries, organisations, social istems, and economic interactions. The
tropical rivers region of Australia can thus beere¢d to as a social-ecological system.
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As described by the Millennium Ecosystem Assessiitantework (Figure 5), people impact
on ecosystems through direct and indirect drivéhange, such as demographic change and
changes in local land use and cover, and ecosysgerites impact on people through
providing the basic material for a good life, faaeple. The social and ecological systems are
inextricably interconnected in that the dynamicshaf whole tropical rivers region are driven
by interactions between these components and meses

To better understand how a development might impadtopical river ecosystem services it is
useful to understand the direct and indirect dewarchange in the tropical rivers region.
Finlayson, Bellicet al. (2005) document some knowledge about direct atlidect drivers of
change for Australia’s tropical wetlands. They sgjghe use of the Millennium Ecosystem
Assessment framework to guide decisions about tbe use of these wetlands in the future.
While we do not follow the exact categories sugeg$ty the Millennium Ecosystem
Assessment framework, we apply the concepts gdyarad build on the work of Finlayson,
Bellio et al. (2005) by providing further information about sealevariables, processes and
relationships. This then forms the basis for disggie analysis of thresholds, cross-scale
interactions and how new developments might impadhe capacity of tropical river systems
to provide tropical river ecosystem services.

4.2.2 Resilience theory and analysis

Resilience theory describes the ability of a see@llogical system to experience disturbances
without significant qualitative change in its bagiactional organisation (see, for example,
Holling 1973; Arrowet al.1995; Gundersoat al.1995; Batabyal 1998; Berkes and Folke
1998; Levin 1998). Resilience theory suggeststtieie is a certain state of a social-ecological
system within which it is capable of performingétssential functions, including providing
certain ecosystem services. Assessing the restlieha system to certain disturbances or
disturbing processes, such as climate change,resgassking how and when a disturbance
might cause the system to shift out of its curstate and across thresholds into a state less
desirable in its functioning. Resilience analyhisstfocuses on where these thresholds might
be for desired functions; for example, how much ttenstream flow of a tropical river be
altered from its natural regime before the qualityhe river for recreational fishing crosses a
threshold from which it cannot easily return.

Resilience theory is also based on an understamdisgcial-ecological systems as having
slow- and fast-moving processes and operating @vange of spatial scales. All of the
components and processes of the tropical riveismeagxist and operate at different spatial and
temporal scales, for example, some relate to sseations of a river, some are relevant to the
whole region, some happen within a very short gkoitime, while others take place over a
longer term.

Key properties of social-ecological systems emémg®a the interactions between the slow- and
fast-moving processes, and from interactions beatvpeecesses with large spatial reach and
those that are relatively localis@dolling et al.2001). The dynamics of the faster variables
(from which use, utility and value are derived) aften determined by those of the more
slowly changing variables (referred to as “contngllvariables”) (Carpentest al.2001).
Resilience theory proposes that it is the levelanaf variations in these slow variables that
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maintain a system in a particular state. This shaftention from trying to control fluctuations
in the fast variables to understanding and manatjeglow variables that influence the
structure of the system (Scheffgral.2001).

Another key concept in resilience theory is theptigta cycle (Holling 1994; Holling and
Gunderson 2002). The adaptive cycle was origirgglyeloped as a model of change in
productive ecosystems. It has since been extemdeelp explain change in social and social-
ecological systems. The cycle has four phaseshélphase of growth or exploitation (r); (2)
the phase of conservation (K); (3) the phase dapsk or releas®); and (4) the phase of
reorganisationd) (Figure 6). The growth phase (r) takes placer @&tegeriod of reorganisation
that follows an event of collapse or release.

Figure 6: The adaptive cycle (McAllister et al. 2006)

An example is the establishment and growth of #esetociety in Australia following the
British invasion (and the consequent collapse digenous social-ecological systems),
succeeded by a period during which institutionsestablished and become increasingly
complex, and resources are used more intensivehsérvation phase, K). The system is
thought to lose resilience as options are redunddrecreasing complexities of infrastructure,
institutions and social expectations lead to rigidintil a disturbance of some kind —
economic, political, military or environmental, fexample — precipitates a collapse ph&¥e (
and the resources are released, followed by reima@tion () where resources are recombined
to take advantage of new opportunities (Holling200

According to resilience theory, a social-ecolog®gtem at a particular scale interacts with
social-ecological systems at finer and broaderescdor example, farms influence and are
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influenced by interactions with regional, state aational social-ecological systems. Adaptive
cycles are believed to occur at each scale, andangecessarily synchronous — they may be in
different phases of the adaptive cycle at the one.tA set of such multi-scale cycles is called
a ‘panarchy’ (Holling 2001).

In Australia, resilience theory has been appliethéanalysis of social-ecological systems
including the Goulburn-Broken region in southeagstalia (Walketet al.2009), the Western
Australian agricultural region (Allison and Hobk302) and pastoralism in Australia’s
drylands (McAllisteret al.2006).

The method employed for this study involves aditere review of ecological, social, economic
and historical research in books, reports and guarticles, and a resilience analysis following
parts of the method set out by the Resilience Adlea(2007). Information is compiled on key
variables and processes relevant to Australiajsi¢ed rivers region and thresholds for the
provision of the four focal ecosystem serviceshefvaluation exercise. This information is
organised to provide an historical perspective smiahcludes key past events and changes that
have shaped the whole tropical rivers region, ane hmpacted on the capacity of tropical

river systems to provide ecosystem services.

Using resilience theory, this information is analygor insight into (1) slowly changing
variables, (2) examples of cross-scale interactibashave had particular impacts on the
tropical rivers region and tropical river ecosystegnvices, and (3) distinct phases for the state
of the tropical rivers region based on the adaptixee. We then discuss the implications of
these findings for our assessment of the impagt®tantial development scenarios on the
ecosystem services of Australia’s tropical rivers.

4.3 Results

4.3.1 What are the ecosystem services that people ¢ are about?

The variables of concern in this study are the fooal ecosystem services for which economic
values were estimated in section 3: (1) provisibfiomdplain habitat; (2) provision of river
conditions for recreational fishing; (3) provisiohspecies and habitat important to Aboriginal
customary activity at waterholes; and (4) producfrom irrigated agriculture. There are many
other features and aspects that are importantdpleésee, for example, Jackson and O'Leary
2006; Stoecket al.2006), however, due to the limitations of time apdce, we will restrict

our discussion to these four.

4.3.2 Which factors directly influence the provisio n of ecosystem
services?

The state of each of these ecosystem servicesagmiaed in the first instance by the
following variables:
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= The provision of floodplain habitat, river condit®for recreational fishing, and
species and habitat important to Aboriginal custgnaativity at waterholes are all
influenced by the flow regime and water quality.

= The provision of healthy floodplain habitat is ailsluenced by the diversity and cover
of floodplain vegetation and the incidence of weeds

= The provision of river conditions for recreatiofiahing and species and habitat
important to Aboriginal customary activity at wdteles are also influenced by the
diversity and cover of riparian vegetation anddbendance and diversity of species.

= Production from irrigated agriculture is influendaglthe availability and quality of
water and soil.

These ecosystem services are also influenced ley ntn-biophysical variables and processes,
for example, the quality of a recreational fish@gerience is also influenced by people’s
access to fishing sites, and how crowded and umgallthese sites are. Aboriginal customary
activity at waterholes is also influenced by petspéecess to these places and their privacy
when there. Production from irrigated agricultis@lso influenced by a range of social and
economic variables, such as institutional arrangespeechnology, and market conditions.

4.3.3 What variables and/or processes threaten the  factors that directly
influence the provision of ecosystem services?

There are multiple other variables and/or procedsgsmpact on and threaten these factors
that directly influence the provision of ecosystesnvices. These variables and/or processes
include:

= weeds, such as mimosa, salvinia, water hyacintlagoass, and parkinsonia;

= water extraction and river impoundments;

= water pollution from mineral extraction and proéegsand agricultural chemicals;
= feral animals, such as water buffaloes, pigs ane teads;

= pastoral activities, such as the clearing of nategetation, grazing and introduced
pastoral species; and

= tourism and recreational activities (Finlaysetral. 2005; Woinarsket al.2007; van
Damet al.2008).

Climate change will also have an impact. Reseaashftund that the likely impacts of climate
change for the tropical rivers region are an inseda the average temperature by between 1
and 4°C by 2070, and a change in rainfall of betw&® and +2% (Commonwealth Scientific
and Industrial Research Organisation 2007). Knogdeabout the potential impacts of this
change on specific species and processes of thiedtaivers region is summarised in van
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Dam, Bartolcet al. (2008). Table 29 summarises the local biophygoatesses relevant to
each of the four ecosystem services, and somedhtbats to each.

Table 29: Ecosystem services, relevant ecosystem processes and some threats

Tropical river Related slow variables Threats

ecosystem

service

Provision of Maintenance of stream flows Surface and groundveatizaction, river

healthy impoundments, sediment build up

floodplain Maintenance of water quality (sedimenfollution and erosion (chemical use,

habitat and nutrient levels) inappropriate fire regimes, land clearing,
poor riparian management, cattle, feral
animals)

Maintenance of floodplain vegetation Weeds, inappete fire regimes, land
clearing, poor riparian management, cattle,
feral animals

Provision of Maintenance of stream flows Surface and groundveatizaction, river

river impoundments, sediment build up

conditions for Maintenance of water quality (sedimenfollution and erosion (chemical use,

recreational and nutrient levels) inappropriate fire regimes, land clearing,

fishing poor riparian management, cattle, feral
animals)

Maintenance of riparian vegetation Erosion (poparian management, cattle,
feral animals)

Maintenance of species abundance anHiabitat modification

diversity

Provision of Maintenance of stream flows Surface and groundweatiaction, river
species and impoundments, sediment build up

habitat Maintenance of water quality (sedimenfollution and erosion (chemical use,
important to and nutrients levels) inappropriate fire regimes, land clearing,
Aboriginal poor riparian management, cattle, feral
customary animals)

activity at Maintenance of riparian vegetation Erosion (poparian management, cattle,
waterholes feral animals)

Maintenance of species abundance anHabitat modification

diversity

Production Maintenance of water supply Surface and groundveatizaction, river
from irrigated impoundments, climate change
agriculture Maintenance of water quality (sedimenfollution and erosion (chemical use,

and nutrients levels) inappropriate fire regimes, land clearing,
poor riparian management, cattle, feral

animals)

Each of these threats has their roots in variadmelsprocesses operating at larger regional,
national or global scales. Broadly, all are infloed by the values and attitudes of the
Australian community, expressed through its electpdesentatives and institutions. Values
are “presumed to encapsulate the aspirations ofichahls and societies: They pertain to what
is desirable, to deeply ingrained standards thiraene future directions and justify past
actions” (Braithwaite and Scott 1991, p.661). Valaed attitudes have determined the
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trajectory of development in the tropical rivergios, and the ways in which decisions are
made and development is undertaken. For exam@aldbelopment of the Ord Irrigation
Scheme in the mid-1900s reflects the developmeperative of the time. The values and
attitudes that have been expressed for the tropieat region of Australia have changed
through time, and the impact of different aspinasicoming to dominance in the national
psyche can be seen in the types and processesalbpment that have taken place in northern
Australia (Jacksoet al.2008).

One of the main ways by which values and attitudtsence the provision of ecosystem
services is through policies and other institutjdreing sets of rules and norms that guide and
govern the behaviour of individuals and organisatjsuch as government departments and
community groups (North 1990; Ostrom 1990). Sonemgdes of legislation and policy
directives that impact directly on the four focabsystem services are the National Water
Initiative, the Water Acts of each state/territatye Environmental Protection and Biodiversity
Conservation Act 199@C'th), the National Strategy for Ecologically $aisable Development
and the Intergovernmental Agreement on the Envierindt is worth noting that changes in
rules that guide and govern behaviours on the gr@an also sometimes feed back to
influence the set of values.

The determinants of and threats to the four focabgstem services are all influenced most
directly by actual land and water uses and pragiicethe ground: water extraction, land
clearing, grazing practices, fencing of ripariane®, chemical use, burning regimes, and weed
dispersal, for example. Land and water uses aratipea are primarily determined by what is
possible given the natural resources of a regiowend by the ecology, landscape and water
cycle, and by the net economic returns availabld,ae also driven and guided by values and
attitudes, policies and other institutions, anceospcial and economic processes (such as
demographic change, available technology, and madkitions, for example). Water
extraction is also influenced by demographic chaamgbrates of water use for domestic,
industrial and agricultural use. Whether or notcdjgepractices are required or sanctioned by
legislation, their practice by land-owners or maragvill be determined by a number of
factors, including the availability of technologaggonomic incentives and how well enforced
legislation is.

Figure 7 summarises the relationships betweenblasaand processes that influence the
provision of tropical river ecosystem services gathe
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Figure 7: Conceptual model of processes influencing the provision of tropical river ecosystem services

4.3.4 How have these processes changed over time?

There have been changes in all of these variablgépacesses over time. Appendix G
contains summaries of trends in values and atttugl@icies and other institutions,
demographics, market conditions and technology |amd and water uses and practices with
examples drawn from the three case study riveesyst The material in these brief histories is

drawn on for the rest of the analysis.

4.3.5 What cross-scale interactions influence the p  rovision of
ecosystem services?

The histories presented in Appendix G illustrat there are multiple processes in Australia’s
tropical rivers region operating at multiple scakesd therefore multiple cross-scale
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interactions that influence the provision of ectsysservices. The following provides some
examples of combinations of changes across subragstind spatiotemporal scales, often
leading to unintended or unexpected impacts optbeision of ecosystem services.

There are several descriptions in the literaturthefnegative impacts of combinations of land
management practices and extreme rainfall eventseample, burning in the late dry or early
wet season, followed by high intensity wet seasdmfall can increase erosion and the flow of
sediments into aquatic habitats (Daly Region ConitwiReference Group 2004). Excess
sediment can reduce the clarity of water impactingquatic plant growth and can, in turn,
lead to de-oxygenation (Rangelands NRM Coordina@ngup 2004), thereby impacting on
aquatic habitats important for species abundandelaersity that underpin the provision of
species and habitat important for recreationairigland to Aboriginal customary activity at
waterholes. There will be threshold points at whitol combined impacts of burning and
rainfall events will significantly influence watgquality, and at which decreases in water
quality will significantly affect recreational figtg and Aboriginal customary activity and the
value of recreational fishing and Aboriginal cusergnactivity.

Another example is the building of infrastructuédoriginal people in the Fitzroy Valley
report that the all-weather Broome-Derby road hkésa dam across the Fitzroy River
floodplain, which can increase pasture productifitan Watson in Marshall 1988).
Pastoralists increased stocking rates in respaniestand the pastures were over-grazed.
When the large flood event of 1986 took place,démming action of the road meant that the
water receded with much greater force than usuhlgimen the degraded state of the
floodplain pastures, gouged out the river frontage tributaries, and uprooted trees and fences
(lIvan Watson in Marshall 1988). Both the overgrgzamd the force of the water in this case
impacted negatively on the provision of floodplhabitat and there will be threshold points at
which the combined impacts of over-grazing andfadiievents will significantly influence
floodplain health, and at which decreases in fldaidphealth will significantly affect the
environmental values associated with healthy fl¢aidg.

The interaction of the introduction of new techrgylavith new legislation has impacted on
social dynamics in parts of the tropical riversioeg For example, the increasing use of
technology in the pastoral industry, such as hptee and fencing, from the late 1960s
onwards tended to decrease demand for Aborigibaliaand, along with the impacts of the
Federal Pastoral Industry Award 196ad to many Aboriginal people moving into towipsh
thereby increasing pressure on available resouruaading water, laying the groundwork for
some of the social pressures to come (Toussaialt 2001), and also bringing a decline in
customary natural resource management (Sullivag)200

The compilation of information on variables andqasses presented in Appendix G also
provides insight into some combinations that h&aeepotential to significantly change the
tropical rivers region and the provision of ecosysiservices in the future. For example, the
combination of daily water use attitudes and pcastin Darwin, a lack of appropriate
incentives to manage demand, and a low rainfall geald lead to a flow regime that causes
irreversible damage to groundwater dependent etsgsand the provision of ecosystem
services. There will be threshold points at whiod tombined impacts of water extraction,
demand management and rainfall events will sigaifity influence the flow regime, and at
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which changes in the flow regime will significantjfect all other uses and values of tropical
rivers.

Scenarios developed by the Daly Region Communitgieace Group (2004) considered the
potential loss of perennial stream flow occurringptigh a combination of excessive surface
and groundwater extraction, the building of dametber surface water storage devices, and
altered rainfall due to shorter summer monsoonsgxample. The loss of stream flow would
impact on the provision of all four focal ecosysteenvices. The Reference Group also
considered the potential for changed stream moaggiyabccurring through a combination of
late dry season fires and early wet season ragws, lpnd clearing and management practices,
and increased sediment flows into rivers; and aabiégradation through a combination of
land clearing, inappropriate fire regimes, weeds$fanal animals, excessive surface and
groundwater extraction, erosion, increased sediatientand nutrient loads, and change in the
structure of riparian and in-stream vegetationsMwuld impact on the provision of provision
of floodplain habitat, river conditions for goodality recreational fishing, and species and
habitat important to Aboriginal customary activatywaterholes.

Adaptive cycles for the tropical rivers region

Cross-scale interactions can also be seen in thigsas of adaptive cycles of the tropical rivers
social-ecological system. Key events in the histirthe tropical rivers region are distilled
from the histories provided in Appendix G and armmarised in Table 30. There are three
relatively distinct adaptive cycles identifiable the tropical rivers region (Figure 8). The first
sees the exploration and colonisation of northeustralia by European settlers in the early
1800s and the establishment of settlements andtryd(mining, pastoralism and early
attempts at agriculture). This is an example ofrthbase of exploitation and growth.

The value of Australia’s tropical river ecosystem services ¢ August 2009 81



UNDERSTANDING INTERACTIONS THAT INFLUENCE AUSTRALIA'S TROPICAL RIVER
ECOSYSTEM SERVICES

Table 30: Key events in the history of the tropical rivers region

Y ear Events
Pre- Indigenous customary tenure and activity
colonisation
1788 European colonisation
Early-1800s Exploration of northern Australia —atgstion of vast, empty spaces to be populated,
huge potential for agriculture recognised
English common law governs water allocation and use
Mid-1800s Establishment of sheep and cattle fammassmame small mining ventures
First failures of pastoral ventures
Introduction of some feral species
Introduction of drugs and alcohol to Aboriginal aoomities
Late-1800s Severe droughts across Australia
English common law gives way to regulatory conthobugh administrative grants
Pearling industry established
Periodic gold rushes
Development of some townships
Early-1900’s Establishment of market gardens amdessmall cropping ventures
Proposal for a Jewish settlement in the East Kitelger
1910 Aborigines Act- separation of Aboriginal children from parents
Mid-1900s Several large dams built
Proposals to divert tropical rivers inland
Policy to assimilate Aboriginal people into Europeaciety
Proposal for Jewish settlement rejected
Further irrigated cropping experiments
1963 Ord River Irrigation Scheme dam and watevde}i system built
1968 Federal Pastoral Industry Award movement of many Aboriginal people into
townships
1969 Establishment of Camballin irrigation are&itzroy River catchment
1970s Critique of Ord River Scheme (subsidisation of agjture in northern Australia,
onwards environmental and human health consequences, fagllrining and analysis)
Peak and decline of livestock numbers
1976 Aboriginal Land Rights Act
Increasingly complicated water allocation arrangetsie
1980s Resource assessments of rangelands finautahdverbanks degraded from grazing
Camballin project abandoned due to flood damagm pests and diseases, and
insufficient economies of scale
1992 National Strategy for Ecologically Sustainab&velopment
1993 Native Title Act
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1999 Environmental Protection and Biodiversity ConseimatAct
Late-1990s Increasing recognition of natural, rattomal and Indigenous values for water
worldwide

Feasibility study of irrigated agriculture in Fitgr River catchment

Early-2000s Increasing attempts to incorporateragttecreational and Indigenous values for
water and consult community in decision-making

2004 Intergovernmental Agreement on a National Wat#ative signed ushering in
national program of water reform
Proposal to take water from the Fitzroy River in WAPerth becomes a State election
issue

2006 Studies of social, economic and ecologicalesmbf Australia’s tropical rivers and
risks associated with range of pressures and thpediished, major research hub —
Tropical Rivers and Coastal Knowledge — launched

2007 Northern Australian Land and Water Taskfostaldished
2008 Northern Australia Sustainable Yields promhmences to assess sustainable
extraction

The second cycle begins in the mid-1800s with tank phase of growth in terms of the early
development of the tropical rivers region, incluglorop trials, and the establishment of market
gardens, missions and townships. Investment irtadagnid infrastructure increases, cattle
stocking rates increase, social networks grow a®people move to the region, and political
and economic fortunes are built on the promisetestlopments such as the new Ord
Irrigation Scheme. Water allocation arrangement®ime increasingly complicated and rigid.
The combined negative impacts of some grazing jpexchighlight the increasing degradation
of the landscape and risks to ecosystem services.

Criticism of the Ord Irrigation Scheme from the 09bnwards and public outcry in response
to a large irrigation proposal in the Fitzroy raggerved to dampen development optimism and
herald a2 phase of the collapse or release mainly of oldsdalthough there were also
several collapses of agricultural enterprises duttins time and some degradation of land due
to over-grazing. It could also be argued that thiex®been some degree of collapse in
Aboriginal social systems due to a range of pai@ausing wide-scale movement from
traditional lands. The following phase sees reorganisation around a diversifieof seiues

in the late 1990s and early 2000s, and exploratiaiternative development futures through
events such as the appropriate economies roundtibliee Kimberley and north Queensland.
This can be seen as reflecting a growing environah@wareness worldwide during this time.

The third cycle begins with the r phase growthhef hew institutional arrangements of the
NWI, the Tropical Rivers and Coastal Knowledge Resle Hub and commitments to
community engagement, which are all building cotinaes as improved scientific knowledge,
new legislation and regulations, and tighter soo&lvorks. These trends are currently taking
root through the Northern Australia Land and Wateskforce and the Northern Australia
Water Futures Assessment as we move from thehet& tphase. The ne&t phase of collapse
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or release will likely be triggered by a developin@ecision, election, other governmental
restructuring or global catastrophe, for example.

This set of adaptive cycles describes the cyclexploitation, conservation, release and
reorganisation mainly around ideas, values, agisughd aspirations. There is some evidence of
changes in physical components and conditionsdople, for example, collapses in
agricultural endeavours due to pests, or collapske social systems of local Aboriginal
people. One example of the next phase of this dhelemight be seen in physical components
and actual behaviours could be borne of a sigmifidavelopment of water resources in the
region. As existing research for the tropical rezexgion seems to indicate, and as experience
in the Murray-Darling basin of southern Australiatdtes, any significant modification of
stream flows and the flow regime may see the sedalogical system of the tropical rivers
region move through the current conservation pligsand into a collapse similar to that seen
in the Murray-Darling system. Alternatively, thessgm could shift to a new state organised
around significantly different land-uses that do remuire large inputs of water.
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Early 1800s - Europeans arrive,
establish settlements
and fledgling industries

Diversification of values Build up of cattle and sheep stock,

increased land clearing and erosion,
Ord Scheme developed, optimism about
further development

for tropical rivers, increasing
influence of Indigenous people,
consideration of alternative futures

Modified fire

regime + ferals +

erosion + land clearing +
growing critique about Ord

Mid 1800s - trials of agriculture
and horticulture, proposals to
divert tropical rivers inland

Degration of pastoral land, crop trials
fail, public outcry about large irrigation proposals

MNorthermn Australia
Land and Water Taskforce

Mational Water Initiative, Tropical
Rivers and Coastal Knowledge,
increased community engagement

Figure 8: Three phases of the adaptive cycle for the tropical rivers region (r: growth or exploitation; K:
conservation; Q: collapse or release; and a: reorganisation)

4.3.6 How is the provision of ecosystem services af  fected by
threatening processes?

There is currently relatively little knowledge albwow these threatening processes, separately
and in combination, impact on the provision of fiigr focal ecosystem services. This is the
subject of further research by the Tropical Riveard Coastal Knowledge Research Hub. From

The value of Australia’s tropical river ecosystem services ¢ August 2009 85



UNDERSTANDING INTERACTIONS THAT INFLUENCE AUSTRALIA'S TROPICAL RIVER
ECOSYSTEM SERVICES

the resilience perspective, of particular interesthere thresholds of ecosystem functioning
exist, beyond which the provision of ecosystemises/may be significantly and irreversibly
impaired. Based on the estimates of willingnegsaipfor each of the ecosystem services
reported in section 3, we suggest that shifting tivese thresholds will also significantly
impact the value associated with each ecosysteviteen terms of an associated economic
impact on community welfare.

The following sections summarise information abdoatv some of the threats discussed above
impact on the ecosystem processes underpinningrtivésion of the four focal ecosystem
services, and information about biophysical thrédhbeyond which impacts on these
ecosystem processes may significantly compromes@itbvision of ecosystem services. While
climate change will likely impact on all of thesmpesses, we focus here on local scale impacts
and interactions. We also do not provide any infitian on thresholds in other processes such
as population levels, rates of water use, pricegoy numbers, or technology, for example.

The exploration of social and economic threshaddhé subject of future research.

Stream flows and water supply

For Australia’s tropical rivers, seasonal hydrolagya key driver of ecosystem processes and
food-web structure (Douglaxt al.2005). While there is much to be learned abowgdahe
relationships, especially of groundwater and serfaater interactions, some understanding
does exist. van Dam, Bartodd al. (2008) summarise the state of knowledge aboupdhential
impacts of changes in stream flow on in-streamestess, groundwater dependent
ecosystems, vegetation structure, native faunalifelrefugia, the structure of aquatic
communities, the pool of biota for recolonisatiand water quality.

The most certain knowledge about the impacts of fleodification on tropical river systems
and the provision of ecosystem services comes fhenexperience of the Ord River and the
Camballin Irrigation Scheme on the lower reachethefFitzroy River. The Ord River and
Kununurra Diversion Dams have significantly modifine flow regime of the Ord River,
leading to the submersion of previously terrestiabitats and creating new aquatic ecosystems
where none previously existed (Stoetyal.2001). The dams and increase in irrigated
agriculture have lead to rising groundwater lewld increased salinity in an agricultural zone
of the Ord River Irrigation Area (Salamaal.2002). These dams have also influenced the
hydrological regime through enabling significanaperation (van Darat al.2008). Barriers
such as the barrage at Camballin have limited biigyaof various aquatic species to migrate
and have increased predation of these speciesdmtay congregate around the barrier
(Morganet al.2005). Other ecological impacts on river flowsjisgents, nutrients, energy and
biota are summarised by van Dam, Barti@l. (2008) and Storey, Davies al. (2001).

As for information on specific thresholds, resedatthe Daly River by Erskinet al. (2003)
and Erskineet al. (2004) makes a recommendation for a 20% cap oadaidn based on the
levels of flow at which certain aquatic species habitats are likely to be significantly
compromised. Besides giving specific flow recomnagimhs for certain river crossings in the
catchment, they also draw attention to the impaeaof the first flush events of each wet
season in delivering nutrients to waterways, watiehand floodplains, and of flood peaks in
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cueing biotic processes; maintaining channels; eotimg floodplains, streams and waterholes;
and shifting sand bars (Erskieeal.2003; Erskineet al.2004).

Threats to stream flows and water supply come fygomundwater extraction, surface water
extraction, water impoundment, and land clearanss/bf native vegetation cover (van Datn
al. 2008). The relevant resilience questions heraloat how much water can be extracted
and native vegetation can be cleared before thrersignificant negative and perhaps
irreversible impacts on the condition of floodpl&iabitat, the quality of the river for
recreational fishing, and the condition of watedsolmportant to Aboriginal people (income
from irrigated agriculture will most likely increasf the water is extracted for this purpose).
Subsequent resilience questions are about whatgses drive the threats to stream flows and
water supply (discussed above); and which slowgngmg variables control the structure of
the system relevant to maintained stream flowscamdoe managed to maintain the system in
its desired state (discussed below).

The trade-off between water extracted for uses asdlrigated agriculture, and water required
to remain in the system for the provision of thieestfocal ecosystem services can be explored
using the results of the economic valuation exeraigich revealed that most people value the
environmental, recreational and cultural valueseniban the production value, however, we
must also consider the value of the income froigated agriculture, the employment
opportunities created and the flow on benefit fiooreased spending in the region, noting the
issue of double counting raised in section 3.4@&ab

Water quality (sediment and nutrient levels)

There is some knowledge about the impacts of |aed and practices, such as agriculture,
grazing, land clearing and mining, on water quaBignificantly higher concentrations of
suspended sediment, iron and manganese were fowwtorm runoff in catchments where there
had been fires late in the dry season (Townsendanglas 2000). Clearing of native
vegetation and land degradation reduce infiltratiod increase runoff (Harris 2001), which
can lead to erosion and sedimentation (RangelaRid Noordinating Group 2004; Landcare
Council of the Northern Territory 2005). Excessiseht can reduce the clarity of water,
which impacts on aquatic plant growth. This, imf{uwan lead to de-oxygenation (Rangelands
NRM Coordinating Group 2004), and excess nutrieatslead to eutrophication and algal
blooms (Harris 2001). Exotic animals, such as eattbnkeys, pigs and buffalo, can cause
turbidity due to their trampling of wetlands anderibanks. This can reduce light for aquatic
primary production (Rangelands NRM Coordinating @r@004). Herbicides, pesticides and
fertilisers from agriculture and horticulture, mstieom mining, sewage and stormwater from
townships, and sediment and nutrients from landririg, over grazing and wildfires can all
impact negatively on water quality (Landcare Coliatthe Northern Territory 2005).

Current knowledge about specific thresholds comms fa quantitative ecological risk
assessment of the impacts of water extraction amdl ¢learing on surface water quality in the
Daly River catchment by Bayligs al. (2008). This work used Bayesian Belief Networks to
model potential impacts based on conceptual marfdtse interactions between assets and
threats. Bayliset al. (2008) categorised impacts on in-stream healtteasy ‘Excellent’, ‘Ok’

or ‘Poor’, and found that when no water is extrdc&b% of the assessment of in-stream health
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is classified as ‘Ok’ and ‘Excellent’, with the roaity being ‘Excellent’ (48%). This is
compared with 20% wet season water extraction, vamin17% of the assessment of in-
stream health is classified as ‘Ok’ and ‘Excellentith the majority being ‘Poor’ (83%).

Threats to water quality come from pollution andséon (chemical use, inappropriate fire
regimes, land clearing, poor riparian managemettle; feral animals) (van Dagt al. 2008).
The relevant resilience questions here are aboumthiach the quality of water can be affected
before there are significant negative impacts enctndition of floodplain habitat, the quality
of the river for recreational fishing, the conditiof waterholes important to Aboriginal people
and the income from irrigated agriculture. We dse anterested in what drives the processes
that threaten these ecosystem services (discubsed)aand which slowly changing variables
control the structure of the system relevant taewgquality and can be managed to maintain the
system in its desired state (discussed below) tfitesholds will likely be different for each
ecosystem service, for example, the provisionaddplain habitat in good environmental
condition is likely more sensitive to water qualityan production from irrigated agriculture.

Floodplain vegetation and habitat

Research has shown that riparian vegetation andmast are more vulnerable than
surrounding environments to infestation by weedsu@aset al. 1998). For example, olive
hymenachne can completely replace native vegetandrimit habitat and food for native
fauna (Weeds Cooperative Research Centre 2003)jauplain burning at least once in every
five years is required to maintain diversity of l@ed plant species by managing monocultures
and weeds (Baylisst al.2006). Other threats comes from exotic animalsh st cattle,
donkeys, pigs and buffalo, which can cause erosiegetation damage and sedimentation due
to their trampling of wetlands and riverbanks (Kern Territory Government 2003; Landcare
Council of the Northern Territory 2005).

In terms of specific thresholds, current knowledgmes from a quantitative ecological risk
assessment by Bayliss al. (2008) of the impacts of water extraction and amdl weeds on
floodplain health (including plant biodiversity) ihe Daly River catchment. Bayliss al.

(2008) found that the main influence on floodplaealth is the extent of floodplain weeds, and
that limiting cover of the weed mimosa to 10% af floodplain substantially increased the
probability that the floodplain would be in ‘Goocbndition.

Threats to floodplain vegetation and habitat coroenfweeds, inappropriate fire regimes, land
clearing, poor riparian management, cattle, fenahals (van Danet al.2008). The relevant
resilience questions here are about how much thesats can continue unmanaged before
there are significant negative impacts on the dodof floodplains as habitat and breeding
ground; what processes drive these threats (disdugsove); and which slowly changing
variables control the structure of the system i@tevo floodplain condition and can be
managed to maintain the system in its desired &liggdeussed below).

Species abundance and diversity

Aquatic biodiversity is affected by changes in wdlews and quality (Rangelands NRM
Coordinating Group 2004), exotic pests such as tzads (Doodyet al.2006), and other
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exotic fish species through predation, competitiod disease (Arthington 1991; McDonald
and Dawson 2004).

A world-wide review of studies of habitat fragmerda has found that 30% habitat retention is
a critical threshold below which species are rapidst from landscapes (Andren 1994).
Current knowledge on specific thresholds for Augtisitropical rivers region comes from a
gquantitative ecological risk assessment of the otgaf water extraction and land clearing on
barramundi stock in the Daly River by Baylessal. (2008). This study found that the
abundance of the catchable population appearsyhagimsitive to water extraction. Barramundi
populations decrease as the percentage of wetrseader extraction increases, for example,
20% simulated wet season water extraction will cedosarramundi populations by 32% and
reduce the value of the recreational fishery byraximately 77% ($129,000 to $29,000). Fifty
percent water extraction will reduce population$B¢b6. Baylisst al. (2008) also modelled

the impacts of water extraction and wetland weedsagpie goose nesting success in the Daly
River floodplain finding that the density of magpjeose nests declines in direct proportion to
water extraction. Another study of fisheries thidh to river flow found a strong relationship
between river flow and catch from the Northern Rrdsishery, and other coastal barramundi
and mud crab fisheries (Robiasal.2005).

Threats to species abundance and diversity comeHiebitat modification (van Daset al.

2008). The relevant resilience questions here lamatshow much habitats can continue to be
modified before there are significant negative intpan the quality of the river for

recreational fishing and condition of waterholepariant to Aboriginal people; what processes
drive habitat modification (discussed above); amictv slowly changing variables control the
structure of the system relevant to important fafsihd can be managed to maintain the system
in its desired state (discussed below).

Riparian vegetation

Few riparian vegetation species in the tropicanswegion are fire tolerant (Landcare Council
of the Northern Territory 2005). Damage to ripanagetation can result in increased growth
of algae and macrophytes in-stream and allow ise@amounts of soil and nutrients into
waterways (Douglaset al.2003; Daly Region Community Reference Group 2084tudy of
the impact of reduced river flows on the crop @& #iga Spirogyra found that flow rates lower
than the natural flow regime resulted in small@pst, which is problematic as the alga is a
food source for turtles (Townsend and Padovan 2009)

Reports by Aboriginal people of the impact of tlevéteen Mile Dam and the barrage at
Camballin in the Fitzroy River catchment includesetvations that the river frontage had been
“scoured” due to the impact of the levee banks atewflows during floods: when the water
recedes from the levee banks, it uproots treesvasties out fences (lvan Watson in Marshall
1988).

Threats to riparian vegetation and habitat comm feoosion (poor riparian management, cattle,
feral animals) and weeds (van Daial.2008). The relevant resilience questions here are
about how much erosion and weed dispersal and groavt continue to be take place before
there are significant negative impacts on the tyafithe river for recreational fishing and
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condition of waterholes important to Aboriginal pé&y what processes drive erosion and
weeds (discussed above); and which slowly changinigbles control the structure of the
system relevant to species abundance and divarsityan be managed to maintain the system
in its desired state (discussed below).

Current thresholds research

Further research about some thresholds of ecosystetioning for the provision of
ecosystem services is currently being undertakgraeof the Tropical Rivers and Coastal
Knowledge Research Hubt{p://www.track.gov.ayg/and the Northern Australia Land and
Water Taskforcehttp://www.nalwt.gov.ay/

In the absence of these findings, however, the mesifience questions to ask are about the
processes that may lead to a threshold being ade$ien involving cross-scale interactions),
and the slowly changing variables that control ¢hpcesses and can be managed to maintain
the system in its desired state.

4.3.7 What are the slowly changing variables that ¢ ontrol the provision
of ecosystem services?

The discussion of thresholds above and the hisipriesented in Appendix G help to reveal
some of the slowly changing variables for the whodical rivers region social-ecological
system that appear to significantly influence thevision of ecosystem services. In particular,
we are interested in the slowly changing variathes control the structure of the system that is
relevant to maintaining stream flows, water qualfityodplain habitat, riparian vegetation and
species abundance and diversity. We are also steslén those variables that can be managed
to maintain the system in its desired state forotmgoing provision of these valued ecosystem
services and the activities, benefits and valuesustralia’s tropical rivers that they underpin.

Changes in values and attitudes generally takessaer long time periods, have had
significant impacts on the tropical rivers regiorthe past, and will do in the future. For
example, if the tendency towards large engineatenglopments grew in dominance as
compared to arguments about economic efficien@cotogically sustainable development, it
is likely that major infrastructure works would &glace to either ensure water supplies in
southern Australia or increase agricultural outpuhe tropical rivers region. Any such
regulation of a tropical river would likely havegsificant impacts on hydrology, ecological
processes and the provision of ecosystem senasadiscussed by Storeyal. (2001)
regarding the potential impacts of an impoundmenthe Fitzroy River in the Kimberley
region of Western Australia.

As itis, the changes in values and attitudes Ipageipitated associated changes in the policies
and other institutions guiding and governing waitsg, both in terms of their goals and the
ways in which they are to be achieved. The shiftalues and attitudes towards sustainable
development, the recognition of diverse values,taedmportance of community consultation
have shifted the types, process and pace at wienatlabment and development decisions take
place. Of particular note is the increasing infleeof Indigenous people in discussions about
development in northern Australia, for example, ésablishment and funding of the
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Indigenous Water Policy Group and the Indigenousi@anity Water Facilitator Network, and
the recent appointment of an Indigenous persohea€hair of the new Northern Australia
Land and Water Taskforce. Even so, values andidétit could shift in response to a series of
elections, for example, or a global event precipitplarge influxes of people into Australia or
steeply growing demand for our natural resourcéschvmay see very different development
decisions being made.

Changes in policies and other institutions guiding governing water use, including the
enforcement of institutional arrangements, have tken place over long time periods and in
synchrony with changes in values and attitudesitexdent. The application of English
common law from the early 1800s covered the tirnefcolonisation, through early
exploration and optimistic agricultural experimeita, to the droughts at the end of the
century. New water allocation arrangements took avel presided over the next century,
which saw the lock-in of a range of significant sbas to land and water in the tropical rivers
region through the building of large dams, furtagricultural development, and the expansion
of pastoralism and its impacts. TEavironmental Protection and Biodiversity Conseiwat
Act 1999(C’'th) and the NWI of the late 1900s herald anogteéft. Capacity to enforce
legislation and regulations is another aspect gtititional arrangements that changes
relatively slowly and has a significant impact and and water uses and practices on the
ground.

In terms of direct impact on the land and wateoueses of the tropical rivers region, the set of
dominant grazing practices is considered a sloWwhnging variable that impacts on the
dynamics of faster and more localised variablegidd@ns about stocking rates, fire
management, water access points, the introducfiongroved pasture and land clearing all
impact on tropical river ecosystem services throngbacts on water quality, weed cover,
riparian and floodplain vegetation and species daooe and diversity. Significant changes in
grazing practices take place over long periodénad s legislation changes, new research is
undertaken, and/or new technology becomes availle changes over shorter terms are
made in response to changes in input costs, paitg®r demand, though these decisions are
unlikely to be about significant change in pradice

The final slowly changing variable that is likety have a significant impact on the provision of
ecosystem services in the tropical rivers region Hdferent flows are from the natural flow
regime. As stated earlier, seasonal hydrologykiesyadriver of ecosystem processes and food-
web structure (Douglast al.2005) and the adequate quantity, quality, timind &emporal
variability of water flows is critical to freshwatecosystems (Baraet al.2002; Bunn and
Arthington 2002). As flow regimes become more armdenmodified due to water extraction or
through impacts on water quality, impacts on otlarables, such as the abundance of species
and riparian vegetation, will influence the used aalues of Australia’s tropical rivers.
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4.4  Discussion: implications of the resilience appr oach

4.4.1 Assessing the impacts of potential developmen  t scenarios on
tropical river ecosystem services

There are several implications of these findingsagsessing the impacts of potential
development scenarios on the ecosystem servickgsdfalia’s tropical rivers. First, there are
multiple, complex interactions that are involvedhathe introduction of a new development

and how it may impact on the provision of ecosyssenvices. What we do know from past
experience in the tropical rivers region is tha tiperating environment for new ventures
(climate, distance from markets, lack of fertildsawildlife, fire dynamics) is extremely
challenging and has contributed to the failure ahgnof these ventures in the past. Research to
date suggests that the structure and function®picial river ecosystems can be significantly
modified by developments, and that this can imgaptificantly and irreversibly on the

provision of valued ecosystem services (StoreyTaagtler 2006).

Second, this resilience analysis has given sonighinsto the different processes at work, and
how interactions between these different procesaesometimes lead to unintended
consequences. The assessment of impacts of pbatElopment scenarios on tropical river
ecosystem services needs to explore these crogesksigaactions to probe the system for the
unintended impacts of any future development.

Third, another implication for assessing the impadétpotential development scenarios on the
ecosystem services of Australia’s tropical riverghie importance of thresholds. There are two
main questions here: (1) how much can the provisfan ecosystem service be reduced
before there is significant and potentially irresible impact on community welfare/human
well-being; and (2) how much can an ecosystem Ipaated by various threats before its
capacity to provide ecosystem services is signifigaand potentially irreversibly affected? We
have provided information about some biophysicedgholds where available because they are
most relevant to the ecosystem services explordusrstudy. However, there are many
remaining questions for biophysical researchersvemtiave not touched on the social and
economic thresholds that will also be importarthi& continued provision of ecosystem
services and the resilience of the tropical riveggon as a whole. This is a subject for future
research.

Fourth, more research is also required to furttieniify the slowly changing variables that
control the structure of the system that is relé¥@maintaining the provision of ecosystem
services. We have provided a preliminary exploratlbis anticipated that this list will be
refined as the results of further biophysical ancia research is undertaken for the Tropical
Rivers and Coastal Knowledge Research Hub.
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UNDERSTANDING INTERACTIONS THAT INFLUENCE AUSTRALIA'S TROPICAL RIVER
ECOSYSTEM SERVICES

4.4.2 Maintaining the capacity of tropical river sy  stems to provide
ecosystem services

The implications of the resilience approach for agament are primarily about maintaining
the capacity of tropical river systems to providesystem services. It suggests that managers
are guided by their answers to the following questi

1. What are the values that people care about?

2. What are the processes that underpin these valtehycing them, enabling them or
influencing them?

3. What threatens these processes? These will uha@bgts of processes interacting at
different spatio-temporal scales.

4. What are the slowly changing variables that corttrelstructure and functions of the
system that maintaining the values that people aboeit?

5. What are the thresholds beyond which the provisicthe values that people care
about will be significantly and possibly irreversiltompromised?

6. Which slowly changing variables can be managedhercontinued provision of the
values people care about?

More research is required to answer these questithgyreater certainty.
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5. CONCLUSIONS

Any development in Australia’s tropical rivers regiwill have impacts on tropical river
ecosystems, the provision of tropical river ecasysservices, and the industries, activities and
benefits that these ecosystem services underpig.stidy has provided assessments of the
potential impacts of development based on two diffeapproaches: the estimation of impacts
on community welfare measured in dollar terms thfoeconomic valuation, and the analysis
of some complex cross-scale interactions in thgided rivers region and thresholds for the
provision of ecosystem services. These approaaras &rom different theories. They provide
insights that are complementary in that they heligll a more complete story about the value
of tropical river ecosystem services and how depmkent might impact on ecosystem services
than could be told by either on its own.

The economic valuation reveals that Australians@kahigher value on large improvements in
river health to underpin environmental, recreati@mal cultural uses/benefits than moderate
improvements, whereas they place a higher valub@moderate expansion of irrigated
agriculture than large-scale expansion. In additharstralians value large improvements in the
condition of waterholes important to Aboriginal pé®the most out of all possible
improvements in all of the four ecosystem servidéss reveals that people have a strong
preference for seeing waterholes that are impottaAboriginal people in the best possible
condition. Both of these main findings are the séonall three river systems and all three
target respondent groups.

We acknowledge that some aspects of these ecosgsteines cannot be captured in dollar
terms, i.e., they are priceless. Also there areymatuable aspects of these ecosystem services
that are not covered by the method of valuation uise¢his project, for example, the
expenditure on equipment for recreational fishthg,time spent undertaking customary
activity, and the gross value of production andtgbation to employment by irrigated
agriculture. This means that the economic valuasule calculate are likely underestimates of
the true or full value of these ecosystem services.

Further calculations with the estimates of econoralae provide estimates of the benefits of
programs or policies to improve ecosystem senacebe costs of actions that degrade
ecosystem services. As such, these numbers caseddrucost-benefit analyses to underpin
further decision-making, giving communities, indiest and decision-makers information was
not previously available and enabling the incorfioraof a more complete set of costs and
benefits into decision-making about future develepm

The resilience analysis and existing informatiorb@physical thresholds tells us that if there
is sufficient modification to stream flows, thelaegime, water quality, floodplain vegetation,
riparian vegetation, and the diversity and abundaricertain species, the provision of tropical
river ecosystem services like healthy floodplaiwer conditions for good recreational fishing,
species and habitat important to Aboriginal custynaa&tivity at waterholes, and production
from irrigated agriculture will likely be impactew/e need more knowledge of where these
thresholds might be. As tropical river systemsaanm@plex, non-linear systems, it may be that
the most effective management tool will be one Hbrnatgs improvements in our ability to
recognise it when important slow variables are aaghing a critical threshold.
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If we apply the results of the economic valuatiorthte findings of the resilience analysis, we
get a more complete picture of the impact of aranges in the provision of ecosystem services
on community welfare as measured in dollar termd,wee have information to enable the
weighing up of more of the costs and benefits dépbal developments. Shifting back from the
economic valuation to the resilience analysis thenare reminded that some of these costs
and benefits might also cross a threshold whenerdggidly increase or decrease based on a
significant and potentially irreversible changehie capacity of the tropical river ecosystem to
provide the desired ecosystem services. Both $efsaditative and quantitative information
can together provide a more complete story andsassnt of potential impacts. A multi-
criteria evaluation tool may provide an alternatweost-benefit analysis in enabling the
exploration of qualitative and quantitative tradéso

These analyses have also revealed that thereomiktmes be trade-offs between ecosystem
services. In some aspects, the provision of ecesyservices related to production activities
such as irrigated agriculture will impact on thewpsion of other ecosystem services by
competing for water resources and contributingth@ionegative impacts. These impacts are
currently managed through caps on extraction anachge of water and land management
legislation. The economic valuation reveals thastfalians are willing to pay more for higher
levels of environmental, recreational and cultaicomes than they are for higher levels of
irrigated agriculture production, thus it appeduwat they are willing to trade the latter for the
former. However, these are only estimates of theus®e components of total value, and each
ecosystem service also has use and indirect usparmnts that need to be valued and taken
into consideration before concluding either wayisTif an important area for further research.

One key area that has not been touched on in aai oheeither analysis is by whom the costs,
benefits and impacts of potential developmentdaree. The impacts of some past events and
current circumstances on local Aboriginal peopkraentioned in the histories provided in
Appendix G. Stakeholder analyses for the regiorelmen undertaken previously (see, for
example, de Groadt al.2008), however, this is another area that williisgsignificant

research in the near future. Similarly, we have alst touched on questions about where the
social and economic thresholds important to thenteaance of ecosystem services might exist.
While all thresholds may not be important to therffocal ecosystem services discussed in this
study, they will be important to other parts of #tery about sustainable development of the
tropical rivers region of Australia.

Other issues that are raised by this study inctpdestions about what kinds of decision tools,
management strategies and institutions might beired|to address distributional inequities

and trade-offs and possible incompatibilities betwealues. Tools that support transparent and
structured decision-making might be useful heree 6urch tool is the deliberative multi-criteria
evaluation (Proctor and Drechsler 2006), whichlteen applied to scenario evaluation for the
Howard River catchment in the Northern Territoryré®net al.2008). We touch on some
implications for resource management agenciesriieediscussions. Institutional

requirements include greater institutional capattityecognise and manage around thresholds
and slow moving variables, and coordination acmaeaagement agencies in recognition of
system interdependencies.

In summary, the areas for further research arisimng this work include:
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1. further exploration of the datasets for insighbidifferences in willingness to pay
between people with different socio-economic baslkgds and the impact of the
different delivery techniques on willingness to pay

2. the estimation of economic values for the usereudiuse and non-use components of
ecosystem services to enable complete cost-bemefiyses of alternative development
proposals;

3. identification of the location of critical threslusl for the provision of ecosystem
services and/or indicators that critical threshaldsbeing approached,

4. identification of the location of critical threslusl for the value of ecosystem services
and/or indicators that critical thresholds are beipproached;

5. identification of slow moving variables and managetrstrategies;

6. identification of the qualitative and quantitatimepacts of developments to enable
multi-criteria analysis of alternative proposalsda

7. further exploration of complementarities betwedifedent approaches to the
assessment of impacts;

8. assessment of the distribution of costs and benafitong stakeholders; and

9. identification of how to improve coordination besvemanagement agencies and build
institutional capacity to recognise and manageratdbresholds and slow moving
variables.

This assessment of the value of Australia’s trdpivar ecosystem services and the impacts of
potential development on these ecosystem servitegssthat the non-market aspects of these
features have value that can be measured in ecoterms and incorporated into decision-
making based on comparisons of the relative costdanefits of alternative proposals.
Without these estimates of value (even though #neythemselves underestimates), their non-
inclusion in a cost-benefit analysis for want afiamber would imply that they are worth
nothing, which is obviously not the case. As sibbse findings provide information that was
not previously available and can substantially iowerthe quality of decisions about the future
of Australia’s tropical rivers.
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APPENDIX A: DESCRIPTION OF THE NATURAL ASSETS OF
AUSTRALIA'S TROPICAL RIVERS REGION

The tropical rivers region of Australia stretchesoas the northern part of the country,
covering approximately 1.3 million KmThe region includes land along the coast fror jus
south of Broome in Western Australia through thethern Territory and to just south of
Innisfail in Queensland, and inland to south otf€iy Crossing, Daly Waters, Mt Isa and
Hughenden. There are 55 river basins in the retiiandrain into the Timor Sea, Gulf of
Carpentaria and the Great Barrier Reef and Comal Se

While the tropical rivers region of Australia cosesome 15% of the mainland, it is sparsely
populated, containing less than 2% of Australiataltpopulation and with only three centres
that have more than 15,000 people (Stoetkdl.2006). A majority of river basins have less
than 1 person/ kiand jusunder half have less than 500 inhabitants (Stoetcél. 2006). The
sparseness of the population might give the impyagbat northern Australia is not a preferred
place to live, however this belies the importantthe region to the approximately 88,000
Indigenous people of more than 130 language gratngslive there (Woinarslket al.2007).
Indigenous people are significant landowners inrfggon and a major and growing proportion
of the population (Woinarskit al.2007).

The main forms of tenure in the region are pasteadehold and freehold (70%), Aboriginal
title (20%), conservation reserves (6%) and miijaurpose (1%) (Woinarsldt al.2007). The
predominant industries in the region are pastaraligining, Aboriginal enterprise (including
natural and cultural resource management, art argici) tourism, commercial and recreational
fishing, agriculture/horticulture, defence and goweent services.

Most of the tropical rivers region is located instalia’s tropical savanna bioregion. Tropical
savannas are characterised by “a tall dense grgssWwith or without trees” (Woinarskt al.
2007, p.13) and can range from being treelesslgraissto denser woodlands. The tropical
rivers region of Australia also contains Acacia Wamds and shrublands, heathlands,
rainforest, mangroves and coastal vegetation, @sthivater and wetlands (Woinarskial.
2007).

The landforms of the region include undulating péaat low elevation; wetlands including
river and stream channels, floodplains and billgsomand the spectacular ranges and
escarpments that provide the basis for much tounsenest and hold “the richest rock art
galleries in the world” (Woinarslgt al.2007, p.11). The soils are mostly thin and inferti
mainly due to the nutrient leaching and erosiorsedwby the intense tropical rain (Woinarski
et al.2007). Much of the tropical rivers region has ansubnal climate with a dry season of 7-
8 months of the year and wet season of stormsanehtial rain. Rainfall in the region ranges
from 800-3,200mm per year on average and up to &¥is usually falls during the wet
season (Faulks 1998). Temperatures in the tropieais region are high year-round and there
are often cyclones during the wet season.

Australia’s tropical savanna bioregion is “recoguiss being of outstanding national or
international significance for biodiversity” (Woirski et al.2007, p.15). Of the plants, parts of
the tropical savannas contain up to 3,000 spetméleret al. 1992; Abrahamst al. 1995;
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Woinarskiet al.2006). Of the invertebrates, there are about 1sp@@ies of ants (Andersen
2000) and 65% of all Australian species of mothd lautterflies (Anderseat al.2000;
Woinarskiet al.2007). Of the vertebrates, there are approximatélyspecies of birds, 110
species of mammals, and 40% of Australia’s regfilecies (Woinarslét al.2007). The
tropical catchments of Australia have greater fnegtbr biodiversity than that of temperate
Australia (Pusey and Kennard 1996; Gehrke and $12000; Hamilton and Gehrke 2005).
Approximately 225 species of freshwater fish, beaagr 75% of all species in Australia, are
found in the tropical rivers region (Woinargial.2007). Many species of animal and plant
life in the tropical savannas are endemic to tloedgion.

The tropical river systems of the region includeeesive floodplains, permanent and semi-
permanent billabongs and waterholes, and exteegiliemeral wetlands (Woinarsd al.

2007). Many of the iconic species of northern Aalsrare associated with these water
features, for example, saltwater crocodiles andpaGeese and other waterbirds (Woinarski
et al.2007). There are several sites recognised as béimational or international significance
(for example, the Kakadu wetlands and the Sout@eilh Aggregation (Woinarsket al.

2007)).

While the tropical rivers and groundwater systeifrhe region contain approximately 70% of
Australia’s freshwater resources (Hamilton and &el2005), most of the tropical rivers of the
region are episodic and shrink to a series of t@mihg pools in the dry season. This high
variability of rainfall between the wet and dry seas means that there is very little perennial
surface water in the region throughout much ofdfyeseason. Surface water is perennial
where streams are fed by groundwater from aquéfieck as for the Daly, Gregory and Jardine
Rivers (Woinarsket al.2007).

In sum, the tropical rivers region of Australiaoize of the last remaining large natural areas in
the world:

Unlike much of southern and eastern Australia, neatemains in abundance in the North. Great
flocks of birds still move over the land searchiagnectar, seeds and fruit. Rivers still flow
naturally. Floods come and go. In fertile billabenthousands of Magpie Geese, brolgas, egrets
and other water birds still congregate. (Woinagdlal. 2007, p.1)
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APPENDIX B: ECONOMIC VALUES ESTIMATED FOR
COMPARABLE ECOSYSTEM SERVICES

There have been several choice modelling valuatbnisers and wetlands in Australia (for
example, Blameyt al. 1999; Whitten and Bennett 2001; Morrison and Bé&r2@04; Hatton
MacDonald and Morrison 2005; Rolfe and Windle 20@puwer (2009) provides a meta-
analysis of ten years of research. Table 31 repote-off willingness to pay estimates for
ecosystem goods and services comparable to soimeéeacin this study. We note, however,
the significant difference in the units used for study at those reported below.

While there haven’t been any other choice modeNalgations of Australia’s tropical rivers,
two valuation studies exist for river/wetland feasiof the tropical rivers region. de Groot,
Finlaysonet al. (2008) estimate the economic benefits providetehyecosystem services of
Australia’s tropical rivers using direct and extoigied market values. Net economic benefits
of ecosystem services are $50.7 million for the WRiver catchment (approximately $450/ha)
and $82.4 million for the Daly River catchment (eppmately $230/ha) (de Groet al.2008).
The authors suggest that these are conservatimeadss. They are not easily comparable with
the implicit prices estimated here due to the défifie methods and units used.

Table 31: Willingness to pay estimates for comparable ecosystem services (adapted from Brouwer 2009,
once-off payments, $2006)

Ecosystem service  Units Mean willingness  95% Confidence No. of
to pay interval studies

Per % of river estuary in
good health

Per 1000krhof wetland
Healthy wetlands  receiving more wat&r per $3.40 -$7.30-%$14.1 4
1000ha healthy wetlafd

Per % of river covered

with healthy native

vegetatioff, per % of river $3.10 $2.30 - $4.00 12
length with healthy native
vegetatiofi

Per number of waterbirds
breeding per yelrper
waterbird’; per 1%
increase in native birfts
per native waterbird and
animal speci€s

Native fish species Per fish spedies $4.40 $3.20 - $5.70 12

Quality — fishable fvg:ef'rsgj;'ifésw'mmab'e $51.60 $40.50 - $62.70 7

Healthy waterways $0.30 -$3.10 - $3.70 2

Healthy native
vegetation

Waterbirds $6.70 $1.20 - $12.20 13

#Windle and Rolfe (2004)

® Morrison, Bennetet al. (2002)
¢ Whitten and Bennett (2005)
4 Morrison and Bennett (2004)
° Kragt, Bennetet al. (2007)
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The only other economic valuation of Australiaspical rivers comes from a cost-benefit
analysis of salinity mitigation options for the Mariver, which found that the net benefit of
preventing the salinisation of the Mary River waghie order of $8 million (2003) under one
mitigation option. This benefit included avoidindpas of income to the agricultural, fishery
and tourist industries, and gaining from reclaime&dlands that are currently salinised
(Mclnnes 2004).
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APPENDIX C: STAKEHOLDER CONCERNS ABOUT ECONOMIC
VALUATION AND OUR RESPONSE

Key stakeholders for each river system were coedwbout the choice of choice modelling for
the project. Three stakeholders expressed congetnyith the choice modelling method itself,
but with the practice of economic valuation.

The concerns raised were: (1) the complexity obgstems and the social and economic
systems that interact with them in making up eathlanent means that valuation of individual
features may not be realistic or valid; (2) sonadees may be non-negotiable to stakeholders
and not able to be ‘traded’ against each othesuak they have absolute rather than relative
value; (3) do the values of people living far frearch river system carry the same weight as
those living locally?; (4) how do we account foe tfferent understandings people may have
of tropical rivers?; (5) these values are incommamde and cannot be meaningfully assessed
through translation into dollar terms; and (6) Algoral people may find the questionnaire
format challenging.

The first concern is addressed in this study thinding second approach to assessing impacts.
The second, third, fourth and fifth concerns alknawledged as challenges presented by the
theory and practice of economic valuation. In resgoto the second concern, the ecosystem
services were defined in ways that avoided thescdption only in terms of things that would
likely be considered as non-negotiable, such astisal’ or ‘cultural’ benefit. This does not
completely solve the problem because we cannot ety control how respondents perceive
the attributes, but goes some way to alleviating it

In response to the third concern, valuation resukspresented in disaggregated form so that
differences between the willingness to pay of pediping in the catchment and those living in
cities can be observed. Further work with this skettavill explore different weightings of
responses in the all samples models.

As a method that measures the subjective prefesesfdadividuals, it is difficult for stated
preference methods to avoid the fourth concerrdaishe information provided to frame the
choice questions is used to create as common arstadding of the situation as is possible
given the requirements of the method.

We accept the incommensurability of the values @ak4o measure in dollar terms, and the
second approach to assessing impacts provideseanvadly of evaluating scenarios. However,
we follow Costanzat al. (1997) in arguing that any evaluation implies tcdevalues and that
it can be helpful to make these valuations explithie sixth concern is addressed through
translation of the questionnaire by a linguist #melface-to-face method for delivery with
Indigenous people.

In addition to these concerns, staff from a govesminadepartment responsible for managing
water resources expressed concern that the valugdiestionnaire presented options for the
management of a river system and that this wagpmtopriate at this stage of the
government’s own planning processes. We clarifiedrtecessity of using management options
in the framing of the questionnaire, but rewrotgaia sections to highlight and emphasise the
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hypothetical nature of these management optionsemdved all reference to specific
government departments.
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APPENDIX D: DALY RIVER QUESTIONNAIRE AND
INFORMATION SHEET

=
TRaCK -9

P— The future of the Da Iy River:
Commisltadps a tropical river in the Northern Territory

A survey of community attitudes (A)

Department of the Environment,

Water, Heritage and the Arts

fibasted Mbodo, i ns nindie ln AR 3
Land & Water Austrli ¥ Charles Darwin
Anstralion Government Water Fund @ UNIVERSITY
Raicing Nationa] Water Standards cSIRO -

TRaCK — Research to support river and estuary management in northern Australia

TRaCK brings together feading tropicaf river researchers and managars from Charles Darwin Unversity, Griffith University, University of westem Australla, CSIR0, 1ames Cook University, Australian
National University Gensdence Australla, Emronmental Research institute of the Supervising Sdentist, Australian ins titute of siarine Sclence, North Australia indigenous tand and S=a Mana gemeant
Alllance, and the Governments of Quesnskand, Northem Territory and Westam Australia.
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‘What this survey is for
This survey 1s being undertaken as part of research by the Tropical Rivers and Coastal

Knowledge Research Program to build understanding of people’s preferences for the future
of Australia’s tropical rivers.

‘What we ask you to do

Any adult member of your household can complete this questionnaire. It should take about
30 minutes to complete,

You don’t need to know about river management to do this survey. There are no right or
Wrong answers — we are mferested in your views.

In most cases, you only need to tick the box representing the answer that is closest to your
opinion.

Sometimes you need to place a number in the box — in these cases, write the number in the
appropriate box provided.

All your answers will be treated as completely confidential.

How to return this survey

Please return your completed questionnaire to us using the reply-paid envelope provided.
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To start, we would like to ask you for your thoughts about tropical rivers and
the environment in general.

The map below shows the part of Australia’s tropical rivers region that is being studied by a new
research program called Tropical Rivers and Coastal Knowledge (TRaCK).

Mount lsa_ ¢ 3 o
s Catchment boundaries . B £~ N
—— Fkiver systems 8
——— Major roads

Source: Tropical Rivers and Coastal Knowledge

QUESTION 1. Do you live in or have you visited the region shaded light grey in this map?

D Yes
D No

QUESTION 2. If you don’t live there. do you think vou will visit this region in the future?

D Yes
D No
D Unsure
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What’s a priority issue for Australia’s tropical rivers?

Across Australia there 1s increasing awareness of the value of water. The recent drought conditions
n some parts of Australia have also raised questions about the use of water for food production and
the potential that the tropical rivers of northern Australia may have for this purpose and for other
forms of development.

This raises a number of environmental and development issues. To start with, how do you compare
and rate the following in terms of importance?

QUESTION 3. Please rank the following issues in order of importance to you. Please put a number
i each of the boxes from 1 (most important) to 5 (least important).

D Providing food for Australia
Providing food for the world
Developing northern Australia

Preserving Australia’s tropical rivers for the people who live there and visitors

0000

Preserving Australia’s tropical river environments for biodiversity and natural
habitat

These kinds of 1ssues arise whenever there are questions about how to balance the different possible
uses of our natural resources.

QUESTION 4. Over the years. when you have heard about proposed projects where there 15 a
conflict between development and the environment, have you tended to (please mark one box only):

D favour preservation of the enviromment more frequently?
D favour development more frequently?

D favour development and environmental preservation equally?
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Even if people favour development, they often express concern about environmental problems, like
declining water quality, erosion or animal extinction, but people can also differ as to which
consequences or outcomes they are concerned about.

QUESTION 5. Here 15 a list of things that can be impacted by environmental problems. For each of
these 1ssues, please tick the box that best describes how concerned you are.

Not at all A little bit Extremely
concerned concerned concerned
Me and my future

My children

People in my region or commuity
All people

Future generations

Nature, amimals, plants and birds

Oooooood
Oooooood
Oooooood
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We would now like to ask you what you think about some hypothetical options
for the future of the Daly River region in the Northern Territory. For this, we
need to give you some background information. Please read the folded flyer
enclosed with this questionnaire.

QUESTION 6. Had you heard of the Daly River before being contacted for this survey?
D Yes
D No

QUESTION 7. Do you have family or friends who own land or work 1n the Daly River region?

0 .
0«

The future of the Daly River region

* There are a number of different ways 1n which economic and community development can
occur i the Daly River region, each of which has its own advantages and disadvantages. Each
option will have different impacts on people, their values and aspirations, and on natural
resources, such as native plants and animals.

* Some people have suggested that irrigated agriculture in the area could increase to support more
food production in Australia. This would mean that more water from the river system would
need to be allocated to farming.

* Others suggest that the natural values of the river system are significant and should be used to
support tourism and other forms of economic activity that don’t require much water.

QUESTION 8. How interested are you i the management and future of the Daly River region?
Please tick one box only.

D Very mnferested

D A little bit mnterested

D Not at all mterested
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Hypothetical options for the future

Each of the possible options for the firture will cost money to manage and can be aclueved i many
different ways. The money could be used for a number of things, for example:

= continued funding of government and non-government agencies to manage weeds o1
riverbanks:

= giving assistance to landowners to set aside land for animal habitat on their property; or

= awarding grants to people starting tourism or other businesses that don’t use much water.

These management provisions would involve some financial contributions from the community.
These might be made through methods such as:

®  nereased taxes;
= lugher rate pavments to local councils (these would also flow through to higher rents); or

= ligher prices for goods and services as farmers and businesses meet lugher environmental
standards.

This is a hypothetical situation and so none of these measures are actually on the table, but we
would like you to consider these potential costs as if they were a once-off amount charged to your
household. This will help us establish what people want for the future of the Daly River region.

‘What future is acceptable to you?

On the next few pages there are 8 choices to be made on the future of the Daly River region; one
choice per page. Each one involves choosing between 3 options. In every case, Option 3 1s always
the same and it has no associated cost. This represents how the region could look if there 15
maximum development (within existing legislative constramts) and mimmal management. The
other 2 options represent changes to this situation.

Each option 15 described by its unpact on:

= the area of floodplain in good environmental condition

= the quality of the r1ver for recreational fishing

= the condition of waterholes important to Aboriginal people
= the income from urigated agriculture

= the cost to you as a once-off payment

When deciding on the options you prefer and the associated cost, keep in mind your available
mcome and all other things you have to spend money on. Please answer each and every question.
Even though they may look the same. each question 1s different. Some options may seem strange
but there are many different ways that impacts can play out 1n the real world.
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QUESTION 9.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 2,513 km” 5,025 km” 2,513 km’
environmental condition (50% less (the current (50% less
than the level) than the
current level) current level)

Quality of the nver for 3-star 3-star 1-star
recreational fishing
Condition of waterholes AT i Ok Ok Poor
unportant to Aboriginal people

= E—E - i ;

;9

e |
Income from urrigated e~ $68 m/yr $68 m/yr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? 310 $50 NIL

I prefer (mark one box only)
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QUESTION 10.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

than the
current level)

than the
current level)

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 3,518 km™ 3,518 km” 2,513 km’
environmental condition (30% less (30% less (50% less

than the
current level)

Quality of the nver for 4-star 1-star 1-star
recreational fishing
Condition of waterholes pAtEE Poor Good Poor
unportant to Aboriginal people

= E"‘E - i ;

;-9

e |
I.ncqme from urigated e~ $68 m/yr $68 m/yr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? $100 s10 NIL

I prefer (mark one box only)
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QUESTION 11.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 2,513 km” 5,025 km” 2,513 km’
environmental condition (50% less (the current (50% less
than the level) than the
current level) current level)

Quality of the nver for 3-star 3-star 1-star
recreational fishing
Condition of waterholes pAtEE i Ok Ok Poor
unportant to Aboriginal people

= E'E - i ,

;9

e |
Income from urrigated e~ $36m/yr $68 m/yr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? $100 $50 NIL

I prefer (mark one box only)
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QUESTION 12.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 5,025 km” 3,518 km” 2,513 km’
environmental condition (the current (30% less (50% less
level) than the than the
current level) | current level)

Quality of the nver for 3-star 4-star 1-star
recreational fishing
Condition of waterholes pAtEE Ok Good Poor
unportant to Aboriginal people

= E'E - i ,

;9

e |
Income from urrigated e $100 m/yr S$36 m/vr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? 350 s10 NIL

I prefer (mark one box only)

You're halfway through now!
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QUESTION 13.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 2,513 km” 2,513 km” 2,513 km’
environmental condition (50% less (50% less (50% less

than the
current level)

than the
current level)

than the
current level)

Quality of the nver for 1-star 4-star 1-star
recreational fishing
Condition of waterholes pAtEE i Good Poor Poor
unportant to Aboriginal people

= E"‘E - i ;

;-9

e |
I.ncqme from urigated e~ $36 m/yr $100 m/yr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? 310 $100 NIL

I prefer (mark one box only)
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QUESTION 14.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

than the
current level)

than the
current level)

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 2,513 km” 2,513 km” 2,513 km’
environmental condition (50% less (50% less (50% less

than the
current level)

Quality of the nver for 4-star 1-star 1-star
recreational fishing
Condition of waterholes pAtEE Poor Good Poor
unportant to Aboriginal people

= E"‘E - i ;

;-9

e |
I.ncqme from urigated e~ $36 m/yr $100 m/yr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? $100 s10 NIL

I prefer (mark one box only)

Only two more to go!
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QUESTION 15.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 3,518 km™ 2,513 km” 2,513 km’
environmental condition (30% less (50% less (50% less

than the
current level)

than the
current level)

than the
current level)

Quality of the nver for 1-star 3-star 1-star
recreational fishing
Condition of waterholes pAtEE i Poor Good Poor
unportant to Aboriginal people

= E'E - i ,

;-9

e |
I.ncqme from urigated e $100 m/yr S$36 m/vr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? 350 $100 NIL

I prefer (mark one box only)
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QUESTION 16.

If options 1, 2 and 3 are the ONLY options available for the Daly River region, which one would
you prefer? Choose only one option from the three below.

What could the Daly River look like? Option 1 Option 2 Option 3
Area of floodplain in good 2,513 km” 5,025 km” 2,513 km’
environmental condition (50% less (the current (50% less
than the level) than the
current level) current level)

Quality of the nver for 3-star 3-star 1-star
recreational fishing
Condition of waterholes pAtEE Ok Ok Poor
unportant to Aboriginal people

= E'E - i ,

;9

e |
Income from urrigated e~ $68 m/yr $68 m/yr $100 m/yr
agriculture ‘F\E‘L‘ g‘\
How much would I pay? 310 $100 NIL

I prefer (mark one box only)
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We would now like to ask you about vour experiences in answering questions 9
to 16.

QUESTION 17. When answering questions 9 to 16 did you always choose Option 37

0 v
0«

If you answered yes, which statement most closely describes your reason for doing so?

D I support river management but cannot afford any of the levies mentioned
D Option 3 was my preferred option in each situation

D Some other reason. Please specify

QUESTION 18. Which attributes were important to you in making your decision for questions 9 to
167 Please tick the relevant boxes.

D Area of floodplain in good environmental condition
Quality of the river for recreational fishing
Condition of waterholes important to Aborigmal people

Income from wrrigated agriculture

Ooon

How much I would pay
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Thinking about the information presented earlier about the Daly River region,
please indicate your view for each statement.

QUESTION 19. Tick the box closest to your view for each statement.

-
[4°]
W

Maybe
I understood the information m the questionnaire.

I needed more mformation than was provided.
Information was biased towards environmental
outcomes.

I found the questionnaire confusing.

Information was biased towards development
outcomes.

Oooooo
Oooof:s
Oooon

In this final section we would like to ask a few questions about you.
QUESTION 20. What 1s the postcode where you live?
QUESTION 21. What 1s your age? years

QUESTION 22. What 1s your gender?

D Male
D Female

QUESTION 23. Do you have children?

0 .
O -

QUESTION 24. Do you identify as an Aboriginal or Torres Strait Islander person?

0 .
O -
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QUESTION 25. Are you or a member of your family mvolved i the farming industry?

D Yes
D No
QUESTION 26. Are you a member of or do you donate money to an environmental organisation?
D Yes
D No

QUESTION 27. What 1s the highest level of education you have obtained or are obtaining?

D Primary school

D High school Year 10
D High school Year 12
D Diploma or trade certificate

D Tertiary degree

D Other (please specify)

QUESTION 28. To the best of your knowledge, please indicate the total annual income before taxes
that you and your spouse (if applicable) earned last vear:

D Under $6.000

56,000 — 14,999

$15,000—24.999
$25.000 — 49,999
550,000 —69.999
$70.000 —99.999

More than $100.000

OO0O0OO0Ooon

Don't know
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If vou would like to make any other comments about this 1ssue, or about this questionnaire, please
make them in the following space.

Thank you for completing this questionnaire. We hope that you enjoyed taking part in this survey.

If you are terested m the outcomes or have any further comments, please contact Anna Straton at
CSIRO.

Phone: (03) 9252 6403 or 0448 490 005
Fax: (08) 9252 6249

Email: anna straton(@ csiro.au

Address: PO Box 56 Highett VIC 3190

This project recerves funding from the Myer Foundation and Land & Water Australia.
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THE DALY RIVER REGION

The Daly River region covers about 53.000 km? in
the north-west of the Northern Territory (see map
below). Tlus 1s slightly smaller than the size of
Tasmania.

Dy Fegon
Waser Aficcation Plan
LOCATION OF REGION

What could the Daly River region look like if
there is maximum development (within existing
legislative constraints) and minimal

management?

Area of
floodplain mn
good
environmental
condition

2513 km®
(50% less
than the
current level)

Quality of the
river for
recreational
fishing

1-star

Source: Northern Territory Government Department of
Natural Resources, Environment and the Arts

About 14,000 people live in the region, mainly in
the town of Katherine.

Aboriginal people make up about a quarter of the
population. Eleven different Aboriginal language
groups have traditional lands in the region.

The major economic activities that take place are
irrigated and dryland agriculture mncluding forestry:
cattle grazing: minmg; commercial fishing and
tourisim.

The region 1s very popular for recreational fishing.
Parts of the floodplamn are nationally recognised as
important conservation areas and the bird life and

natural features contribute to fourism i the region.

In answermng the questions about the future of the
Daly River region, we are mnferested i what
outcome you want for the following features:
= the area of floodplamn in good environmental
condition,
= the quality of the river for recreational
fishing,
= the condition of waterholes important for
Aboriginal people, and
= the income from nrigated agriculture.

The following tables describe what these features
could look like under different scenarios. Each of
them has three different possible levels.
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Condition of
waterholes
important to
Abornginal
people

Poor

Income from
urigated
agriculture

$100
million/vear

What could the region look like in the future if
there is some management?

Area of
floodplain
good
environmental
condition

This area could be greater at:

1. 5.025 km® (the current lavel)
or

2. 3.518 km® (30% less)

Quality of the

The quality could be better at:

river for 1. 3-star, or

recreational 2. 4-star.

fishing

Condition of The condition of watetholes could
waterholes be better at:

important to 1. *ok’, or

Aboriginal 2. ‘good’.

people

Income from Income from irrigated agriculture
wrigated could:

agriculture 1. stay around current levels. $36

million/year, or
be approximately $68
nullion/vear.

I




The following provides more information about Condition of waterholes important to %
each. Aboriginal people Fj\éﬁ P

Area of floodplain in good
environmental condition

= Floodplains store water, trap and filter "
pollutants, provide habitat for plants, fish, birds
and animals. add nutrients to water, provide
places for recreation and serve as attractive
landscapes.

= A floodplain is in good environmental condition
when 1t 15 getting enough water at the right
tumes, has natrve vegetation with high cover and
diversity, and does not have any weeds.

= Research for the Daly River estimates that if
there 1s land clearing. weeds, chemical use or
water extraction, then 10-50% of the floodplamn
would likely experience different water flows
and other impacts. The amount of floodplain i
good environmental condition would then "
decrease unless there 1s some management to
mitigate these impacts.

Quality of the river for recreational :F#,Jf:‘—
fishing f,—g 4
Y
2

*  The Daly River 1s highly valued for recreational
fishing.

* Having a good quality recreational fishing
experience 1s about lots of things, ineluding
bemg out i nature with friends and fanuly,
‘getting away from it all’, and catching healthy-
looking fish.

= Research for the Daly River has shown that
unmanaged development would likely lead to a

The Daly River is home to about 3,500

Aboriginal people who have unique historical

relationships with its land and water.

There are waterholes that Aboriginal people

the region continue to visit to undertake

activities mcluding hunting, teaching and

carrying out religious responsibilities o their

country.

Research for the Daly River has shown that

unmanaged development will likely result in a

‘poor” condition for these waterholes where:

= there are few plants, fish and animals
available, water flows are much reduced,
there 1s a lot of sediment build up, there are
lots of weeds, Aboriginal people have very
limited access and there 1s very little
privacy.

If impacts are managed, the waterholes will

likely remain 1 ‘good’ or “ok’ condition:

= A waterhole is in ‘good’ condition when
there 1s a wide range of plants. fish and
animals for hunting and gathering, water
and sediment are unmodified. there are no
weeds, Aboriginal people have access and
there 15 privacy.

= Itis m ‘ok’ condition when there are some
plants, fish and animals available, water
flows are somewhat reduced. there is some
sediment build up, there are some weeds,
Aboniginal people have some access and
there 1s some disturbance in carrying out
responsibilities and teaching.

1-star fishing river: Income from irrigated agriculture —.‘:é?;‘_‘——-
= A l-star fishing river has much reduced i
oo

flows and polluted water offering few
fishing opportunities amid heavily modified
SCenery.
= If impacts are managed the river will be either:

= A 4-star fishing river with mostly
unmeodified flows and unpolluted water
offering abundant fishing opportumties amid
mostly natural scenery. Tlus is the current
situation.

= A 3-star fishing river with somewhat
reduced flows and slightly polluted water
offering some fishing opportunities amid
modified scenery.

Trrigated agriculture 15 a key industry i the
Daly River region that has been identified as
having the potential for further development.
The mdustry provides jobs for people and
generates mcome and other flow on benefits for
the region. It’s also part of the ‘lifestyle’ and
identity for some people living in the Daly.
Trrigated agriculture uses more water than most
other industries 11 the region and would require
expenditure to ensure potential impacts are
managed.
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APPENDIX E: DALY RIVER INTRODUCTORY LETTER AND
QUESTIONNAIRE COVER LETTER

PMS 44, Winnellie NT D822, Australia ’ "

Telephons: {02) 8252 6403 - Facsimile: (03) 8252 6248 - ABM 41 857 112 230 CSIRO

Sustainable Ecosystems l'
Tropical Ecosystems Research Centre, ‘ i

J. Smith
1 Smith St
Smithville 1000

1 October 2008

Dear J. Smith and family,

In a few days you will receive a questionnaire in the mail for a research project being
undertaken by CSIRO and Charles Darwin University for the Tropical Rivers and Coastal
Knowledge Research Program®.

The questionnaire aims to seek your opinion about the future of Australia’s tropical rivers,
and one in particular, the Daly River in the Northern Territory.

This impaortant study will provide new information on the value Australians place on tropical
rivers, now and into the future, and will aid decision-making about the future of Australia's
tropical rivers.

Thank you for your time and consideration. It's only through the generous contribution of
people like you that our research can be successful.

Sincerely,

__&‘_]m_h S

Anna Straton
Research Scientist
anna.straton@csiro_au
(03) 9252 6403

P.S. We will be enclosing a small token of appreciation with the questionnaire as a way of
saying thanks.

* For more information on the Tropical Rivers and Coastal Knowledge Research Program,
please go to http://www track gov.au or contact Anna Straton to request an information
brochure be sent to you.

Australian Science, Australia’s Future wWww.csiro.au
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Sustainable Ecosystems
Tropical Ecosystems Research Centre,
PMS 44, Winnellie NT 0822, Australia I '

Telephons: {02) 8252 6403 - Facsimile: (03) 8252 6248 - ABM 41 857 112 230 CSIRO

J. Smith
1 Smith St
Smithville 1000

27 October 2008

Dear J. Smith and family,

Hapefully by now you will have read a letter informing you that you will be receiving a
questionnaire in the mail for a research project. You were selected to receive this
questionnaire as part of a random sample of residents from your local phone directory. | am
now writing to ask for your help in a study of people’s opinions about the future of Australia's
tropical rivers, and one in particular, the Daly River in the Northern Territory.

This study is funded by the Myer Foundation and Land & Water Australia and is being
undertaken for the Tropical Rivers and Coastal Knowledge Research Program™. It will
provide new information on the value Australians place on tropical rivers and will aid
decision-making about the future of Australia's tropical rivers.

Your answers are completely confidential and will be released only as summaries in which
no individual’s answers can be identified. When you return your completed questionnaire
your name will be deleted from the mailing list and never connected to your answers in any
way.

This questionnaire is voluntary and even if you think that you may not have any experience in
these matters everyone’s opinions are useful and impartant to us. We have enclosed a small
token of appreciation as a way of saying thanks for vour help.

If you have any questions or comments about this study, we would be happy to talk with you.
Please call Anna Straton on (03) 9252 6403 or 0448 490005, or you can write to us at PO
Box 56 Highett VIC 3190, or send an email to anna. straton@csiro.au.

Thank you very much for helping us with this important study.

Sincerely,

x-}..m - _\1_ "

Anna Straton
Research Scientist
anna.straton@csiro_au
(03) 9252 6403

* For more information on the Tropical Rivers and Coastal Knowledge Research Program,
please go to hitp//www track gov.au or contact Anna Straton to request an information
brochure be sent to you.

Australian Science, Australia’s Future wWww.csiro.au
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APPENDIX F: PRESENTATION OF IMPLICIT PRICES IN TABL ES ACCORDING TO MODEL TYPE AND

SUB-SAMPLE

Table 32: Implicit prices for ecosystem services from MNL models for all rivers

FP_ MED FP_LARGE FISH3 FISH4 WH_OK WH_GOOD INC MED INC LOT
Fitzroy River
All samples $49.15 $128.54 $98.65 $161.41 $169.30 29780 $91.76 $67.19
g:;f;g‘em $121.03 $146.08 $223.09 $222.95 $228.36 $314.58 * *
Face-to-face
Indigenous $122.11 $118.97 $200.50 $223.65 $264.36 $347.51 * *
sample
Cities sample $30.16 $132.74 $70.62 $143.33 $141.77 $281.32 $122.04 $87.60
Daly River
All samples $66.56 $168.60 $110.98 $170.99 $129.95 $214.51 $63.65 $25.47
g;‘;f;re”e”t $69.26 $128.81 $191.15 $243.81 $178.63 $266.89 . *
Face-to-face
Indigenous $115.86 $156.06 $163.72 $344.75 $329.16 $429.42 *x *x
sample
Cities sample $63.07 $176.83 $92.90 $156.42 $117.98 $204.80 $71.57 $28.13
Mitchell River
All samples $246.73 $348.48 $336.82 $288.72 $206.08 $429.79 $90.07 $204.92
Catchment COST statistically insignificant from zero
sample
Face-to-face
Indigenous Failed to converge
sample
Cities sample $74.04 $203.74 $107.31 $174.50 $231.8 $277.91 $146.52 $130.60

* Variable is statistically insignificant from zero

** \Variable not included in final model
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Table 33: Implicit prices for ecosystem services from MXL models for all rivers

FP_MED FP_LARGE FISH3 FISH4 WH_OK WH_GOOD INC MED INC LOT
Fitzroy River
All samples $86.47 $164.64 $109.63 $179.52 $203.00 $299.08 $71.82 $46.65
g:;f;g‘em $117.59 $139.50 $252.84 $243.85 $250.59 $363.08 * *
Face-to-face
Indigenous $110.79 $96.24 $185.79 $260.60 $290.55 $426.38 * *
sample
Cities sample $47.43 $151.70 $78.14 $150.27 $151.68 $282.64 $110.09 $82.10
Daly River
All samples $61.99 $144.84 $108.50 $153.85 $166.09 $215.56 $106.75 $43.84
Catchment $52.58 $94.45 $221.21 $244.92 $197.70 $282.75 . .
sample
Face-to-face
Indigenous $129.80 $101.43 $152.36 $342.78 $340.28 $447.22 o **
sample
Cities sample $61.11 $155.23 $111.18 $154.62 $857.4 $226.55 $118.20 $47.22
Mitchell River
All samples $322.06 $304.12 $507.59 $327.19 $538.09 $547.89 $293.92 $349.03
Catchment COST statistically insignificant from zero
sample
Face-to-face
Indigenous Failed to converge
sample
Cities sample $67.78 $171.13 $107.38 $153.53 $855.6 $278.95 $223.58 $136.31

* Variable is statistically insignificant from zero
** Variable not included in final model
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Table 34: Implicit prices for ecosystem services from MXL models with interactions for all rivers

FP_MED FP_LARGE FISH3 FISH4 WH_OK WH_GOOD INC_MED INC LOT
Fitzroy River
All samples $66.88 $119.08 $87.77 $181.44 $199.49 39297 $137.30 $101.94
Daly River
All samples $79.86 $38.04 $112.90 $90.21 $155.82 3232 $91.32 $51.20
Mitchell River
All samples $69.41 $115.57 $113.81 $110.66 $104.07 $172.65 $118.70 $124.53

Table 35: Implicit prices for ecosystem services by catchment respondents for all rivers

FP_MED FP_LARGE FISH3 FISH4 WH_OK WH_GOOD INC_MED INC_LOT
Fitzroy River
MNL $121.03 $146.08 $223.09 $222.95 $228.36 $314.58
MXL $117.59 $139.50 $252.84 $243.85 $250.59 $363.08
Daly River
MNL $69.26 $128.81 $191.15 $243.81 $178.63 $266.89 * *
MXL $52.58 $94.45 $221.21 $244.92 $197.70 $282.75 * *
Mitchell River
MNL COST statistically insignificant from zero
MXL COST statistically insignificant from zero

* Variable is statistically insignificant from zero
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Table 36: Implicit prices for ecosystem services by face-to-face Indigenous respondents for all rivers

FP_ MED FP LARGE FISH3 FISH4 WH_OK WH_GOOD INC MED INC LOT
Fitzroy River
MNL $122.11 $118.97 $200.50 $223.65 $264.36 $347.51 * *
MXL $110.79 $96.24 $185.79 $260.60 $290.55 $426.38 * *
Daly River
MNL $115.86 $156.06 $163.72 $344.75 $329.16 $429.42 *x *x
MXL $129.80 $101.43 $152.36 $342.78 $340.28 $447.22 *x *x
Mitchell River
MNL Failed to converge
MXL Failed to converge
* Variable is statistically insignificant from zero
** \/ariable not included in final model
Table 37: Implicit prices for ecosystem services by city respondents for all rivers

FP MED FP LARGE FISH3 FISH4 WH OK WH GOOD INC MED INC LOT
Fitzroy River
MNL $30.16 $132.74 $70.62 $143.33 $141.77 $281.32 12294 $87.60
MXL $47.43 $151.70 $78.14 $150.27 $151.68 $282.64 110809 $82.10
Daly River
MNL $63.07 $176.83 $92.90 $156.42 $117.98 $204.80 71.%7 $28.13
MXL $61.11 $155.23 $111.18 $154.62 $157.44 $226.55 $118.20 $47.22
Mitchell River
MNL $74.04 $203.74 $107.31 $174.50 $131.82 $277.91 $146.52 $130.60
MXL $67.78 $171.13 $107.38 $153.53 $155.63 $278.95 $223.58 $136.31
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APPENDIX G: DRIVERS OF CHANGE IN AUSTRALIA'S
TROPICAL RIVERS REGION

Values and attitudes

The values and attitudes that have been express#ueftropical rivers region of Australia
have changed through time, influencing the typescgsses and impacts of development in
northern Australia (Jacksaet al.2008). Indigenous people have lived in the redowrmany
thousands of years (Toussagntal. 2005). Their connection with and values for trapigvers
reflect customary tenure, cosmological beliefs lamolwledge of river systems from both
Indigenous stories and direct experience (Stra®3 1Boussainet al.2001; Jackson 2004;
Jacksoret al.2005). These values guide Indigenous use of tabpieers as a source of
nutrition, medicine and resources for ceremonied;aplace for the social and subsistence
activities of fishing, hunting, gathering, bathiagd teaching (Toussaiat al.2001). Tropical
rivers are also central to stories of identitysome Aboriginal groups (Bergmann 2006). These
values and connections continue to the presentinlftyencing patterns of use and impact,
although the rights and access of Indigenous pdwple been altered by colonisation and
government policy. The tendency for the westerargdic paradigm to dominate Indigenous
systems of knowledge (Taat al.2008) and the marginalisation of Indigenous peopans
that the continued influence of Indigenous valuss systems of knowledge on the ways in
which tropical rivers are viewed and managed is alarginalised (Jacksat al. 2005).

In the early days of colonisation, northern Aus&ralas seen as a place of “vast empty spaces”
to be populated and civilised (Powell 2000, p.a8)d as having considerable potential for
agricultural development, both pastoralism andjated horticulture (Grey 1814, in Head
1999). Descriptions of the region suggested thaémmas “wasted” without adequate
modification (Arthur 1997). This reflected a culilisocietal tendency to not acknowledge
Aboriginal existence and ownership (Head 1999), @inaptimism about the possibility of
engineering solutions, such as dams and river simerschemes (Idriess 1949; Graham-Taylor
1979). The development imperative was also stiradlaly fears about having large,
unpopulated and undefended tracts of land adjdaoehdia (Commonwealth of Australia

1959).

The first major development in northern Australiee Ord River Irrigation Scheme, included a
dam and water delivery system. It was built in 1868 was symptomatic of the big dam
building mentality of the 1950s and 60s that fasterged in the public consciousness in the
late 1800s in response to a series of major dreygdtan 2008; Taet al.2008). Enthusiasm
about engineering solutions for the developmemtasthern rivers was tempered from the
1960s with the publication of the first assessnadihe Ord Irrigation Scheme by Davidson
(1965), which critiqued the subsidisation of ineint and inappropriate land uses. Other
writers raised concerns about the environmentalhamean health consequences of the scheme
(Charters 1975; Millington 1975; Stanley 1975), atitl others critiqued the relative lack of
planning for the development of water resourcabénnorth (Milne and Watson 1985).
Various reviews in the late 1970s found that thé @oject had not fulfilled expectations and
that operations were marginal, mainly due to thyh ltiost structure and a poor understanding
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of Ord agronomy (Young 1979). Local Aboriginal peopeported fish losses, problems from
overgrazing in the upper reaches of the catchnmhtancern about the health impacts of
fertilisers and insecticides (Shaw 1983). Head 9) 2&d Toussaint (2008) explore how values
and attitudes of the time relating to the role atev in the Australian story impacted on the
resource decisions that were made, work practicésacial activities.

Values for water in Australia have diversified girtbese earlier times (Jacksetral.2008),

partly in response to an ongoing drought in souttferstralia and partly due to new voices
being raised in the debate. The role of healtheways in underpinning human well-being

has received growing attention worldwide throughwork of the Millennium Ecosystem
Assessment (2005), among others. A significantrdmstion to the practical ramifications of

this is the work on environmental flow requiremefiR&chteret al.2003; Arthingtoret al.

2006). Indigenous values and requirements for waeslowly being heard, if not yet fully
taken into account, by policy-makers (Jackson 200b¢ development of Ord Stage 2 required
negotiation with Traditional Owners in the regidtis reflects the growing influence of
Indigenous people and changes in values and astadout Indigenous rights. This can also be
seen in the establishment and funding of the Imiige Water Policy Group and the

Indigenous Community Water Facilitator Network, dhd recent appointment of an

Indigenous person as the Chair of the new NortAastralia Land and Water Taskforce. A
recent study of the social and economic valuesusitrialia’s tropical rivers identified market
values associated with the use of water in prodecctivity, and non-market values associated
with aesthetics, identity, lifestyle, recreatiordaionservation (Stoecklt al.2006; Jacksoet

al. 2008). The need to recognise and plan for a wialege of values and uses has been
recognised in the national program of water referthe National Water Initiative (Council of
Australian Governments 2004).

Alongside this change, however, exists continugdstment in the further development of the
Ord Irrigation Scheme and the occasional call fogé-scale river diversion projects like that
for taking water from the Kimberley to Perth (Westédustralia Department of the Premier
and Cabinet 2006), or the reinvigoration of thedBiedd Scheme in Queensland. Despite these
manifestations of the engineering ethic, recendiiug of research into Australia’s tropical
rivers and coasts and a new Taskforce of the Comalth Government is reflective of the
new, expanded set of values and the desire to @®@keonomic, social and environmental
outcomes.

Even with this shift in approach, the values arnifuates of the past have contributed to the
“lock-in" of some on-going issues for the tropicaders region and its capacity to provide
ecosystem services. These challenges include spaeatine, landscape change, altered fire
regimes, foreign animals, disease and invasivetqland they are rooted to a large extent in
land management decisions of the past (Finlags@h. 2005; Woinarsket al.2007).

Similarly, some current water use practices thatraflective of attitudes about scarcity and
rights of use may contribute to water managemealiehges in the future. A national survey
revealed that a higher proportion of Darwin resporid feel it is their right to use as much
water as they want than respondents in southaes ¢Roseth 2006). Water use by households
in Darwin reflect this, being twice as much pergoerthan in other capital cities in Australia
(Power and Water Corporation 2006). The need forasel management has been
acknowledged as a crucial component of managingnuathe greater Darwin region (Power
and Water Corporation 2006; Stratetnal.2008).
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Policies and other institutions

Policies and other institutions are sets of rulas$ Borms that guide and govern behaviour
(North 1990; Ostrom 1990), and their associatedmiggtional units, such as government
departments, for example. Values and attitudesenite land and water uses and practices on
the ground mainly through translation into legislator other institutional arrangements. There
are thousands of rules that guide and govern betes/that impact on Australia’s tropical
rivers and their ecosystem services, both formaliséegislation and regulations and encoded
as norms or rules-of-thumb. Some are reviewed m(2808), Tan, Jacksat al. (2008) and
Straton, Heckbert al. (2006). While it is beyond the scope of this sttmgurvey how each
rule and combinations of rules lead to certainvétes and outcomes, we provide a few
examples of policies and other institutions thatelconditions and dynamics in the tropical
rivers region and influence the provision of ectsysservices.

Values, attitudes and rules governing water Austialthe past have shaped the present legal
framework (Powell 1997; Langton 2002; McKay 200an12008; Taret al.2008). Before
colonisation, Indigenous custodial obligations goeel water use. Following settlement,
English common law was applied until a regime giutatory control through administrative
grants was introduced in the late 1800s, parthegponse to the first recorded major drought in
1864-66 (Taret al.2008). Water allocation arrangements became isnrglgg complicated

until the 1970s and 80s, when concerns about emvieatal impacts and the inconsistency of
administrative decision-making precipitated furthbanges (Tapt al.2008). Most recently,
“[e]lconomic, environmental, political, ideologicaihd pragmatic forces built up momentum
that led to nationwide reform in the mid 1990s @0ly2000” (Tan 2008, p.21). This national
reform framework, the National Water Initiative (N)\has precipitated the amendment or
introduction of new water legislation and pract@eoss most states and territories that will
impact on tropical river ecosystem services.

Each of these phases of regulatory regime haseinéled whether and how water is allocated to
different uses, each of which has different valoe impacts on tropical river systems. Indeed,
one of the main objectives of the NWI is to eststbifficient water markets to ensure that
water flows to the highest value use. Other objestiof the NWI are to “prepare water plans
with provision for the environment; deal with owalecated or stressed water systems;
introduce registers of water rights and standasdsvater accounting; improve pricing for
water storage and delivery; and meet and managawvater demands” (National Water
Commission 2008). These objectives represent aiishibilues and attitudes about the desired
outcomef water governance. The fact that the NWI alssheines a commitment to water
planning processes that involve stakeholders €ftat. 2008) reflects that values and attitudes
about the desireprocessof water governance have also changed.

Other key pieces of legislation that guide and gaovend use practices that impact on tropical
river ecosystem services include those that rétapastoral practices, including land clearing
and fencing of riparian zones; weeds and feral ahimnanagement; and environmental
protection and biodiversity conservation. TEvironmental Protection and Biodiversity
Conservation Act 199@C'th) provides for the protection of nationallgdainternationally
important plants, animals and places, and Queehsli&rstern Australia and the Northern
Territory each have a range of environmental ptaieassessment, heritage conservation,
pastoral land, soil conservation, parks and wigdtibnservation, water, and weeds management
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legislation and regulations. Most relevant pieddegislation have as part of their objectives
the prevention of ecosystem degradation and immactther users, and the maintenance of
environmental and productive health. This is brgadlaccordance with the ‘National Strategy
for Ecologically Sustainable Development’ (ESD) dhd ‘Intergovernmental Agreement on
the Environment’. Despite this intent, a lack oftagty about the best policy to achieve
sustainable development, a lack of monitoring systappropriate to the extreme climatic
conditions, and the challenges of enforcing legjmaand regulations in the mostly remote and
sometimes inaccessible tropical rivers region mélaaisactual outcomes on the ground often
don’t match the intention of the legislation.

Some particular rules regarding water use in thgi¢al rivers region provide a useful example
of how legislation influences water use practiced #e capacity of tropical river systems to
provide ecosystem services. Under\itiater Act 1992ZNT), water extraction for stock and
domestic purposes does not require a licence,s®s dxtraction of less than 15 litres per
second by those outside of a Water Control Distnidhside the Darwin Rural Water Control
District. As commented by a member of the NorthBerritory Horticultural Association, “You
can irrigate a lot with 14.5 litres per second’rpe&omm.). The lack of licensing and
monitoring required for some types and levels afewaxtraction and use directly influences
water use practices. For example, there has bekarp increase in the number of bores drilled
in the Darwin rural region (Northern Territory Depaent of Natural Resources Environment
the Arts and Sport 2008), which appears to be lggaimimpact on the groundwater dependent
ecosystems and spring-based recreational activitys Darwin rural region (Liddlet al.

2006).

Policies regarding Aboriginal people have also &adndelible impact on conditions and
dynamics in northern Australia. The Aborigines Att1910 saw the separation of Aboriginal
children from parents (Northern Land Council ancdbAginal Areas Protection Authority
2004). The Government’s policy on half-caste cleldmeant that many were separated from
their parents between 1920 and 1960 and that manyidinal families continually moved to
avoid contact with welfare officers (Pearce 1983)e policies meant to assimilate Aboriginal
people into European society were implemented 061 to 1963, and in the 1960s, the
introduction of award wages for Aboriginal peogieauigh the=ederal Pastoral Industry
Award 1968saw many lose their jobs on the pastoral statioaisheld leases over their
traditional lands and move to townships such ae Bireek and Katherine in the NT (Northern
Land Council and Aboriginal Areas Protection AuibpP004) and Hall's Creek and Fitzroy
Crossing in the Kimberley (Toussaigital.2001). The ability of Indigenous people to access
and manage land using their own knowledge systsibsth partly enabled and constrained by
the Aboriginal Land Rights Act 197&nd theNative Title Act 1993These and other policies
have had significantly negative impacts on the ceépaf Indigenous people to engage with
water and other decision-making processes (Larg@0R2), which in turn influences the use
and management of water. Jackson, Steired. (2005) argue for the recognition of Aboriginal
rights, interests and values in river researchraadagement.

Demographics

Some aspects of the demographics of early stagés inmistory of the tropical rivers region
were described in the section on values and ag¢t#tachd others will be described in the section
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on land and water uses and practices. Currentyrebion is home to approximately 310,000
people (less than 2% of Australia’s total populatidrhere are only three centres that have
more than 15,000 people (Stoeeklal.2006). Indigenous people are significant landowmer
the region and a major and growing proportion efplbpulation (Woinarsket al.2007). The
lifetime outcomes of Indigenous Australians, aseded by headline indicators of health,
income, education and home ownership, for exanapéefar worse than for Australians
generally, and particularly so for Aboriginal peejiving on remote communities, many of
which are in the tropical rivers region (Steeringn@nittee for the Review of Government
Service Provision 2005). Given the levels of samonomic disadvantage experienced by
Aboriginal people across Australia, the growingidighous population and an increasingly
articulated desire by Indigenous groups for rigiitd access to water resources that can aid in
creating wealth are significant drivers of sociadl @conomic conditions in the tropical rivers
region now, and will be in the future. The implicaus for tropical river ecosystem services

will depend on the outcomes of policies to improweditions for Indigenous people and
conflicts over ownership and access to tropicarmrnesources such as that seen recently for the
declared Wild Rivers of Queensland.

Some demographic trends and population projectians been identified for the tropical
rivers region (Carsoat al.2009; Larson and Alexandridis 2009). Currentlyt jpxer a third of
the population in the region identifies as Indigesand a majority of the child populations are
Indigenous. The Indigenous population grew by 118mf1996-2001 (compared to 4% for the
non-Indigenous population) and 4% from 2001-20@8n(gared to 2% for the non-Indigenous
population). Most population growth is in the oldge groups (45 and older), while the
population of 20-34 year olds is decreasing. Thaufsgion is projected to increase from
310,000 to 450,000 over the next 20 years. Th@negpopulation effectively doubles in peak
tourist season with 75% of visitors coming betwltay and October. This places some
additional pressure on infrastructure, resourcespapular tourism and camping spots (Yuco
Pty Ltd 2003; Greineet al.2004; Greineet al.2005), however, there was almost no growth in
the domestic and international tourism markets betw2000 and 2007 and relatively little
growth is projected (Carsaat al.2009).

Market conditions and technology

The scope of this review is limited to a few exaespbf how changing economics, market
conditions and technology have impacted on theahland uses and other dynamics in the
region over time. A recurring theme in the histofyagricultural industries across northern
Australia is a pattern of experimentation and failthat will be described in the section on land
and water uses and practices. The relative valupsduction and productivity for these
industries have also changed through time with gimgnrainfall, input costs, prices,
technology, efficiency and market conditions, amd has impacted on the mix of land uses
and other dynamics in the region over time. Formgda, peanut was the most important crop
in the Daly region between 1920 and 1940, mainby uhigh prices. When prices fell and
crops were poor, new crop trials were begun, fangxe, cotton (Stanley 1985). Similarly low
prices in the early to mid 1980s for many cropsagrdn the Daly region saw agriculturalists
sell their land to pastoralists, thus changingrtive of land uses in the region (F. O'Gara, pers.
comm.).
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Now, however, growing demand for fruits and vegksiover the passed decade has seen the
value of fruit and nut production grow by 4.2% pear in constant 2008-09 dollar terms, and
3.2% for vegetables (Mackinnat al.2009). Some growers in the Daly region report&thta

up new drip irrigation techniques and technologyntasure and report soil moisture, which
had brought improvements in their efficiency of @raise (Stratoet al.2006). More recently,

a large peanut company has reinvested in the [@gipm, and the trend towards forestry-based
Managed Investment Schemes has seen further lanchasge. However, the global financial
crisis has since seen the bankruptcy of some coempaat up for this purpose, making the
future of this land use less certain, and the ooetil shortage of labour presents yearly
challenges to horticulturalists at harvest timeg®net al.2006).

Another example showing links to the global econasnyat of pastoralism, the value of which
has changed over time in response to economicraatorldwide. The development and
growth of South East Asian and Middle Eastern nigri@ live cattle exports is significant for
the pastoral industry of northern Australia. In 2a®!, for example, slowing economic growth
in parts of these markets plus a higher Austradialfar and competition from Brazil and India
resulted in decreased exports (Mackinebal.2008).

Land and water uses and practices

Land and water uses are primarily determined bytwghaossible given the natural resources of
a region, driven by the ecology, landscape andivegtde, and by the net economic returns
available. However they are also driven and gultledalues and attitudes, policies and other
institutions, and other social and economic praeg¢such as demographic change and
increasing demand from China for Australia’s natoeaources, for example). In turn, land and
water uses and practices on the ground in thedabgivers region are directly responsible for
many impacts on tropical river systems and the ipron of ecosystem services.

The first non-Aboriginal people entered the DalydRiregion in the 1860s, being mainly
explorers, surveyors and workers on the Overlaridgfaph Line (Northern Land Council and
Aboriginal Areas Protection Authority 2004). Smadild field ventures were established in
1872, Springvale Station was stocked with she&8if6, the first cattle enterprise was
established in the Daly River catchment in 1881rfhern Land Council and Aboriginal Areas
Protection Authority 2004), and copper was found882 (Stanley 1985). An influx of non-
Aboriginal people, mainly male Chinese, to workmimes is reported to have had a significant
impact on the Aboriginal population (Pearce 1988Qvhth 1985; Stanley 1985; Aboriginal
Land Commissioner 1991), for example, through tiduction of alcohol and opium causing
depopulation and general instability (AboriginahdaCommissioner 1991).

There are similar stories about the early developragpastoralism and mining in the Fitzroy
River region of the Kimberley (Grey 1814, in He&99; ACIL Tasman Pty Ltd and Worley
Parsons 2005) and in Mitchell River region in nagpiheensland (Jack 1921). Early pastoral
ventures across the tropical rivers region oftéledadue to inadequate understanding of the
challenges of operating in a tropical environm@&gpgcket al. 1964). Some of the negative
impacts of pastoralism that exist today had thmits in the practices of these early years. The
prohibitive cost of sinking bores in the early 18900eant that cattle were allowed unfettered
access to rivers (J. Woinarski, pers. comm.). Trhgacted negatively on Aboriginal people
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(through competition for water resources and degrad of important places for ceremonial
activity) (McGrath 1987), and on river ecosysten@jsing erosion on river banks (Symanski
1996). Attention has been drawn to the problen®vefstocking and the degradation of river
frontages since 1945 (Burnside 1979).

The discovery of gold drove the establishment afnships such as Hall's Creek and Fitzroy
Crossing in the Fitzroy River catchment, which themt on to become bases to service the
pastoral industry (Molleet al.2002; ACIL Tasman Pty Ltd and WorleyParsons 2005).
Aboriginal people worked on cattle stations (Chaseé Meehan 1983; Wilson 1999; Yuco Pty
Ltd 2003), cropping ventures (Northern Land Counaill Aboriginal Areas Protection
Authority 2004) and in the pearling industry (Mohag 2004), however, many stories about
the impact of these new social and economic canditon Aboriginal people are of murder
and displacement and the introduction of diseatreigis and alcohol (Pearce 1983; Stanley
1985; Aboriginal Land Commissioner 1991; Monagh@64 Northern Land Council and
Aboriginal Areas Protection Authority 2004). Vargmissions were established with the aims
of providing education and health care to Aborigpeople, but often involved the
discouragement of Aboriginal dancing, art and othestomary activities (Stanley 1985). The
policies of assimilation and new forms of tenuretfar discouraged mobility and modified
customary land use (Monaghan 2004).

The small-scale ventures and market gardens thext developed around mines and missions
prompted consideration of the suitability of thgioa for larger-scale horticulture (Northern
Territory Government 2003). Some crops developaderearly 1900s included tobacco, sugar
cane, banana, cereal and vegetables (NorthernCandcil and Aboriginal Areas Protection
Authority 2004). Agricultural and experimental faswere developed and settlements for
agriculture increasingly taken up, with varying des of success (Northern Territory
Government 2003). There were trials of a range@bs, including peanuts and cotton, but the
challenges of the operating environment persidttiiigton 1979; Stanley 1985).

This development and experimentation cycle of #myel 900s was repeated mid-century with
the first formal investigation of cropping potefiiathe Daly River catchment (Northern
Territory Government 2003), the establishment efKlatherine Research Station in 1948
(O'Gara 1998), and the conducting of irrigationexipents in the Ord region in the 1940s
(Greiner and Johnson 2000). Land resource suryeytein the NT noted that the Daly region
had the most potential for further developmentgfaulture (Christian and Steward 1953),
however, in the early to mid 1980s, a combinatiblow grain yields, low investment in
research and development, high input prices angar@énce lead many agriculturalists to sell
out to pastoralists (F. O’'Gara, pers. comm.). RaBsm remains the largest land use by area
and horticultural land use now accounts for appnately 2% of the total area of the tropical
rivers region, 8% of horticultural activity in Auatia and 5% of the national horticultural yield
(van Damet al.2008).

Agricultural experimentation, the introduction er&l animals, and grazing practices in
northern Australia have all impacted on local estays through their influence on erosion,
native vegetation and the fire regime (Whitehea@320Water buffalo and feral pigs,
introduced in the 1800s, contribute to erosion thieddegradation of floodplains and native
vegetation (Bayliss 1985; Bowman and McDonough }9Gtazing by these feral animals and
cattle modifies the abundance of grass specieingpatts on fire behaviour. These impacts on
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fire behaviour, and the sub-optimal managemenirefifave impacted negatively on plant and
animal abundance and seedling recruitment (Williatred. 2002) and on production profits
(Dyer and Stafford Smith 2003). Poor managemegtating lands, including overstocking,
lack of fencing riparian zones and poor fire mamaget has been found to contribute to
decreased native vegetation, compacted and eroidéspecially on riverbanks), increased
turbidity, and increased weeds (Froaxtdl. 1998; Rangelands NRM Coordinating Group
2004; Lawford 2006; Lindsay and Commander 2006).

Agricultural experimentation included the introdoatof several new plant species in attempts
to improve pastures for cattle (Cook and Dias 20B®ny of these introduced species went on
to become weeds (Lonsdale 1994), which have outetadpother plants that provide food for
native fauna and contributed to altering fire betvax The impacts of these and other land and
water use practices are surveyed by Woinashi. (2007), as are other processes, including
the unfolding impacts of the invasion of northemnsi&alia by the cane toad, which is having
significant and negative impact on native faunar(@tt 1997), including aquatic species with
high conservation, ecological, cultural and ecomovailue such as the pig-nosed turtle (Doody
et al. 2006).

While land uses and practices have impacted omcttbpver systems and ecosystem services,
the impact of water use to date has been smalleoimparison, except for in the Ord River
catchment, where the dam and water delivery syk#ara significantly impacted on the local
social-ecological system (Stanley 1975; Storey Bmayler 2006). Ultimately the proportion of
water that can be extracted from rivers in northAustralia is relatively low compared to those
in southern Australia. The contingent rule for &lecation of groundwater in the NT is that
“at least 80 per cent of annual recharge is alextat water for non-consumptive use, and
extraction from consumptive uses will not exceeglttireshold level (equivalent to 20 per cent
of annual recharge)” (National Water Commission®2(09.5). Provisions in the Mitchell
Water Use Plan ensure that total water use frostiagi and future entitlements do not amount
to more than 1 per cent of the average or mediaopardischarge of the Mitchell River to the
Gulf of Carpentaria (Queensland Department of Natdesources and Water 2006). Until
such time as these caps on extraction are revieanetihere are shifts in values, attitudes,
policy and other institutions, the main impactdasfd and water uses and practices appear to be
more on water quality than quantity. Some of tHeggacts have been briefly discussed above
and are further summarised below. Of particulaen®the impact of mine disturbance and
runoff from mines in operation from the 1870s te garly 1900s on nearby aquatic habitats.
The relative lack of environmental management jiples and standards at the time has
resulted in soil disturbance, acid mine drainagg&tae high concentration of heavy metals
from many of the now abandoned mines (Burrows 2004)

The daily water use practices of some users imtin#h may be more problematic than the
potential for larger-scale water extraction, astéa the short term. The daily water use rates
and attitudes expressed about rights of use by iDargidents mentioned earlier are reflected
in the use of 65% of Darwin’s household water inetiag gardens (Power and Water
Corporation 2006). Similarly, a study with mangowers in the Katherine region found that
some farmers believe there is “plenty of water” angl strongly opposed to paying per unit of
water, citing that the costs of sinking and runrangore are high enough and often prohibit
investment (Stratoet al.2006). This study also revealed a range of iribgatvater use
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practices, with some growers being up to date thighmost efficient irrigation technology and
others having limited funds to invest in such isfracture (Stratoet al.2006).

Other relevant land and water uses driving conaiitiand dynamics in the tropical rivers region
are pearling and fishing, and conservation. Pagaséentures were established in the Kimberley
region and Cape York Peninsula in the 1860s andM6saghan 2004). Commercial
barramundi and prawn fishing began in the Gulf afgentaria in the 1960s and have grown to
become the main commercial fisheries of the trdpigars region. Fisheries production is
reliant on freshwater flows from Australia’s trogicivers (Robinget al.2005; Robingt al.
2006). The Mitchell River system contributes to {&ilCarpentaria fisheries, which are worth
between $35 and 78 million per year (Economic Asges Pty Ltd 2006).

Since the National Strategy for Ecologically Sussitie Development of 1992 and a range of
subsequent policies, reforms and pieces of leggsiaprovision has been made for planning for
biodiversity conservation. As such, there are seWgature Parks, State Forests, National Parks
and Conservation Areas in each of the three catatsnmanaged for their biodiversity,
recreational, tourism and cultural values. Natitle tegislation and land claims also impact on
land and water use practices. The advent of newoappes to environmental and wastewater
management on pastoral stations (Tredwell and N&866) and practices such as
conservation tillage (T. West, pers. comm.), suastale farming and grazing systems (O'Gara
1998), and sustainable grazing management (Betty2007) are impacting on land and water
use practices at the farm scale.

The value of Australia’s tropical river ecosystem services  August 2009 151



