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Abstract 
A literature review was conducted to explore the potential role that Market-based instruments 

(MB Is) could have in the reduction of pollution loads entering the surface waters of Darwin 

Harbour. Darwin Harbour is a largely pristine estuarine system, with a variety of land uses 

within the catchment area. 

In order to understand the role MBis could play in pollution reduction in the Darwin Harbour, 

the Darwin Harbour and catchment area is defined. The policy background and current 

management framework is described. 

A comprehensive pollution and polluter analysis was conducted in order to assign effective 

MBis for implementation to address pollution problems. This analysis presented the current 

level of knowledge regarding pollution sources, types and pathways in the Darwin Harbour 

catchment. Pollution sources are likely to be varied, due to the heterogeneity of catchment 

development. However, the majority of pollution originates from the urban areas as diffuse 
-

pollution, or is generated in the home environment. Research gaps in the Darwin Harbour 

were also identified. 

A discussion of the effectiveness and efficiency of MBis in addressing pollution is given. 

Some price-based and rights-based instruments are already in operation within the Darwin 

Harbour catchment. Existing research indicates that addressing water quality pollution 

through the implementation of MBis is most effective with price-based instruments. MBis 

are also found to be most effective when implemented with effective regulatory measures. 

A synthesis is given matching MBis with pollution sources, types and pathways in the 

Darwin Harbour catchment. Price-based instruments are most likely to provide an effective 

outcome for pollution reduction in the Darwin Harbour. Price-based instruments are also 

most likely to achieve goals and strategies set out by the Northern Territory Government. 

These instruments can also be utilised to capture the majority of polluters and pollution 

entering Darwin Harbour. Information-based MBis are also likely to be effective in reducing 

pollution loads entering Darwin Harbour. In many cases, these will not add a substantial cost 

to the Northern Territory Government or to the residents of Darwin. Information-based MBis 

will also be effective when used in conjunction with many other MBis. Rights-based MBis 
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that are already in existence are recommended for expansion and remodelling for more 

effective pollution reduction. Quantity and rights-based MBis require more investigation 

before they can be effectively implemented. 

MBis are found to require a significant support structure for effective implementation in the 

Darwin Harbour catchment. Much of this is already in existence. However, any funds raised 

due to the MBis require a co-ordinating body to ensure that MBis achieve maximum 

effectiveness in reducing pollution entering Darwin Harbour. 
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Chapter 1: The Darwin Harbour Catchment 

1.1 Introduction 

Darwin Harbour is a large (3,227km2
) macro-tidal estuary located in the Top End of the 

Northern Territory. The estuary is regarded as including the surface water between Charles 

Point, on the west of the Harbour, and Gunn Point, on the east of the Harbour (Padovan, 

2003) (Figure 1. 1 ). The catchment of the Harbour is comparatively small, with an area of 

2,417km2
• The Greater Darwin Area, which includes the capital of the Northern Territory, 

Darwin, is situated within the catchment. The population of Darwin has increased rapidly in 

recent years, with a current population of around 129,000 people (Australian Bureau of 

Statistics, 2012), with further rapid growth expected. 

The water quality of the Darwin Harbour is affected by strong seasonal rainfall. The Darwin 

Harbour estuary experiences large tide variations in the order of eight metres (Williams & 

Wolanski, 2003). Located in the monsoonal tropics, Darwin experiences two distinct seasons 

- a wet season and a dry season. Rainfall of 1733mm falls on Darwin per annum, with the 

majority of this falling during the monsoon (between December and March) (Bureau of 

Meteorology, 2012). The highly seasonal nature of the rainfall leads to an influx of nutrients 
""' 

entering surface water at the beginning of the wet season. The changes in fresh water runoff 

into the Darwin Harbour estuary also change the conductivity, salinity and other water quality 

metrics between seasons. This highly seasonal pattern in the estuary leads to difficulties in 

measuring overall water quality changes, and the impacts of development in the Darwin 

Harbour catchment. The impacts of rapid land use change within the catchment on water 

quality are difficult to assess in such a system, yet are expected to occur. 

Darwin Harbour provides a range of beneficial uses to residents, visitors and industry alike. 

Visual amenity, recreational fishing, boating an~ shipping are but some of the activities and 

uses most valued by the Darwin community as a whole. The Harbour provides a unique 

environment, being adjacent to a major city, which is no longer availab.le elsewhere in 

Australia or in similar environments internationally. Whilst many other cities in Australia, 

and particularly the region, have destroyed mangroves for aquaculture and development, 

Darwin Harbour's mangrove forests remain largely intact (McGuinness, 2003). The 
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mangroves of Darwin Harbour catchment provide the abundant fishery habitats and other 

ecosystem services that are then enjoyed by the Darwin community . 

...,_ .. O 1• IS N 2!S,....,._ 
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.--... ~~Clllchtlwlt 
:::::=:: Cl\3tlet PIIIN ICI 0....., PGiN 
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PLAN OF MANAGEMENT 
FOR D.ARWIN HARBOUR 

Figure · 1.1 Plan of management area for Darwin Harbour. This figure shows the 

catchment and estuary areas and the local government jurisdiction boundaries in the 

catchment (Working Group for the Darwin Harbour Advisory Committee, 2003). 
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The Greater Darwin Area is undergoing rapid development, with industrial and 

accompanying residential developments potentially affecting the water quality of the Harbour 

(Figure 1.2). Already, water quality problems, such as unsafe bacteria levels and algal 
. ( 

blooms, have emerged in some areas of the estuary, with wastewater treatment plants 

frequently labeled in the media as the primary cause for these problems. The identified 

problems pose a risk to the continued use of the Harbour and the lifestyle that is enjoyed by 

the Darwin community. 

1.2 Water Policy Context 

Since 1992 Inter-Governmental agreements have emphasised the effective integration of 

economic and environmental elements in the decision making and policy generating process 

(Commonwealth of Australia, 1992; Greiner et al., 2000). The current nationwide pricing 

scheme for water is based on the strategic framework agreed to in 1994 at the Council of 

Australian Governments (COAG) (Council of Australian Governments, 1994). These 

elements have been implemented to varying degrees amongst the Australian States and 

Territories. 

Following on from this framework, the National Water Initiative (NWI) was enacted in 2004. 

The NWI sets out the requirements for the States and Territories to investigate the use of 

market-based instruments (MBis) in water management and policy (Godden & Peel, 2010). 

Under the National Water Quality Management Strategy (NWQMS), positive environmental 

outcomes are deemed to be a desired result of full implementation of the NWI (Hussey & 

Dovers, 2007). One of the goals of the NWI has been to establish compatible water 

entitlements nationally in order to operate water markets within and across jurisdictions 

(Hussey & Dovers, 2007). By clarifying and legislating appropriate water rights, which 

include water allocation and water access entitlements, social, economic and environmental 

benefits should be maximised. 

The user-pays principle informs the COAG water framework and the NWI. The polluter pays 

principle is based on the idea that the full cost of pollution and ex_ternalities be borne by 

parties using the resource and generating the externalities. 
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Darwin Harbour has a number of authorities, departments and an advisory body involved in 

developing policies, strategies and monitoring and enforcing.legislation for the protection of 

water quality of Darwin Harbour. A water quality protection plan has been developed for the 

surface water of the Harbour to serve as a guide for further research of water quality in the 

Harbour (Fortune & Maly, 2009). Currently, the Department of Lands, Planning and 

Environment (formerly the Department of Natural Resources, Environment, the Arts and 

Sport), and the Environmental Protection Authority have roles in the enforcement and 

monitoring of water quality in the Darwin Harbour. In 2010, the Darwin Harbour Advisory 

Board completed the Darwin Harbour Strategy to be used to inform sustainable development 

and use of the Harbour (Darwin Harbour Advisory Committee, 2010). The Strategy has been 

endorsed by the Northern Territory Government. 

However, a number of water strategies and plans remain incomplete in the Darwin Harbour 

catchment. The Northern Territory Government developed a draft Stormwater Management 

Strategy in 2006 and to this point in time, the Strategy has not been finalised (Campbell, 

2011). Similarly, the Water Sensitive Urban Design (WSUD) Strategy for Darwin Harbour 

remains in discussion and in various states of implementation (McAuley et al., 2009). 

Nonetheless, successive governments have been proactive in the protection of mangroves in 

policy and planning strategies (McGuinness, 2003). There is an opportunity for MBis to 

complement existing plans or provide the impetus to complete planning instruments. 

1.3 Thesis Rationale and Structure 

Multiple studies have been conducted on pollution sources and water quality in the Darwin 

Harbour. As yet, there has been no comprehensive management plan for water quality in the 

Darwin Harbour. Water quality objectives have been a recent addition in the management of 

the Harbour, and this thesis provides an opportunity to contribute to the debate on the future 

management of Darwin Harbour and the catchment. 

Specifically, this thesis provides analysis on the application of the polluter-pays principle 

through market-based instruments and the National Water Initiative. In doing so, it 

investigates the potential role- that market-based instruments can contribute to reducing 

pollution loads entering Darwin Harbour. 
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The study involved a comprehensive-review of the literature (Fink, 2010; Kumar, 2005) on 

the types and sources of pollution in Darwin Harbour and market-based instruments. 

Literature was sourced from departmental reports, peer reviewed literature through online 

databases and conference proceedings, as well as consultant reports. Where literature on 

specific topics was not available locally, this has been noted, and literature was therefore 

sourced from national and international° sources. A synthesis of the literature was conducted 

in order to provide recommendations regarding the potential application of MBis to reduce 

pollution loads entering, and to protect the surface water quality of Darwin Harbour. 

1.4 Aims and Objectives 

This thesis will: 

• Outline current policy settings, regulatory tools, strategies and planning 

strategies that provide the context for which the proposed market-based 

instruments would operate. 

• Provide a comprehensive pollution and polluter analysis within the Darwin 

Harbour Catchment. This will involve defining the types of pollution and their 

pathways (point and diffuse); and outlining the potential impacts of pollution, 

allowing each major pollution source or type to be addressed by a market

based instrument (MBI). 

• Analyse MBis generally and how they relate to water and how MBis can be 

used for improving water quality. 

• Tailor and explain MBis that may be relevant to limiting or reducing pollutant 

types and pollution sources within the Darwin Harbour catchment. 

• . Provide recommendations for the implementation of MBis based on how 

effective or efficient they are likely to be. 

• Discuss changes to policies or management strategies that would assist in the 

implementation of market-based instruments. 

Chapter 1 develops the context for the Darwin Harbour, in both a geographical and 

environmental context, as well as the national and local policies which frame the 

management of the Harbour. Chapter 2 analyses pollution pathways in the Darwin Harbour 

catchment, pollution sources and pollutant impacts. Chapter 3 analyses the market-based 

instruments that are known to be used, or could potentially be used, for addressing water 
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quality problems, or could potentially be used to do so. Chapter 4 provides a synthesis of both 

Chapter 2 and Chapter 3 for discussion, matching pollution types, pathways and sources with 

a market-based instrument which is fit for purpose. Further, Chapter 4 recommends the 

market-based instruments that could be used to reduce pollution loads entering Darwin 

Harbour, and contains recommendations in a broader policy and management context that 

could assist in the implementation of market-based instruments. 
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Chapter 2: Pollution Pathways and Polluter 

Characteristics 

2.1 Introduction 

Market-based instruments (MBls) can be effective in reducing pollution loads when the 

critical analysis of pollution, polluter characteristics and their pathways inform the selection 

and application of the most appropriate instrument. The chapter will assess the potential for 

pollution loads entering Darwin Harbour to be reduced by examining the most impacting 

pollutants and polluters. 

Hatton Macdonald (2004) explains that, in order to develop pricing for water use and 

pollution, "an examination and categorisation of all the unintended impacts associated with 

the various steps in the hydrological cycle and the construction of the database [is] necessary 

to facilitate their introduction" (p. 22). Pollution and its pathways will be identified as either 

generated from a point-source or diffuse-source polluter in this chapter. Regulation policy 

and regulation agencies have often focussed on point-source pollution and polluters because 

they are the most easily identified (Gunningham & Sinclair, 2005). However, this can belie 

the impact that diffuse-source pollution can have on receiving waters, which can be more 

difficult to detect and attribute to a source. Diffuse-source pollution is an equally important 

aspect of the pollution analysis. MBI selection must suit the pollution problem to be 

addressed, which is dependent upon the form of pollution, the pollution source, the pollution 

pathway and the impact of pollution. 

In tropical Australia, the Great Barrier Reef Marine Park is one site that has been affected b): 

increased nutrient and sediment runoff, generated by the surrounding land use over a long 

period of time (Devlin & Brodie, 2005). Port development and dredging activity has caused 

serious concerns for local residents and fishermen (Ison, 2012). Subsequently, there is a high 

level of concern about threats to other Northern Australian rivers and coastlines (Brodie & 

Mitchell, 2005). Policy options, including MBis, have been explored and implemented in 

catchments which impact the Great Barrier Reef Marine Park. These include buff er zone and 
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riparian vegetation protection and rehabilitation for sediment and nutrients fixation and 

removal in the Fitzroy River catchment (Grafton, 2005; Rolfe, Alam, & Windle, 2004; Rolfe, 

Alam, Windle, et al., 2004). 

Northern Australia is currently the site of much resource development activity and coastal 

de.velopment, particularly port expansion. Internationally, coastal waters in tropical regions in 

similar environments to Darwin Harbour are often a site of degradation by human activity 

and increasingly significant pollution problems (Burford et al., 2008; Burke et al., 2001; 

Dahdouh-Guebas, 2002). This is an extension of the continual development and resource 

exploitation pressure faced by coastal environments globally (Martinez et al., 2007), 

The Darwin Harbour and its catchment are considered to be relatively ecologically intact 

(Smith & Haese, 2009) with some locations now under pressure from intense industrial 

development. Land use within the catchment varies from unmodified to highly developed, 

whilst more land has been set aside in long-term plans for development. Adjacent waterways 

within the catchment remain in good condition on the whole _(Ganf & Rea, 2006; McKinnon 

et al., 2006), although this can be dependent upon the pollution load generated by the 

surrounding land use. 

However, a number of systems and individual watersheds within the catchment are regarded 

to be in poor health or likely to become under increasing pressure. Reports have indicated 

that the health of Buffalo Creek is poor and is impacted by various forms of pollution; thus, 

failing to meet water quality objectives (Burford et al., 2009; Drewry, Fortune, et al., 2010). 

Other watersheds, sub-catchments and urban streams, tidal creeks and rivers, such as Rapid 

Creek, have known pollution issues. High levels of heavy metal contamination in urban 

streams such as Winnellie Drain have been noted (Schult, 2004a). Although these waterways 

situated in urban-dominated areas are regarded as being in good health as compared to other 

waterways located in urban areas, incipient pollution problems may worsen in the future 

(Drewry et al, 2010). 

The total pollution loads entering Darwin Harbour in any year are determined by the amount 

of rainfall in any given wet season. A breakdown of the annual pollutant load discharges in 

three rainfall scenarios can be seen in Table 2.1. Pollutant loads entering the Harbour increase 

as rainfall and runoff increases. 

16 



Table 2.1: Annual Pollutant Loads for Darwin Harbour with Three Different Annual 

Rainfalls (Skinner et al., 2009: p. 27) 

Year Low Rainfall Average Rainfall High Rainfall 
(I.Om) (1.7m) (2.7m) 

Rainfall ( m) 1.01 1.67 2.67 
N (t) 413 722 1150 
p (t) 22.7 42.0 67.1 
Al (t) 757 1810 2900 
As (kg) 364 576 921 
Cd (kg) 72.6 180 289 
Cr (kg) 1030 2190 3500 
Cu (kg) 4580 7560 12100 
Ni (g) 572 984 1570 
Pb (kg) 3950 6600 10600. 
Zn (kg) 16100 28300 45200 
TSS (t) 20500 35100 56200 
vss (t) 5440 9110 14600 

Intensity of water exploitation and intensity of development within catchments will affect the 

quality of the aquatic ecosystems in that locality (Hussey & Dovers, 2007). This has been the 

case wherever land use is intensified. Expansion is projected_ for Darwin, with intensification 

expected within the Darwin Harbour catchment. The expansion will include much greater 

urban development, intensification of land use, and population growth - with intensification 

and expansion of industry driving this growth (Department of the Chief Minister, 2009). With 

the greater Darwin region encompassing a larger footprint, pollution loads are expected to 

increase. It is estimated that if current planned developments all proceed, annual pollutant 

loads entering the Darwin Harbour will increase by between 31 - 107% on current 

calculations with continued development practices and projects (Skinner et al., 2009). The 

extra pollution loads do not take into account other as of yet unplanned developments. The 

extra pollution load is accounted for by a greater use of water resources, associated diffuse

pollution and water treatment services, as well as a greater runoff through the proliferation of 

impervious surfaces in the catchment. The degree and extent of impervious layers (mainly· 

roads and other concreted or bituminised surfaces) in a given catchment also increases the 

runoff into receiving waters, which, in tum, increases pollutant loads (Skinner et al., 2009). 

Site-specific impacts may be more noticeable in the Buffalo Creek and Mitchell Creek 

catchments (Skinner et al., 2009 p. i - ii). It is likely that the impacts on receiving waters may 

be lessened through the use of Water Sensitive Urban Design strategies, which may reduce 
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pollution loads. However, no research has yet quantified the benefits of Water Sensitive 

Urban Design in the Darwin environment. 

There are specific factors within urbanisation that determine the extent to which a pollutant 

type is transported to receiving waters and whether they comprise point or diffuse-pollution 

sources. Whether or not a pollutant type enters receiving waters through a point-source or a 

diffuse-source can determine the potential impact on the receiving environment. The nature 

of the pollution pathway can alter the effectiveness of potential management strategies. Point

source polluters are relatively easy to monitor for pollutant volume and specificity; whereas 

diffuse polluters are, by nature, hard to identify and the pollution loads generated hard to 

measure. Pollution pathways are as important to identify, as prevention strategies (and 

market-based instruments can be used as such) are important to limit pollutant inputs before 

they become problematic in the aquatic environment and would, as a consequence, require 

remedial action. A graphical representation of pollution pathways in the Darwin Harbour 

catchment is illustrated in Image 2.1. 

When dealing with complex pollution pathways, co-ordination is the key to effective 

implementation of management strategies. The collation and analysis of existing information, 

as well as the investigation of research gaps, are paramount to implementing effective MBis 

for reducing pollution loads entering Darwin Harbour. 
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Figure 2.1: Pollution Pathways and Sources in the Darwin Harbour Catchment. 

Source: (Drewry et al., 2011) 
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Darwin's pollution metrics are measured against water quality objectives (Fortune & Maly, 

2009). The water quality objectives inform a policy focussed on maintaining and improving 

aquatic health and water quality for beneficial uses (Fisher, 2007). Current policy for 

measurement and monitoring of pollution in Darwin Harbour· focuses on point-source 

polluters which are more visible to the public. Other pollution problems, such as excessive 

bacterial loads· on Darwin beaches, have seen reactionary monitoring conducted (Campbell, 

2011 ). Policy, monitoring and pollution management strategies need to be developed to take 

into account the probable impact of pollution sources and the pollution pathways. 

There have been recent occurrences that have threatened the beneficial use of the Harbour, 

the origins of which are unclear. Algal blooms along beaches in the Darwin Harboµr during 

the dry season have forced closures, and thus a significant loss of amenity to the community 

(Drewry, Dostine, et al., 2010). However, Drewry et al. also indicate that blooms of Lyngbya 

majuscula can occur naturally in the dry season. The specific cause of these outbreaks is not 

well understood; but elsewhere, the factors increasing algal growth are well known and are 

usually associated with eutrophication with nitrogen and/ , or phosphorous pollutants 

(Carpenter et al., 1998; Schult, 2004b). 

This chapter is written in three sections. Point-source pollution, diffuse-source pollution and 

pollutants are described and defined. Polluters are listed in each section in order of their 

visibility and perception of environmental impact, available literature and probability in 

contributing pollution loads to Darwin Harbour. ·where literature is not available in the 

Darwin Harbour context, reports of other relevant research have been used to predict 

potential or probable impacts. 

2.2 Point-Source Pollution 

The definition of point-source pollution by the US EPA is used as the basis for Australia's 

water pollution policy and legislation (Godden & Peel, 2010). It reads: 

"The term "point-source" means any discernible, confined and discrete cof!veyance, including 

but not limited to any pipe, ditch, channel, tunnel, conduit, well, discrete fissure, container, 

rolling stock, concentrated animal feeding operation, or vessel or other floating craft, from 

which pollutants are or may be discharged. This term does not include agricultural storm 
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water discharges and return flows from irrigated agriculture. " (Clean Water Act "Clean 

Water Act," 1977 (US) s 502(14)) 

Pollution from point sources is often continuous, with little variability in the contents of 

discharge to receiving waters (Carpenter et al., 1998). The fixed nature of the pollutant loads 

entering receiving waters enables accurate monitoring, measuring and reporting to take place 

in contrast to diffuse pollution loads. Examples of point-source polluters and the types of 

pollution generated are shown in Table 2.2. 

There is a diversity of polluters contributing point-source pollution to Darwin Harbour (Table 

2.2). In this section, literature encompassing existing knowledge · from studies in Darwin 

Harbour and the Northern Territory, as well as from Australian and international sources, has 

been used to compile a repository of likely and known pollution sources and pollutants in 

Darwin Harbour. However, amongst the point-source polluters in Darwin, only wastewater 

treatment plants are measured for pollution loads and pollutant types (Skinner et al., 2009). 

The available pollution data for wastewater treatment plants- is no longer up to date. In 2006, 

wastewater treatment plants contributed 71 % of total phosphorous and 31 % of total nitrogen 

loads (Skinner et al., 2009). 

21 



Table 2.2: Categories of point-source polluters and pollutants in the Darwin Harbour 
Catchment 

Point-Source Polluters and Sources 

Pollutants 

Sediment (TSS) 

Phosphate 

Nitrogen 

Heavy Metals 

Hydrocarbons 

Anti-biotics and endocrine-active 
substances 

Pesticides/ Herbicides/ Chemicals 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x = identified as a likely pollution source in the literature 

2.2.1 Wastewater Treatment Plants 

X X 

X X 

X X 

X X 

X X 

X X 

X X 

X X X X X 

X X X X 

X X X 

X X X X 

X X X X X 

X 

X X 

Without significant wastewater treatment improvements and enhancing incentives for other 

options, the pollution loads from wastewater treatment plants (WWTPs) are likely to increase 

substantially with an increase in population (Skinner et al., 2009). Wastewater treatment 

plants provide a significant pollutant load into the Darwin Harbour. Wastewater treatment 

plants provide 71 % of the phosphorous and 31 % of the nitrogen pollution load entering 

Darwin Harbour based on 2006 data (Skinner et al., 2009). The one provider of sewage 

treatment services in the Darwin Harbour catchment region is Power and Water Corporation. 

Power and Water is in control of the infrastructure that is the end point of many pollutants 

before they are discharged into the receiving waters of Darwin Harbour. 
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Power and Water has operated five waste treatment plants in the Darwin Harbour: the 

Leanyer Sanderson WWTP which discharges into Buffalo Creek and is the largest WWTP in 

Darwin; Palmerston WWTP which discharges into Myrmidon. Creek; Ludmilla with an 

associated outfall at East Point; Larrakeyah and also Berrimah (Figure 2.1). 

In May 2012, the Larrakeyah outfall was closed and the sewage diverted to Ludmilla WWTP 

(Herbert, 2012) and, therefore, the intentional discharge of raw sewage to Darwin Harbour 

has now ceased. The diversion of sewage to Ludmilla WWTP, infrastructure ·at the WWTP 

and the East Point outfall is in the process of being improved (Power and Water Corporation, 

201 Ob). However, during excessive wet season inflows, the Ludmilla treatment plant can 

divert outflows of untreated sewage to Ludmilla creek (Campbell, 2011). The capacity of the 

Ludmilla plant is being upgraded to limit the wet season discharge of r~w sewage. 

Power and Water Corporation hold waste discharge licences as set out in the Water Act 1992 

for each of these sewage treatment plants. These licences were due for review in 2011 

(Drewry, Dostine, et al., 2010). Power and Water have ~ot publicly released figures on 

sewage discharge into Darwin Harbour since 2006 and compliance with licence conditions is 

unclear. It is likely that the technological and infrastructure improvements made since that 

time have reduced the relative pollution loads entering Darwin Harbour from WWTPs, as 

compared to other sources. 

Power and Water monitor Wastewater Treatment Plant input and output, including 

measurements of the following: Biological/biochemical oxygen demand (BOD), suspended 

solids, organic nitrogen, total phosphorous, ammonia, total Kjeldahl nitrogen, pH and e.coli 

(Power and Water Corporation, 2006b). 

The length of time that wastewater is held in evaporation ponds has been shown to be the key 

determining factor for the bacteriological quality of the discharge water (Power and Water 

Corporation, 2006b ). The degree to which wastewater is treated before release also reduces 

the nutrient input into Darwin Harbour. The Leanyer Sanderson, Berrimah and Palmerston 

WWTPs utilise waste stabilisation ponds, as opposed to maceration at Ludmilla WWTP. The 

stabilisation ponds reduce the pollution loads entering Darwin Harbour per volume of 

discharge. 
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Sewage effluent also contains micro-pollutants including naturally present hormones excreted 

from humans, industrial waste in the sewage system, antibiotics and pharmaceuticals. Micro

pollutants may survive the treatment process or metabolise to other compounds. Released 

into surface waters, they can remain active in fish and other aquatic organisms, disrupting the 

endocrine system of the fauna and potentially affecting the sexual reproduction of the 

impacted organisms (Johnson & Sumpter, 2001 ). The extent to which this is a problem in the 

DHC is the focus of other study currently underway (Drewry, Dostine, et al., 2010). 

· 2.2.2 Households - Internal Use 

Households produce pollution loads such as phosphates, nitrates, total suspended solids, 

volatile suspended solids and ammonia through the use of the toilet, shower, kitchen sink, 

bath, wash basin, dishwasher, washing machines and other household appliances (Almeida et 

al., 1999). There is an identifiable correlation between the volume of water used within the 

home and the pollution loads generated (Almeida et al., 1999). 

Wastewater treatment plants aggregate the household emissions generated and release these 

to receiving waters after treatment. In Darwin, the responsibility for disposal of wastewater 

generated in the home falls to Power and Water. Darwin households are amongst the highest 

users of water per capita in Australia. The prices Darwin residents are charged for their water 

is amongst the cheapest in Australia (National Water Commission, 2011). Which, m 

combination with the year-round warm climate, explain the high level of water use m 

Darwin. 

On average, households in the Northern Territory consume 437 kL/ per year. Around 35% of 

this consumption is for purposes inside the home (Power and Water Corporation, 2006a). 

Nearly 90% of homes in Darwin have dual-flush toilets installed, but only 44% of households 

use water-efficient showerheads (Synovate, 2007). 

Households in Darwin may contribute directly to the release of sewage to receiving waters 

through the illegal connections of toilet waste pipes into stormwater pipes. The illegal 

connections may be a source of elevated bacterial levels in the Darwin Harbour, and adding 

to pollution loads. However, these illegal connections are difficult to assess and analyse for 
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pollution contributions (Campbell, 2011). Illegal connections to the stormwater system are 

currently a matter under investigation by the relevant authorities. 

2.2.3 Industry 

Industrial activity can be regarded as both a potential point-source polluter, as well as a 

diffuse source polluter. Of particular concern amongst industrial pollutants are hydrocarbons, 

heavy metal, grease and solvent pollutants. For instance, industry is a known point-source. 

polluter of heavy metals in Sydney's estuaries (Birch et al., 1996). 

Pollutants can be discharged directly to the Darwin Harbour, discretely to storm water drains, 

or to the wastewater system to be treated by WWTPs. However, no comprehensive studies 

have evaluated point-source pollution from industry in the Darwin Harbour catchment. 

Petroleum and associated ·energy industries have been shown to be responsible for 

hydrocarbon and petro-chemical pollution in the environment (Sampat, 2000a). Automobile 
-

and transport service industries contribute oil, metals and solvents to pollution loads. Metal 

fabrication industries contribute solvents to pollutant loads (Sampat, 2000a). The breakdown 

of suff ocants in WWTPs that are first used in industrial processes contribute to micro

pollutant loads and endocrine-disruptive/active chemicals (Johnson & Sumpter, 2001 ). 

Secondary sources of pollution, such as leaking petroleum tanks, are seen as the biggest 

source of hydrocarbon pollution in urban environments (Sampat, 2000a). Spills of pollutants 

such as petroleum products can also be a source of pollutants. 

The land set aside for industry within the Darwin Harbour catchment is relatively small at 

0.15%. Most industry is located in Winnellie, East Arm, Berrimah, Pinelands and Wickham 

Point (Skinner et al., 2009 p. 3). Expansion of industry can be expected with the Inpex Icthys 

LNG project (Inpex, 2012b). An existing ConocoPhillips LNG plant is located at Wickham 

Point, which was planned to minimise and potentially eliminate the discharge of wastewater 

through on-site reuse and recycling (URS Australia, 2002). An accompanying marine supply 

base is also being built to support the offshore oil and gas industry "_'hich has the potential for 

expansion (Adlam, 2012). Pollutant types and pathways associated with the marine industry 

are explained elsewhere in this chapter. Equipment and facility wash-downs are also 

problematic in Darwin industry. Businesses and companies often instruct employees to 
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conduct wash-downs with the fire hose as it is unmetered (Anonymous, personal 

communication, 2012). Wash-downs may add pollution loads to stormwater drains and the 

receiving environment through surface runoff. 

The land area covered by impervious layers in industrial developments increases the rate of 

run-off and affects pollution loads entering receiving waters (Skinner et al., 2009). It is well

established that the use of containment ponds in industrial estates is an effective way of 

reducing pollution loads that enter receiving waters, as well as potentially encouraging water 

recycling and reuse (Musikavong & Wattanachira, 2007). 

2.2.4 Stormwater Drains, Drainage Ditches and Channels 

Direct connection to streams through impervious layers and drainage lines, pipes and other 

physical water-carrying infrastructure has been shown to have a direct impact on the water 

quality of receiving waters. Correlations exist between direct infrastructure entrances to 

receiving waters (such as pipes and ditches) and increased pollution loads (Hatt et al., 2004). 

Storm water infrastructure can influence the nutrient load entering receiving waters. Storm 

water and drainage infrastructure transport the runoff from urban diffuse sources and can 

become the mechanism through which pollution inputs reach receiving waters. Storm water 

infrastructure can also play a role in increasing the levels of turbidity and sedimentation 

(Greiner et al., 2000). Levels of dissolved organic carbon, electrical conductivity and total 

phosphorous has been shown to have a direct correlation with drainage connection (Hatt et 

al., 2004). Endocrine disrupting compounds can also be found in urban drains as diffuse 

pollution sources contribute this pollutant into the drainage network which negatively affect 

the health of fish and their reproductive capacity (Gagnon et al., 2008). 

Storm water run-off has been linked to fish kills in the (coastal waters adjoining the) 

Northern Territory, the principal suspected cause being a depletion of dissolved oxygen 

through pollutants contained in the run-off that leads to suffocation of fish (D. Lloyd, 1999). 

Rapid deposition of sediments and the attached nutrients is another possible cause of fish kills 

where stormwater discharged by storm-water drains and channels causes re-suspension of 

existing sediments (Dawson, 2002). However, fish kills during run-off events may be due to 

natural processes and not the result of pollutants (Townsend, 1994). 
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Dry season flows in the Darwin Harbour catchment have, for a long time, been known to 

impact the environment of the receiving waters, and the surrounding vegetation. These flows 

are observed in drains and ditches which eventually discharge into the Darwin Harbour. 

Large irrigators in the urban environment such as the Royal Darwin Hospital, homeowners 

and the managers of ovals and parks are often at fault for over-irrigating (Whelan, 1987). 

Bacterial loads in some stormwater drains have been found to be high in the Darwin Harbour 

catchment, indicative of some source of bacterial-stimulating pollution located in the 

surrounding areas of these drains (Campbell, 2011). 

Drains are often the source and cause of erosive mechanisms and sediment movement and 

deposition. Padovan and Metcalfe (cited in Lloyd, 1999; 1998) reported the movement of 

sediments within the Knuckey Lagoon wetland complex through the actions of a drain 

connecting two lagoons. The source of the sediment was thought to be erosion created by the 

drain itself. On the one hand, drainage design and engineering improve drainage; on the other 

hand, however, the implementation of which accelerate erosjon processes and impacts upon 

the receiving waters. This then inevitably results in sediments being moved over land and 

can, thereby, result in changed catchment hydrology function through the change in speed of 

water runoff (Booth, 1991; Haig & Townsend, 2003). Sedimentation created through 

stormwater infrastructure is a priority for reduction of pollution loads entering waterways 

from drains and drainage infrastructure in water sensitive urban design strategies and bio

retention filters (Bratieres et al., 2008; Lloyd et al., 2002). 

Darwin City Council (DCC) owns and maintains substantial stormwater and drainage 

infrastructure in the Darwin Harbour catchment. Whilst the focus of stormwater infrastructure 

in the Darwin Harbour catchment is to reduce flooding, opportunities exist in harvesting 

stormwater and reducing pollution generated from stormwater infrastructure. Two thirds of 

the stormwater generated in the Darwin CBD is transported through drains and through the 

Gardens Park Golf Links before being discharged into Lit~le ¥indil (Anonymous, personal 

communication, 2012). The water could also potentially be used to irrigate the surrounding 

sporting facilities. No water quality analysis is carried out regularly for storm water runoff in 

the Darwin Harbour catchment. 
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2.2.5 Airports 

Airports are a known contributor of hydrocarbon and glycol pollution in stormwater runoff 

(Fisher et al., 1995). Darwin International Airport functions as a civilian international airport, 

and also as a military base. Storm water runoff from the airport flows predominantly into 

Rapid Creek. Darwin International Airport conducts its own surface water quality monitoring 

program (Darwin International Airport, 2012). Monitoring indicates that galvanised rooves 

and sheds at the airport contribute to zinc loads to Rapid Creek. The monitoring program also 

suggests that sporadic hydrocarbon spills do enter Rapid Creek. The Airport management has 

installed oil-water separators to limit incidents of hydrocarbon contamination entering Rapid 

Creek (Darwin International Airport, 2010). 

2.2.6 Rubbish Tips and Waste Disposal Sites 

Landfills contribute nitrogen, pesticide and other chemical and pollution types, such as heavy 

metals, into groundwater systems (Sampat, 2000a). Plastic-protected landfills do not 

necessarily protect groundwater from pollutants and can also be sources for contamination in 

groundwater (Sampat, 2000a). Clay-lined waste disposal sites are also no guarantee of 

protection of the environment from groundwater infiltration and pollution. However, the local 

hydrogeology of waste disposal sites play a role in groundwater infiltration and pollution 

(Johnson et al., 1989). 

Darwin's municipal waste is deposited at Shoal Bay Waste Disp~sal site. DCC has invested 

significant time in debating and implementing best practice environmental management at the 

site (Elix, personal communication, 2012). In order to protect potential pollution and 

contaminant runoff into Shoal Bay, DCC lined new pits at Shoal Bay Waste Disposal site, 

and to collect the leachate through a leachate collection pipe system (Blackbum, personal 

communication, 2012). The leachate is reinjected and recirculated in the disposal site to assist 

with waste breakdown. However, old waste pits are not lined or protected. 

2.2. 7 Shipping, Harbour Loading Facilities and Infrastructure 

Shipping, harbour and port operations generate multiple environmental pollutants including 

oil and hydrocarbons, hazardous cargoes, anti-fouling paints, litter and sullage (Greiner et al., 
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2000). Globally, discharges from bilge pumping and ballast make up more than 70% of oil 

pollution generated through shipping (Environment Canada, 1997). 

Darwin Harbour is not yet declared a sensitivity zone under the Marine Pollution Act, nor is 

the Marine Pollution Act enacted in full to enable this to occur. Currently, there is no legal 

requirement for shipping to cease the discharge · of raw sewage into the Darwin Harbour 

(Campbell, 2011). Shipping is a likely point source for bacteria and nutrient pollution 

entering Darwin Harbour. 

The Darwin Port Authority has contributed heavy metal contaminants into Darwin Harbour. 

Sampling from 1993 revealed that the only significant contribution of heavy metals to the 

Harbour was from the Darwin Port Authority near Fort Hill Wharf (Fortune, 2006; Padovan, 

2003). Elevated levels of zinc, cadmium, lead and copper have been found in the sediments 

surrounding the now defunct Fort Hill Wharf site (Fortune, 2006). This is believed to be the 

result of poor handling and loading practices in the past (Fortune, 2006). 

Iron ore and copper concentrate pollution are a specific problem attributable to the current 

export activities at the port facility at East Arm Wharf (Adlam, 2010). Recent legal action 

against the Port Authority has shown that poor loading, management and handling practices 

continue. Environmental breaches, such as the failure to contain contaminated storm water on 

site, have been documented and penalties have been imposed (Dillon, 2011 ). 

The Port is also a point source for other forms of contamination. Shipping lanes and ships, 

more generally, are the source of toxic aquatic substances. Tributyltin (TBT) is one of the 

most toxic aquatic substances known (Sakultantimetha et al., 2011). TBT was used as an anti

fouling agent on ships, but has now been banned by the International Marine Organization 

(Champ, 2003). TBT remains highly toxic in the environment for an extended period of time, 

and potentially creates a long term cost to the environment and for environmental clean-up 

and disposal (Champ, 2003). 

2.2.8 Dredging 

Dredging is the act of removing the soil and physical layers from beneath the water column, 

and this is carried out for improving the safety or functionality of shipping. Dredging is 
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currently a controversial environmental subject in ecologically sensitive areas. Fish kills in 

Gladstone have been reported coinciding with substantial dredging activities (Binnie, 2011). 

Between 2012 and 2016, significant dredging activity is planned in the Harbour for the Inpex 

Development (Inpex, 2012a), and potentially further for a marine service hub. This poses a: 
number of risks such as the increased mortality rate of dolphins and reduced recreational 

fishing catch that have been well-publicised in the local media (Calacouras, 2011). These 

concerns have been taken into account during Inpex's Environmental Impact Statement 

(INPEX Browse Ltd, 2011 ). Sedimentation levels, believed to cause noticeable effects on . . 

fish, are planned to be kept below threshold limits· during dredging, though it is 

acknowledged that negative effects on fish health are possible during dredging (INPEX 

Browse Ltd, 2011). No contingency planning is in place to address potential hydrocarbon 

spills in Darwin Harbour, either during construction and dredging or during operation 

(INPEX Browse Ltd, 2009). Dredging is likely to be a continual management need for the 

development as sandy deposits are known to re-establish in the Darwin Harbour (Smit, 2009). 

The Darwin Harbour contains elevated levels of naturally occurring arsenic (Padovan, 2003). 

Some areas of the harbour contain other elevated heavy metal levels (Fortune, 2006; 

Padovan, 2003). The area which is due to be dredged also has the potential to distribute 

contaminated sediments and heavy metals, some of which, such as arsenic, have long

established links to aquatic organism health and can cause mutations in fish (Shukla & 

Pandey, 1984). Dredging also has the potential to create the circumstances for smothering 

and death of seagrass beds (Erftemeijer & Robin Lewis III, 2006) and the recruitment within, 

and health of, coral reefs (Fabricius, 2005). These coral reefs are known to be shaped by the 

turbidity and sedimentation movement within the Harbour (Michie; 1987). 

2.2.9 Marinas, Boats and Boating 

Marinas are a likely source of pollutants generated from activities including: boat cleaning, 

refuelling and sewage discharge (Environmental Protection Agency, 2012b). Boating 

activities are also associated with increased erosion rates, increase in nutrient loads, 

eutrophication and algal growth (Environmental Protection Agency, 2012a). 
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Marinas in Darwin are located at Frances Bay, Cullen Bay and Tipperary Waters. Sewage 

and sullage pump-out infrastructure is to be constructed and completed in 2012 at Cullen 

Bay. At Frances Bay, trucks from the service wharf are used to receive sewage from vessel 

holding tanks (Campbell, 2011). In 1999, an outbreak of Black Striped Mussel was found in 

Darwin. Cullen Bay Marina was the location of the worst affected marina, and was treated 

with a total of 163 tonnes of hypochlorite and 4.3 tonnes of copper sulphate. Frances Bay 

Marina was treated with 51 tonnes of hypochlorite and 1 tonne of copper sulphate. Tipperary 

Waters received 1.1 tonnes of copper sulphate (Newton & Boshier, 2001). 

Heavy metals, heavy metal compounds and anti-fouling contaminants, such as tributylin 

(TBT) are often found in the slipways, docks, and in the sediments and flesh of mussels 

surrounding marinas. For example, in the Swan· River in Perth, high levels of TBT 

contamination have been found at marinas and boat clubs, and health warnings have been 

issued (Di Marco & Woods, 2007). 

2.3 Diffuse or Non-Point Source Pollution 

Diffuse or non-point source pollution, as compared to point-source pollution, can be regarded 

as pollution that enters waterways, or any receiving system, over a broad area without an 

identifiable main point of entry, or that cannot clearly be distinguished from another pathway 

of pollution or from individual polluters (Williams, 2002). The number of contributing 

diffuse polluters makes identifying individual pollution sources difficult {Hermans, 2004). 

Globally, agriculture has been labelled as the prime source for diffuse pollution loads in 

waterways (Gunningham & Sinclair, 2005). However, agriculture is not the only source of 

diffuse pollution loads in a catchment - urban areas can contribute significant amounts to the 

diffuse pollution load (Ellis & Mitchell, 2006; Gordon, 2005; Skinner et al., 2009). 

Irrigation and rainfall are the leading pathways for diffuse pollutants and diffuse pollution 

leaching into groundwater systems (Elci et al., 2010). It has been established in Darwin that 

rainfall has a strong correlation with effect on the total pollutant loads entering Darwin 

Harbour through increased surface runoff (Skinner et al., 2009). These pollution pathways 

have implications for polluters such as irrigators, househol~s and other lawn grass managers. 

This sector does contribute significant pollutant loads to groundwater systems through 
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application of fertilisers to irrigated lawns and gardens in urbanised catchments (Law et al., 

2004; Nielsen, 2005; Sharma et al., 1996). 

Diffuse pollution problems pose a significant problem for ground water resources which, 

globally, have become widely polluted (Nielsen, 2005). Common pollutants found in ground 

water resources include nitrates, pesticides and herbicides, heavy metals, fluorides, 

pathogens, hydrocarbons, salts, solvents and radioactive wastes (Sampat, 2000a, 2000b ). In 

Australia, agriculture is the leading cause of groundwater pollution. More than 2.2 million 

tonnes of fertiliser are used nationally alongside substantial amounts of pesticides and 

herbicides (Nielsen, 2005). A proportion of this inevitably ends up in waterways. 

Groundwater flow is a key source of eutrophication of coastal areas and can add. significant 

pollutant loads in the form of nitrogen and phosphorous to marine environments (Slomp & 

Van Cappellen, 2004). Groundwater discharges into Darwin Harbour throughout the dry 

season when rainfall ceases (Skinner et al., 2009). In the Darwin Harbour Catchment it has 

been shown that, during rain events, surface water flow into ~treams and other water bodies is 

not rain water, but groundwater (Munksgaard, 2012). Rain water and other water infiltrating 

the ground water can act as a hydraulic pump which presses out the groundwater from the 

lowest sections of the landscape. This is an important finding as any form of water movement 

(such as tidal movements) can expose available nutrients or bacteria from the water table 

(Munksgaard, 2012). The conclusion to be drawn from such a finding is that long-term 

groundwater pollution can have a negative impact on surface water. The long-term impact of 

groundwater pollution gives emphasis for avoiding and preventing such a problem in 

management decisions. This is of particular importance in the Darwin Harbour catchment as 

hydrological processes are pronounced, in the form of tidal ranges, and in rainfall and runoff, 

which may add to the sensitivity of the environment to pollutant inputs. 

Diffuse pollution pathways rely on three characteristics in the urban environment of a 

catchment; two of which are input-dependent.· Firstly, the chemical, nutrient or other 

pollutant applied to, or occurring on, a land or surface area determines the maximum 

pollutant load entering a diffuse pollution pathway (Exner et al., · 1991; Petrovic, 1990; 

Sampat, 2000a). Secondly, the land management practice can alter the amount of a pollutant 

released into the environment through diffuse pathways, which includes irrigation and 

sprinkler application rates (Exner et al., 1991; Petrovic, 1990; Sampat, 2000a). Thirdly, the 
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naturally occurring landscape geology, built environment or soil type· impacts the infiltration 

and runoff rates of pollutants (Exner et al., 1991; Petrovic, 1990; Sampat, 2000a). For 

management purposes, the surface and substrate characteristics may be modified to include 

containment ponds, Water Sensitive Urban Design features, and reduction in the use of 

impervious layers in the built environment. The soil type in the Darwin Harbour catchment is 

largely ubiquitous, of a porous, deep draining soil type, which is frequently waterlogged 

(Haig & Townsend, 2003) and which are poor at containing diffuse pollution loads (Sampat, 

2000a). 

Many of the diffuse-source polluters are also listed as point-source polluters.· Different 

diffuse-source polluters, such as industry, will produce the same pollutants through different 

pathways. A list of identified diffuse-source polluters can be seen in Table 2.3. As is the case 

for point-source pollution loads, diffuse pollution load data is no longer up to date due to any 

measurement being undertaken since 2006. Urban diffuse pollution loads contain inputs from 

aggregated polluters, such as households and golf courses; whereas rural diffuse-source 

pollution loads include those from undeveloped land as well as horticulture and rural 

developments. The most recent data suggest that diffuse pollution loads contribute 95% of the 

total suspended sediment (TSS) entering Darwin Harbour; 69% of the total nitrogen load and 

29% of the total phosphate load entering Darwin Harbour. Of these loads, urban diffuse 

polluters generate around 21 % of the total nitrogen load and around 16% of the total 

phosphate load entering Darwin Harbour (Skinner et al., 2009). Rural diffuse polluters and 

pollution.sources contribute 48% of the total nitrogen load and 13% of the total phosphate 

load entering Darwin Harbour (Skinner et al., 2009). However, the majority of urban diffuse 

pollution is generated within particular sub-catchments, and not across the Harbour as a 

whole. Further, the urban diffuse pollution may have disproportionate impacts on receiving 

waters, compared to the total pollution loads generated. 
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Table 2.3: Diffuse Polluters and Sources 

Diffuse-Source Polluters and Sources 

Pollutants 

Sediment (TSS) 

Phosphate 

Nitrogen 

Heavy Metals 

Hydrocarbons 

Anti-biotics and endocrine-active 
substances 

Pesticides/ Herbicides/ Chemicals 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

x = identified as a likely pollution source in the literature 

X X 

X X 

X X 

X 

X X 

X 

X X 

X X 

X 

X 

X X 

X X 

X 

2.3.1 Households - External Use of Water and Surface Runoff 

X 

X 

X 

Around 3% of the DHC land surface area is identified as being urban-dominated (Skinner et 

al., 2009 p. 3). Yet, urban and developed areas contribute a disproportionate amount of the 

diffuse pollution generated in the Darwin Harbour catchment. Urban diffuse pollution 

contributes 21 % of nitrogen load entering the Darwin Harbour, and 16% of the phosphate 

(Skinner et al., 2009). An unknown proportion of this will be produced by households. 

On average, households in the Northern Territory consume 437 kL per year of water (Power 

and Water Corporation, 2006a). Over 65% of water demand in the Northern Territory is for 

use outside of the home, largely on lawns and gardens (Power and Water Corporation, 

2010a). Parks, as well as gardens and lawn on residential properties, contribute nitrogen, 

phosphate, pesticides and herbicide pollution through urban runoff into waterways and 

groundwater leaching into the groundwater table (Exner et al., 1991; Petrovic, 1990; Sampat, 
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2000a, 2000b) to eventually be discharged into the Darwin Harbour. The pollution loads 

generated from such sources is dependent on the inputs of fertiliser, herbicides and pesticides. 

Groundwater discharge itself can contribute a significant proportion of a nutrient load within 

an estuary from urban areas (Robson et al., 2008). For example, groundwater discharge 

within the Swan River catchment in Western Australia has become so prone to algal growth 

that serious measures have had to be undertaken to reduce fertiliser use in catchments and by 

households (Hughes, 2007). 

Less than one in 10 Darwin households has a rainwater tank (Synovate, 2007). Rainwater 

tanks are effective in reducing runoff discharge from urban areas. One in 10 Darwin 

households uses grey water on the garden (Synovate, 2007), although the nutrients in grey 

water may be harmful to the garden and to the eventual receiving environment (Sampat, 

2000a). Nearly half of households who irrigate gardens do so at times that are convenient, 

rather than for cost reduction or benefit maximisation to the garden (Synovate, 2007). The 

majority of garden irrigation occurs during the dry seasm_1 and early wet season using 

drinking water supplies (Knights et al., 2009). There i~ potential to improve the efficiency of 

sprinkler and watering systems in the urban environment with the expanded use of timers and 

reticulation systems (Synovate, 2007). No mulch or fertiliser use statistics or surveys exist for 

the Darwin Harbour catchment. The current irrigation practices of households in the urban 

environment of Darwin will contribute pollution loads to Darwin Harbour. 

' Rooftops also provide a significant amount of heavy metal pollution in urban areas. Studies 

have indicated that rooftop runoff can contribute enough heavy metal contaminants to breach 

water quality standards in some jurisdictions, especially zinc (Chang et al., 2004; Davis et al., 

2001 ). Zinc is also present in motor vehicle oil, washed into receiving waters from 

driveways, roads and parking lots (Davis et al., 2001 ). 

2.3.2 Industrial Estates 

Industrial estates can become a source of heavy metal contamination (Al-Khashman, 2004) 

and solvents through diffuse pollution pathways (Lawrence & Foster, 1991). Oil, fuel and 

grease are other pollutants previously discussed that can potentially be problematic in 

receiving waters and groundwater systems. Pollutants from industrial estates can be washed 
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from warehouses and other impervious surfaces, either deliberately or following rain events. 

Pollutants washed from industrial estates can leach into surrounding soil, into groundwater, 

or follow other pathways in reaching receiving water. 

The Darwin Harbour catchment has a number of industrial estates. Industry is located and 

extends from Winnellie to Palmerston, along the Stuart Highway. New industrial estates are 

being developed in the Palmerston area and at Wickham Point (Figure 1.2). Recent pollution 

concerns have shown that diffuse pollution from industrial estates in Winnellie can be 

problematic for receiving waters and fish (Cavanagh, 2009). 

2.3.3 Agriculture, Livestock Industries and Horticulture 

Livestock, agriculture and horticultural ventures are known sources of nitrogen, phosphorous 

and pesticide pollution for receiving waters (Drewry et al., 2006; Sampat, 2000a). Livestock 

industries are a particular problem for phosphorous mobilisation and sedimentation as 

deposition to waterways through increased erosion can occur (Wallbrink et al., 2003). 
-

Nutrients from agriculture can be released to waterways through surface runoff, groundwater 

infiltration and discharge, as well as leaching involved in modified sedimentation processes. 

In Northern Australia, agriculture is an important source of both nitrogen and phosphorous 

inputs to waterways due to the requirement for intensive fertiliser use, urine and excreta from 

animals and land use modification (Di et al., 2002; Drewry et al., 2006). 

In the Darwin Harbour Catchment, several agricultural industries have been established. 

These include: crocodile farms, mango agriculture, livestock feeding lots and live cattle 

transport, as well as hobby farms and small scale horticulture. There are plans to develop an 

abattoir in the Darwin Harbour Catchment to service the livestock industry (Chappell, 2012). 

There are six crocodile farms in the Darwin Harbour catchment. Little data exists on 

pollution loads generated by crocodile farms. However, one study has shown that crocodile 

farms can generate extremely high levels of nutrients. In particular, ~rocodile farms were 

found to be the most concentrated source of ammonia, even in an extremely polluted 

waterway (Soontomprasit & Meksumpun, 2008). Crocodile excreta is very high in ammonia 

(National Pollutant Inventory, 2000). It is not known what the total loads of nutrients 
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generated by crocodile farms are, and no formula exists for doing so; nor is there any 

available -information on bacteria generation of crocodile farms. A lack of understanding 

about the potential effects of farming effluent is present amongst some crocodile farm 

managers, with one farm manager explaining to me that, "the water is cleansed as it moves 

through the crocodile pens" (Anonymous, pers. comm. 2012). Surrounding wetlands for 

crocodile farms in Darwin could become surrogate settling ponds. Crocodile farms are also 

heavy users of groundwater through the dry season. A comprehensive assessment of the 

pollution generated by crocodile farms in Darwin is required. 

The science behind application rates of fertiliser on mango farms has been the· subject of 

much debate. It is understood that the application rates of fertiliser of the mango industry in 

Darwin are highly. variable, with mango trees receiving between O to 300 g of nitrogen per 

tree per annum (Bright et al., 2001). Mango farmers have exhibited trends consistent with the 

agriculture industry of moving towards reduced inputs of fertiliser and chemicals over the last 

decade (White, 2005). 

Abattoirs can provide substantial loads of nitrogen, phosphorous, bacteria and surfacants to 

receiving waters (Department of Water, 2007). In Australia, abattoir operators have been 

convicted of polluting waterways with abattoir effluent (Anonymous, 2010). However, 

abattoirs can reduce their pollution impacts with the correct use of settling ponds 

(Department of Water, 2007) at the same time as potentially harvesting the gas of abattoir 

waste product (Egan, 2012). 

2.3.4 Golf Courses, Parks, Sporting Fields and Racecourses 

Golf courses, parks and ovals are known sources of nitrogen and phosphorous pollution and 

input into waterways and aquatic environments in most circumstances (Casey & Klaine, 

2001; Exner et al., 1991; Petrovic, 1990; Sampat, 2000a). Nutrients and other pollutants 

become problematic for receiving waters due to the irrigation rates, which promote 

infiltration of pollutants into the groundwater and contribute to diffuse pollution loads. Golf 

courses are regarded as sources for diffuse or non-point source pollution (Kohler et al., 2004; 

Sampat, 2000a). The application of fertiliser to lawns may not result in quantifiable negative 
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impacts on water quality (King et al., 2007; Wong et al., 1998) due to the diffuse pollution 

pathway that fertiliser infiltration undertakes. 

The impacts on water quality can vary greatly due to the type of fertiliser regime used and the 

differences in course and lawn grass management strategies. Turf grass that is managed to 

best practice standards have lower impact on nutrient loads in receiving waters (King et al., 

2007). 

Constructed wetlands on golf courses and near other turf grass areas may act as retention 

ponds and even improve the water quality of surface runoff leaving a golf course when 

designed correctly (Kohler et al., 2004). However, improvements 6f surface water quality do 

not necessarily result in water quality impacts being lessened. Groundwater infiltration may 

still be a pollution problem even if surface water quality is managed effectively. 

Pesticides and herbicides are also known to be present in the runoff from golf courses (Miles 

et al., 1992; Sampat, 2000a). Golf courses are often located in suburban areas and can 

become sinks for pollutants such as pesticides from the surrounding urban areas (Miles et al., 

1992). 

There are six golf courses in the DHC. In Darwin, runoff from golf courses is often integrated 

with the storm-water system, making attribution of pollution loads difficult to monitor and 

measure. Courses such as Gardens Park and Darwin Golf Club receive storm-water from 

surrounding areas (Sears, personal communication, 2011) with The Gardens Park Golf 

Course receiving around two thirds of the Darwin CBD runoff. These golf courses do, 

however, have identifiable points at which the majority of water leaves the course - into tidal 

creeks. They also contain ponds and bores from which irrigation water is taken. Attribution of 

responsibility for runoff and subsequent pollution loads is difficult as the stormwater 

infrastructure on the golf courses are owned by the local councils. 

Where measured in Darwin, the water quality of water on golf courses in Darwin has been 

found to be poor. The artificial lagoon on the RAAP Base Golf Course has the poorest 

recorded standards of lagoon health of all recorded lagoons in the Darwin Harbour catchment 

in a range of metrics (Lamche et al., 2008 p. 46). This is consistent with being a man-made 

lagoon and the function it serves (Lamche et al., 2008). As it is the only storage for surface 
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water on the course, it is unclear if this is the result of golf course management, or because of 

off-site runoff onto the course from the nearby Darwin International Airport. 

Soil sampling at Gardens Park Golf Links is currently being carried out as part of another 

research study (Campbell, 2011). Darwin Golf Club regularly conducts s'oil sampling in 

accordance with the Australian Golf Course Superintendent's Association and best practice 

guidelines. This is the only golf course in Darwin to do so (Sears, personal communication, 

2011 ). A collation of this data would be informative as to the analysis and quantification of 

pollution loads originating from golf courses in the DHC. 

Darwin Golf Club (DGC) has expressed interest in expanding the use of its recycled water 

irrigation (Sears, personal communication, 2011), which. is currently halfway through the 

contract to have recycled water delivered free of charge (O'Mullane, 2006). If this cannot be 

done, modifications to the course to allow storm water harvesting, community grey water 

. storage, or other irrigation sources may be considered. A key issue in relation to this is 

information provided to DGC in regards to planning laws and water storage requirements 

(Sears, personal communication, 2011 ). 

Darwin City Council (DCC) is a large user of water in the Darwin Harbour catchment. Two 

million doll~rs is spent annually by DCC on its water use for its parks, gardens and ovals. A 

water efficiency program is currently being implemented by the DCC to reduce its' water use 

(Blackburn, personal communication, 2012). No known figures on fertiliser use are available 

from the DCC. 

2.3.5 Urban Development and Construction 

Construction sites and developments occurring in a watershed can have significant impacts 

on the sediment and solid pollutant loads entering the receiving waters. Construction sites 

may, in some cases, be the largest contributor to sediments and nutrients in an urban 

watershed (Brezonik & Stadelmann, 2002). Construction sites can typically exhibit erosion 

rates of 10 to 20 times more per area ofland than agricultural land (Mrers et al., 1985). The 

disturbance of soil, erosive processes, and the lack of veget~tion cover in the construction 

phase can mobilise soil particles and encourage nutrient leaching processes. Nutrient loads 
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generated from construction sites are correlated with the sediment load lost at construction 

sites (Daniel et al.). 

The Darwin Harbour catchment is susceptible to erosion and sediment runoff due to the 

nature of the wet and dry seasons. Construction commencing during the dry season can 

mobilise sediments to be released into the waterways during the following wet season (Image 

2.3.5a). There is no evidence that construction sites have directly contributed to the pollution 

problems faced in Darwin Harbour. However, runoff from construction sites can be sporadic 

~nd hard to analyse. For instance, despite the findings that the construction site at Little 

Mindil has contributed no pollution to the nearby tidal creek (Department of Health, 2010), 

the author has observed several heavy sediment runoff events from the site. The author has 

also recently observed sediment plumes entering the Casuarina drain from construction at 

Charles Darwin University (Image 2.3.5b), immediately prior to elevated levels of bacteria 

found at Casuarina Beach and Rapid Creek (Betts, 2012b). Erosion and sediment control are 

thus the focus in approving development plans in the Darwin Harbour catchment (Land 

Management Unit, 2012). As such, matting and other attempts at erosion management can 

often be seen at construction sites in Darwin (Image 2.3.5c). 

Image 2.3.Sa: Showing the exposure of sediments to erosion (Source: Supplied by 

Author) 
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Image 2.3.Sb: Sediment Plume in Casuarina Drain During Construction Nearby 

(Supplied by Author) 

Image 2.3.Sc: Protective matting following infrastructure works alongside Tiger 

Brennan Drive, Darwin (Supplied by Author) 
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2.3.6 Roads 

Roads can be a source of heavy metal pollutants such as lead, cadmium, zinc, copper and 

nickel (Pagotto et al., 2001), and hydrocarbon pollution in the forin of petrol, oil, grease and 

diesel fuel (Gasperi et al., 2005). Roads can also be a source of rubber, particulate matter and 

container pollution. Pollutants build up on and around the road surface and are washed off in 

a storm event. Pollutants can leach into the soil surrounding the road site and enter the storm 

water system or a lake or other water body. Street sweeping is assumed to reduce pollution 

loads on roads. However, a study conducted in Australia showed that street sweeping may 

mobilise more pollutants than is collected, and make them more available for wash-off in a 

rain event (Vaze & Chiew, 2002). Another study has indicated that street sweeping may be 

effective depending upon which street sweeping technology is used (Tobin & Brinkmann, 

2002). 

In Darwin, it has been shown that proximity to a major road is a contributing factor to the 

measurements of heavy metals. The Knuckey Lagoon system exhibits these trends with those 

lagoons closest to the Stuart Highway exhibiting higher levels of heavy metal pollution than 

those further away from major roads (Lloyd, 1999). 

2.3.7 Septic Tanks 

Septic tanks are often cited as a source of nitrogen in diffuse pollutant loads (Hatt et al., 

2004; Sampat, 2000a). Just as WWTPs are a source of phosphate pollution, so are septic 

tanks (Whelan & Titamnis, 1982). Septic tanks can also be a source of bacterial pollution in 

groundwater (Crane & Moore, 1984). Septic tanks contribute pollution loads to groundwater 

systems through the leaching into the soil of nutrients and organic matter. 

Currently, most rural areas in the Darwin Harbour catchment rely on the use of septic tanks. 

Developments involving septic tanks in ecologically sensitive areas are currently of concern. 

However, this is a point of much contention (Betts, 2012a). 

2.3.8 Fire 

Incorrect fire regimes can lead to increased 
I 

leaching of nutrients to rece1vmg waters. 

Nitrogen, phosphorous and trace metals are released from the soil into waterways after the 

first rains of the season. Early and late season fires have the same impact on nutrient release 
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into waterways (Townsend & Douglas, 2000); however, secondary impacts from late season 

fires can increase sediment loads entering waterways and reduce the potential for nutrient 

capture. 

Fire within riparian vegetation increases sediment load release into the nearby receiving 

waters following a rainfall event. By limiting stabilising vegetation growth in riparian areas, 

the results of fire-stimulate erosion processes which, again, lead to higher rates of sediment 

loads than under normal non-fire disturbance regimes (Pettit & Naiman, 2007). Late season 

fires are particularly damaging for soil stability and increase the sediments released to 

receiving waters during the following wet season. Fires conducted earlier in the dry season 

appear to have limited effects on sedimentation and erosion promoting processes· (Townsend 

& Douglas, 2000). Late season fires, in particular, do appear to increase sediment release into 

streams. 

2.4 Pollutants 

Pollutants can be separated into toxic and non-toxic pollutants, as well as those naturally 

occurring that may become a problem for organisms or the environment in certain 

circumstances (Sampat, 2000a). There are multiple sources and pathways for pollutants to be 

transported to the Darwin Harbour, with differing impacts on the environment and receiving 

waters. In order to implement effective Market-Based Instruments on a catchment scale, with 

such differing contributors of pollutants, a methodology for standardising the impact of 

pollutants is necessary. 

Tools for measuring change and monitoring hnprovement are necessary to progress water 

quality improvement. This would enable assessment comparing one catchment to the next, 

one body of surface water to the next, or one groundwater systems to others. In establishing 

the European Union Water Framework Directive (WFD), the need for standardised testing 

became apparent in order to assist the management of aquatic ecosystems and to monitor 

change (Dworak et al., 2005). 
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2.4.1 Nutrients 

High levels of nutrients may result in the eutrophication of waterways (Drewry et al., 2006). 

The most visible impact of eutrophication is the promotion of algal growth. Groundwater 

discharge is a significant pathway for nitrogen and phosphate pc:>llution even when rainfall is 

low (Cox & Ashley, 2000; Drewry et al., 2006). Overland flow is also an important pollution 

pathway for nitrogen and phosphorous. Soil type also has an impact on the nutrient loads 

entering waterways (Stevens et al., 1999). Soils in the Darwin Harbour catchment are very 

tonducive to high infiltration rates and nutrient movement in the groundwater flow. 

Eutrophication and the resulting high levels of algae in warm water tropical waterways can 

lead to marked diurnal changes in dissolved oxygen (Lloyd, 1999). The decomposition of the 

algae combined with the changes in dissolved oxygen produce an environment that is hostile 

to aquatic life, and fish kills are often the result. Eutrophication of waterways can also cause 

the loss of aquatic plant life and coral reefs in tropical waters (Carpenter et al., 1998 p. 561), 

thereby further degrading the aquatic environment. 

Nutrient pollutants are usually categorised in two forms: either as phosphates or as nitrates. 

The Darwin Harbour is a nitrogen limited system, which is reliant on the recycling of 

nutrients in the water column and from oceanic deposition of nitrogen (Burford et al., 2008). 

Demand for nitrogen by primary producers is high in the Darwin Harbour; indicating the 

management focus of nutrients entering Darwin Harbour should focus on this pollutant. 

Nitrate concentration is highest in lagoons in the Darwin Harbour catchment in areas of 

intensive catchment development (Schult & Welch, 2006). This is consistent with the 
L 

findings of Skinner et al. (2009), who reported that nitrogen pollution is from urban diffuse 

sources. The synthesis of these conclusions indicates the importance of mitigating nitrogen 

pollution from urban areas and tailoring Market Based Instruments for reducing nitrogen 

based pollution loads. 

There are management options for the treatment and reduction of nutrient pollutants entering 

waterways. The Everglades in Florida, United States are heavily impacted by phosphate 

pollution generated by stormwater runoff; storm water treatment areas are being developed 
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for the filtration of the polluted water runoff (Walker, 1995). There is evidence to suggest 

that the storm water treatment areas are effective in removing upwards of 85% of the 

phosphorous loads entering the Everglades (Juston & DeBusk, 2006). 

Studies of the pathways nutrients take to enter Darwin Harbour demonstrate that protecting 

riparian buffers and revegetating riparian buffers will not be enough to reduce pollution loads 

on its own. Nutrient pathways can bypass riparian buffers and contribute to nutrient pollution 

in waterways (Drewry et al., 2006; Munksgaard, 2012). In order to effectively reduce nutrient 

pollution entering Darwin Harbour, pollution reduction at the source of use and source of 

entry would be required. 

2.4.2 Sediments 

Sediment pollution in waterways can present as suspended sediment, siltation, or add to 

nutrient and heavy metal pollution loads when these pollutants are attached to sediment 

particles (Verstraeten et al., 2002). Sedimentation and siltation is considered the primary 

pollution problem in the United States' rivers and streams {Shaw, 2005). The damage from 

sediment pollution in the US from erosion is estimated to be between $2 billion and $8 billion 

(US$) per annum (Ribaudo et al., 1999). The impost on society and industry include the 

reduction in life span and increased costs of maintaining water infrastructure, increased 

dredging costs and fishery degradation. Sedimentation of surface water is an important factor 

contributing to negative impacts on fisheries globally. The impact on fisheries is especially 

pronounced when sediments have become enriched with nutrients (Nilsson & Rosenberg, 

2000). 

Sedimentation is a particular problem for the Darwin Harbour catchment which has highly 

erodible soils (Nawaz, 2010). Heavy rainfall following a long dry season contributes to 

characteristics of elevated erosion. Urban areas deliver higher levels of sediment than 

undeveloped and rural catchments in the Darwin Harbour catchment (Skinner et al., 2009), 

and gullies and channels provide the majority of sediment entering Darwin Harbour (Nawaz, 

2010). Some soils, sediments and clays in wetlands of the Darwin region are prone to 

·absorbing pollutants and heavy metals (Lloyd, 1999). If the clay-like soils in Darwin 

wetlands become mobilised, pollutant loads entering Darwin Harbour will increase. 
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Tourism is an important industry for the Northern Territory, and Darwin Harbour is a 

significant component of the tourist experience. Visual amenity is a key element for visitor 

experience. The impression of a healthy marine environment is coupled with a high quality of 

visibility. Measurements related to visibility include functions related to the sediment load of 

the water (Greiner et al., 2000). Managing sediment loads entering Darwin Harbour has an 

important role in minimising the potential loss of revenue from tourist ventures. 

Management and planning options can be used to reduce the release of sediments to Darwin 

Harbour. Natural features in the Darwin Harbour catchment can filter and trap sediment and 

the associated pollutants. A recent study of the Darwin Harbour catchment discussed dambos, 

or ''un-channelled vegetated valley floors" (Nawaz, 2010, p. 13). Dambos have been 

measured as trapping up to 90% of sediment that would otherwise be released to Darwin 

Harbour (Nawaz, 2010). This finding has important implications for pollutants that can be 

transported with sediment. Despite the acknowledgement of dambos as a high ·priority for 

conservation in the development of the Darwin Harbour catchment, they have not been 

extensively mapped in the catchment. This should be a priority in order to reduce sediment 

pollution and associated pollutants entering Darwin Harbour. 

2.4.3 Metals 

Heavy metals are released in vanous industrial refinement processes, productions and 

fabrications. Elevated heavy metal levels can be found in the mangrove sediments of areas 

that receive storm water runoff from industrial estates. Runoff from the Winnellie industrial 

area flows into Reichardt Creek which exhibits elevated levels of heavy metals (Padovan, 

2003; Welch et al., 2008). 

Urbanisation has a distinct impact on the concentration of metal contaminants in surrounding 

waterways. This relationship was highlighted by Schult (2004a) when comparing an urban 

waterway with a comparatively less developed waterway in the Darwin Harbour catchment. 

Households in Darwin may unwittingly be contributing to heavy metal pollution loads in 

Darwin Harbour due to the runoff contributed by rooftops. Zinc is known to be a contaminant 

in urban areas through the selection of certain roofing materials. This is especially pertinent 

in Darwin architecture. 
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Lagoons and wetlands in the DHC may be at risk of metal contamination. Stuart Highway 

Lagoon in the Knuckey Lagoons reserve has previously recorded lead levels higher than 

recommended concentrations for aquatic health (Lloyd, 1999). However, zinc levels were 

higher in lagoons closer to homes than in the Stuart Hwy Lagoon. Sampling carried out in 

Winnellie Drain also confirms that heavy metal pollution is present (Schult, 2004a). Metal 

concentrations exceeded guideline levels for aluminium, cadmium, chromium, coppers, lead 

and zinc in Winnellie Drain. Lead has a known association with runoff from roads, but may . 

be less important now as the phasing out of lead-based fuels has been completed. 

As Darwin becomes increasingly urban and the intensification of land use changes, metal 

contaminants are expected to increase (Schult, 2004a p. 1 ). However, the dates of the 

sampling in regards to comprehensive sediment heavy metal analysis is now more than a 

decade old and a new comprehensive study should be considered. 

Arsenic is naturally occurring in the soil of the Darwin Harbour catchment (Padovan, 2003). 

Erosion and sedimentation can increase the occurrence of ~rsenic in surface waters (Shaw, 

2005). Disruption to sediments may pose a risk to aquatic life through the bio-accumulation 

of trace metals and toxic metals such as arsenic. 

Heavy metals also have an effect on the health of fisheries. Copper and cadmium can have a 

pronounced effect on the abundance of fish in an environment and continue to affect the 

numbers of fish for extended periods of time (Shaw, 2005). The potential impacts that heavy 

metals have on marine life and shellfish form the basis for current and future shellfish 

research. Indigenous people in the Darwin Harbour catchment have noticed the continued 

decline of shellfish numbers (Masters, 2012). A study has recently begun onto the impact that 

heavy metals may be having on shellfish numbers (Masters, 2012). 

TBT is an organo-metallic compound found in paints and used for anti-fouling applications. 

TBT may suppress the immune system in humans (World Health Organisation, 1999). More 

importantly, TBT is extremely toxic to non-target organisms in the marine environment, and 

especially shellfish. TBT may enter waterways through the leaching of hulls of vessels, 

surface runoff following hull cleaning and maintenance, and from the flaking of paint from 

vessel hulls. Copper-based paints may be released into the environment through the same 

pathways (Shute, 2007). 
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Heavy metals, such as dissolved iron, may also play a role in the formation of algal blooms 

(Moreton Bay Waters and Catchments Partnership, 2002). The role that trace metals play as a 

catalyst in algal growth requires investigation in reference to the Darwin Harbour. 

2.4.4 Hydrocarbons, Petro-Chemicals and Volatile Organic Compounds 

(VOCs) 

Hydrocarbons and other associated compounds can have toxic effects on aquatic 

~nvironments. Effects may be direct or lead to changes in the trophic structure of ecosystems, 

potentially altering the structure of marine life (Fleeger et al., 2003). 

Currently, there is little data available on potential petroleum pollution entering Darwin 

Harbour (Drewry et al., 2011). There is no available data on the integrity of petrol station 

storage tanks. With petrochemical industry development in the catchment, improved 

monitoring and testing of petrochemical and hydrocarbon pollution will be necessary. 

2.4.5 Pesticides, Herbicides and Other Chemicals 

Pesticides, herbicides and other chemicals can be found in pollution loads generated by golf 

courses, households and landfills (Sampat, 2000a). Aquatic ecosystems are especially at risk 

from pesticide contamination due to bio-availability and its impact on the aquatic food chain. 

Previous pesticide studies in the Darwin Harbour catchment have indicated a low level of 

pesticide contamination in the Darwin Harbour. There is low level pesticide contamination 

from areas of the Harbour which receive runoff from urban and industrial areas (Waugh & 

Padovan, 2004). The most commonly detected pesticides in previous studies have been those 

with long persistence times in the environment, and which are no longer used. These results 

are consistent with other studies conducted on lagoons in the Darwin Harbour catchment. A 

study of Knuckey Lagoons in the 1990s found herbicides and pesticides within the sediments 

to be below detection limits, indicating that inflows into the lagoons were free from 

contamination in this regard (Lloyd, 1999 p. 16). However, pesticide and herbicide data 

within the catchment is now dated and should be reviewed for potential changes. 
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2.4.6 Micro pollutants, Anti-biotics, Endocrine-Disruptive/ Active 

Chemicals 

Endocrine disruptive compounds are damaging for the health of fish in the aquatic 

environment. Endocrine disruptive compounds have been shown to affect the health of fish in 

urban marine environments (Gagnon et al., 2008). These compounds do so by interfering 

with the reproductive organs of the fish, and thus their fertility. They can be discharged to 

receiving waterways by wastewater treatment plants, from chemicals converted in the 

treatment process, from chemicals and compounds received by wastewater treatment plants 

that cannot be removed, or wash-downs from industrial areas. 

The impact of endocrine disruptive compounds entering Darwin Harbour is not currently 

known. Endocrine disruptive compounds entering Darwin Harbour from wastewater outfalls 

are currently the object of study at Charles Darwin University (Drewry, Dostine, et al., 2010). 

2.4.7 Bacteria 

Escherichia coli (E. coli) and enterococci are two forms of bacteria present in the digestive 

tract of humans and other mammals. These two types of bacteria are used as water quality 

health indicators, particularly for human safety in contact with the water, and as assessment 

of faecal contamination (United States Environmental Protection Agency, 2011 ). Tropical 

soils may also be a contributor of such bacteria, which can confound the analysis 

(Byappanahalli & Fujioka, 2004). There is now considerable debate about the potential 

impact these bacteria have on humans and human activity (Campbell, 2011). 

Sources of bacteria in the Darwin Harbour catchment may include wastewater treatment 

plants, septic tanks, sullage from boats and shipping, campers and itinerants, domestic 

animals, wild animals, and stormwater runoff (Campbell, 2011 ). A study has been completed, 

and is due to be released in 2012, identifying the most likely sources of bacteria in the 

Darwin Harbour catchment. 
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2.5 Chapter Conclusion 

The critical analysis in this chapter of the various pollutants and their sources demonstrates 

the need for appropriately targeted Market-Based Instruments (MBis). Challenges include the 

differing polluters and pollution pathways, and the variety of land uses within the Darwin 

Harbour catchment. Thus, a range of MBis will be proposed to address the pollution loads, 

pathways and characteristics of the catchment in order to adapt to future requirements. 

Improving the water quality of Darwin Harbour is a priority, given its significance to the 

recreational fishing industry, tourism industry, health issues, local amenity and environmental 

services. 
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Chapter 3: Market Based Instruments 

3.1 Introduction 

Market-based instruments (MBis) can be defined as 'instruments [ ... ] that encourage 

behaviour through market signals [rather] than through explicit directives' (Stavins, 2000, p. 

p. 1) or persuasion or cooperation. The rationale behind such an approach is the utilisation of 

self-interest to change behaviour amongst agents and parties to achieve desired outcomes 

(Dargusch & Griffiths, 2008; Scott, 1998; Stavins, 2002; Whitten et al., 2003). MBis are 

more acceptable than regulation to firms, business and corporations as the language and 

concepts dealt with in MB Is are ·the same as in the business world. However, firms may 

prefer the certainty of regulation and the costs regulation imposes, rather than an uncertain 

price. MBis operate fundamentally at the same level as traditional markets - matching buyers 

with sellers (Whitten & Shelton, 2005). In environmental policy involving MBis, markets are 

created for environmental services, to internalise externaljties. Externalities may include the 

value and cost associated with the natural resource use (Lockie, in press; Whitten & Shelton, 

2005). Cost-efficiency and cost-effectiveness are traits of successfully applied MBis (Godden 

& Peel, 2010; Lockie, in press). MBis are effective because firms and individuals are able to 

make adjustments within their own structures, mechanisms and behaviours at the minimum 

cost (Lockie, 2010; Stavins, 2002). New ways of operation and innovative technologies can 

be implemented as a way of meeting outcomes which would not be possible in command and 

control regulatory structures (Lockie, in press; Whitten et al., 2003). 

Market-based instruments comprise a suite of policy options, market creations and 

interventions, including, but not limited to, trading mechanisms, price signals, pollution 

taxes,. charges, and publicly available information and incentives (Lockie, 2010, in press; 

Lockie & Tennent, 2010; Stavins, 2002; Whitten & Shelton, 2005). Different authors define 

MBis within different groups. Stavins (2002) classifies MBI types within five categories: 

pollution charges; tradable permits; market friction reductions (information provided to assist 

the smooth operation of the market); and government subsidies, -but categorises voluntary 

programs or programs supported by business (which can potentially be used as offsets) and 

community groups separately. However, community groups and voluntary programs 

supported by business is not dealt with here, as it is not a MBI that can be directly 
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implemented through policy. Whitten and Shelton (2005) present three categories of MBis: 

price-based; quantity-based; and market friction-based. Lockie (in press) argues for four 

categories, with price-based MBis to be categorised within two types - those that are aimed 

at utilising existing markets to price and internalise environmental costs, and those that are 

designed to create new markets, such as payments for environmental or ecosystem services. 

In this chapter, three categories or classifications of MBis are discussed (Table 3.1): price

based mechanisms (section 3.2); quantity and rights-based mechanisms (section 3.3); and 

information-based MBis (section 3.4). In this chapter, Information-based Instruments 

encompass market friction-based MBis, and presents the same instruments as provided. in 

other studies categorising these instruments as market friction-based MBis. Finally, I present 

MBis which in some cases demonstrate instruments from different categories to maximise 

effectiveness (section 3.5). 

Table 3.1: Categorisation of Market-Based Instruments (adapted from: Greiner et al., 

2000; Lockie & Tennent, 2010; Whitten & Shelton, 20Q5) 

Market-Based Instrument Instrument Examples Targeted Objective 
Category 

Price-Based Instruments Taxes, user and pollution charges, Reducing pollution inputs that 
auctions, rebates and subsidies result in diffuse pollutant 

emissions, recovering costs for 
environmental remediation and 
protection 

Quantity and Rights-Based Tradeable permits, licences, total Reducing measurable point-source 
Instruments load-based instruments pollution such as sewage outfalls 

Information-based Instruments Labelling, instrument accreditation, Changing consumer and actor 
prizes and awards, public right to behaviour through increased 
know, education, research information and disclosure 

Combination of Instrument Types Conservation covenants, grants, Reducing pollution when pollution 
bonds and deposits, and polluter problems need the 

incorporation of multiple design 
elements 
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Market-based instruments are increasingly being used where regulatory approaches to 

environmental problems are perceived to have failed to adequately manage negative 

environmental outcomes. Traditionally, governments have responded to environmental 

concerns with regulation. Traditional regulatory mechanisms and command and control 

policies has led to endeavours to prescribe outcomes. In contrast with the perception of 

failure towards regulatory instruments, some MBis have been implemented efficiently where 

command and control structures and regulatory policy have imposed a high cost to business 

in improving pollution abatement practices (Whitten et al., 2003). Regulatory mechanisms 

and existing environmental policy have been, and can be, successful in certain circumstances, 

such as reducing point-source pollution from major polluters (Godden & Peel, 2010; 

Gunningham & Sinclair, 2005). Improved environmental outcomes have been achieved 

through mandating higher standards and monitoring. However, regulatory policy is more 

expensive in reaching more stringent outcomes and goals with diffuse pollution types and 

pathways (Gunningham & Sinclair, 2005; Whitten et al., 2003). MBis address environmental 

management in such a way as to include incentives for effectiveness, efficiency and 

flexibility. 

Negative externalities are the result of a third party being affected due to the actions of 

another party (Gardner & Chung, 2005). The impacted third party can be the environment 

itself, and or other users of the resource. Negative externalities occur when the cost of 

damage to the environment, or the loss of use of the resource by other users, is not accounted 

in production decisions. The use of MB Is for pollution mitigation und.er the NWI framework 

gives focus for the protection of waterways from negative externalities (e.g. algal blooms) for 

the protection of amenity value, recreational fishing, tourism and Indigenous and cultural 

values (National Water Commission, 2004). 

The success of MBis depends largely on effective regulatory measures accompanying them. 

(Godden & Peel, 2010). The legislative framework is especially important for the functioning 

of rights-based mechanisms as it is these rights which are the basis for any market 

arrangement (Godden & Peel, 2010). Fisher (2007 p. 121) explains that, in order "[t]or a 

market to be effective as an instrument of governance, the nature and subject matter of these 

rights must be clear, certain and predictable". Moreover, creating MBis for different pollution 

types, inputs, impacts and conditions can be difficult given the uncertainty of pollution 

impacts, and the measurement and quantification of these (Hatton MacDonald, 2004). Hence, 
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it is important to define, identify and assess pollution types and sources (Chapter 2). The 

fitness of MBI types can then be analysed for potential implementation to address specific 

pollution problems. 

Decision-makers designing and implementing MBis must be aware that MBis can fail for 

two reasons: a lack of fitness for purpose of an MBI (the design) or inadequate administration 

of an MBI. Despite the potential benefits of market-based instruments, there is ongoing 

debate about the economic costs of implementing MBis and the social welfare benefits that 

MBis can provide (Whitten et al., 2003). If an MBI is implemented in order to target an 

identified problem, its fitness for purpose, public benefits and user rights must be identified. 

If selection processes are inadequate, failure of the MBI policy is likely (Lockie, in press). 

When MBis fail to reach goals, there is a risk that inappropriate MBis are not identified as 

such and MBis are re-implemented without assessing the reasons for poor outcomes (Lockie, 

in press). Failure may be attributed to an MBI, yet the underlying governance problems and 

ineffective planning regimes may go unchanged (Norgaard, 2010). Muradian (2010) argues 

that as MBis are used to solve market failures, creating more MBis to address inherent 

failures of the market will eventually become self-defeating. The inability, in some 

circumstances, for MBis to address failures in the market is a reason to measure potential 

environmental benefits against other existing environmental policies (Whitten & Shelton, 

2005). 

3.2 Price-Based MBls 

The NWI promotes the application of MBis and stresses the importance of water pricing in 

particular as a mechanism for fully valuing water and the externalities of using water 

(Grafton & Peterson, 2007). Young (2007) argues that there is scope for greater use of 

pricing alongside regulatory functions to maximise the efficient use of water resources. 

Regulatory-based policies should not be abandoned completely in favour of MBis and 

market-based pricing. However, efficient pricing of water resource use is largely dependent 

upon market mechanisms for environmentally beneficial outcomes (Young, 2007). 

The majority of price-based MBis fall under the banner of "Pigouvian taxes". In the 1920s, 

Pigou argued that if markets fail in a manner where third parties are left to carry the costs of 

pollution by others, then tax mechanisms should be developed to internalise the costs that 
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polluters are responsible for producing (Pigou, 1924 as cited in Godden and Peel, 2010). A 

Pigouvian tax is "a tax levied on an agent causing an environmental externality 

(environmental damage) as an incentive to avert or mitigate such damage" (United Nations, 

1997). Pollution taxes can be conceived as tax reductions for positive behaviour or tax 

impositions for undesirable behaviour. Examples of Pigouvian taxes are pollution taxes, 

effluent charges and deposit-refund systems. 

The pricing of water at a market-based rate can lead to inequitable social outcomes (Bakker, 

2001), unless adequate compensation and concession rates are set. The pricing of water and 

pollution can allow industry to accept prices, and in return set prices, in order to meet 

compliance costs, or demonstrate economic advantages through reduced prices to consumers 

(Whitten et al., 2003). However, as a whole the social benefits of setting water pricing at a 

market based rate is not necessarily definable. 

An argument against using pricing mechanisms for water use management is the proposition 

that demand for water is inelastic. Few studies have been carried out in Australia to assess the 

validity of these claims (Hoffmann et al., 2006). One study conducted in Brisbane found that 

the demand for water was elastic over the long run and inelastic in the short term (Hoffmann 

et al., 2006). This means that cons·umers do change their consumption in the long term. The 

findings in this study in Brisbane support the international research (Hoffmann et al., 2006; 

Hoglund, 1999), where most studies find that elasticity of demand is more elastic over the 

long run. 

3.2.1 Full-Cost Pricing 

The NWI promotes the proliferation of full-cost pricing (National Water Commission, 2004). 

This means that prices should include the costs of mitigating and compensating for 

environmental externalities (Gardner & Chung, 2005). These costs are generated through the 

use of infrastructure and include improvements to water infrastructure and services necessary 

for meeting water quality goals. By introducing full-cost pricing, consumers receive a price 

signal related to the costs associated with their actions. Traditionally, water pricing has not 

done this. Consumers have been given the impression that the costs of water and the 

environmental impacts of water use have been lower than is actually the case (Ghazali et al., 

2009). Not only do consumers lack a price signal that would encourage them to use water 
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· more efficiently, but if water service providers cannot recover costs, infrastructure investment 

and maintenance may suffer, which could contribute to worsening inefficiencies and 

environmental outcomes ( de Azevedo & Baltar, 2005). 

The EU further applies the polluter-pays principle in water pricing, which takes into account 

environmental costs as well as service provision costs (Hansjuergens & Messner, 2002). This 

has thereby led to the formulation of the EU Water Framework Directive (WFD) which 

stipulates that a minimum chemical standard must be maintained for surface waters. 

Regulatory components support the full-cost pricing of water where severe financial penalties 

are in place for non-compliance with these standards (Hussey & Dovers, 2007). Water quality 

is stated as a priority within the Water Framework Directive for the protection and continued 

improvement of inland surface waters, transitional water, coastal waters and groundwater. 

The Directive promotes an integrated management plan for catchment areas and links other 

water-quality related directives such as those involving nitrates and urban wastewater. 

3.2.2 Block Pricing and Tarif~ Structure 

Since 1994 Australia has implemented a two-part tariff structure for the pricing of water 

(Council of Australian Governments, 1994). The two-part tariff includes a connection fee and 

a volumetric charging of water (Hoffmann et al., 2006). 

Many forms of tariff structure pncmg have been implemented in Australia and 

internationally. These include pricing structures such as a fixed charge with a free water 

allocation and an excess charge for exceeding some level of consumption; a connection 

charge with a flat rate for each unit consumed (as is the case for Darwin residents) (Power 

and Water Corporation, 2011); and a sequence of volume blocks with an increasing price, i.e. 

an inclining block tariff (Byrnes et al., 2006; Hoffmann et al., 2006). 

An inclining block price is " ... where the supplier defines a 'block' of usage from a low water 

volume used[ ... ] to some upper amount[ ... ] then defines a new block between this first upper 

bound and a new higher upper volume[ ... ], and so on, with all customers who use water at a 

level within a block facing one rate" (Shaw, 2005: p. 111). A sewerage tariff can be charged 

in the same manner. In Darwin, the sewerage tariff is a fixed charge applicable to every 

connection (Power and Water Corporation, 2011). 
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Five of the six Australian states, excluding Queensland use an 'inclining block tariff pricing 

schedule consisting of two rates (Byrnes et al., 2006). In this case, the consumer is charged an 

increasing rate over the two blocks, dependent upon the amount of water consumed (Byrnes 

et al., 2006). Some economists argue that this two-part tariff or block is not the best method 

for ·pricing water (Mitchell & Hanemann, 1994 as cited in Shaw, 2005), but is the most 

practical for administrative reasons. 

3.2.3 Pollution Taxes 

Pollution taxes involve setting a charge per unit of pollutant, preferably at a level that will 

bring about reductions in pollution (Godden & Peel, 2010). A pollution tax puts a price on 

pollution which would otherwise be an external cost imposed on society. A difficulty in 

setting such a tax is the level at which a tax needs to be implemented in order to achieve 

optimal polluter behaviour (Glachant, 2001; Godden & Peel, 2010). 

As opposed to effluent charges and user charges, a pure tax on-pollution is a blunt instrument, 

which is difficult to implement efficiently. With the assignment of pollution taxes, the 

polluter is not necessarily specified and in some cases the emission or pollution output is not 

measured. Individual circumstances of the actor, or the impact of the target pollutant, are not 

considered when assessing the tax. Revenue generated from the tax is not necessarily 

returned to provide the ecosystem service that is potentially impacted, which is a defining 

characteristic of user charges (Stavins, 2002). 

Some European countries have implemented a tax on pesticide sales. Sweden had a 7.5% tax 

per kilogram of active ingredient, which helped reduce pesticide use in the country by 65% in 

seven years (Sampat, 2000a). However, other programs coinciding with the tax may also 

explain the reduction in use (ECOTEC, 2001 ). 

European countries have also implemented fertiliser taxes for short periods of time. Although 

administration costs of the tax were low, and there is a reduction in the use of fertilisers under 

a fertiliser tax, many of the schemes have been discontinued in favour of land management 

and information-based schemes (Rougoor et al., 2001; Von Blottnitz et al., 2006). This is 

because the rate set for change in behaviour by way of a tax would have made agriculture 
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unviable and other po9licy approaches were required. It is also speculated that the fertiliser 

tax itself raised environmental awareness and thus reduced application of fertiliser (Rougoor 

et al., 2001). However, the inelasticity of fertiliser demand in the short term renders a 

fertiliser tax inefficient (ECOTEC, 2001 ). 

Currentiy, the Netherlands operates a surplus nitrogen and phosphorous tax (MINAS) which 

allows the agricultural sector a free allowance to apply fertiliser at a certain rate per hectare. 

Any excess application of fertilizer attracts a tax. Farmers keep detailed records of the 

nutrients applied. The free allowance is gradually reduced over time (ECOTEC, 2001). Other 

examples of pollution taxes are listed in Table 3.2.3. 

Table 3.2.3: Examples of Pollution Taxes (Adapted from: Stavins, 2002) 

Pollutant Country Rate/ Product Use of Revenue 

CO2 Denmark Diesel, kerosene, coal, Consolidated revenue 
LPG, natural gas, 
electricity 

Norway Mineral oil, coal, Consolidated revenue 
natural gas produced in 
offshore oil and gas 
activities 

S02 Spain (Galicia) $35 per ton; $39 per ton Consolidated revenue 
above 50,000 tons for regional government 

3.2.4 Tax Rebate and Tax Differentiation Schemes 

Tax rebates, or tax differentiation schemes, often act as stand-alone policies or alongside tax 

impositions for pollution and pollutants. Tax rebate schemes can function in two ways: either 

as a compensation for a group that cannot avoid the increased costs (such as low income 

earners); or as a reward for carrying out an environmentally beneficial activity (which can be 

used to recover expenses). Essentially, they are similar in nature to a subsidy, but provide an 

implied tax to the alternative undesirable behaviour (Stavins, 2002). 

The United States offers tax credits to assist in the production of renewable energy. For some 

renewable energy production, this can amount to a credit of between .1.5 and 1.8 cents (US) 

for every kWh of energy generated ("Energy Policy Act," 1992; "Energy Policy Act," 2005; 

Stavins, 2002). 
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Farmers in Australia are offered company tax incentives for a range of environmental land

improvement and Landcare practices, especially targeted at mitigation of land degradation 

and fencing to protect vulnerable land (Australian Tax Office, 2011). 

Australia's Carbon Pollution Reduction Scheme (Australian Government, 2012), which is a 

complex example of a Pigouvian tax, includes user charges and tax rebates. A significant 

proportion of the revenue raised from the scheme compensates citizens who are low income 

earners .. The tax reductions for low income earners offset the increased prices likely for 

electricity prices. However, the compensation is structured in such a way as to still provide an 

incentive to reduce electricity use (Garnaut, 2011). Table 3.2.4 shows some international 

examples of tax rebate and tax differentiation schemes. 

Table 3.2.4: Examples of Tax Rebate and Tax Differentiation Schemes (Australian Tax 

Office, 2011; Garnaut, 2011; Stavins, 2002) 

Country Tax Rebate/ Tax Differentiation Schemes 
-

Tax deductions for carrying out land degradation mitigation activities on 
Australia farmland. 

Tax reductions for low income earners upon implementation of the carbon 
pricing scheme. 

Colombia Reforestation activities receive tax credits and tax reductions. 

United States Tax credits for renewable electricity generation . 

. 3.2.5 Effluent Charges 

Pollution charges are charges paid by polluters proportional to the amount or quality of a 

pollutant that is released into the receiving environment (Glachant, 2001; Stavins, 2002). 

Effluent charges relate to the liquid discharge of pollutant and commonly target areas · of 

water quality such as biological oxygen demand, nitrogen and phosphorous, total suspended 

solids, combined industrial emissions and landfill and hazardous waste discharges (Stavins, 

2002). 

Some effluent charges in Western Europe have been successful in reducing pollution loads. 

The Netherlands implemented an effluent charge scheme in 1970. It applies to heavy metal 
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discharges and organic pollutant loads from urban areas and farms (Stavins, 2002). It has 

resulted in a 50% reduction in total organic discharges and a 75% reduction in industrial 

organic emissions between 1970 and 1990 (Wheeler & et al, 2000 as cited in Stavins, 2002). 

Heavy metal discharges have been reduced by between 72% and 99% (Sampat, 2000a). The 

effluent charge in the Netherlands is unique in that it did not replace regulation as a means of 

pollution reduction, and was a parallel policy to provide funding for upgraded water 

treatment plants. The Netherlands was also one of the first nations to develop a full range of 

regulatory and charge-based mechanisms (Bressers, 1988). Nations, such as France earmark 

the revenue raised through effluent charges for improvements in water infrastructure. 

However, the effectiveness of the charges and subsequent ability for infrastructure to be fully 

funded and upgraded have been questioned (Glachant, 2001). The costs of meeting the water 

quality goals need to be matched with the revenue raised from such schemes. 

Poland maintains an effluent charge for emissions on two levels: a normal fee for emissions 

below the regulated standard; and a higher charge for emissions above that level (Anderson & 

Fiedor, 1997). Poland provides a relevant case study for Qarwin water quality issues as the 

dynamics of pollution generated from wastewater treatment plants are similar prior to Poland 

introducing effluent charges and enforcement measures (Kathuria, 2006), due to a lack of 

modem wastewater treatment infrastructure. Poland has a comparatively large effluent charge 

compared to other countries. However, this has not affected economic growth, and has 

contributed to motivations in simultaneously reducing pollution loads generated from waste 

water treatment plants, but also in reducing the input loads and the costs of waste water 

treatment (Kathuria, 2006). 

China has managed to reduce the water pollution intensity in some regions through the use of 

effluent charges and levies, with industry having responded with a high level of positivity 

(Wang & Wheeler, 1999). Charges are levied when pollutant discharges exceed acceptable 

limits. However, there is a case to be made that these findings are the result of increased 

inspection regimes and public pressure, and not only the result of effluent charges (Dasgupta 

et al., 2001). Despite contention over the cause of success, China's water pollution charges 

are the largest application of a water quality-specific MBI in the developed world (Shaw, 

2005; Wang & Wheeler, 1999). 
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A location in the Philippines, with a similar climate to Darwin, managed to reduce biological 

oxygen demand pollution by nearly 90% within a short period of time in the late 90s 

(Wheeler & et al, 2000 as cited in Stavins, 2002). A rapid period of industrialisation in the 

Laguna Lake region led to pollution problems and algal growth, which the locals termed 

"The Red Tide". Concern from the local population led to tighter regulation and effluent 

charges for industry.which discharged pollution into the Laguna Lake (Macabuahay, personal 

communication, 2012). User fees are attached to the licence and the right to produce 

wastewater, effluent and other pollutants into Laguna Lake, and the fees are used to provide 

incentives to lower pollution and remediate the effects of pollution (Oledan, 2001)'. 

3.2.6 User Charges 

Management costs of a resource may be recovered from charges applied to users of that 

resource. User charges ensure that the direct beneficiaries of a natural resource or an 

environmental service finance its protection and provision (Stavins, 2002). A nuanced 

difference between user charges and taxes is the use of the revenue generated. Pollution taxes 

generate revenue for consolidated revenue. User charges earmark the money generated for 

the cost of the disposal of a given product or of the management of the resource (Stavins, 

2002). Currently, there is a reef tax for visitors to the Great Barrier Reef, and also license fees 

for boat operators conducting tours to the reef (Greiner et al., 2000). 

User charges can be implemented through charges on the use of fuels and transport services. 

In parts of the United States, revenue generated from taxes on non-commercial motorboat 

fuels are distributed to trust funds that have responsibility for the aquatic environment. 

Revenue generated from taxes on fishing and hunting equipment and licenses are also given 

to trust funds to maintain the value of the related uses (Stavins, 2002). 

The full-cost pricing for the provision of services, such as waste disposal, is also becoming 

common in some parts of the world (Da Motta et al., 1999). 

Many countries in Western Europe apply user charges for the disposal of tyres by imposing a 

charge on the sale of new tyres which is sufficiently large to fund the disposal costs of the 

tyres (Stavins, 2002). Other common user charges are levies on the disposal and collection of 

waste oil (Stavins, 2002). 
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3.2.7 Subsidies, Rebates and Grants 

Subsidies work on the opposite premise to charges applied to pollution - a monetary reward 

for undertaking activities that produce positive environmental externalities. Subsidising the 

activities of agents and. polluters for resource use, specific tasks, or schemes is regarded as 

having a distorting effect on the functioning of the market (Lockie & Tennent, 2010). 

Subsidies can also affect the perception of land holders about their obligations and 

responsibilities (Lockie & Tennent, 2010). MB Is founded on subsidies, rebates and grants 

,have generally been phased out in favour of other, more efficient, MBis. 

Subsidies are applied to the use of recycled wastewater in the Darwin Harbour catchment. 

The Northlakes water recycling project distributes recycled sewage water to the Darwin Golf 

Club at Marrara for irrigation, and also to the nearby Marrara sporting complex for use in 

irrigating the playing fields. The majority of this recycled water is distributed to users during 

the dry season. The full cost of the scheme is subsidised by Power and Water. Wastewater is 

pumped from the Leanyer-Sanderson wastewater treatment pfant to the final settling pond at 

the Darwin Golf Club at Marrara. At this point, the waste water undergoes a range of 

treatments including dissolved air flotation, microfiltration, and chlorination (Power and 

Water Corporation, 2006b). In 2006, the Darwin Golf Club was supplied with 228 ML and 

the Marrara Sporting Complex with 99 ML of recycled water from the Northlakes water 

recycling plant (Power and Water Corporation, 2006b). Power and Water found that the costs 

of supplying a greater amount of recycled water to the Marrara Sporting Complex would be 

the same as supplying that same amount of drinking water to the complex (Power and Water 

Corporation, 2006b ). This leaves Power and Water with little incentive to provide greater 

oppom,mities for recycled water use. 

Concessions for some consumers are already in place for water bills in Darwin. Power and 

Water Corporation offers reduced prices for those carrying concession cards. This is provided 

on behalf of the Northern Territory Department of Health and Families (Power and Water 

Corporation, 2012). 

In the largest water efficiency rebate program in Sydney, Australia, demand was reduced by 

nearly 10% (Turner et al., 2005). Water conservation programs in Australia are both cost 
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effective and resource-use effective (Mitchell et al., 2004). However, many of the successes 

of these programs rely on correct implementation, such as utilising rainwater tanks for indoor 

use; otherwise benefits can be limited (Turner et al., 2007). 

The Northern Territory Government subsidises the installation of water saving devices by 

offering rebates for water tank installation, grey water diversion devices, and other water 

efficient products for residents in Alice Springs and Tennant Creek (Anderson, 2008). 

Expansion across the Northern Territory is being considered. 

Fixed grants for environmental remediation and revegetation are popular with landholders 

and are likely to increase community involvement in activities due to the simplicity of the 

funding mechanism (Morrison et al., 2008). Environmental grants in the Greater Darwin Area 

are available for community, not- for- profit groups and schools through local government, 

Northern Territory Government and the Commonwealth Government. Fixed grants are 

preferred for targeted, community based projects. 

Internationally, fixed grants have been phased out for landholders and private industry in 

favour of more efficient MBis. The Water Quality Incentive Program (which has now been 

superseded) involved stewardship and direct payments to farmers to disseminate technical 

knowledge of surface and groundwater management practices (Cooper, 1997). The program 

was replaced by the Environmental Quality Incentives Program ( delivering the same service 

- dissemination of technical knowledge and water management practices), which is a cost

sharing MBI based on a reverse auction method (Cattaneo, 2003). 

3.2.8 Insurance Premium Charges 

Insurance premium charges are a fee generating an insurance pool that can be called upon for 

possible clean-up costs in the future. The fee payable is based on an activity or activities that 

have the potential to create significant clean-up costs (Stavins, 2002). Typically, these 

charges have not had differentiated payment dependent on the practices of the company, 

providing little incentive to change behaviour (Stavins, 2002). However, a benefit of such a 

charge is the retrospective recovery of costs in regards to previous environmental damages. In 

the United States, all petroleum products are taxed to provide funding for the Oil Spill 

Liability Trust Fund (Stavins, 2002). The United States Leaking Underground Storage Trust 
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Fund is also funded through the taxation on petroleum products (Stavins, 2002). Similar 

schemes in Europe operate for both petroleum and petro-chemical industries, as well as 

identified hazardous industries (Stavins, 2002). 

Preventing potential spills of hazardous materials from ships, and dealing with spills after 

they have happened, is a key concern for the water quality in coastal and marine waters, in 

particularly harbour environments. A levy could be added to the landing fee of ships in 

harbour, e.g. proportional to size or based on toxicity of load, to ensure funds are available to 

clean up spills should they happen (Greiner et al., 2000). 

3.2.9 Performance Bonds 

"Performance bonds · are a. monetary security that developers are required to set aside to 

ensure that adequate funds will be available for rehabilitation of a site in the event the activity 

ceases or is abandoned" (Greiner et al., 2000; p. 46). Performance bonds are already in wide 

use in the mining industry (Greiner et al., 2000). However, the Great Barrier Reef Marine 

Park Authority (GBRMPA) also uses performance bonds as a part of the development 

approval process where the construction of semi-permanent or temporary structure is 

proposed (Greiner et al., 2000). The bond ensures that rehabilitation costs can be met in the 

case of a company bankruptcy or the lack of an identified responsible party (Greiner et al., 

2000). This MBI is consistent with the policy framework toward moving environmental costs 

to the polluter, away from the social and public realm. 

3.2.10 Debt-for-Conservation Swaps, Revolving Funds, Non-Public Property 

and Covenanting 

An MBI based on "A debt-for-conservation swap is an economic incentive instrument 

intended to break the cycle ·of increasing debt and environmental degradation" (Greiner & 

Lankester, 2007; p. 459).Businesses with debt find it more difficult than others to invest in 

technologies and adopt innovations which yield environmental benefits. Debt-for

conservation swaps provide a possible avenue for reducing business debt in return for 

improving environmental performance. Usually three parties are involved in the necessary 

transactions: a debtor country; an investor; and a lender. These MBis have been analysed for 

their suitability for fit in the Australian livestock industry (Greiner & Lankester, 2007). 
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Australian landholders who own tracts of land that have high ecological significance, such as 

riparian vegetation or wetlands, could potentially have (parts of) their debt written off for 

agreeing to undertake certain environmental restoration practices. For the full length of the 

contract terms, the conditions of the improved environmental practice would form part of the 

title to the relevant land. Failure to comply with the requirements of the payment would result 

in the debt being placed back onto tlie landholder. 

Debt-for-conservation swaps favour landholders with debt, and this may be indicative of poor 

land management practices in the past (Greiner & Lankester, 2007). The ongoing 

effectiveness of such an MBI towards the outlined goals are unknown, with little, incentive to 

continue improved environmental practices once the term of the contract is completed 

(Greiner & Lankester, 2007). However, increasing the length of the contract period is one 

method for extending the benefits of the debt-for-conservation scheme. Effectiveness may 

also be increased by incorporating other forms of payments, including stewardship payments 

through recurring conservation auctions (Greiner & Lankester, 2007; Stoneham et al., 2003). 

Such an MBI needs to be accompanied by education a!).d suasion measures in order to 

achieve the full effectiveness of ongoing changed environmental practices (Greiner & 

Lankester, 2007). Debt-for-conservation swaps also impose a costly administrative burden on 

the institution overseeing and managing the program (Greiner & Lankester, 2007). This MBI 

may also be seen as part of a suite of options regarding landholder's involvement in a broader 

range of programs that incentivise improved environmental practices (Greiner & Lankester, 

2005). 

3.2.11 Deposit Refund Schemes 

Deposit refund schemes are a widely implemented MBI. Deposit refund schemes work by 

imposing an upfront cost which can be recovered upon disposal of the product. The scheme 

works by encouraging desirable behaviour by allowing the polluter to redeem the cost of 

correct disposal or recycling (Stavins, 2002). Currently, there is a container deposit refund 

scheme in operation in the Northern Territory (Natural Resources Environment The Arts and 

Sport, 2012). Potentially, the scheme could be expanded to encompass correct disposal of 

other polluting products such as batteries or empty oil containers. 
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3.3 Quantity and Rights-Based Market Instruments 

Quantity-based MBis aim to create a market in which property rights to pollute, or to use a 

resource can be efficiently allocated through trade (Coggan & Whitten, 2005). Quantity based 

instruments can be used effectively when a certain volume of pollution is known to cause 

particular pollution problems. A relevant authority is needed to determine the acceptable 

level of pollution and the distribution of pollution rights, initially. If a trading scheme is then 

imposed as well, then the ability to trade and the allocation of rights is required to be set out 

and overseen by an authority (Murtaugh et al., 2002). 

Godden and Peel (2010) explain that in order "[t]o support an effective and efficient market, 

property rights need to [be] clearly defined, verifiable, enforceable, valuable, transferable, 

exhibit low levels of scientific uncertainty regarding the relationship of the property right to 

the ecosystem service and be unlikely to be significantly reduced in value by future 

government decisions" (p.190). The effectiveness of rights-based market instruments 1s 

underpinned by existing regulation and compliance activity (Godden & Peel, 2010). 

I 

The incorrect or insufficient specification of property rights can lead to environmental costs 

being imposed on other parties. Open access to users of the resource can lead to over

exploitation, as has been frequently shown in the fishing industry. Those agents, who 

internalise environmental costs within their own businesses, have limited ability to exclude 

other resource users, who do not internalise costs. Nor do they have a way ofredeeming those 

costs through the market (Lockie & Tennent, 2010). Even in circumstances where resource 

use rights are defined, as in the case of water extraction and use, the pricing is often below 

the full environmental cost and full economic cost of the complete cycle (Lockie & Tennent, 

2010). This is especially so as sewage discharge is released into public waters, for example, 

without pricing in the costs of remediation or compensation for impacted third parties. 

MBis can allow for more effective reductions in pollution than would be the case m 

traditional command and control structures (Whitten & Shelton, 2005). Depending upon the 

type of MBI enacted, firms with a high cost for pollution reduction have, an things being 

equal, an opportunity to reduce their pollution with similar costs to ·firms with lower costs of 

pollution reduction (Whitten et al., 2003). With a tradeable permit scheme, polluters can 

reduce their mitigation costs by going outside their own firm to purchase pollution permits or 
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offsets that are cheaper than making improvements within the firm (O'Shea, 2002). 

Increasing the flexibility in options for reducing pollution decreases the cost of pollution 

reduction. By allowing technology to be selected by individual firms for individual needs and 

purposes, local knowledge and information at the source can be used to make cost-effective 

investment decisions. The freedom to select technology has the potential to maximise 

pollution reduction, as mandated. technolo.gy improvements imposed by a command and 

control structure may not be relevant and may add an unnecessary cost burden, reducing 

incentives for further improvements (Whitten et al., 2003). 

The use of market transactions in a quantity and rights-based MBI is important for allowing 

the efficient allocation of polluter rights. Godden and Peel (2010) explain that, "[ t ]he Coase 

theorem states that when trade in an extemality is possible then, assuming low or zero 

transaction costs, 'it is as efficient to allow the victim of pollution a right to compensation as 

it is to recognize the polluter's right to pollute"' (Coase, 1960 as cited in Godden & Peel, 

201 O; p. 31 ). The underlying assumption is that the clear specification of property rights 

allows parties to negotiate and use markets to reach an efficiep.t solution. Compensating the 

victim of pollution in whatever form that takes (including the pollution victim being allowed 

to compete for rights), is a key component of quantity and rights-based MBis. Hence, 

quantity and rights based MBis are effective for addressing the costs otherwise absorbed, or 

value lost, by beneficial uses. However, the major problem with quantity and rights-based 

instruments is the assumption of zero or low transaction costs, when transaction costs may in 

fact be prohibitively high. 

Quantity and rights-based MBis can develop potential problems in environmental settings 

where there is heterogeneity in the aquatic environment for which that water resource is used. 

The heterogeneity of aquatic environments makes it necessary to design arrangements 

dependent on the locality in which that right operates (Colby et al., 1993). 

3.3.1 Cap and Trade Schemes, Permits and Tradeable Permits 

Cap and trade schemes involve the establishment of a maximum ·allowable volume of 

discharge of a pollutant. Cap and trade schemes are also known as emissions trading schemes 

or tradeable permit schemes. The schemes provide or auction licences / permits to emit 

pollution to a predetermined limit. A mechanism for trading the permits or licenses is created 
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to achieve efficient reductions in pollution because polluters who can reduce pollution at a 

lower cost can sell excess permits to polluters for whom it is cheaper to purchase permits than 

to reduce pollution. There needs to be transaction fee to ensure transaction costs of the 

scheme, e.g. licensing and monitoring, are accounted for (Greiner et al., 2000). 

Cap and trade instruments provide a mechanism for introducing scarcity, namely for 

pollution discharge licences or permits, and thereby create an economic value for their 

discharge (Greiner et al., 2000). Once the property rights framework has been established, 

governments can act as buyers reduce the total permissible load, and continue to provide 
,. 
incentives to reduce pollution emissions (Greiner et al., 2000). Cap and trade schemes also 

remove the necessity to set a fixed price in order to change behaviour (Godden & Peel, 2010). 

However, this is done by proxy through the number of permits that are distributed, and is 

subject to the same issues associated with equality of distribution of initial licences. 

Trade in permits can lead to pollution hotspots in areas (Revesz & Nash, 2001) where 

multiple users are constrained by costs of pollution reductiot].. This hotspot problem can be 

overcome by other regulatory measures, but limit the efficiency of the scheme and add to 

administrative costs. 

Tradeable permits in the water sector have primarily been used for water allocation efficiency 

rather than water quality improvement and protection. Tradeable permit schemes for water 

may promote the extraction of new sources of water due to efficiency at no cost for resource 

development (Vaux & Howitt, 1984). However, there are potentially unintended 

consequences from such schemes where other unregulated sources of the same 

environmental good-in this case water-can be developed privately, e.g. groundwater 

exploitation when access to surface water is restricted (Vaux & Howitt, 1984). 

The tradeable irrigation water permits that were to be implemented through the framework of 

the NWI were an attempt to leave markets to provide solutions for the over extraction of 

water. However, significant problems have emerged, such as water allocation buy backs, and 

administrative costs are now likely to be commensurate with a traditional regulatory method 

for allocating water (Connell et al., 2005). It has also been debated whether effective water 

markets can be used to alter behaviours such as chemical inputs onto agricultural land 
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(Rosegrant et al., 2000). Up to date information and public disclosure of information are vital 

for an effective water trading scheme (Fisher, 2006). 

The Sulphur Dioxide Trading Scheme under the United States Clean Air Act is a cap and 

trade scheme was set up to provide a limit to sulphur dioxide pollution. It has proved 

effective (Godden & Peel, 2010), as little trading was needed to contribute to pollution 

reductions (Burtraw, 1996) though other programs may have contributed to its success 

(Ellerman & Montero, 1998). 

A common use of quantity-based MBis in Australia is for reducing salinity levels on land and 

in receiving waters. For example, the Hunter River Salinity Trading Scheme (HRSTS) aims 

to reduce the quantity of salt in the Hunter River: 

The HRSTS is a 'cap and trade' mechanism. The cap is 1000 credits, each of which is the 

right to discharge X amount of salt into the River during a high flow event. Individual 

polluters (e.g. mines & power stations) access a component of the cap via a 'licence' to a 

specified number of credits. The credit allows the holder to discharge 0.1% of the daily 

total allowable discharge to the river during high flows - monitored at point of discharge. 

The allowable discharge is dependent on the salinity of river waters. Improved 

performance is rewarded when a participant needs to purchase fewer credits to operate 

and can sell the excess. (Coggan & Whitten, 2005: p. 7) 

Despite the attractiveness and the potential reduction in transaction costs of cap and trade 

systems targeting some pollution problems, water quality has a number of factors that make 

water quality trading undesirable. Reductions in transactions costs are often unavailable due 

to the need for increased monitoring of market transactions, and the site-specific nature of 

water quality problems (Woodward et al., 2002). 
I 

3.3.1.1 Total Maximum Daily Load Based Schemes 

Total maximum daily load (TMDL) based schemes are a particularly type of cap and trade 

instrument which set pollution limits to reduce extremes of pollution loads across time 

frames. These have recently been adopted in the United States for combating highly polluted 

waterways. Such a scheme has been necessitated by the need to combat point-source and 

diffuse-source pollution loads simultaneously (Shaw, 2005). TMDL schemes can also be 
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used in conjunction with specific pollution metrics such as bacteriological release for 

environmental improvement (Hyer & Mayer, 2004). 

TMDL schemes can be highly effective for reducing pollution and remediating polluted 

waterways. However, they do require a high level of monitoring and improved standard 

setting in order to make improvements (Karr & Yoder, 2004). 

Load-based licensing schemes in NSW are a demonstration of implementing polluter pays 

principles (Godden & Peel, 20 I 0). Licence fees are applied to the level of effluent likely to be 

produced. 

3.3.4 Accounting and Budgeting Schemes 

An efficient and adaptable market relies on up-to-date information being available to both 

buyers and sellers of permits. The creation of an accounting system is vital in order for 

effective market-based mechanisms. It allows those with duties on reporting pollution or 

water use, to be able to have consistent methods by which to report (Fisher, 2007). Evaluation 

and accounting for resource use and emissions is vital for the correct functioning of the 

market to uphold the credibility of transactions in the market (Lyster, 2002). 

3.4 Information-Based Market-Based Instruments 

Some studies include Market Friction Reduction Instruments in their discussion of MB Is e.g. 

(Coggan & Whitten, 2005). The underlying theory for information-based MBis is that 

information can alter provider and consumer behaviour (Godden & Peel, 2010). Insufficient 

or incomplete information is an impediment to agents making efficient decisions. Markets 

can be distorted ifthere are information asymmetries (Stoneham et al., 2003) where one party 

has superior information than another. Information asymmetries can lead to an increase in 

transaction costs (McKelvey & Page, 2000; Williamson, 1985, as cited in Stoneham, et al., 

2003). 

Educating stakeholders and polluters are key enablers for the successful implementation of 

natural resource management activities and improvements (Greiner et al., 2005). By 

mandating information disclosure, such as public reporting and labelling, potential polluters 
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are given an incentive to address and improve environmental management practices to gain 

favour amongst consumers (Godden & Peel, 2010). As with all MBis, information-based 

MBis require legislative reform to underpin their effectiveness. 

3.4.1 Community Right to Know 

Community right to know legislation is a relatively new phenomenon where polluters are 

required by law to report on and monitor the emission of pollutants. It is sometimes referred 

to as mandatory reporting (Konar & Cohen; 1997). The legislating body acts as a clearing 

"house for reported pollutants and displays the data in a publicly accessible form. Schemes 

such as the National Pollution Inventory in Australia have seen reductions in pollution 

through the negative public exposure gained and pressure from public interest groups and 

shareholders (Konar & Cohen, 1997). Although this provides a cost effective way of 

providing the public with information, the ability for the public to truly understand and access 

the information is debatable (Howes, 2001 ). 

3.4.2 Eco-labelling 

Eco-labelling provides specific information about the pollution impacts of products. These 

labels can be placed on the product itself, or published in another form such as a brochure or 

a publicly available website. The information influences consumer behaviour due to the 

ability to make more informed choices. In Australia, star ratings are given to water-efficient 

appliances under the Water Efficiency and Labelling Standards (WELS) scheme, and are 

often attached to rebate schemes (Anonymous, 2011 ). Review of the initial implementation of 

the scheme found the scheme to be effective, and should continue in order to help address 

issues in Australia's water demand. 

The Northern Territory has its own eco-labelling scheme - the Northern Territory Seafood 

Labelling Laws (Calogeras et al., 2011). The scheme mandates disclosure at point of sale of 

the source of the fish. It was found that the labelling scheme was a crucial factor in consumer 

choices for purchasing fish. Despite the acknowledged need for improvement in specific 

areas, the Seafood Labelling Laws have proven popular with consumers and business due to 

the low cost of implementation. 
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3.4.3 Accreditation 

Accreditation is a particularly important instrument for marine tourism operators (Greiner et 

al., 2000). The process of accreditation could be used to provide information to operators 

about the importance of limiting pollution loads, best management practices but also as a way 

to transfer knowledge to their clients (Greiner et al., 2000). 

An element of accreditation can mandate the requirement for operators to include the ability 

for land-based sullage treatment (Greiner et al., 2000). These forms of accreditation are also 

known as performance standards. 

3.4.4 Public Information Campaigns 

Public information campaigns are an existing and widely used method of providing 

information to the public about environmental management practices and options. 

Information campaigns may involve the advertisement of management strategies or for 

. promotion. Public information campaigns are generally thought to contribute positively to the 
-

desired environmental outcome, but the benefits cannot accurately be ascertained due to 

confounding factors (Syme et al., 2000). 

Public information campaigns can be simple, such as advertisements, brochures or websites. 

The information campaigns can be also be more complex such as through forums or through 

the publication of information applications. The Defence of Darwin "App" is one such 

example which integrates knowledge from a website, with an app that can be used in the 

field, as a mobile tour guide (Northern Territory Government, 2012a). 

3.5 Combinations of Market-Based Instrument Categories 

Many market-based instruments adopt elements from each category in order to maximise 

effectiveness and efficiency for reducing pollution loads. Some of these that have not already 

been explained are discussed below. The Commonwealth Government's Carbon Pricing 
/ 

scheme (Australian Government, 2012), is an example of a suite ofMBis being introduced to 

form a functioning whole. It comprises of price and rights and quantity-based MB Is in order 

to reduce carbon emissions. However, each of those elements has been explained above. Each 
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of those elements is not contingent upon another element for effective implementation in 

other contexts. 

3.5.1 Best Management Practices 

Various jurisdictions in Australia provide incentives for best practice environmental 

management (Godden & Peel, 2010). In the Northern Territory, this is developed under the 

Waste Management and Pollution Control Act 1998. A best practice environmental licence 

can potentially provide the polluter with reduced licensing fees or reduced pollution levies. 

•Publicity for adopting such an approach could be used in combination with enacting best 

management practices. 

Best management practices often envisage a voluntary approach component In the 

Netherlands, ·a group of farmers have reduced their chemical use by between 30% and 50%, 

and have eliminated insecticide use almost entirely. Nitrogen and phosphorous levels have 

decreased in runoff by between 40 and 80%. The reduction in input application is due to soil 

fertility testing and utilising better information in management practices (Sampat, 2000a). 

Watershed management councils, such as the Council that provides advice to New York 

farmers, provide information on fertiliser application rates and timing, for efficiency with the 

use of fertilisers and chemicals (Sampat, 2000a). 

3.5.2 Covenants 

Covenants over land _involve elements of both rights-based and price-based MBis. 

Revegetating and retaining riparian buffer strips along streams, creeks and rivers is a known 

method for reducing or limiting nutrient and sediment loads entering waterways (Greiner et 

al., 2000). Covenants are attached to land title and prescribe certain land management 

practices or land use for these areas (Greiner et al., 2000). In this way, covenants can be 

effective for limiting development and protecting particularly important areas of land. They 

are voluntary in nature and landholders are compensated for giving up certain property rights 

over their land, e.g. future development rights. Compensation can "take form other than 

money, e.g. by allocating separate land within the title, ·enabling subdivision (Greiner et al., 

2000). 
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3.5.3 Retrospective Clean-Up Schemes 

Retrospective Clean-Up Schemes mandate the clean-up of identified contaminated areas if an 

authority can identify the responsible polluter. In the United States, the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) provides a 

mechanism to enforce the clean-up of hazardous substances irrespective of the date on which 

the pollution occurred. The clean-up cost is assessed against the costs of the threat of the 

ongoing pollution. Such a scheme can lead to protracted legal disputes and substantial 

technical debates and claims. The disputes can be lengthy due to the complexity in 

apportioning responsibility. Some pollution events niay have occurred decades previously, 

and companies which are the responsible parties may have merged, or taken over by other 

interests. In some cases, responsible parties may no longer be in operation. In some cases, 

once responsibility is established, such schemes can be used to promote the social 

responsibility of the polluter through the clean-up activity (Shaw, 2005). 

3.5.4 Auctions 

Competitive bidding, such as auctioning for provision of environmental services, can be cost

effective when compared to fixed rate payments on private land - such as grants (Latacz

Lohmann & Van der Hamsvoort, 1997; Latacz-Lohmann & Van der Hamsvoort, 1998). 
j 

Auctions for environmental benefits are particularly beneficial in the case of non-standard 

environmental benefits proposed, with a pool of heterogeneous agents (Stoneham et al., 

2003). Auctions for the provision of environmental services provide cost benefits to the 

funding provider as local information is often more valuable and held by local agents, rather 

than in a regulating body, by government officials, or administrators (Stoneham et al., 2003). 

The issue of information and how it informs market-based instruments is more fully 

discussed in section 3.4. However, auctions are seen by some as the most acceptable way in 

which provision for services and public goods can be priced when information is held by 

local actors (Stoneham et al., 2003). The value of information can effectively be given a price 

through such schemes as auctions (Stoneham et al., 2003). Not only is information provided 

to an administrating body through the auction and information gathering process, but 

participants in the auction and environmental service provision programs are educated in the 

process as to the benefit of the environmental services they have influence over (Whitten & 
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Shelton, 2005). Landholders and auction participants are also able to set a value of providing 

an ecosystem service to the resource user (Whitten & Shelton, 2005). Auctions can also be 

included in a more complex offset trading arrangement under a cap and trade scheme 

(Stoneham et al., 2003). 

The Biodiversity Incentive Scheme and The Landscape Linkages project, implemented 

through nationally funded schemes, utilised auction systems for the protection of biodiversity 

(Whitten & Shelton, 2005). In the Landscape Linkages project, those bidders who were 

successful were given two-year contracts to maintain or improve biodiversity in the 
,. 
designated areas. Payments to the successful bidders were staggered at different milestones 

when terms of the contract were met (Whitten & Shelton, 2005). The Biodiversity Incentive 

Scheme targeted areas of land that were particularly important for flow-on effects of 

protecting biodiversity, such as improved water quality. Assessments were made as to the 

protection value of the proposed land, and were given scores. The most highly valued land 

was then given priority funding (Whitten & Shelton, 2005). Both the Biodiversity Incentive 

Scheme and the Landscape Linkages project were cost effective for meeting objectives for 

Biodiversity (Whitten & Shelton, 2005). · 

Auctions are an MBI instrument where passing costs on the total costs to consumers is not 

available or is difficult to initiate. Therefore, the funding for these programs is only available 

so long as the funding is committed - reducing the long term effectiveness of such a program 

(Whitten & Shelton, 2005). Auctions without implementation of other complementary 

schemes provide a cost for resource protection, without pricing resource access or use, 

potentially implying "free-riding" (without attaching cost use for users of resources) for 

resource users (Whitten & Shelton, 2005). Potential funding arrangements for programs such 

as these are discussed in the next chapter. 

Observability and monitoring are components of incentive-based instruments. Linking 

payments to environmental service provision poses difficulties for administrators as effects 

are often hard to see or to measure. Due to this, specific inputs requirements or measurable 

outputs may need to be the basis of any incentive instrument (Stoneham et al., 2003). 

75 



3.6 Chapter Conclusion 

The chapter has shown that (1) there is a large diversity of MB Is available that can possibly 

assist in safeguarding water quality and that (2) the choice of MBI needs to be influenced by 

multiple considerations. These include: the outcome sought, the pollution type and pathway 

targeted, the administrative practicality and the accumulated environmental benefits. 

A sound regulatory and legislative framework, with well-defined property rights, is required 

in order to effectively implement MBis. Industry or the public's ability to pay can alter the 

scope in which MBis can be successful. However, if negative externalities are targeted 

effectively, with efficient MBis, these problems can be mitigated. In the following chapter, a 

thorough analysis of each MBI takes place, including a discussion of the merits of the MBI, 

and the potential role they can play in reducing pollution loads entering Darwin Harbour. 
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Chapter 4: Recommendations and Discussion 

4.1 Introduction 

This chapter synthesises the information presented in the previous chapters in order to select 

market-based instruments (MBis) that are fit for purpose in addressing pollution problems in 

the Darwin Harbour. MBis are recommended on their likely effectiveness in reduction of 

pollution, ease of implementation and administrative costs, cost efficiency and capture of 
,. 
polluters and their suitability for use in the Darwin Harbour catchment. Recommendations for 

MBis are provided in three categories: those that are recommended for immediate 

implementation with minimal development required; MBis that are recommended for further 

research before implementation and; MBis that require the development of other structures to 

support implementation and effective operation. 

The recommendations as detailed in this chapter are as follow~: 

1. Price-based instruments to be implemented to recover the full-cost of water. These 

include: 

A two part tariff or block pricing scheme to effectively price water, with the 

maximum social benefit, with the most efficient pollution reduction. 

An effluent charge that is implemented within the current permit licensing 

arrangements. 

A user charge that 1s levied through the implementation of boat or trailer 

registration. 

Insurance premium charges adopted in the Darwin Harbour catchment where they 

are not already in existence. 

Performance bonds are recommended for use when mme like activities are 

conducted in the Darwin Harbour catchment. 

Price-based instruments can be used to affect positive consumer behaviour. The 

following is recommended: 

Providing rebates for rainwater tanks and other water conservation measures. 

Legislation should be updated regarding rainwater tanks to bring it into line with 

national legislation. 
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2. There is limited scope in the Darwin Harbour catchment for adoption of rights-based 

and quantity-based MBis. The following is recommended: 

Budgeting and accounting schemes to be adopted in conjunction with the current 

licensing permit arrangements. These licenses are recommended to be attached to 

an effluent charge. 

3. Information-based MBis are effective and efficient and can be used with other 

MBis. These are as follows: 

Information based MBis should be explored to max1m1se the benefits of 

promoting tax deductions for Landcare activities for landholders in th~ Darwin 

Harbour catchment. 

Community "right to know" legislation enacted to promote public confidence and 

scientific· debate. 

Eco-labelling is recommended for implementation in combination with public 

education. 

Accreditation for marine tourism is recommended for use with public information 

campaigns. 

The development of an app that integrates school based learning with Darwin 

harbour safe choices, for pollution reduction and the promotion of business within 

the Darwin Harbour catchment. 

4. Other MBis which use different elements are recommended as follows: 

Best management practices to be promoted, in line with existing legislation. 

Options for covenants for environmental management and use over land parcels, 

with appropriate compensation provided to land holders to be investigated. 

Legislation to make retrospective clean-up schemes available to be enacted. 

Auctions should be utilised in combination with other MBis. 

5. There .. are a number of other recommendations which complement MBis and are 

recommended to maximise the effectiveness ofMBis: 

The Darwin Harbour Advisory Committee can be strengthened to become the 

Darwin Harbour Trust, to co-ordinate research, monitoring and improvement 

activities in the Darwin Harbour. 

An evaluation of the current deposit refund scheme should be conducted to assess 

the impact on marine pollution from containers. 
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A study into a tradeable permit scheme for groundwater use in Darwin Harbour 

conducted. 

Total maximum daily load (TMDL) schemes to be investigated for use at the sub

catchment level, and investigation into the requirements for the implementation of 

TMDL schemes to be undertaken. 

An industry values estimation to be undertaken to investigate the value of Darwin 

Harbour to industry and the Darwin community. 

Willingness-to-pay studies for improved environmental services in the Darwin 

Harbour conducted. 

A shipping strategy for Darwin Harbour, which includes the use of MBis for 

management, requires development for the further environmental protection of 

Darwin Harbour. 

A star rating has been further developed for the market-based instruments (MBis) which have 

been made based on the assessment of the four factors: administrative cost; cost efficiency; 

effectiveness of pollution reduction and; the accurate capture of polluters, in the Darwin 

Harbour catchment. An overall star rating is then assigned to each MBI, with a total of four 

stars being deemed the most suitable for implementation, and zero being the most unsuitable 

(Table 4.1 ). An MBI is deemed to either meet the criteria and receive a star, or not meet the 

criteria and not receive a star. Auctions and Best Management Practice schemes are not given 

a star rating, as they would need to be combined with other MBis in order to be effective. 
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Table 4.1: MBI Star Rating 

MBI Administrative Cost Efficiency Pollution Polluter Overall 
Cost Reduction Capture Ratim! 

Effiuent * * * * **** Charges 

\ 

User Charges * * * * **** 
Performance * * * * **** Bonds 

Public 
Information * * * * **** Campaigns 

Eco-labelling * * * * **** 
Two Part Tariff * * * * **** 
Retrospective 
Clean-Up * * * * **** Schemes 

Accreditation ' 

* * * ***. 

Community 
Right to Know * * * *** Legislation 

Tax Rebates 
and Tax * * * *** Differentiation 
Schemes 

Insurance 
Premium * * * *** Charges 

Deposit Refund * * * *** Schemes 

' 

Accounting and 
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Budgeting * * * *** Schemes 

Covenants * * ** 
Subsidies and * * ** Rebates 

Debt-for 
Conservation * * ** Swaps 

,. 

Cap and Trade * * Schemes 

Pollution Taxes * * 

MBis that are not suitable for implementation in the Darwin Harbour catchment are also 

discussed, and justification for their non-recommendation is _also given. Some studies have 

been conducted in Darwin, which have been used to inform the recommendations in this 

chapter. In 2006, Power and Water Corporation released a study indicating some basic public 

perceptions of water use in the Darwin Harbour catchment area (Synovate, 2007). This has 

been used as a basis for which recommendations for the MBls have been framed. The survey 

found that there was a desire to reform water use in the Darwin area. The survey also 

identified a number of ideas that could be pursued within a MBI framework. In order of 

preference amongst survey respondents, they included: mandatory water efficient devices 

installed in new residences and premises; education about the importance of reducing water 

use; encouraging the purchase of rainwater tanks; an environmental levy to support water 

recycling measures; and increased prices for the highest water users. 

The Northern Territory Government has existing goals to reduce water use in households by 

20% on 2009 levels in 2015, and by a further 10% by 2020 (Northern Territory Government, 

2009). The recommendations in this chapter can assist in achieving those aims. 

A discussion is given after the justification of MBis as to where regulation and existing 

policy instruments are potentially more effective in reducing pollution loads entering Darwin 

Harbour. Darwin Harbour is an extremely large body of water with a large catchment area, 
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including many sub-catchments, with a range of ecosystems with pollution issues that are 

spatially located and site specific. Darwin Harbour is not a homogenous environment with a 

demonstrable connectedness from location to location. Therefore, a discussion about the 

implications for management of Darwin Harbour with the use ofMBis is ~arranted. 

4.2 Price-Based Market-Based Instruments 

Price-based MBis are recommended for implementation in the Darwin Harbour catchment. 

price-based MBis offer low administrative costs in implementation and enable both diffuse 

and point-source pollution to be addressed. Some are already operating in the Darwin 

Harbour catchment. With a low number of point source polluters, but a large number of 

individual generators of pollution, price-based MBis can be efficient for pricing pollution. 

Price-based MBis offer the most efficient method of reaching Full-Cost Pricing for water 

services provided by Power and Water, as discussed in section 3.2.1. Despite Power and 

Water Corporation providing water and sewerage services to the Darwin Community, it is the 

Northern Territory Government that currently sets the prices for the water services. 

Independent price-setting or price-setting by Power and Water Corporation is not discussed 

nor recommended in this chapter. 

4.2.1 Block Pricing and Tariff Structure 

The current pricing mechanism for water in Darwin is out-dated, which involves a flat rate 

for the use of water. The flat rate pricing for use of water provides little incentive to make 

water use more efficient and effective, and may exacerbate diffuse pollution loads entering 

Darwin Harbour. 

It is recommended that the pricing and tariff structure for water in Darwin be reviewed, and 

changed to a two part tariff or block pricing rate. The two part tariff should include seasonal 

variation in pricing, reflecting the environmental externalities involved in water consumption 

throughout various times of the year (Gardner & Chung, 2005). Peak water demand in 

Darwin occurs during the dry season for lawn and garden irrigation. Seasonal variation and 

income have an impact on the elasticity of water use, with those with higher incomes 

consuming more water (Martinez-Espifieira, 2002; Martinez-Espifieira, 2003). A two part 

tariff should be developed which prices water consumption for indoor use at a lower rate than 
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for the volume of water that would be expected to be consumed for lawn and garden 

irrigation. 

Pricing water in a two part tariff or block will be effective and efficient at reducing water 

consumption. Primarily, this will reduce diffuse-source pollution from urban sources. By 

providing an incentive to reduce water use on lawns and gardens, resource users may turn to 

water conservation through slow release fertilisers, and composting which reduce the 

requirement for water and further reduce pollution loads. It has been shown in studies 

internationally that the majority of a household's water use is for outdoor use, such as 

irrigating lawns and gardens (Howe & Linaweaver, 1967). It has also been shown.that such 

uses often have a seasonal variation in consumption, The outdoor use of water is much more 

price elastic than indoor use of water (Agthe & Billings, 1980; Howe & Linaweaver, 1967; 

Shaw, 2005), and may be more so in the long run (Shaw, 2005). For pricing to be effective, 

the peak time of water use, and environmental consequences of water use, is required to be 

priced accordingly. The added benefit of reforming water price in this manner is the limited 

impact on the most financially vulnerable of the community, due to limited price increases 

for essential water use. It would be assumed that those on limited incomes would already 

have made savings on water use, and have limited household irrigation. 

Table 4.2.1: Block Pricing and Tariff Structure Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Block Pricing and Nutrient pollution All metered water Maximal coverage May negatively 
Tariff Structure through diffuse users of potential affect some 

pathways, point polluters, and in households if the 
source.pollution via particular - diffuse two part tariff is not 
sewage systems polluters. Provides developed correctly, 

incentives for most and captures 
efficient water use. essential water use, 
Highest users will rather than 
pay the most. household 

irrigation. 
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4.2;2 Pollution Taxes 

Straight pollution taxes are unable to be implemented by the Northern Territory Government 

due to legislative reasons as a Territory. However, pollution taxes are not recommended due 

to their ineffectiveness to reduce pollution. Internationally, most flat pollution taxes have 

been phased out as other MBis have been favoured. Pollution taxes generate revenue for 

consolidated funds and are not necessarily then distributed back to reduce pollution problems. 

No pollution taxes exist for fertilisers currently, and no straight pollution taxes are currently 

in use in Australia more broadly. If the Northern Territory Government sees benefit of a tax 

on pollution inputs such as fertiliser, it will need to become an Australia wide policy, and be 

initiated at the COAG level. 

Table 4.2.2: Pollution Tax Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Pollution Tax Inputs, such as Households for Low costs to Does not take into 
nitrogen and garden and lawn implement and to account outputs, 
phosphate based use, golf courses, colle-ct revenue, can limited behaviour 
fertiliser, pesticides parks and sporting effectively target change, cannot. be 

grounds pollution inputs implemented by the 
NTG 

4.2.3 Tax Rebates and Tax Differentiation Schemes 

Like pollution taxes, the Northern Territory Government has little ability to implement a tax 

rebate or tax differentiation scheme. However, these schemes can change behaviour which 

affects pollution levels in the Darwin Harbour catchment. These schemes are in operation for 

farmers in the federal tax arrangements. Without the cost of funding the underlying MBI, the 

Northern Territory Government may be able to encourage uptake of Landcare programs 

through the use of public information MBis to reduce erosion and promote more efficient 

agriculture production with less nutrient inputs. Based on the benefits of implementation in 

Table 4.2.3 it is recommended that information based MBis are explored to maximise the 

benefits of promoting tax deductions for Landcare activities for landholders in the Darwin 

Harbour catchment. 
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Table 4.2.3: Tax Rebate and Tax Differentiation Scheme 

MBIType Pollution Type Polluter Source Benefits Costs 

Tax Rebate and Tax Minimising impacts Horticulturalists NTG does not fund Cannot be 

Differentiation from land and Agriculture, the underlying structured to suit 

Schemes degradation, golf courses and MBI, maybe the specific issues 

potentially other land holders beneficial with an related to the DHC 

minimising run off information based 

of nutrients and MBI 

sediments 

4.2.4 Effluent Charges 

Effluent charges have become increasingly popular in the European Union smce the 

establishment of "polluter pays" principles in policy formulation. The attractiveness of 

effluent charges relates to the use of the revenue generated. Revenue generated by effluent 

charges goes directly into improving the pollution problems - either in their remediation, or 

limiting the output of pollution more generally. Effluent charges have been very successful in 

limiting pollution problems. The reduction in pollution over longer time frames due to 

effluent charges is the result of funding continually being committed to improvements 

through an effluent charge. The circle of revenue generation and revenue dispersal is 

enclosed, allowing for longer term pollution reduction strategies and investments in 

infrastructure. 

MBis based on effluent charges are easily tailored for setting prices against water quality 

metrics, and for improvement targets. Effluent charges are also easily able to be calculated, 

and absorbed into other schemes - such as licensing schemes, which reduces the 

administrative costs for polluter and the agency in charge of assessing the costs. As such, 

effluent charges have become the most successfully and widely implemented Price-based 

MBI for improving water quality. 

Effluent charges can be implemented locally without the need for implementation at a 

national level. They can be explained simply and clearly to the community, and the 
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community can see the results of the charge at work. It is recommended that effluent charges 

be used with licensing permits in the Darwin Harbour catchment. 

Table 4.2.4: Effluent Charge Rubric 

MBIType Pollution Type Pollution Sources Benefits Costs 

Effluent Charges Point source Wastewater Prevents and can Assessing the 
pollution and Treatment Plants, remediate pollution method for the 
pollutants Farms, Stormwater problems, ease of charge requires 

infrastructure implementation, evaluation, 
ease of promotion, monitoring and 
provides incentive measurement is 
to reduce effluent required to be 
discharge accurate and 

thorough 

4.2.5 User Charges 

The Darwin Harbour has a number of users who benefit from the environmental services 

provided by the Harbour. These include: tourist and scenic operations, charter fishing 

businesses, recreational fishers, yachters, and others such as surfers and water-skiers. 

Recreational fishing in the Northern Territory is itself estimated to be worth $90 million 

dollars (Mills, 2012). 

User charges can be implemented to ensure those benefitting from the resource make a 

financial contribution to its protection. Boat registration would efficiently target the majority 

of these user groups. The registration could be specified to only include boats of a certain 

size, or engine size - limiting the user charge to those that are likely to be the largest 

beneficiaries of the Harbour. Boat trailer registration is another method in which this charge 

could be implemented and levied. 

The funds raised by any user charge can be used to ensure the sustainability of the resource 

used by the group or industry which is paying the charge. For example, infrastructure 

demands for boat ramps are high, and marinas are an identified source of pollution in the 

Harbour. If boat registration was introduced, users of the Harbour would be contributing to 

the costs generated by that activity, and to ensure the benefits are enjoyed into the future. 

86 



Table 4.2.5: User Charges Rubric 

MBIType Pollution Type Pollution Sources Benefits Costs 

User Charges Nutrient, sediment, Primarily point- Effectively targets Can be a sensitive 
organo-metallic and source and diffuse the users of the issue for some 
hydrocarbon pollution generated resource. Can be users. Lobby groups 
pollutants from by boating and tailored to seek cost wield significant 
boating and fishing activities recovery from those power in this area. 
yachting activities most able to pay. 

4.2.6 Subsidies and Rebates 

Rebates are often provided for water saving devices such as efficient shower heads. and 

rainwater tanks. Rainwater tanks are most effective in Darwin when used for high volume 

internal household uses during the wet season. Rainwater tanks are not effective for stand

alone irrigation uses in the urban areas of Darwin (Knights et al., 2009). Regulations 

surrounding the installation of rainwater tanks in the Darwin region also need to be brought 

in line with national standards (Knights et al., 2009). It is recommended that rebates for 

rainwater tanks and other water conservation measures be expanded for use in Darwin for the 

positive aspects of implementation (Table 4.2.6). 

Subsidies are provided to Darwin Golf Club and organisations occupymg the Marrara 

Sporting Complex for the use of recycled wastewater for irrigation. Although Power and 

Water Corporation believe this cost should be recovered, it is at odds with public opinion 

indicating preparedness to absorb higher costs for the expanded use of recycled water 

(Synovate, 2007). Power and Water Corporation could potentially use the recycling program 

as an offset for other effluent release as a part of a broader scheme. There is an option for the 

users of the recycled waste water to supplement this water with other water harvested on site. 

The Darwin Golf Club has the land and ability to capture more storm water, or promote a 

water recycling precinct with the surrounding suburbs. Issues surrounding pricing of 

irrigation water, and the potential for other water harvesting options should be discussed fully 

with all stakeholders. 

Any scheme that raises prices for the most vulnerable should include a comparative subsidy 

for those unable to absorb costs. However, it could be structured in such a way as the Carbon 
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Pricing scheme to compensate low income earners, whilst at the same time promoting water 

efficiency. 

Table 4.2.6: Subsidies and Rebates Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Subsidies and Diffuse pollution Households, Golf Reduction in water Market distortions, 
Rebates from irrigation, Courses, Parks and use, inflow to water ineffective price 

runoff and Gardens treatment plants, signalling to users, 
groundwater reduces irrigation 
infiltration, sewage with drinking water, 
inflow and groundwater 
discharge infiltration, 

4.2. 7 Insurance Premium Charges 

Insurance premium charges are recommended for implementation in the Darwin Harbour 

catchment where they are not already in existence. The probability for future pollution spills 

is high due to the nature of the weather in the tropics. Cyclopes and severe tropical weather 

events can result in oil spills, ship wrecks and other uncontained pollution generation, such as 

in the recent Hurricane Sandy disaster (0MB Watch, 2012). In these cases, there may be no 

viable prevention possible, and if a pollution spill occurs, a clean-up must be conducted 

quickly and without delay through legal challenges. This could well have been the case in a 

flooding event resulting in the contamination of a river through train derailment, at Edith 

River, south of Darwin (Hind, 2012). Had the responsible party been unable to pay for a 

clean-up, the public would have had to organise and fund the operation. In this instance, the 

responsible party did pay for the clean-up. 

Table 4.2.7: Insurance Premium Charges Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Insurance Premium Often uncontained Wastewater Funds available Funds may never be 
Charges diffuse pollution treatment plants, immediately for used, may impose 

from accidents and infrastructure, corrective action costs on businesses 
natural disasters - shipping, and remediation; 
frequently petrochemical averts legal 
petrochemicals, storage and petrol problems with 
toxic substances, stations assigning clean-up 
transported costs 
materials 
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4.2.8 Performance Bonds 

Currently, no performance bonds are m existence in the Darwin Harbour catchment. 

Performance bonds are used in Australia, and in the Northern Territory for the rehabilitation 

of mine sites, after the completion of activities. Mine site like activities are being conducted 

within the Darwin Harbour catchment and performance bonds are recommended for use in 

these circumstances. Dredging is a mine like activity, as is chemical and material processing. 

No scheme exists for potential rehabilitation needs if an unforeseen event takes place. 

However, there is an acknowledgement of risk by the companies who are undertaking such 

activities. Despite this, no formal agreement is in place in case of rehabilitation needs - only 

assurances. 

Due to the familiarity of government and business with performance bonds, performance 

bonds are recommended to be implemented for mine like activities within the catchment. 

These bonds should be costed on the same basis as the bonds for mine sites. On completion 

of the project, or decommissioning of the plant, the bond can then be refunded to the 

responsible party. 

Table 4.2.8: Performance Bonds Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Performance Bonds Often uncontained Dredging, Funds available May impose costs 
diffuse pollution infrastructure, immediately for on businesses 
from industrial shipping, corrective action 
accidents, and petrochemical and remediation, 
acknowledged storage and averts legal 
risks. Can be point processing problems with 
source and diffuse assigning clean-up 

costs, funds can be 
returned to the 
responsible party 

4.2.9 Debt~for Conservation Swaps, Revolving Funds, Non-Public Property 

and Covenanting 

The agricultural and livestock industry is not a dominant land user within the Darwin 

Harbour catchment so this MBI is not recommended as a result. However, this can change 
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depending upon the land us~ decisions in the future. This MBI may need to be assessed on a 

case-by-case basis. 

Some agricultural and livestock land may be in valuable locations for residential or other 

development. If future development could benefit from restoration of riparian vegetation, 

dambos, wetlands or other high value pollution mitigating landscape features, then this MBI 

could be enacted. Allowing land set aside for agriculture and livestock· to be bought by 

conservation groups is a possibility for remediating land degraded by agriculture and 

livestock industries. 

Table 4.2.9: Debt-for Conservation Swaps, Revolving Funds, Non-Public Property and 

Covenanting Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Debt-for Nutrient pollution Agricultural and Can assist in Rewards prior poor 
Conservation from degraded land, livestock areas. providing necessary practice, would be 
Swaps, Revolving sediments, input for efficient required to be used 
Funds, Non-Public predominantly operations, can on an ad-hoc basis, 
Property and diffuse pollution increase there are more 
Covenanting productivity and efficient and 

lower negative effective ways of 
externalities. achieving the same 

ends. 

4.2.10 Deposit Refund Schemes 

A deposit refund scheme is currently in operation for drink containers· in the Northern 

Territory. Deposit refund schemes are thought to reduce marine pollution from plastics and 

other pollutants (Giurco & White, 2012). Although this MBI can increase costs for 

consumers, producers and distributors, it can significantly reduce the costs imposed on local 

governments for operation of landfills. The financial benefit can then be used for other 

priorities of local government. 

It is recommended that an evaluation of the current deposit refund scheme be conducted to 

assess the impact on marine pollution from containers. If it is found to be an effective 

mechanism, the scheme could be expanded to reduce pollution from other sources. 
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Table 4.2.10: Deposit refund schemes 

MBIType Pollution Type Polluter Source Benefits Costs 

Deposit refund Pollution generated Landfills, Places the cost of Can be 
schemes. by plastics and stormwater drains consumption on the administratively 

other hard waste pollution producer difficult 
and consumer, 
reduces the costs 
for third parties 
which are the 
receivers of waste. 
Potentially reduces 
marine oollution. 

4.3 Quantity and Rights-Based Instruments 

Quantity-based instruments are not recommended for use in the Darwin Harbour catchment. 

Quantity-based instruments require accurate information for effective implementation as a 

policy instrument. Quantity-based instruments are most effective where conditions are 

homogenous, and actions improving behaviour and reducing externalities can have positive 

benefits to all end users. However, the Darwin Harbour is not a homogenous environment. 

Pollution impacts are site specific, and environmental conditions vary in the Harbour from 

highly polluted to near pristine. Transparency in pollution data is also required in or~er to 

debate appropriate and acceptable pollution load limits. 

As the extension of rights to pollute is elucidated, it is important to emphasise the relationship 

between resource users and those impacted by pollution. Options for compensating for the 

impact of pollution for these rights-holders include: directly compensating end-users for loss 

of use of a resource, or funding work that can be carried out in complementary activities for 

environmental management. Indigenous groups can potentially be paid for the provision of 

ecosystem services in the Darwin Harbour catchment. Monitoring and ranger programs for 

indigenous groups can be supplemented in an exchange for a right to pollute. Similar 

schemes for Indigenous land management practices are already in operation (Godden & Peel, 

2010). Indeed, the West Arnhem Land Fire Abatement scheme is an example of this method 

for offsetting carbon emissions in the production of liquefied natural gas in the Darwin 

Harbour catchment. 

91 



4.3.1 Cap and Trade Schemes, Permits and Tradeable Permits 

Although effective in other parts of the world for reducing certain types of pollution, cap and 

trade instruments are not suitable for the Darwin Harbour. The limited identified point-source 

polluters make the establishment of a viable trading system impossible. For pollutants such as 

nitrogen; where diffuse pollution is the primary contributor, other MBis are recommended. 

Darwin Harbour is also a broad expanse of water, with site-specific pollution problems which 

make the exchange of pollution permits problematic (Colby et al., 1993). Cap and trade and 

tradeable permit systems operate most effectively in a water quality application where the 

receiving water body is enclosed, and has limited heterogeneity, minimising transaction and 

administrative costs in assigning prices and site specific arrangements for localities. 

However, there are caveats to this. If Power and Water Corporation services are privatised in 

the future; if a sub-catchment trading scheme is requested for investigation and if increased 

industrial development results in the drastic increase of pollution loads, then a reinvestigation 

of a cap and trade instrument may be necessary. 

A tradeable permit scheme may also be indicated for groundwater use (Shaw, 2005) in the 

Darwin Harbour catchment. Analysis of such a topic is outside the realm of this work, but 

should be investigated further. The conjunctive use of groundwater and surface water (Knapp 

& Olson, 1995) needs investigation in the Darwin Harbour catchment, as there is pressure for 

irrigation water, and elsewhere a desire for recovery well practices (Bouwer, 2002). As prices 

for irrigation water increase, particularly in the rural area of the catchment, a greater demand 

for groundwater could become apparent. This poses a number of environmental issues which 

should be investigated simultaneously with a permit trading scheme for groundwater in the 

catchment. 

Pollution permits are already in existence in the Darwin Harbour catchment. These permits 

are not transferable, and their conditions and the verification of adherence to conditions are 

not publicly available. It is recommended that pollution permits be used to assist in the 

implementation of effluent charges, and that better public information be made available on 

the existence and conditions of such pollution permits. 
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Total maximum daily load (TMDL) based schemes are a cap and trade instrument in which 

loads are set on a shorter time span than typical cap and trade instruments. TMDL schemes 

can be effective when planning developments and aiming for environmental improvements. 

TMDL schemes may be useful for basing other MBis on, including ambient taxes, or charges 

for industrial estates, due to the ability for TMDL schemes to be matched for site specific 

improvements. The Darwin Harbour report cards may also be assisted by the form1,ilation of 

TMDL schemes, to not only monitor for problems, but in order to provide targets for water 

quality improvement. 

Incentives could be provided for polluters to reduce their pollution below a certain load level 

on proof of improvement, or reducing overall pollution loads. By providing incentives to 

reduce pollution below allowable load limits, there can be an inherent complementary 

incentive to provide self-monitoring activities. TMDL schemes can play a role in promoting 

polluter pays principles through monitoring regimes. However, TMDL schemes do require a 

high level of scientific investigation in order for load allowances, including accurate bacteria 

source tracking (Hyer & Mayer, 2004). It is recomme_nded that TMDL schemes be 

investigated for use at the sub-catchment level, and investigation into the requirements for the 

implementation of TMDL schemes is undertaken. 

Table 4.3.1: Cap and Trade, Permits, Tradeable Permits Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Cap and Trade, Nutrient pollution, Point-source Costs of pollution Can be 
Permits, Tradeable sediments, heavy polluters, resource are decided by the administratively 
Permits metals extractors and users supply and demand difficult. Detailed 

for pollution. information is 
Offsets can create required for 
community establishment. 
benefits. Pollution Pollution "hotspots" 
permits are already can be created. Full 
in place. costs ofresource 

use and pollution 
may not be 
recovered. 

4.3.2 Accounting and Budgeting Schemes 

Accounting and budgeting schemes are vital for the functioning for MBis based on rights and 

quantity-based schemes. Information provides validity for the functioning of this market, and 
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can also provide information for the public, industry, policy makers and scientists. These can 

be implemented for improvement of the current pollution permit arrangement, and should 

facilitate the calculation of sediment, nutrient and other pollution budgeting. 

Table 4.3.2: Accounting and Budgeting Schemes Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Accounting and Nutrient, sediment Point-source Can be introduced Requires 
Budgeting Schemes and heavy metal polluters, industrial in combination with information and 

,. pollutants estates the existing monitoring to be 
pollution permit verifiable and 
structure. accurate. 

4.4 Information-Based Market-Based Instruments 

Providing information regarding pollution and the outcomes of pollutants in Darwin Harbour 

will result in a change in behaviour that has positive outcomes for the water quality of 

Darwin Harbour. The provision of information in information-based market-based 

instruments can take multiple forms. These can be seen in direct education campaigns; 

improved labelling and certification changes, and legislation making regulations and industry 

pollution data more transparent. Given that information-based MBis can have a significant 

impact on the public debate and hence a change in behaviour, they are recommended for. 

implementation in the Darwin Harbour catchment. Information-based MBis are also useful 

for leveraging the beneficial impacts of other MBis and even for schemes that the Northern 

Territory Government is not responsible for funding. 

4.4.1 Community Right to Know 

Community right to know legislation is recommended for implementation in the Darwin 

Harbour catchment. Legislation such as this will give the public confidence in using Darwin 

Harbour waterways. The legislation can also be used as a way of passively distributing 

information on potential threats to Darwin Harbour. This MBI can be used effectively with 

oth~r MBis such as budgeting and accounting schemes that pre-suppose an element of public 

availability. 

94 



Table 4.4.1: Community Right to Know Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Community Right NIA Mainly point-source Utilises public Public opinion will 
to Know polluters knowledge to need to be balanced 

change behaviour. i with scientific 
Is inexpensive. information. 

4.4.2 Eco-labelling 

Eco-labelling is a simple and cost effective way to promote better consumer choices. 

Evidence from the Northern Territory indicates that labelling has been effective in promoting 

local seafood products, and has been welcomed by consumers. In the case of water quality 

and product labelling, many of the initiatives the Northern Territory Government has little 

jurisdiction over. However, the Northern Territory Government could potentially leverage 

schemes that are already in existence to maximise the benefits to consumers and to Darwin 

Harbour's water quality. Information regarding the water efficiency information on 

whitegoods, and how it interacts with Darwin's wastewater network would be useful. The 

same information could be provided for detergents and other household cleaning items. On 

this basis, eco-labelling is recommended for implementation in combination with public 

education. 

Table 4.4.2: Eco-labelling Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Eco-labelling Nutrient pollution Households - Utilises public Scientific 
Internal Use, and knowledge to information would 
wastewater change behaviour. require regular 
treatment plants Is inexpensive. revision updating. 

Interacts easily with 
otherMBis 

4.4.3 Accreditation 

Accreditation for marine operators can improve environmental out~omes through education 

and awareness of good practice standards. Accreditation can also serve as a promotion tool 

for operators who publicise their credentials and initiatives. It is recommended that 
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accreditation for marine operators are implemented in combination with public information, 

in order to promote the marine industry - particularly for the marine tourism industry. 

Table 4.4.3: Accreditation Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Accreditation Nutrient pollution Boats and boating Can be used as a Can be seen as 
frpm boat sullage, method.for another tax or 
sedimentation from promotion of the charge by business, 
boat travel industry at the same with no added 

time as having benefit. 
beneficial 
environmental 
impacts. 

4.4.4 Public Information Campaigns 

Public information campaigns can be used to leverage the benefits of many other MBis. 

Depending on the use of the information, public information campaigns can be used in 

conjunction with other MBis, or as a standalone product for changing consumer behaviour. 

These can be inexpensive, or as involved and complex as requested. It is recommended that 

information regarding consumer choices for Darwin Harbour safe products be made available 

online. It is also recommended that an app is developed, which can integrate school based 

learning, with current scientific knowledge, in order to assist households with decisions that 

impact upon the Darwin Harbour water quality. The app would also be able to publicise 

tourism operators who have met accreditation criteria. 

Table 4.4.4: Public Information Campaigns Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Public Information NIA Predominantly Expense is variable. May emphasise 
Campaigns households, TheMBI is particular pollution 

industry and marine adaptable and as reductions over 
operators flexible as desired. others. 

Leverages the 
benefits of other 
MBls. 
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4.5 Combinations of Market-Based Instrument Categories 

In order to be of maximum effectiveness, some MBis would require additional elements to be 

adopted in the Darwin Harbour catchment. Typically, many MBis require a significant public 

information component in order to be understood and adopted efficiently and effective. 

4.5.1 Best Management Practices 

A framework for extending the use of best management practices is already in existence in 

the Darwin Harbour catchment. Currently, there appears to be no uptake of the best 

management practice provision in the legislation. More clarity with regards to positive 

publicity for attaining such a standing, would likely increase the uptake of the benefits 

associated with this provision in the legislation. It is therefore recommended that best 

management practices be improved by providing public information campaigns 

commensurate with the attainment. 

Table 4.5.1: Best Management Practices Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Best Management NIA Point-source Minimal costs, May not result in 
Practices polluters, Golf relies on business, any measurable 

Courses industry and other pollution 
polluters to reductions. 
implement changes 

4.5.2 Covenants 

Covenants should be adopted to assist with sustainable development goals in the Darwin 

Harbour catchment. By providing rights over land areas, high value areas can be protected. 

The restricted use of land would require the compensation or subsidisation for other activities 

for the holder of that land. However, this cost would benefit the Darwin community, and 

benefits would outweigh the costs. Riparian buffer zones and mangrove areas are particular 

important for fishing areas, which provide a substantial recreational and amenity values for 

the Darwin community. 
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Table 4.5.2: Covenants Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Covenants Sediments and Diffuse-source Protects high value May have limited 
Nutrients pollution from areas for pollution uptake in the 

farms and urban reduction. Benefits catchment. 
areas to the wider Accountability and 

community. contract 
arrangements need 
to be clarified. 

4.5.3 Retrospective Clean-Up Schemes 

Retrospective clean-up schemes are recommended for implementation in the Darwin Harbour 

catchment. Because of Darwin's current rate and state of development, and with limited 

resources for protecting an asset like Darwin Harbour, responsibility for actions, clean ups 

and pollution mitigation should be placed on industry. Such a scheme would require 

legislation, and is an extension of clean up orders, potentially decades in the future. The 

legislation would therefore not be completely foreign to businesses. It provides significant 

benefits as it provides an incentive for businesses to make decisions that protect the water 

quality of Darwin Harbour over the long term. 

Table 4.5.3: Retrospective Clean-Up Schemes Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Retrospective Often hydrocarbon Diffuse-source Does not cost May require lengthy 
Clean-Up Schemes and groundwater pollution from anything to legal debates to 

pollution over the industry and farms. implement. Can be assign 
long term. extended from responsibility when 

existing legislation. an issue is 
Places discovered. 
responsibility for Assigning costs for 
action on polluters. remediation work 
Encourages better can be difficult to 
decisions to be calculate. 
made in the long 
term. 

98 



4.5.4 Auctions 

Auctions can be used effectively with price-based MBis such as grants or with rights-based 

schemes such as in the provision of permits and offsets. It is recommended that auctions be 

implemented for use in Darwin Harbour if grant schemes are adopted for pollution reduction 

strategies. The use of auctions to price grants, in a reverse auction mechanism, is consistent 

with schemes previously discussed, for the revegetation of agricultural regions and riparian 

zones. The issuing of permits can also be used in conjunction with auctions in the same 

manner. 

Table 4.5.4: Auctions Rubric 

MBIType Pollution Type Polluter Source Benefits Costs 

Auctions NIA NIA An efficient way of Requires oversight 
setting a price for to ensure the agreed 
environmental to service is 
services and provided. 
pollution reduction 
services. 

4.6 Discussion 

4.6.1 Market Failures in Water Policy 

Markets are not a panacea for environmental management and in particular, water policy. 

Markets have a tendency to undersupply the social good and social benefits, and therefore it 

is required that schemes need to be promoted which value the production of these benefits 

and goods (Godden & Peel, 2010). In the Darwin Harbour, this primarily relates to 

recreational fishing, visual amenity and other recreational activities. 

Markets, when not able to be adapted under a transferable rights-based system, may fail to 

give precedence to pre-existing users (Burness & Quirk, 1979). Markets and water use may 

lead to market inefficiencies due to the inherent nature of water dynamics - flows are random 

and the use of water resources will have differing impacts due to the site specific 

environment (Shaw, 2005). MBis in the Darwin Harbour must factor in the uses of Darwin 

Harbour, and direct funds raised through schemes to groups that are impacted by polluters. 
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An example of this woul~ be to direct funds generated from effluent charges to research and 

protection of marine environments impacted upon by pollution. 

Some MBis may inadvertently produce negative unintended consequences. For example, 

water allocation of surface water flows can lead to excessive draw down of groundwater 

resources (Vaux & Howitt, 1984). The selection of MBis must consider the potential for 

unintended consequences. Shifting from generating point source pollution to diffuse source 

pollution; delivering pollution to lagoons and lakes rather than directly into the Harbour; or 

providing disincentives to monitor or collect data are but some potential inadvertent 

consequences in implementing MBis in the Darwin Harbour. 

4.6.2 Traditional Regulation and Command and Control v MBls 

For major pollution types and point source pollution, it still may be more cost effective and 

. more economically and socially beneficial to utilise existing regulation and first generation 

policy (Godden & Peel, 2010). Traditional regulation has seen the substantial reduction of 

point-source pollution problems. The success of regulation and other traditional mechanisms 

should not be ignored, nor may there be a cost saving in replacing or complementing these 

with MBis. In the United ~tates, the Clean Water Act may be responsible for up to 90% of 

point source pollution reduction (Anonymous, 1997; Shaw, 2005). 

Well-designed command and control, and traditional regulatory instruments, can be 

comparable with the cost effectiveness and produce similar environmental outcomes to MBI 

schemes (Oates et al., 1989). Administrative burdens and other institutional expenditure may 

outweigh any cost benefits provided by MBis. 

In selecting MBis, policy makers need to decide between two factors: the cost analysis of 

pollution control options and the benefit or damage analysis in addressing externalities 

(Shaw, 2005). Regulatory measures are generally focussed on the former (Shaw, 2005) whilst 

MBis can be tailored to the latter as described in the Coase Theorem (Muradian et al., 2010). 

In any policy discussion, the range of possible options needs to be analysed on a cost-benefit 

basis. Those specific environmental pollution improvements that provide benefits to the 

highest value end user need to be given priority. In the Darwin Harbour beneficial use 

documentation and surveys have been conducted. However, analysis of the actual value of 
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these beneficial uses are lacking and research needs to be conducted to ascertain the value of 

uses in the Harbour. 

The theoretical cost savings may not become apparent if increased monitoring and 

measurement costs are imposed on businesses (Godden & Peel, 2010). However, many of 

these costs are already inciuded in the budget, or should become a part of a more functional 

system of measurement and monitoring for the Darwin Harbour catchment. 

Monitoring and enforcement is absolutely vital in being able to enforce charges, and for the 

effective use of all MBis. Self-reporting is not seen as an effective method for assessing 

charge liabilities, nor for accurate monitoring (Kathuria, 2006). There is a case to be made 

that surprise inspections and public tip offs and complaints, which can potentially result in 

enforcement mechanisms, are one of the strongest pollution reduction mechanisms (Dasgupta 

et al., 2001). The use of MBis is not a substitute for traditional monitoring and enforcement 

operations. MBis should be assisted by, and strengthen the monitoring and enforcement for 

improved water quality in Darwin Harbour. 

4.6.3 MBis for Point-Source and Diffuse Pollution and Polluters 

Several Victorian water utilities have a sewage disposal charge averaging 70% of the metered 

volume of water consumed, and have proposed to have sewage disposal charges relative to 

the volume of water consumed (Essential Services Commission, 2007). The Productivity 

Commission argues that charging sewage disposal fees and costs on the basis of water 

consumption in the home is inefficient and unfair. 

Water pricing can and should be made to reflect the pricing of environmental externalities for 

both the consumption of water generally, and the disposal of wastewater. The Productivity 

Commission (Productivity Commission, 2011) argues that, because some households use 

more water for application to gardens and for the filling of pools, it does not contribute to the 

waste water generated. The argument follows that meters being fitted to a residence would be 

required to measure the volume of water used by the household indoors, outdoors and also 

leaving the residence as waste water, to calculate the correct waste water charge, thus 

rendering it overly costly and providing limited benefit (Essential Services Commission, 

2007). What the Productivity Commission fails to realise is that the vectors for contributing 
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to water pollution are the same, namely, the volume of water used. Regardless of the 

consumption of water indoors, or outside, the volume of water used will have a correlation 

with pollution generated and deposited in the receiving environment. Consumption of water 

indoors has a correlation with loads generated for a point source polluter (Power and Water) 

' to treat (Essential Services Commission, 2007). The volume of water used on gardens and 

lawns will also have a correlation with the diffuse pollution generated, as has been examined 

in rainfall generated surface runoff (Skinner et al., 2009), and as groundwater infiltration 

(Exner et al., 1991; Petrovic, 1990; Sampat, 2000a). 

The importance of management discussions in addressing diffuse pollution cannot be 

understated. Given that pollution impacts on groundwater through diffuse pollution pathways 

can take many decades to become apparent, and are almost always irreversible (Sampat, 

2000a), MBis targeting diffuse pollution must be prevention-focussed rather than "end-of

pipe" reliant (Sampat, 2000a). Price-based MBis can be implemented to effective and 

efficient in this aim. Providing a price signal to consumers will change consumer behaviour. 

The price signal could limit excessive use of water for _internal use. It could also improve · 

consumer behaviour with garden and lawn irrigation. By pricing water to effectively account 

for the full life cycle cost, behaviours that simultaneously reduce water use and prevent 

pollution will be encouraged. For example, reducing irrigation on gardens and lawns 

necessitates other strategies such as the use of mulch, and slow release fertilisers - which 

both help prevent diffuse pollution and are cost effective. 

4.6.4 Cost Burdens 

Issues of fairness and social welfare are often discussed when water pricing is analysed 

(O'Shea, 2002). In Queensland, a free allowance of water for renting tenants is applied 

through the Queensland Residential Tenancies Act (1994). 

Whilst water is a resource and responds to price signals, water is a unique good and essential 

resource which should not have a prohibitive cost for use (Shaw, 2005). This is why two part 

tariffs and block pricing has become widely adopted, and is recommended here. By setting a 

lower price for lower users, low socio-economic groups are not being unfairly priced for the 

necessities of hygiene and household maintenance. It also gives an added incentive to reduce 

use. 
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4.6.5 Darwin Harbour Trust 

There is evidence to suggest that political and community acceptance of revenue generating 

taxes and charges is greater when the money raised is controlled by a trust, which is made up 

by representatives of the users of the resource (Greiner et al., 2000). The Swan River Trust 

has a large degree of social capital, public support and respect amongst stakeholders. 

For nearly ten years, recommendations have been put forward to promote the formation of an 

'independent, statutory management authority for the Darwin Harbour and Catchment: 

A Management Advisory Group should be set up for permanent management. This body 

should be at "arm 's length" from both the Ministerial Cabinet and Government 

departmental structures. By instigation of this Management Advisory Group, Darwin 

Harbour will become more akin to structures used in every other state. The advantages of a 

Management Advisory Group will be the ability to submit for greater funding than that 

attainable by NT Government alone. All environmental management plans should be the 

responsibility of the group and not self-regulated. 

(Working Group for the Darwin Harbo'ur 4dvisory Committee, 2003: p. 36) 

Initiating such a Trust would move environmental management in the Darwin Harbour 

catchment towards a community participation model, involving communities and other local 

actors in decision making and environmental activities (Godden & Peel, 2010). Transparency 

is important for community support in paying for services. Any increased cost borne by 

Darwin residents for water services, requires public accountability for where money is spent. 

A public trust is the ideal vehicle for co-ordinating the distribution of funding for research 

and monitoring of the water quality in the Darwin Harbour. It is recommended that the 

Darwin Harbour Advisory Committee is upgraded to the Darwin Harbour Trust, for fulfilling 

such purposes. 

4.6.6 Industry Values Estimation 

Assessing the value of the Darwin Harbour for industry, including recreation and amenity, is 

important for being able to implement environmental policy with the greatest benefit. This 

has been achieved in the Great Barrier Reef catchment (Productivity Commission, 2003). The 

level of scale determines the effectiveness of the environmental policy (Greiner et al., 2005). 
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Darwin Harbour is not one homogenous catchment. It has multiple areas of interest and of 

value to residents and Industry. Determining the most valuable areas should inform policy 

choice and implementation for maximum user benefit. The work, 'Whose City is It?' provides 

a useful guide in which the uses and community values are outlined, so as to frame further 

economic investigations · of the Darwin Harbour region (Carson et al., 2010). Further 

endeavours to aid in the development and protection of Darwin Harbour should be promoted 

and built upon. 

4.6. 7 Willingness to Pay 

Willingness to pay (WTP) studies are common when assessing citizen demand to fund 

improved environmental performance. WTP studies should be carried out for those specific 

areas of need, such as improved sewage services, conservation and pollution reduction 

strategies, or for boating infrastructure that impacts on the harbour. 

In a WTP study, the majority of a population in 'the Philippines, a location with a similar 

climate and natural environment to Darwin, in indicated they would be prepared to pay 

significant sums to ensure and improve the water quality and water treatment of the surface 

waters in their area (Lauria et al., 1999; Shaw, 2005). 

4.6.8 Shipping and the Future Use of the Darwin Harbour 

As the developments within the Harbour continue to mount, the increased volume of shipping 

poses an increasing risk. A complete management strategy involving· MBis, specifically 

relating to shipping, needs to be documented. MBis related to all aspects of shipping will 

limit the risks of pollution risks occurring from shipping, but also potentially from bio

security risks (Greiner et al., 2000). The role of customs and other agencies such as the weeds 

branch should also be included in this endeavour. 
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4. 7 Conclusion 

This thesis has shown that there are a number of factors influencing the poilution loads 

entering Darwin Harbour, and the path pollution follows. Many of these factors and pathways 

can be addressed by market-based instruments. T~ere is a national framework that sets out 

the requirement to implement MBis for water use, and for pricing externalities, as well as for 

full-cost pricing for water. MBis can effectively and efficiently be implemented to address 

these policy aims. 

Darwin Harbour is a unique estuarine environment which is pristine in some locations, but 

severely impacted by pollution and polluters in others. Most of the pollution entering Darwin 

Harbour originates in the urban environment and enters the surface waters through diffuse 

pollution pathways. There are limited point-source polluters in the catchment, and the few 

point-source polluters are mostly limited to the wastewater treatment plants. The point-source 

polluters are therefore just the conduit for the1 pollution generated from the consumption of 

water at the household level. There is limited pollution input from industry currently, but this 

is expected to increase in the future as the oil and gas industry-expands. 

Due to the characteristics of pollution generation in the Darwin Harbour catchment, price

based mechanisms will be the most effective and efficient mechanisms for reducing pollution 

loads entering Darwin Harbour. Currently, Power and Water is not recovering the full-cost of 

supplying water and treating wastewater. This market distortion can be corrected with full

cost pricing through the use of price-based mechanisms. Block pricing such as a two part 

tariff will be the most effective means of pricing water to recover costs, whilst i~proving 

environmental outcomes and limiting negative impacts on the least able to pay in the Darwin 

community. 

Rights and quantity-based schemes are not able to be widely implemented due to a limited 

number of point-source polluters and a general lack of scientific knowledge regarding 

accurate figures for pollution. However, budgeting and accounting schemes would be a first 

step towards providing the basis that could be used for such a scheme. 

Information-based schemes are suitable for implementation in the Darwin Harbour, as public 

knowledge is generally lacking on the pollution sources in Darwin Harbour. Information-
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based schemes have been effective in Darwin, and should be used as a model for providing 

beneficial environmental outcomes in the Darwin Harbour. 

Baseline data to inform management is also lacking in the Darwin Harbour. In order for 

policy and decision makers to make informed decisions, significant research should be 

conducted in specific areas of the Darwin Harbour. Groundwater extraction needs to be 

investigated, as do the industry and societal values within the Darwin Harbour. An informed 

approach to costing and safeguarding the Darwin Harbour from increased shipping is also 

lacking. 

In order to strategically plan, develop and research the Darwin Harbour, the Darwin Harbour 

Advisory Committee should be upgraded to a trust - the Darwin Harbour Trust. This 

legislative authority would be in the mould of the Swan River Trust, which co-ordinates 

research, planning and volunteer activities in the Swan· River catchment. The Trust should 

also have responsibility for streamlining the allocation of monies, and archiving of research 

in the Darwin Harbour, to create a repository of knowledge that does not overlap, and 

addresses areas of need. 

Market-based instruments can indeed play a role in the reduction of pollution loads entering 

Darwin Harbour. MBis can also be adopted to effectively manage the likely changes in 

pollution loads with current and impending developments. Many of the recommendations are 

inexpensive and will have a positive impact on consumer and polluter behaviour. The 

recommendations outlined in this thesis are required to be underpinned by effective and 

robust legislative elements. However, MBis and updated legislation will be required in 

conjunction in order to effectively reduce pollution loads entering Darwin Harbour. 
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