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ABSTRACT 

 

This study examined the utility of an ecosystem service approach to guide natural 

resource management (NRM) decisions in relation to maintaining and restoring natural 

assets, based on the spatial integration of ecological and economic information, at 

catchment, district and farm scales. Changes in ecosystem service provision were 

assessed based on land and water resource management interventions being facilitated in 

New South Wales (NSW) through regional authorities, using the Gwydir catchment 

(26 660 km2) in north-western NSW as a case study.  

 

A method was developed to describe the relationship between wetland inundation and 

river flow and to establish the resultant ecosystem goods and services from 

environmental flow (EF) provision. This study used simulated data from the NSW 

government’s hydrological Integrated Quality and Quantity Model (IQQM) over 112 

years (1890–2002) for three scenarios: no development (ND), the Murray–Darling Basin 

Commission (MDBC) ‘cap’ (the maximum level of water abstractions capped in 1994) 

and EF. Four ecosystem services were quantified: (1) waterbird-breeding events—

simulations predicted a waterbird breeding event in the Gwydir wetlands every 2 years 

under the ND scenario, every 3 years with EF, and every 5 years under the MDBC cap; 

(2) habitat provision—the long-term mean monthly area of the wetlands under the ND, 

MDBC cap, and EF scenarios was 11 514 ha, 3003 ha, and 5041 ha, respectively; (3) 

improved grazing from flooded pastures—an extra 2000 ha of wetlands will be available 

for grazing as flood waters recede under the EF scenario; and (4) biodiversity benefits—

likely re-introduction and survival of eight species of native fish which potentially 

occurred in the Gwydir catchment. The trade-off for EF provision was an annual 

diversion of 40 GL from the allocation to irrigation. 

 

Modelling at the catchment scale involved quantifying the flow of ecosystem goods and 

services from the proposed changes in land and water use, restoration and conservation 

management in the Gwydir catchment by the Border Rivers – Gwydir Catchment 

Management Authority (BRGCMA). The current extent and status of dryland salinity, 

riparian zone degradation, native vegetation loss and land degradation were obtained as 

GIS layers. The NSW government’s Land-use Options Simulator (LUOS) was used to 
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model salinity mitigation through native revegetation. Results indicated that dryland 

salinity outbreaks were estimated to affect 8922 ha in 15 sub-catchments and that 

revegetation would reduce salinity by 20 μs/cm and salt load by 0.9% (1387 t) in the 

Gwydir River after 30 years. About 2023 km of the Gwydir River, or 8000 ha, 

12 000 ha, and 20 000 ha of riparian zones in 20, 30 and 50-m-wide riparian buffers, 

respectively, were identified for potential restoration. Thirty percent (823 294 ha) of the 

Gwydir catchment is affected by sheet and rill erosion. About 212 233 ha was identified 

as requiring native revegetation for conservation outcomes. The impacts of these NRM 

interventions were quantified for 10 ecosystem services, such as biodiversity, carbon 

sequestration, salinity mitigation, shade and shelter provision, and on-farm and off-farm 

soil erosion control benefits. Trade-offs from the four NRM interventions were also 

quantified. These included water yield reduction from native revegetation, foregone 

agricultural production in revegetation areas, and decreased agricultural yields due to 

competition from planted trees. Water yield reduction due to native revegetation ranged 

between 6 GL and 265 GL for the salinity and integrated revegetation scenarios, 

respectively.  

 

Modelling at the district scale used GIS to evaluate how integration of native vegetation 

in the form of windbreaks around cotton farms influences the provision of ecosystem 

services. Three windbreak widths (10 m, 20 m and 30 m) were generated on all the 

interior boundary fencelines of cotton-growing properties and used to map and quantify 

the impact of native revegetation on ecosystem services and associated trade-offs. 

Ecosystem services included natural pest control, spray drift mitigation, shade and 

shelter provision, and landscape aesthetics. The 10-m, 20-m, and 30-m-wide windbreaks 

covered 9900 ha, 19 239 ha and 27 989 ha, respectively. Natural pest control was 

calculated as the area of crop with complete suppression of Helicoverpa larvae for every 

hectare of windbreak established, and ranged between 0.004 and 1.245 ha. The spray 

drift mitigation benefit in terms of enhanced wheat yield across the district was 26 346 t 

and 46 414 t under 50% and 90% spray drift mitigation scenarios, respectively. Carbon 

sequestration modelling predicted that 64 494, 125 064, and 181 935 t C/yr would be 

sequestered by 10, 20 and 30-m-wide windbreaks, respectively. Shelter from windbreaks 

was estimated to improve annual wheat yield by 27 053–104 622 t, whereas the foregone 

crop production from windbreak establishment was 16 498–46 270 t of grain. 
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Farm-scale analysis also applied the ecosystem service concept using a spatially explicit 

bio-economic modelling approach to land use change, modelling the impact on 

ecosystem services of (1) clearing paddock trees, (2) revegetating cropland with native 

vegetation and managed by rotational grazing, and (3) conserving selected areas of the 

case study farm for nature conservation. A total of 10 000 paddock trees were targeted 

for clearance, leading to loss of 16 620 t of carbon, but increasing farming efficiency and 

wheat yields by up to 2713 t. Conservation and native revegetation with rotational 

grazing had positive outcomes for biodiversity, natural pest control, shade and shelter 

and carbon sequestration.  

 

Spatially-explicit economic valuation of the above ecosystem goods and services and 

trade-offs, including opportunity costs associated with NRM interventions, was 

conducted based on a 7% discount rate over 30 years. The present value of the economic 

costs incurred related to provision of environmental flows was $15 million. The total 

economic value of the four ecosystem services (waterbird-breeding events, habitat 

provision, improved wetlands grazing and biodiversity benefits totalled $94 million, 

assuming benefits accrued to households throughout NSW, not just residents of the 

Gwydir catchment. This was equivalent to $160/ML/yr, and a benefit–cost ratio (BCR) 

of 6.356. Salinity mitigation had a BCR of 0.338–3.260 (lower and upper bound). The 

20-m-wide riparian restoration scenario had the higher BCR and is therefore 

recommended in the Gwydir catchment. Rehabilitation of degraded land had a BCR 

ranging between 0.245 and 5.002. Integrated revegetation (combined revegetation for 

salinity mitigation, riparian zone restoration and biodiversity) had a BCR estimated at 

0.200–0.935. The BCRs for the integrated revegetation scenario were negatively 

affected by high establishment costs of $252/ha/yr (PV) and foregone agricultural yields 

of $216/ha/yr (PV).  

 

Windbreak establishment cost at district scale ranged from $31 million to $87 million 

for the 10-m and 30-m-wide windbreaks, respectively. Foregone agricultural yields 

formed a major component of economic costs, averaging $220/ha/yr. The 10-m 

windbreak scenario was more viable than the 20-m and 30-m-wide windbreak 

scenarios—with a net annual economic value of $1,612/ha/yr, in comparison to 
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$1,021/ha/yr and $825/ha/yr, respectively. Narrower windbreaks are therefore 

recommended in the Gwydir catchment. Total economic benefits were largely 

attributable to the contributions of natural pest control, spray drift mitigation and shade 

and shelter boosts to agricultural production. At the farm level, economic valuation 

revealed that the conservation intervention on the case study farm would be 

economically viable. The NPV of the conservation intervention ranged between 

$0.92 million and $9 million (BCRs of 3.412–20.351). The native revegetation 

intervention had a negative return when the lower bound economic costs and benefits 

were considered. Native revegetation with rotational grazing had a positive NPV of 

$20 million when the upper bounds were considered, giving a BCR of 3.518. The 

clearance of paddock trees returned a positive NPV, mainly because the predicted 

removal of competition by trees had economic benefits of $11.22 million, in comparison 

to economic costs of $10.54 million.  

 

Analysis of the distribution of economic costs and benefits revealed that all the costs 

were private while most of the benefits from all the interventions were public—except 

for grazing benefits in wetlands and on farms, on-farm soil erosion control, and shade 

and shelter benefits. The spatial framework developed in this thesis showed the location 

of each NRM issue and quantified and valued ecosystem services from explicit 

interventions targeted to the most deserving areas in the catchment. Potentially, this 

approach could improve investment decision-making in the Gwydir catchment. This 

study provides catchment managers with a decision tool to help allocate resources for 

NRM interventions. It also demonstrates how strategic native revegetation interventions 

can contribute to the achievement of the targets set in the Gwydir Catchment Blueprint.  
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1 CHAPTER 1: INTRODUCTION, LITERATURE REVIEW, 
RESEARCH AIMS AND OBJECTIVES 

1.1 Background to ecosystem goods and services 

Ecosystem services are the benefits that people obtain from ecosystems (MEA, 2005a). 

Discussion of, and research into, ecosystem services has expanded tremendously over 

the last decade (Costanza & Folke, 1997; Daily, 1997b; Daily et al., 2000; de Groot et 

al., 2002; Howarth & Farber, 2002; Mooney & Ehrlich, 1997). However, recognition of 

the importance of ecosystem services dates back at least four decades (Helliwell, 1969; 

IUCN, 1980; Westman, 1977). The Study of Critical Environmental Problems (SCEP) 

first addressed the role of ecosystems in providing services to human society (SCEP, 

1970). Holdren and Ehrlich (1974) expanded the SCEP’s list of environmental services 

with Ehrlich and Ehrlich (1981) coining the term ‘nature’s services’. Interest in 

ecosystem services in the last decade was generated by two publications: The Value of 

the World’s Ecosystem Services and Natural Capital by Costanza et al. and Nature’s 

Services: Societal Dependence on Natural Ecosystems edited by G. Daily (Costanza et 

al., 1997; Daily, 1997b).  

 

There are many descriptions of ecosystem goods and services (Binning et al., 2001; 

Costanza et al., 1997; Daily, 1997b; de Groot et al., 2002). The Millennium Ecosystem 

Assessment (MEA) recently finalised a comprehensive assessment of ecosystem 

services, grouping them into four broad categories: (1) supporting services, such as 

nutrient cycling and soil formation; (2) provisioning services, such as the production 

food, fibre, fuel and water; (3) regulating services, such as climate regulation, water 

purification and flood protection; and (4) cultural services, such as education, recreation 

and aesthetic value (MEA, 2005a). The MEA concluded that approximately 60% of 

ecosystem services (15 of 24) had been degraded, mainly from agricultural 

intensification (MEA, 2005a). The intensification of human impacts on the environment 

(Matson et al., 1997; Tilman, 1999) raises vexed questions about how best to allocate 

limited resources to reduce degradation, restore natural capital, support natural resource 

management (NRM) interventions and obtain an optimal balance between provision of 
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diverse ecosystem services in an equitable manner (NRC, 2005b; WRI, 2000). This 

chapter reviews the ecosystem services concept, highlights ecosystem services valuation, 

and discusses the potential of the ecosystem service framework in NRM.  

1.2 Natural resource management issues and impacts 

The human domination of the biosphere has led to rapid alterations in the composition, 

structure, and functions of ecosystems, which consequently compromise their capability 

to provide ecosystem services (Bennett & Balvanera, 2007; Pagiola et al., 2004a; 

Vitousek et al., 1997). Although agricultural intensification has brought increases in 

agricultural productivity (Hartridge & Pearce, 2001; Tilman et al., 2002), it has been a 

major driver of ecosystem simplification (Diaz et al., 2005; EFTEC, 2005; Matson et al., 

1997; Pretty et al., 2000). This simplification has negatively affected the provision of 

many but not all ecosystem services (Daily, 1997b; Ehrlich & Ehrlich, 1992; MEA, 

2005a). Paradoxically, the human development of the biosphere, while designed to 

enhance human welfare, continues to have negative and growing impacts on the natural 

capital on which all life on Earth ultimately depends (Chartres & Webb, 1998; Heal, 

2000; Robertson & Swinton, 2005).  

 

Some of the major negative impacts of agricultural intensification include: wind and 

water erosion (Lal, 2001; Pimentel, 1993; Pimentel & Kounang, 1998; Tilman, 1999), 

salinisation and other forms of soil degradation (e.g. acidity, soil structural decline) 

(ASoEC, 2001; DAFF & Environment Australia, 2000; PMSEIC, 2002), deforestation 

(Bonnie & Schwartzman, 2003; Nasi et al., 2002; WRI, 2000), unsustainable use and 

management of water resources (AATSE, 1999; Emerton & Elroy, 2004; Pigram, 2006; 

Turner et al., 2004), wetland degradation (Barbier et al., 1996; Dugan, 1990; Mitsch & 

Gosselink, 2000b), and terrestrial habitat modification and biodiversity loss (Goudie, 

2006; Pirot et al., 2000; Tilman et al., 2002). Freshwater ecosystems have been altered 

through construction of dams, irrigation channels and pumps, inter-basin diversions, 

drainage of wetlands and other engineering works (Arthington, 1996; Kingsford, 2000b; 

Lemly et al., 2000; Postel & Carpenter, 1997).  
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The MEA (2005b) predicted an increasing demand for ecosystem services from a 

burgeoning world population. The problem posed by the growing demand for ecosystem 

services is compounded by increasingly serious degradation in the capability of 

ecosystems to provide these services, seriously diminishing the prospects for sustainable 

development (MEA, 2005b; Tscharntke et al., 2005). Despite growing recognition of the 

importance of ecosystem functions and services, they are often taken for granted and 

overlooked in environmental decision-making (Emerton, 2004; Postel & Carpenter, 

1997; Turner et al., 2004). This occurs because they are not traded in formal markets 

and do not send price signals of changes in their supply or condition (Alexander et al., 

1998; Daily, 1997a; NRC, 2005b). In Australia, most ecosystem services remain poorly 

valued economically and most have been unrecognised and unpriced, leading to 

widespread environmental degradation (PMSEIC, 2002; Possingham, 2001). The 

consequence of this apparent lack of value is that ecosystem services are used 

inefficiently (Emerton & Elroy, 2004; Lette & de Boo, 2002), and this is a major factor 

driving the application of holistic economic valuation approach to human-dominated 

systems (e.g. agricultural lands), whose economic value is expressed, at least in part, in 

standard currency (Daily, 1997a; Pagiola et al., 2004a).  

 

The ongoing degradation of ecosystems represents the loss of natural capital assets 

(Daily, 1997a; Possingham, 2001), limiting economic growth globally (Aronson et al., 

2006). The natural capital concept advocates that ecosystems be seen as sources of 

ecosystem services that improve human wellbeing (Barbier & Heal, 2006; Binning et al., 

2001; Daily et al., 2000). The challenge of reversing the degradation of ecosystems (and 

therefore safeguarding natural capital), while also meeting increasing demands for 

services, can be partially met through ecosystem restoration (Aronson et al., 2006; 

Costanza & Daly, 1992; Heal, 2007). The rationale for ecological restoration assumes 

that ecosystems—undisturbed and restored—provide a range of ecosystems goods and 

services (Clewell & Aronson, 2006). Ecosystem restoration is now common in many 

countries (Brauman et al., 2007; Chopra et al., 2005) and operationalised through NRM 

policies and interventions (MEA, 2005a; Wani et al., 2005).  
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Restoration of the natural flow regime is seen as key to river ecosystem restoration 

(Frazier & Page, 2006; Kingsford, 2003; Kingsford, 1999b, 2000b). In New South 

Wales (NSW), the water sharing plans (WSPs) have been designed to redress—via 

partial restoration of the hydrological regime—some of the damage caused by river 

regulation that is thought to have been experienced by the associated floodplain 

wetlands and main watercourses (NSW DIPNR, 2004). The environmental flow 

allocation of each river aims to ensure that the long-term average volume of water 

available to the environment is maintained (Arthington & Pusey, 2003; Reid & Brooks, 

2000). However, the ecological outcomes and benefits of environmental flows are not 

yet apparent in most aquatic ecosystems (Pigram, 2006; Reid & Brooks, 2000), and a 

poor understanding of the natural floodplain wetland inundation regime has hampered 

effective restoration management (Arthington & Pusey, 2003; Frazier & Page, 2006).  

 

The focus of agricultural policy is increasingly shifting from traditional subsidy and 

trade policies to multifunctional agricultural policies, that is, policies that provide 

farmers with incentives for increasing the supply of ecosystem services from agriculture 

(Antle & Valdivia, 2006; Dar & Twomlow, 2007; FAO, 2007). This shift in policy 

emphasis is explained partly by: (1) a growing public demand for ecosystem services 

(Antle & Valdivia, 2006; Bennett et al., 2004; NSW DEC, 2007); (2) growing 

recognition of the enormous external costs of agriculture (Antle & Valdivia, 2006; 

OECD, 2001); and (3) recognition of the limits of protected areas as a conservation 

strategy and the need to increase conservation efforts outside formally protected areas 

and especially in agricultural landscapes (Balmford et al., 2004; Dudley et al., 2005; 

Edwards & Abivardi, 1998; Fischer et al., 2006). A doubling in global food demand 

projected for the next 50 years poses challenges for the sustainability of food production 

and of terrestrial and aquatic ecosystems and the services these provide to society 

(Tilman et al., 2002). Governments around the world are responding to this challenge 

with NRM interventions aimed at sustaining agricultural productivity levels and 

environmental quality (Eamus et al., 2005).  

 

Currently, NRM in NSW is being delivered through integrated catchment management 

(ICM), as water-based environmental problems, such as dryland salinity and 
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deteriorating surface water quality, are deemed to be best tackled at this scale (Lefroy & 

Smith, 2004; Seymour & Ridley, 2005). In NSW, there are 13 Catchment Management 

Authorities (CMAs) (NSW DECC, 2007). The CMAs are responsible for managing 

natural resources at the catchment scale, through strategic investment. Each CMA has a 

Catchment Action Plan (CAP) that details their actions for achieving statewide targets 

established by the Natural Resource Commission (NRC) (NRC, 2005a). The CMAs 

have recently commenced making significant public investments to influence the NRM 

of both the public and private sectors within their jurisdictions (NRC, 2004). Their 

investment blueprints aim at counteracting resource degradation and are collectively 

investing $436 million over 4 years (NSW DECC, 2007). These blueprints outline 

expenditure to drive land-use change, revegetation, native vegetation management, 

riparian protection, and erosion and dryland salinity control and mitigation (Reid et al., 

2003).  

 

The emerging integrated NRM paradigm can be attributed to, among other things, a 

recognition of the failure of current disciplinary or sectorally-based approaches in 

leading to sustainable and equitable NRM outcomes (Bellamy & Johnson, 2000; MDBC, 

2001; Robins, 2006). Many environmental problems cannot be resolved by considering 

natural resource components in isolation, and an approach which recognises the linkages 

between natural resources is required (Bellamy & Johnson, 2000; Seymour & Ridley, 

2005). ICM provides such a holistic or ecological approach (Booth & Teoh, 1992; NSW 

EPA, 2003). In Australia, NRM has become a key concept in agricultural policy making 

with the instigation of programmes such as Landcare, the Natural Heritage Trust (NHT) 

and the National Action Plan for Salinity and Water Quality (NAP) (DAFF & DEH, 

2004; Hajkowicz et al., 2000), all of which involve payments made to landholders who 

adopt measures to reduce the negative environmental impacts of agriculture (Bennett & 

Mac Nally, 2004).  

1.3 Evaluating impacts of NRM interventions 

Despite ever-greater investments in Australia’s natural resource management, problems 

of land degradation, water-quality deterioration, declining farm incomes and stress in 
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regional communities show few clear signs of improvement (Hajkowicz et al., 2003). 

Government agencies and environmental organisations increasingly recognise that it is 

useful to predict the benefits and costs of different policy actions that may improve, 

protect, or degrade natural resources (Robinson et al., 1999; Schofield & Agtrans 

Research, 2005; Swinton et al., 2005).  

 

Investments in NRM must be strategically allocated because resources are severely 

limited (Holmes et al., 2004). This has made many governments become increasingly 

interested in assessing the broad range of impacts from NRM interventions (Shiferaw et 

al., 2005). Understanding costs—including management and opportunity costs—helps to 

allocate scarce dollars efficiently (Pagiola et al., 2004b). NRC requires that NRM 

decisions by CMAs contribute to improving or maintaining economic sustainability and 

social wellbeing (NRC, 2004). The NRC standard for quality NRM aims, among other 

things, to maximise the efficiency and effectiveness of governmental investments in 

natural resources. Some CMAs currently use scoring and weighting methods to develop 

an Environmental Benefit Index (EBI) or an Environmental Services Ratio (ESR) as 

proxies for environmental benefits, which are then compared with project costs 

(Farquharson et al., 2007; Hill et al., 2007). Other CMAs use a cost-effectiveness 

approach (public cost per unit of environmental benefit), while some consider cost 

shares (public versus private). Some CMAs do not have any formal process to rank 

proposals. None of these approaches value environmental outcomes in economic terms 

and are deficient in terms of an investment framework that considers socio-economic 

outcomes (Farquharson et al., 2007). 

 

Given the size of the CMAs’ budget, there have been concerns that the allocation of 

these funds should be managed so as to create as great a net impact on community 

wellbeing as possible. Farquharson et al. (2007) emphasised the need for an alternative 

means of evaluating the impacts from NRM interventions by NSW CMAs. Analysis of 

the benefits and costs of NRM projects provides policymakers with information by 

which they can gauge efficiency of public investments (AGO, 2003; Holmes et al., 

2004). Bennett et al. (2004) argued that failure to account adequately for non-market 

values could result in environmental goods being under-supplied, leading to an 
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inefficient allocation of public expenditure. The economic valuation of NRM impacts is 

useful in setting priorities among competing interventions thereby informing decisions 

on the efficient allocation of resources (Freeman et al., 2005). NRM interventions may 

generate multi-dimensional biophysical outcomes in a wide range of resources, 

environments, and ecosystem services (Binning et al., 2000; Freeman et al., 2005; 

Plantinga & Wu, 2003). These outcomes could include changes in the quality and 

movement of soil, quantity and quality of water, sustainability of natural resources, and 

conservation of biodiversity, as well as impacting directly on agricultural production. 

Evaluating the impacts of NRM interventions therefore requires examining a range of 

multi-dimensional impacts, including impacts on the quality of natural assets as well as 

the flow of ecosystem services (Ive & Abel, 2002; Park & Alexander, 2005; Shiferaw et 

al., 2005).  

 

The multidimensionality of outcomes from NRM interventions means that impact 

assessment often faces difficult measurement challenges, including: (1) estimating the 

change in the value of the flow of benefits arising from NRM interventions, which 

involves estimating the change in the physical flow of benefits and tracing these to 

quantify the chain of causality between changes in the biophysical environments and 

human welfare (MEA, 2005b; Swinton et al., 2005); (2) understanding trade-offs 

between policies and practices that promote different ecosystem services (Howarth & 

Farber, 2002; Kreuter et al., 2001); and (3) accommodating the typically different spatial 

scales of NRM interventions, from farmers’ fields to entire catchments implying many 

levels of interaction may need to be considered in assessing the impacts of interventions 

(Seymour & Ridley, 2005). Catchment managers require knowledge of the biophysical 

and socio-economic processes operating within their catchment in the form of models or 

other tools to evaluate proposed courses of action, and, of course, the data to drive these 

models (Laut, 1992). A further problem arises since ecosystem restoration is still 

experimental: it is not immediately obvious which ecosystems deserve priority for 

restoration, and once specific ecosystems are chosen for restoration projects, no 

measures are available to judge just how far restoration projects should proceed (Holmes 

et al., 2004). 
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1.4 Applying an ecosystem services approach to NRM interventions 

Land and water-use policies have often been separately designed and analysed 

(Aylward, 2004). However, their interactions and the overall impacts of NRM 

interventions can be assessed using a common currency: ecosystem services (Daily, 

2000; van den Bergh et al., 2004). The ecosystem services approach shuns sectoral 

approaches to NRM and focuses on managing natural assets and implementing 

interventions that have the largest impact in terms of overall net social benefits (Binning 

et al., 2001; van den Bergh et al., 2004; Wilson et al., 2004). The approach of 

identifying ecosystem services and recognising the role that they play focuses on the 

values that they provide, rather than focusing on the problems that arise from 

inappropriate NRM (Binning et al., 2001). The ecosystem services framework holds 

promise because it recognises that all ecological and social processes are ultimately 

inter-linked and prompts wide-ranging inquiry into the multiple interactions between 

proximate and ultimate causes, collateral ecological and social consequences, and 

potential solutions and their ramifications (Daily, 2000; Hajkowicz et al., 2003; Reid et 

al., 2004). Cork et al. (2001) argued that generating broader public awareness around the 

existence of ecosystem services provides a way to promote conservation, sustainable 

landuse, and improved NRM.  

 

In Australia, debate about ecosystem services dates back to the early 1980s when 

O’Brien et al. (1983) underscored their significance. Recent initiatives on ecosystem 

services include: (1) inventory of ecosystem goods and services in the Goulburn–Broken 

catchment (Binning et al., 2001); (2) NSW government ecosystem services program 

(Grieve, 2003; Grieve & Uebel, 2003); (3) review of the ecosystem services 

underpinning irrigated cotton production in eastern Australia by Reid et al. (2003); and 

(4) prioritisation of NRM actions in Victoria based on the value of ecosystem services 

provided by natural assets (Park & Alexander, 2005; Victoria DSE, 2005). Furthermore, 

there is significant interest from Australian government agencies at all levels in 

advancing the concept of multiple ecosystem services nationwide, as a framework to 

identify priorities, trade-offs and synergies (Thackway et al., 2005).  
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1.5 Economic valuation of ecosystem goods and services 

Economic valuation attempts to measure all services and costs in monetary terms, in 

order to provide a common metric in which to express the benefits of the diverse variety 

of services provided by ecosystems (de Groot et al., 2006; NRC, 2005b). A benefit of 

the use of economic valuation is that it provides a process that is grounded in economic 

theory and results in information that can be used to evaluate the trade-offs that 

inevitably arise in environmental policy change (Perman et al., 2003). A prerequisite for 

effective valuation of NRM impacts is the ability to predict the changes in ecosystem 

services flows that can be attributed to the intervention itself (Pagiola et al., 2004b; 

Shiferaw et al., 2005; Swinton et al., 2005).  

 

The total economic value (TEV) framework is commonly used for describing the 

different types of economic value ascribed to natural resources (IIED, 2003). It 

comprises four main components: use value, indirect use value, option value, and non-

use value (Pearce et al., 2006; Turner et al., 2004). Direct-use values refer to ecosystem 

goods and services that are used directly by human beings (Lette & de Boo, 2002; 

Pagiola et al., 2004b) and include: (1) consumptive uses such as harvesting of food 

products and medicinal products; and (2) non-consumptive uses such as the enjoyment 

of recreational and cultural activities that do not require harvesting of products. Indirect-

use values are derived from ecosystem services that provide benefits outside the 

ecosystem itself (e.g. natural water filtration functions of wetlands, storm protection and 

carbon sequestration). Option values are derived from preserving the option to use 

ecosystem goods and services in the future that may not be used at present. Non-use 

values refer to the enjoyment people may experience by knowing that a resource exists 

even if they never expect to use that resource directly themselves (Pagiola et al., 2004b; 

Pearce et al., 2006).  
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Table 1.1. Methods for environmental valuation (sources: Bateman et al., 2002a; de 
Groot et al., 2002; Freeman, 2003; Hajkowicz et al., 2000; Pearce et al., 2006; 
Perman et al., 2003)   
 
 Technique Description Examples  

M
ar

ke
t-

ba
se

d 
m

et
ho

ds
 

Preventive 
expenditure 

Expenditure to prevent environmental 
damage 

Salinity prevention; noise proofing; flood 
control (including avoiding property 
damage), waste treatment (including 
avoiding health costs) by wetlands 

Replacement 
cost technique 

Expenditure incurred to replace 
environmental good or repair it 

Replace park lost by road; mine 
rehabilitation; natural waste treatment by 
marshes which can be (partly) replaced 
with costly treatment systems 

Change in 
productivity 
(dose–response 
approach) 

Changes in productivity due to changes 
in environment 

Impacts of salinity or erosion; benefits of 
lower factory noise 

Change in 
income (human 
capital 
approach) 

Earnings foregone and costs of illness 
due to changes in environment 

Impacts of air pollution; health benefits of 
pollution control; natural water quality 
improvements which increase commercial 
fisheries catch and thereby incomes of 
anglers 

Relocation cost Expenditure to maintain activities or 
output Relocation of recreational facility 

R
ev

ea
le

d 
pr

ef
er

en
ce

 

Hedonic pricing 
analysis 
(property value 
technique) 

Use difference in market prices of 
property to value environment. Service 
demand may be reflected in prices 
people will pay for associated goods 

Impact of noise and air pollution; amenity 
value—housing prices at beaches usually 
exceed prices of identical inland homes 
near less attractive scenery 

Travel cost 
method 

Use of ecosystem services may require 
travel. Travel costs can be seen as 
reflecting implied value of service 

Value of recreation areas must be at least 
what visitors are willing to pay to travel 
there 

Wage 
differential 

Differing environmental qualities may 
be reflected in wages paid Air pollution; workplace safety 

Proxy good Value of marketed good might indicate 
value of unpriced good Pesticide substitutes 

St
at

ed
 p

re
fe

re
nc

e 

Contingent 
valuation 

Uses survey techniques and bidding 
process to elicit willingness to 
pay/accept differing quantities of 
environmental good or bad 

Pollution; preservation values; non-use 
(existence and bequest) values; 
recreational benefits 

Trade-off game 
Respondents choose between 
alternatives, choice reflecting perceived 
benefits and costs 

Pollution levels; landscape recreational 
facilities 

Contingent 
ranking and 
rating 

Respondents rank alternatives in order 
of preference Pollution; priorities for protection 

Choice 
modelling 

Respondents presented with series of 
questions, each containing set of options 
known as choice set. (5–8 choice sets 
are included in a questionnaire). In each 
choice set, respondents are asked to 
choose their preferred option from range 
of alternatives 

Wetlands rehabilitation 
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Techniques for valuing environmental goods and services are broadly categorised as: (1) 

market-based, (2) revealed preference, and (3) stated preference (de Groot et al., 2002; 

Freeman, 2003; Perman et al., 2003). Market-based approaches to environmental 

valuation reflect the exchange value that ecosystem services have in trade, and are 

mainly applicable to goods (i.e. production functions), but also to some information 

functions (e.g. recreation) and to regulation functions (Table 1.1). Revealed-preference 

techniques are determined through purchase of related products (e.g. travel costs to visit 

an area) (Freeman, 2003). They employ market-based prices and costs, but require care 

in application to ensure a close relationship between the surrogate and actual 

environmental good (Table 1.1), and they only exist where a market-based value can be 

derived (DeFries & Pagiola, 2005; IIED, 2003). For example, property values can reflect 

proximity to a park. Comparison of a property’s value with other similar properties can 

indicate the value of the park (Winpenny, 1993).  

 

Stated-preferences techniques are based on individual preferences, as revealed through 

instruments such as questionnaires (Bateman et al., 2002a). For stated-preference 

techniques markets do not exist, but can be conceptualised as existing by asking people 

what they would be willing to pay to obtain a benefit (DeFries & Pagiola, 2005). In 

these situations, there are no actual market-based prices or costs, so techniques are used 

to derive what these might be. Stated-preference techniques can be used to establish the 

willingness to pay (WTP) for availability, or willingness to accept (WTA) loss, of 

ecosystem services (de Groot et al., 2002). These three techniques are summarised in 

Table 1.1. Table 1.2 shows the various valuation techniques and the TEV components 

they are best suited to measuring (Pearce et al., 2006). Economic valuation techniques 

have been applied to a wide range of issues including efforts to estimate the benefits of 

entire ecosystem services and of specific ecosystem services (see section 7.1 for a 

review). 

 



 Total economic value 

Revealed preferences 
Surrogate markets 

Revealed preferences 

 

 

 
Stated preferences 

 Existing markets Hypothetical markets 

Dose–response/production functions 

Random utility/ 
discrete choice 
models (WTP) 

 

 

 
Hedonic 
pricing 

Travel cost 
method 
(WTP) 

Averting 
behaviour 

(WTP) 

Market 
prices 
(WTP) 

Choice models 
(WTP/WTA) 

Contingent 
valuation 

(WTP/WTA) 

Labour 
market 
(WTP) 

Property 
market 
(WTP) 

 

 

 

 

 

 Paired 
comparisons  

 
Benefits transfer 

Choice 
experiments 

Contingent/ 
conjoint ranking 

Contingent 
ranking 

Non-use valueUse value

Note: Non-use values can only be estimated using stated-preference techniques, i.e. techniques that are based on questionnaires given to 
respondents and which elicit the respondent's WTP (or WTA) directly or indirectly from respondent answers. The ‘dose–response functions’ 
link some change in the state of nature or a policy measure to some response. The lower part of the diagram suggests that benefit transfer is 
one of the goals of valuation (Pearce et al. 2006).  

 

 

 

 

 

Figure 1.1. Total economic value (source: Pearce et al., 2006) 
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The policy debate concerns the change in value, or marginal loss of value, that results 

from alteration or conversion of a fraction of an ecosystem, not on the value of the 

overall ecosystem (Pagiola et al., 2004b). Costanza et al. (1997) estimated the value of 

the world’s ecosystems. While this article focused debate on the importance of 

ecosystem services that are generally undervalued in standard economic analyses, their 

cross-sectional estimates based, as they were, on average and often local per-unit values, 

were widely criticised (Turner et al., 2003). These aggregate (global-scale) estimates of 

ecosystem value are problematic, given that only ‘marginal’ values are consistent with 

conventional decision-making tools such as benefit–cost analysis (BCA) (Toman, 1998). 

The usefulness for policy of valuation studies that derive a global (as opposed to 

incremental) value of ecosystem services is limited, as it has been rare for all ecosystem 

services to be completely lost and, even then, such a complete loss would usually 

happen only over time (Bockstael et al., 2000; El Serafy, 1998; Pearce, 1998; Toman, 

1998). Valuation studies measuring only the value of comparatively small (marginal) 

changes in ecosystem services that result (or would result) from management decisions 

is generally what decisionmakers require (Chapin et al., 2000; Lazo, 2002; MEA, 

2005b; Salzman, 1998). Therefore, economic analysis of NRM interventions should 

focus on marginal changes in ecosystem goods and services, with the values of the 

various services that would be obtained with and without NRM intervention being 

compared directly (DeFries & Pagiola, 2005).  

1.5.1 Environmental benefit transfer 

The growing sophistication in estimating economic values of ecosystem services is 

matched by the rising costs of conducting improved assessments for site-specific 

environmental changes (Pannell, 2004; Wilson et al., 2004). Only rarely can policy 

analysts and decision makers afford the luxury of designing, funding and implementing 

an original study for estimating the economic value of particular ecosystem goods or 

services. In Australia, the cost of undertaking original valuations using choice modelling 

is of the order of $100,000 to $140,000 (Farquharson et al., 2007), hence the interest in 

environmental benefit transfer. An environmental benefit transfer refers to transposing 

monetary environmental values estimated at one site (study) to another (policy) 

(Desvousges et al., 1998; Georgiou et al., 1997). Environmental benefit transfer is useful 
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as it avoids the high costs of conducting empirical work on non-market values (Pannell, 

2004). However, the transfer of values is subject to many potential errors that can lead to 

significant overestimation or underestimation of welfare change (Brouwer, 2000). The 

validity of benefit transfer is restricted to cases where there is a reasonable degree of 

similarity between the source study and policy or target area (Hajkowicz et al., 2000; 

van Bueren & Bennett, 2004).  

 

The importance of environmental benefit transfer is increasing, as reflected in the rising 

number of environmental valuation databases and networks, and in the recent 

publication of a special issue of Ecological Economics (volume 60, number 2, 2006) 

dedicated to the topic. As the number of valuation studies has grown, there has been 

concurrent growth in the development of environmental valuation databases and 

resources for environmental benefit transfer, with a wide array of databases and 

resources from around the world becoming available on the Internet (McComb et al., 

2006). A database of environmental valuation studies from Australia is catalogued on 

the Envalue website, developed and maintained by the NSW Environmental Protection 

Authority (NSW EPA, 1995). 

1.5.2 Benefit–cost analysis and the environment 

A central concern of NRM is the allocation of scarce environmental resources among 

individuals and groups within society (Wilson et al., 2004). The prevailing framework 

for determining the effects of such allocations is benefit–cost analysis (BCA) 

(Department of Finance, 1991; Hanley & Spash, 1995; Pearce et al., 2006; Sinden & 

Thampapillai, 1995) which assesses the relative desirability of competing alternatives. 

Desirability is measured as economic worth to society as a whole (Pearce et al., 2006; 

Sinden & Thampapillai, 1995), by referencing the net social benefits that the alternatives 

produce (Pearce et al., 2006). BCA can indicate whether or not the aggregate benefits of 

a policy decision outweigh the aggregate costs, and it can help quantify the resulting 

economic gains and losses among groups (Perman et al., 2003). The net benefit of each 

option is given by the difference between the benefits and costs (Pearce et al., 2006). 



 

 

 

15

1.6 Gaps and emerging challenges in implementing an ecosystem 
services approach to NRM 

Studies that focus on the interactions between ecosystems at catchment level are 

necessary to allow development of an integrated ecosystems approach, one which 

considers an entire range of ecosystem services and the possible trade-offs between them 

(Carpenter et al., 2006). Decisions regarding NRM inevitably involve trade-offs across 

ecosystem services (Daily, 1997b; Farber et al., 2006; NRC, 2005b). In most cases, 

production of one service comes at the expense of another, just as consumption of 

resources by some people and activities may come at the expense of consumption by 

others elsewhere (Naidoo & Ricketts, 2006). For instance, native revegetation has a 

number of environmental benefits, including reduced groundwater recharge, habitat for 

biodiversity and carbon sequestration, yet there is a trade-off in reduced streamflows or 

water yield, which might temporarily increase river salinity until there is a reduction in 

groundwater flow and salt mobilisation (Bugg et al., 2002; Goss, 2003; Zhang et al., 

2003). Some of these biophysical relationships are difficult to recognise and quantify 

and therefore such quantification remains a challenge (MEA, 2005b; Wani et al., 2005). 

The ecosystem services framework provides a way for people to assess the impacts and 

trade-offs of ecosystem change, even when gains and losses accrue to different 

beneficiaries at disparate spatial and temporal scales (Brauman et al., 2007; Daily, 2000; 

Farber et al., 2006).  

 

In the case of environmental flow provision, water has to be clawed back from other 

users of over-committed water resources, such as irrigated agriculture (Arthington & 

Pusey, 2003). An important question, from an irrigator’s perspective, is whether there 

are demonstrable benefits of increasing water allocation to the environment (Pigram, 

2006). While it is argued that an increase in environmental water allocation will realise 

environmental improvements, the irrigation industry is concerned about the lack of 

evidence, and the possibility that the reduction in wealth and wellbeing of catchment 

communities dependent on irrigated agriculture as a result of water cuts will be for 

nought (Reid et al., 2006). The Council of Australian Governments (COAG) has called 

for improved specification of the environmental outcomes to be achieved with 

environmental flows (COAG, 2004). In addition, ecologists are seeking opportunities to 
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demonstrate the ecological benefits of environmental flows (Frazier et al., 2003; Howell 

& Benson, 2000; Kingsford & Auld, 2005).  

 

Although most decisions on natural resource use are made on economic grounds 

(Emerton & Elroy, 2004), the economic values of wetlands and water resources are 

seldom considered in such debates, despite accumulating evidence that wetlands are 

economically valuable (Kingsford & Halse, 1998; Woodward & Wui, 2001). This thesis 

will therefore endeavour to model and value ecosystem services from environmental 

flows to establish how their provision impacts on the flow of ecosystem services and its 

concomitant impact on economic sectors such as irrigation. This modelling is 

appropriately conducted at a catchment scale due to upstream–downstream linkages 

involved in provision of environmental flow from upstream storages through the river 

system to wetlands located downstream. 

 

The efficient targeting of public investment requires an understanding of the trade-offs 

that the community is willing to make between alternative environmental outcomes, and 

between environmental protection versus development (van Bueren & Bennett, 2004). 

Studies that demonstrate substantial economic value of ecosystem services such as 

biodiversity, water supply, carbon sequestration and many others, provide convincing 

economic justification for NRM interventions aimed at conserving and restoring 

landscapes in order to maintain or enhance the provision of these services (Cowling et 

al., 1997). Studies valuing multiple ecosystem services, and studies which seek to 

capture the ‘before and after’ states as environmental changes take place, are rare 

(Boody et al., 2005; Turner et al., 2003). Turner et al. (2003) concluded that it is the 

latter type of analysis that is most important as an aid to more rational decision making, 

with calls for research to focus on economic valuation of multiple ecosystem services 

(Barbier & Heal, 2006; Turner et al., 2003). This gap in ecosystem service valuation is 

addressed in this research by valuing multiple ecosystem services from NRM 

interventions. 

 

There has been growing criticism that Australian agriculture is unsustainable on the 

basis of salinity, land clearing and the use of pesticides (Keogh, 2005), let alone its 
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dependence on fossil fuels and synthetic fertilisers. This can be rectified through 

multifunctional agriculture. Governments in Australia are exploring the potential for 

environmental management systems (EMS) to be applied at a catchment scale for, 

among other things, the purpose of linking farm-level actions to catchment targets 

(Keogh, 2005; Seymour & Ridley, 2005; Williams, 2005b). The sustainability of 

agriculture would be enhanced by the widespread adoption of practices already evident 

in other industries, including voluntary codes of practice, environmental risk assessment, 

long-term sustainability goals, environmental accreditation schemes, independent 

auditing, and triple-bottom line reporting (Keogh, 2005; Lindenmayer & Burgman, 

2005). There have been few attempts to apply EMS at the catchment scale or to link on-

farm EMS to regional catchment targets (Seymour & Ridley, 2005). The EMS 

framework operates at a property level and the ICM framework operates at a regional 

level, although both are structured approaches for assessing, monitoring and improving 

environmental performance (Seymour & Ridley, 2005). The ecosystem services 

approach could potentially provide a mechanism for integrating EMS and ICM 

frameworks, thus enhancing catchment environmental outcomes.  

 

The cotton industry’s Best Management Practice (BMP) program is a potential vehicle 

for implementing environmental stewardship and biodiversity conservation (Reid et al., 

2003; Seymour & Ridley, 2005). Effective NRM and minimisation of the impact of 

cotton production on the environment are priority issues for the Australian cotton 

industry (CRDC, 2005). The industry has undertaken a number of initiatives to address 

environmental issues to date, including: (1) voluntary Australian cotton industry 

environmental audits commissioned by the Cotton Research Development Corporation 

(CRDC, 2005; GHD, 2003); (2) publications such as Trees on Cotton Farms (RIRDC, 

1999) and Managing Riparian Lands in the Cotton Industry (Lovett et al., 2003); (3) a 

review of Biodiversity Research in the Australian cotton industry (Reid et al., 2003); and 

(4) development and implementation of BMP programs, particularly the land and water 

management module of BMP (CRDC, 1997, 2004).  

 

The premise of the cotton industry’s EMS Pathways project (Williams, 2005b) is that by 

developing a branded product, based on the BMP for each stage of the supply chain, the 
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Australian cotton industry can enhance demand, which in turn provides an incentive to 

participate in the BMP Program, leading to increased adoption of BMP and improved 

NRM outcomes (Keogh, 2005; Williams, 2005b, 2006). However, little research has 

been undertaken to link improved environmental management on cotton farms to 

ecosystem service provision. This thesis aims to help fill this gap by evaluating NRM 

interventions in the cotton-growing districts and identifying mixes of interventions that 

are likely to get the balance right between different ecosystem goods and services. This 

necessitated conducting part of this research at a district scale.  

1.7 Rationale and approach for the research 

Notwithstanding the emphasis in Australian NRM on regions, catchments and farmer 

groups, the individual farm remains the seat of decision-making about what actually 

happens on farms (Pannell, 2004). There is therefore a need to extend ecosystem 

services research to a farm scale. Scale and context are universally important in 

ecosystem services provision (Reid & Williams, 2008). Some ecosystem services (e.g. 

maintenance of soil fertility and prevention of soil erosion) operate at a local scale 

(paddock), others (e.g. shade and shelter from windbreaks, natural pest control) at a 

landscape (farm and district) scale, while others (e.g. hydrological) operate at catchment 

or regional scale (Reid & Williams, 2008). This is the reason why the present research 

was conducted at three scales—catchment, district and farm. A catchment-scale, natural 

asset and ecosystem services approach (using the Gwydir catchment as case study) 

would allow decisionmakers to examine the linkages between environmental features, 

and land and water use change upstream in a catchment, with outcomes for downstream 

communities, irrigated agriculture and wetland ecosystems (Herron et al., 2003a; Zhang 

et al., 2007). Upstream interventions in the Gwydir catchment are likely to affect 

production activities, mainly farming, in downstream irrigation districts. 

 

The greatest apparent problem for agency personnel involved in land and water 

resources management is the lack of suitable tools to help examine the feasibility of 

proposed catchment management programs (Costanza et al., 1992; Laut, 1992). Multiple 

scales of interaction create upstream and downstream effects that complicate impact 
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assessment, and predicting such changes at catchment scale (where the impact of land-

use changes on ecosystems often becomes noticeable) is difficult because of the large 

volume of data and interpretation required (Freeman et al., 2005). Perhaps the greatest 

challenge associated with ecosystem services assessment is the need for spatial analysis 

(MEA, 2005b; van den Bergh et al., 2004). Geographical Information Systems (GIS) 

may be the only economically feasible way to accommodate information with high 

spatial, spectral and temporal resolution over large areas (NRC, 2005b). A GIS is a 

computer system consisting of computer hardware and software for entering, storing, 

retrieving, transforming, measuring, combining, sub-setting and displaying spatial data 

that have been digitised and registered to a common coordinate system (Heywood et al., 

2002).  

 

Spatial analysis is fundamental to ecosystem service valuation because both the 

production of biophysical functions and the social determinants of service benefits 

depend upon the landscape context in which those functions and services arise (Freeman 

et al., 2005; van den Bergh et al., 2004). Although the ability to integrate biophysical 

modelling and ecosystem services valuation is a relatively new phenomenon (Bateman 

et al., 2003; FAO, 2007; Lant et al., 2005), GIS applications are increasingly considered 

essential since they allow for the interaction between economic and ecological 

phenomena to be represented at a detailed spatial scale (NRC, 2005b).  

 

One important task in planning and implementing NRM programmes is the need to map, 

evaluate and prioritise NRM interventions in a catchment (Allnutt, 2005; Apan et al., 

2004; Dudley et al., 2005). This poses two questions: which ecosystems and issues 

should be addressed first? Which areas within each ecosystem should be targeted first? 

Such prioritisation will help to rationalise spending and allocation of limited resources 

(Apan et al., 2004; Victoria DSE, 2005). Maps of ecosystem services can help identify 

suppliers and consumers and the spatial distribution of public and private benefits and 

costs, thus allowing the identification of efficient and equitable payment mechanisms to 

fund projects (Brauman et al., 2007; Naidoo & Ricketts, 2006). In this research, the 

question of how to best allocate available resources so as to increase the human 

wellbeing of society is considered and a case is made for establishing a spatially explicit 
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valuation framework of ecosystem services as an alternative means of evaluating the 

desirability of NRM interventions at the catchment, district, and farm scales. An 

exploration of the economic valuation of ecosystem services from NRM interventions is 

made, and posited as an alternative framework to the current methods highlighted above 

because of the need to make the best use of public funds invested in NRM. 

 

Ecosystem valuation is most useful as an input into environmental decisionmaking when 

the valuation exercise is framed in the context of the specific policy question or decision 

under consideration. Such an analysis should have the following components: (1) a way 

of estimating the changes in ecosystem structure and functions that would result from 

implementation of the policy; (2) a way of estimating the changes in ecosystem services 

that result from the changes in structure and function; and (3) a way of estimating the 

value of these changes in ecosystem services. This requires an integration of ecological 

and economic methods and models (NRC, 2005b). The Gwydir catchment in northern 

NSW is used in this thesis as a case study to contribute to the development of an 

integrated spatial framework and method for multidisciplinary analysis of NRM 

interventions.  

 

The research reported in this thesis is based on the development of spatial models that 

are linked to arrive at complete catchment and district models of relevant hydrological, 

ecological and economic characteristics. The land management interventions modelled 

in this study—(1) native revegetation, (2) riparian zone restoration, (3) degraded land 

rehabilitation, and (4) dryland salinity mitigation—were derived from the Gwydir 

Catchment Blueprint, a 10-year plan for integrated land and water management, 

developed and currently being implemented by the Border Rivers Gwydir Catchment 

Management Authority (BRGCMA), and containing specific, measurable targets, and 

management actions to meet those targets (BRGCMA, 2005; GCMB, 2003). Modelling 

of water intervention was based on the provision of environmental flows for the Gwydir 

River as stipulated in the Gwydir water sharing plans (NSW DIPNR, 2004). Details of 

these land and water management interventions are described in Chapter 2.  
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This research assessed the flow of, and trade-offs in, multiple ecosystem services from 

land and water resource management interventions at catchment, district and farm scales 

(Figure 1.1). Examples of ecosystem services assessed include: carbon sequestration, 

shade and shelter, natural pest control, spray drift mitigation, biodiversity benefits, 

salinity reduction, recreation, landscape aesthetics, on-site and off-site soil erosion 

control benefits, grazing benefits, waterbird breeding events, and habitat provision. 

Trade-offs involved in enhancing these ecosystem services were also modelled and 

included: reduced water yield from provision of environmental flows and due to native 

revegetation; reduced agricultural yields due to competition from native revegetation; 

foregone agricultural production in areas taken up by native revegetation, and 

establishment costs of the NRM interventions. Tree-planting using multi-species 

conservation style plantings is the type of native revegetation assumed in this thesis. 

 

Spatial modelling was undertaken to assess whether an ecosystem services approach 

could provide policy-relevant recommendations for the BRGCMA. The study evaluated 

the impacts of different NRM interventions on the provision of ecosystem services, and 

the marginal economic value of the flow of ecosystem services arising from these 

interventions. In addition, it identified the distribution of the benefits and costs and, 

using GIS, pinpointed the natural resource interventions and locations that could bring 

greatest ecological and economic benefits. The premise of this study is that the 

ecosystem services concept in NRM requires innovative approaches. In this study, a 

flagship industry was identified that is of regional and national economic importance; 

that greatly benefits from ecosystem services; that can impact both positively and 

negatively on a wide range of ecosystem services; and that would be sensitive to a range 

of interventions designed to provide an optimal mix of ecosystem services across the 

catchment. 
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Catchment 
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(Chapter 5) 

Farm (Chapter 6)** 
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(Chapter 3) 
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(Chapter 4)* 
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Waterbird breeding events √         
Habitat provision (wetlands) √        √ 
Carbon sequestration  √ √  √ √  √ √ 
Recreation   √       
Landscape aesthetics  √ √       
Biodiversity benefits:          

Native fish species √         
Terrestrial  √ √  √ √  √ √ 

Soil erosion control economic benefits:          
Increased on-farm agricultural yields    √      

Water quality (sedimentation reduction)  √ √ √ √     
Water quality (salinity mitigation)  √        
Shade and shelter–increased agricultural  √ √  √ √ √ √ √ 
Natural pest control      √  √ √ 
Spray–drift mitigation      √  √ √ 
Trade-offs 
Reduced agricultural production √         
Native revegetation establishment costs  √ √  √ √    
Erosion control costs    √      
Foregone agricultural production  √ √  √ √  √ √ 
Reduced water yield  √ √  √     
Lost carbon sequestration       √   
   Prioritisation of interventions using spatial biophysical modelling  
√ Quantified ecosystem services  
*ICM interventions: SM = salinity mitigation; RZR = riparian zone revegetation; LDR = land degradation rehabilitation; NR = native revegetation 
**Farm–scale interventions: CP = clearing paddock trees, CON = conservation, NRRG = native revegetation with rotational grazing 

Figure 1.2. Ecosystem services quantified from NRM interventions at catchment, district and farm scales 
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Due to the intensive nature of the cotton industry and its extraction of large quantities of 

water from the Gwydir River system, the cotton industry fulfilled the criteria of a 

flagship industry in the catchment. The cotton industry could indeed benefit from an 

enhanced flow of ecosystem services in the Gwydir catchment in the longer term—

saving costs through reduced pesticide applications because of greater natural pest 

control by beneficial insects being just one of the advantages. 

 

A major challenge for the cotton industry is to ensure that growers appreciate their 

dependence on ecosystem services and biodiversity, and so manage cotton production to 

minimise negative impacts and increase positive impacts on both on- and off-farm 

biodiversity (Reid et al., 2003). The cotton industry has demonstrated that it is prepared 

to take the lead in Australian agriculture with a range of environmental initiatives, 

including joint public good environmental R&D programs, BMP, industry-wide audits 

of environmental practice, and the deployment of environmental extension officers in 

some of the main cotton-growing catchments in eastern Australia. Cotton growers and 

the industry may therefore be particularly responsive to new information about the value 

of ecosystem services both for their own production and for other producers, the 

community and the catchment’s health more generally (Darbas et al., 2006). 

1.8 Aims and objectives of the thesis 

This research focused on studying the changes in ecosystem service provision based on 

land and water resource management interventions being implemented in NSW through 

regional authorities: water sharing plans and integrated catchment management. 

Evaluation, by means of a case study, of the utility of the ecosystem services approach to 

address multiple NRM issues at catchment scale through spatially-explicit biophysical 

modelling was conducted. The impacts of ICM interventions and environmental flows 

on the provision of ecosystem services were evaluated by determining the marginal 

values of the flow of ecosystem services arising from each intervention. It was 

hypothesised that enhancement of the provision of ecosystem services through ICM and 

provision of environmental flows potentially generates a net economic benefit to the 

community when compared to current NRM practice. The research addressed the 
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following two research questions. (1) How does ecosystem service provision change 

under the various land and water management interventions proposed by the BRGCMA? 

(2) Which interventions deliver the most benefits in terms of the provision of ecosystem 

services, and where should they be targeted? That is, who benefits and loses under each 

management scenario?  

 

The broad aim of this study was to use the ecosystem services concept to develop a 

method to guide NRM decisions in relation to maintaining and restoring natural assets, 

based on the spatial integration of ecological and economic information, at the 

catchment, district and farm scales. 

 

Specifically, the research objectives were to: 

1. Describe the relationship between wetland inundation and river flow and establish 

the resultant ecosystem goods and services from environmental flow provision. 

2. Pinpoint the most important changes in land and water use, restoration and 

conservation management (e.g. native revegetation, riparian restoration) at 

catchment, district and farm scales, to maintain or enhance the value of ecosystem 

service provision to society. 

3. Assess the economic and ecological priorities for land and water resources 

management programs at catchment, district, and farm scales and recommend where 

investment will have the greatest net ecological and economic impact.  

1.9 Thesis outline 

The remainder of the thesis is organised as follows. Chapter 2 describes the study area, 

highlights the current land and water resources management issues; explains the 

proposed and ongoing management interventions by the BRGCMA to redress these 

issues; and assesses potential ecosystem services from these interventions. Chapter 3 

applied hydrological modelling to explore the relationship between provision of 

environmental flows and wetland inundation, and the resulting impacts on ecosystem 

services. Chapter 4 outlines spatial modelling of integrated catchment management 

interventions to deal with salinity, riparian zone degradation, native vegetation loss, and 
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erosion and describes the potential ecosystem services from the interventions. Chapter 5 

outlines spatial modelling of windbreaks establishment and quantifies ecosystem goods 

and services from windbreaks at a district (cotton-growing) scale. Chapter 6 discusses 

the ecosystem services approach at farm scale. Chapter 7 presents the economic 

valuation of benefits and costs; prediction of benefit–cost ratios; and analysis at the 

catchment, regional and farm scales. Chapter 8 summarises recommendations, policy 

implications and conclusions about the management and administrative strategies that 

could enhance catchment ecosystem health, and safeguard and augment ecosystem 

services, while improving agriculture’s regional socio-economic contribution.  

 



 

2 CHAPTER 2: NATURAL RESOURCE MANAGEMENT STATUS 
AND INTERVENTIONS IN THE GWYDIR CATCHMENT, AND 

ECOSYSTEM SERVICES DESCRIPTION 

2.1 Introduction 

The Gwydir catchment is located in the Murray–Darling Basin in north-western NSW 

and covers an area of 26 660 km2 (Roberts, 2002). The Gwydir River rises in the New 

England Tablelands and flows west down through the North-West Slopes and on to the 

North-West Plains for 300 km towards the Barwon River. The catchment lies between 

the Macintyre and Namoi catchments to the north and south, respectively. There are 

three main landforms in the Gwydir catchment: the eastern tablelands, central slopes, 

and western plains (Donaldson, 2002; NSW DWR, 1993). The catchment has a 

population of 25 000 people (ABS, 2001). The main towns in the Gwydir are Moree, 

Warialda, Delungra, Bingara, Bundarra, Uralla, Guyra and Collarenebri (GCMB, 2003). 

The aim of this chapter is to highlight the status of natural resource and key NRM issues 

in the Gwydir catchment, review the management interventions proposed to redress 

these issues and discuss potential ecosystem services resulting from such NRM 

interventions.  

2.2 Hydrology and rainfall 

Except in very wet years, when large floods reach the Barwon River and contribute 

flows to the Darling River, the Gwydir catchment is effectively a terminal drainage 

system (Donaldson, 2002; NSW DWR, 1993). Its regulated sections are more than 

700 km in length and include the Gwydir and Mehi Rivers downstream of Copeton Dam 

and the Carole, Moomin and Gil Gil Creeks (Figure 2.1). Copeton Dam holds 

1 366 400 ML (Kingsford, 2000b). The Gingham Watercourse, Gingham Wetlands, 

Lower Gwydir, Ballinboora, Mallowa and Thalaba Creeks also receive regulated flows 

for stock and domestic use. Carole Creek, an effluent that starts 7 km upstream of Moree 

flows in a north-westerly direction until it joins Gil Gil Creek, from where it flows 

westward until it reaches the Barwon River (Green & Bennett, 1991; NSW DWR, 
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1993). The Horton River is the Gwydir’s largest tributary, contributing about 20% of its 

total flow (NSW DWR, 1993).  

 

A total of 84 weirs or barriers exist within the Gwydir catchment, with 75 of these 

occurring on named watercourses (Blanch et al., 2001; NSW Fisheries, 2002). Major 

weirs and diversion works include Tareelaroi, Boolooroo, Combadello, Tyreel Creek, 

Gundare and Mallowa Creek (NSW DWR, 1993). The total estimated volume of 

groundwater in storage in the Gwydir River Basin is 350 million ML, of which 334 

million ML is of low salinity. The volume of groundwater stored in alluvial sediments is 

six million ML (NSW DWR, 1993). The catchment is an area of predominantly summer 

rainfall (GCMB, 1997; NSW DWR, 1993). The annual median rainfall ranges between 

750 mm in the east and 450 mm in the west (Keyte, 1994; Thoms et al., nd) (see 

Appendix A2.1).  

2.3 Land-use 

Pastures (35% of the catchment area) and crops (32%) cover two-thirds of the catchment 

(Table 2.1 and Figure 2.2). Native open forest and woodland (16%), native forest (12%), 

native shrublands and heathlands (4%) and riparian zones (1%) account for the main 

remaining land-uses.  

 

Table 2.1. Land-use and land cover in the Gwydir catchment (sources: NSW 
DIPNR, 1998; Thackway et al., 2004) 
 

Land-use and land cover Area (ha) Percentage (%) 
Cropping 841 882 32 
Native grassland and minimally modified pasture 623 119 23 
Native open forest and woodland 438 911 16 
Native forest 309 712 12 
Highly modified pasture 297 088 11 
Native shrublands and heathlands 101 570 4 
Riparian 27 360 1 
Ephemeral and permanent water features 13 510 1 
Urban 3650 0 
Mining and gravel extraction 2856 0 
Plantation  708 0 
Total 2 660 366 100 



 
Figure 2.1. The Gwydir catchment showing major rivers, wetlands and towns 
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Figure 2.2. Broad land-use and land cover in the Gwydir catchment 



2.4 Bioregions and biodiversity 

Four bioregions—Brigalow Belt South, Darling Riverine Plains, Nandewar and New 

England Tablelands—fall within the Gwydir catchment (Appendix A2.2) (NSW NPWS, 

2003a; Roberts, 2001). There are 415 fauna species of conservation interest in the 

Gwydir catchment (NSW NPWS, 2003b). Twelve are listed as endangered, 30 as 

vulnerable (under the NSW Threatened Species Conservation Act 1995), and 373 are 

protected (under the NSW National Parks and Wildlife Act 1974). Twenty-one plant 

species are deemed to be of conservation significance under these two Acts: four are 

considered to be endangered, nine are vulnerable (under the NSW Threatened Species 

Conservation Act 1995) and eight are protected (under the NSW National Parks and 

Wildlife Act 1974) (NSW NPWS, 2003b). Nationally listed endangered species found in 

the Gwydir catchment include the regent honeyeater Xanthomyza phrygia, ooline 

Cadellia pentastylis, the grey-headed flying-fox Pteropus poliocephalus, magpie goose 

Anseranas semipalmata, brolga Grus rubicunda and the Australian bittern Botaurus 

poiciloptilus (GCMB, 2003).  

 

Past surveys of freshwater fish in the Gwydir River found that of the 25 fish species 

predicted to exist in rivers in this part of the Murray–Darling Basin, only 14 were 

present, of which ten were native (Harris & Gehrke, 1997; Morris et al., 2001). A review 

by McCosker et al. (1999) of the fish species recorded from the Gwydir River, or with 

distributions that include the Gwydir catchment, concluded that 24 species are known to 

occur, or may potentially occur within the Gwydir catchment (Appendix A2.3). The 

southern purple-spotted gudgeon Mogurnda adspersa also potentially occurs in the 

Gwydir catchment (Copeland et al., 2003). In conclusion, 11 native species and six alien 

species have been recorded and eight species of native fish have potential distributions 

in the Gwydir catchment, but have never been recorded (Copeland et al., 2003; 

McCosker et al., 1999). 

2.5 Wetlands 

The Gwydir River empties into the Gingham and Lower Gwydir Watercourses west of 

Moree. These two watercourses collectively comprise what are known as the Gwydir 
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Wetlands, and are both Ramsar-designated sites (GCMB, 2003). The first formal 

recognition of the Gwydir Wetlands as an environmentally significant area came in 1921 

when the Gwydir Watercourse was proclaimed a Bird and Wildlife Sanctuary under the 

Birds and Animals Protection Act 1918 (Keyte, 1994). More recently the Gingham and 

Lower Gwydir have been listed on the Directory of Important Wetlands in Australia 

(Environment Australia, 2001), because they display special ecological values. These 

include: providing habitat and refuge for waterbirds when adverse conditions such as 

drought prevail, and maintaining national biodiversity as the Wetlands support more 

than 1% of the nationally known population of water couch Paspalum distichum and 

marsh club-rush Bulboschoenus fluviatilis. The Lower Gwydir Wetlands reportedly 

contain the largest area of the marsh club-rush in NSW (Bennett & Green, 1993). The 

wetlands support rare, vulnerable and threatened species of flora and fauna, and when 

flooded sustain breeding colonies of large numbers of water birds (Davis et al., 2001; 

Keyte, 1994; McCosker & Duggin, 1993a). River cooba Acacia stenophylla and lignum 

Muehlenbeckia florulenta are utilised for nesting sites by colonially-nesting waterbirds 

during periods of prolonged flooding (Bennett & McCosker, 1994). The Gwydir 

Wetlands used to provide habitat for other native fauna, including the eastern water rat 

Hydromys chrysogaster and the platypus Ornithorhynchus anatinus (Bennett & Green, 

1993; McCosker et al., 1999).  

2.6 Agriculture in the Gwydir catchment 

The main economic activity in the Gwydir Valley is agriculture. Prior to 1976, cattle and 

sheep grazing and the cultivation of cereal crops, such as wheat dominated agriculture. 

Sheep enterprises are now more common on the tablelands and upper slopes and on the 

plains west of Moree. Winter production on the plains depends on the proliferation of 

clovers, winter annual grass species, and other herbage. Since the construction of 

Copeton Dam in 1976, irrigated agriculture has become important (GCMB, 1997; NSW 

DWR, 1993). Water is a valuable commodity in the Gwydir catchment, with 40% of the 

Gwydir’s agriculture relying on irrigation. Approximately 90% of the water released 

from Copeton Dam is used for irrigation (GCMB, 1997). Irrigated crops in the area 

include vegetables, wheat, barley, soybeans, sorghum, sunflowers, corn, legumes, and 

nuts. The area sustains Australia’s largest irrigated pecan nut plantation—68 500 trees 
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covering 7000 ha. However, cotton is the most important irrigated crop (NSW DWR, 

1993). 

 

Cotton was first introduced to Australia in 1788, and to the Gwydir catchment in 1976 

(Cotton Australia, 2005a, b). The Gwydir catchment is the largest cotton producing area 

in Australia, with annual plantings varying between 50 000 ha and 90 000 ha 

(Arthington, 1996; NSW DWR, 1993) and producing 25% of the total NSW cotton crop. 

Table 2.2 summarises the overall agricultural production in the Gwydir catchment 

during the 1996–97 and 2000-01 seasons (Bryan & Marvanek, 2004). Cotton production 

is important to the local economy, supporting over 170 growers who employ a 

workforce of 700 (Roberts, 2002). The overall contribution of cotton to agricultural 

gross revenue in the Gwydir catchment in 1996–97 was 47%, increasing to 53% in 

2000-01 (Bryan & Marvanek, 2004). 

 

Table 2.2. Summary of agricultural area, irrigated area, and gross revenues from 
agriculture in the Gwydir catchment for the periods 1996–97 and 2000-01 (source: 
Bryan & Marvanek, 2004) 
 

 Variable 
Year 

1996–97 2000-01 
Total area of agriculture (ha) 2 405 725 2 303 816 
Area of irrigated agriculture (ha) 82 227 100 201 
Total water requirements (ML) 583 942 715 054 
Gross agricultural revenue ($’000)             686 911       560 465 
Gross revenue from irrigated agriculture ($’000)             303 236       259 178 
Gross revenue from irrigated cotton ($’000)             300 013       256 642 
Overall average agricultural gross revenue ($/ha)                  286              243 
Cotton area relative to agricultural area (%)                      4                  5 

2.7 Priority issues and NRM practices in the Gwydir catchment 

The economic benefits gained from agricultural development and natural resources use 

in the catchment have come at an ecological cost (Donaldson, 2002). Land degradation, 

soil loss, rising dryland salinity, deteriorating condition of riverine ecosystems and a 

reduction of native terrestrial biodiversity are all major issues in the Gwydir catchment 

(BRGCMA, 2005; Donaldson, 2002; Foster et al., 2001). This section elaborates on 

these issues and discusses possible mechanisms for dealing with them. Appendix A2.4 
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summarises the extent of these NRM issues, the proposed interventions, and the 

proposed targets as detailed in the Gwydir Catchment Blueprint (GCMB, 2003).  

 

The Gwydir Catchment Blueprint is a 10-year plan for integrated land and water 

management, containing specific and measurable targets, and the management actions 

required to meet these targets. Some of the targets appear very optimistic and achieving 

them will depend on enormous increases in revegetation rates, meeting multiple targets 

concurrently wherever possible, and on a substantial proportion of landowners being 

willing and able to change some of their objectives, practices and commitments. It is 

anticipated that 90% of the funding for on-ground work will be spent on private land 

with the remaining 10% on public land (BRGCMA, 2005).  

2.7.1 Habitat loss and proposed natural revegetation 

Development in the Gwydir catchment has led to a 47% reduction in native vegetation 

cover or a loss of 1.28 million ha of predominantly native forest, woodland and 

grassland, resulting in a reduced habitat for the rare, vulnerable, threatened and other 

native species found in the catchment (GCMB, 2003). The Gwydir catchment’s current 

native forest cover (12%)—is well below the desirable tree cover, based on land 

capability assessment—of 25%. This amounts, in effect, to a tree cover deficit of 

approximately 310 000 ha (Donaldson, 2002). The Gwydir Catchment Blueprint 

recommends that 266 133 ha of existing native vegetation (or 10% of the catchment 

area) be managed for conservation outcomes and proposes to establish 135 000 ha of 

native vegetation in cleared areas (GCMB, 2003) (see Appendix A2.4 for the details). 

 

Revegetation increases native vegetation cover, connects existing isolated remnants, and 

so safeguards long-term conservation of the flora and fauna they contain (Hobbs, 1993; 

Sivertsen & Smith, 2001). While 10-15% native vegetation cover is a useful 

intermediate goal for the restoration of landscapes which currently have little native 

vegetation, a long-term goal of 30% native vegetation is needed if the area is to reach the 

level of vegetation required in rural landscapes to maintain resilient populations of most 

species (Bennett & Radford, 2004; Bennett & Mac Nally, 2004; Lamb & Gilmour, 

2003). Areas with below 10% cover suffer a rapid loss of species as vegetation cover 
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further decreases (Radford et al., 2005). Wildlife corridors connecting native vegetation 

patches are recommended to be 50 m in width, while 30 m is considered the minimum 

necessary to provide a beneficial effect for wildlife (CRDC, 1997; Kinross et al., 2004; 

Martin et al., 2006; Robins, 2002). While narrow corridors offer considerable habitat 

benefits for many species, protecting diverse terrestrial wildlife communities may 

require buffers of at least 100 m (Price, 2006; Wenger, 1999).  

2.7.2 Riparian zone degradation and planned management actions 

Riparian zones have a variety of functions, including shading stream channels and 

minimising temperature fluctuations of stream water (Bunn et al., 1999; Tubman & 

Price, 1999); they trap sediments and associated nutrients from hillslopes (Tubman & 

Price, 1999), and reduce the volume of overland flow moving into river channels 

(Herron & Hairsine, 1998). Riparian lands are characterised by a unique combination of 

high species diversity, high species density and high productivity (Lovett et al., 2003; 

Mitsch & Gosselink, 2000b). They provide essential aquatic habitat by way of large 

woody debris (Bunn et al., 1999; Lovett & Price, 1999). They also provide aesthetically 

pleasing landscapes and can furnish aquatic recreation areas (Tubman & Price, 1999). 

 

Foster et al. (2001) developed a riverine condition assessment index for the Gwydir 

catchment based on five indicators of aquatic ecosystem health. The indicators include 

water quality (indicated by turbidity, salinity levels, presence of nutrients such as 

phosphorus, and the presence of pesticides); hydrology (level of extraction and extent of 

river regulation); the degree of stream-bank and gully erosion; the status of aquatic life 

(represented by the presence of macroinvertebrates); and extent of riparian vegetation. 

The total riverine condition assessment (RCA) is measured as a score out of 50, 

calculated as the sum of each indicator’s score out of 10 (zero represents poorest or 

nonexistent conditions; 10 represents excellent condition). The current RCA index for 

the Gwydir catchment is 31/50 (Foster et al., 2001), which the BRGCMA is using as a 

benchmark against which changes in riverine ecosystems condition will measured in 

future. This score indicates that the riparian zone in the Gwydir catchment is highly 

degraded (Foster et al., 2001; McCosker et al., 1999). 
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The Gwydir Catchment Blueprint aims to maintain the condition and extent of all 

existing riparian zone vegetation by 2014 and improve its condition, where appropriate, 

across all sub-catchments to enhance riverine ecosystem health (GCMB, 2003). At least 

5000 ha of additional riparian vegetation will be established and maintained (see 

Appendix A2.4). Revegetation is the most common stream rehabilitation technique 

practised in Australia (Rutherfurd et al., 2000). In NSW, there are restrictions (Native 

Vegetation Conservation Act 1997) in prescribed areas on the clearing of slopes greater 

than 18o, and within 20 m of defined streams and of leased public land (Edwards, 1993; 

Lovett & Price, 1999). The literature indicates that buffers from 20-30 m wide are 

necessary for sediment removal (McLeod, 2002; Parkyn, 2004; Wenger, 1999), spray 

drift buffer (Lovett et al., 2003; Martin et al., 2006), nutrient removal (Parkyn, 2004; 

Wenger & Fowler, 2000) and habitat provision (Croonquist & Brooks, 1993; Foster et 

al., 2001).  

 

All revegetation programs are hampered by grazing and the accompanying trampling 

(Boulton & Brock, 1999). As a general principle, livestock should be excluded from 

watercourses to reduce soil erosion and maintain the quality of water (CRDC, 2004; 

Jansen & Robertson, 2005; Staton & O'Sullivan, 2006). Grazing management 

recommendations for riparian areas and revegetated areas emphasise fencing or other 

means of controlling livestock access (Cremer, 1990; Hunt & Patterson, 2004; Martens 

et al., 2003; McLeod, 2002). The two basic fencing options are conventional and electric 

fencing (Rutherfurd et al., 2000). However, a riparian buffer covered by grass can 

adequately perform several additional functions, including the trapping of sediment and 

contaminants. The effective performance of all functions though, including the 

protection of aquatic habitat, requires forested buffers (Ucar & Hall, 2001; Wenger & 

Fowler, 2000) since ground cover such as grasses have little capacity to mechanically 

stabilise river and creek banks or shade the water column (Rutherfurd et al., 2000).  

2.7.3 Land degradation management  

Approximately 829 720 ha of the catchment are affected by land degradation; gully 

erosion affects a total length of 5165 km, and few landholders use land within its 

capability (GCMB, 2003). The Gwydir Catchment Blueprint plans to rehabilitate 82 972 

 

 

35



ha (10% of the affected area) over the next 10 years (GCMB, 2003) (see Appendix 

A2.4). It has been estimated that sediment delivery from the Gwydir catchment is 

2188 kt/yr with gully erosion, streambank erosion and hillslope (sheet and rill) erosion 

contributing 949 kt/yr (43%), 340 kt/yr (16%) and 899 kt/yr (41%), respectively (Table 

2.3). Over two-thirds of the sediment, nitrogen and phosphorus are deposited within the 

catchment, with the remaining one-third exported (Derose et al., 2003). The key to 

prevention of all types of erosion is the adoption of appropriate crop and soil 

management practices to maintain sufficient ground cover, and so protect the soil from 

the erosive actions of wind, rain and runoff (Donaldson, 2002; Pimentel & Kounang, 

1998). Tree and herbaceous vegetation establishment, in association with mulching, is a 

practical means of controlling erosion on land with dispersible sub-soil, landslip on steep 

slopes, and gully erosion (Bird et al., 1992; Tubman & Price, 1999). 

 

Table 2.3. Gwydir catchment sediment and nutrient budget summaries (source: 
Derose et al., 2003) 
 

Delivery 
Sediment  Phosphorus (P)  Nitrogen (N) 

(kt/yr) %  (t/yr) %  (t/yr) % 
Gully erosion 949 43  190 23  949 18 
Streambank erosion 340 16  68 8  340 7 
Hillslope (sheet and rill) 899 41  505 61  2459 47 
Dissolved    64   1482 28 
Sub-total 2188 100  827 100  5230 100 
Deposition         
Riverbed 753 34       
Floodplain 1008 46  587 71  2713 52 
Denitrified       822 16 
Sub-total 1761 80  587 71  3535 68 
Outputs         
Suspended sediment    234 28  1034 20 
Dissolved    5 1  660 12 
Sub-total  427   239   1694  
Delivery   20   29   32 

 

Vegetation can help to control water erosion by firstly providing surface cover on the 

ground, such as leaf litter, and secondly, through the provision of aerial cover, such as 

foliage and canopy (Pimentel, 1993; Rose, 1992). In denuded areas, such as gully floors 

and sidewalls, it is recommended to use fencing to exclude livestock, establish 

vegetation cover and divert water away from the site until stabilisation is accomplished 
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(Carder & Humphry, 1983; Franklin et al., 2004; Harrison, 1993). Land with severe 

levels of gully erosion are best treated by changing the land-use and installing structural 

works to check gully head and sidewall movement (Abel et al., 1997). As previously 

noted, streambank erosion can be treated by restricting stock access to the stream and the 

riparian zone and by the protection of eroding banks with revegetation (Foster et al., 

2001; Harrison, 1993).  

2.7.4 Salinity extent and management  

The Gwydir Catchment Blueprint (GCMB, 2003) aims to maintain the median riverine 

salinity levels in the Mehi River at Bronte (Figure 2.1) at below 390 μS/cm with levels 

not exceeding 730 μS/cm for more than 20% of the time in the period to 2010. By 2010, 

median salt loads in the Mehi River at Bronte should not exceed 6500 t/yr and salt loads 

should not exceed 20 600 t/yr for more than 20% of the time (see Appendix A4). Current 

broadacre farming systems have only a limited capacity to reduce groundwater recharge 

to natural rates (i.e. those that existed under native vegetation), and certain areas may 

need to be returned to native revegetation for effective salinity management 

(MDBCMC, 2000). It has been established that salinisation can be reversed by 

revegetating large areas of land (Heaney et al., 2000; Hunt & Patterson, 2004; Pannell, 

2001; Pannell et al., 2004; Stirzaker et al., 2002), and this is the option proposed in the 

present study. Engineering options can be applied to remove rising saline aquifers, but 

often create problems with the disposal of the saline water pumped out of the system 

(Greiner, 1997).  

2.7.5 Impacts of Gwydir River regulation and environmental flow 

provision 

In recent years, the Gwydir Wetlands have experienced a reduction in the frequency and 

extent of flooding, reducing the size of the wetlands (Kingsford, 2000b). The initial plan 

for the use of water from Copeton Dam estimated that a maximum area of 56 000 ha of 

irrigated farmland should be supported by the dam. However, in 1979, prior to the 

imposition of an embargo, allocations had risen to 86 000 ha (Allan & Lovett, 1997).  
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Prior to the construction of the Copeton Dam (1976), much of the average annual valley 

discharge of 820 000 ML entered and sustained the 220 000 ha of wetlands and 

floodplain woodlands, of which approximately 102 000 ha made up the Gingham and 

Lower Gwydir Watercourses (Allan & Lovett, 1997; Bennett & Green, 1993). At that 

time, 80% of this area was dominated by coolibah Eucalyptus coolabah woodlands. The 

remaining area received regular shallow flooding, and comprised a range of wetland 

plant communities, including lignum shrublands, river cooba scrub, water couch and 

spike-rush Eleocharis plana meadows, and marsh club-rush reedbeds (Davis et al., 

2001; Keyte, 1994; McCosker & Duggin, 1993a). The subsequent loss of habitat has 

been linked to reductions in waterbird abundance in the Gwydir area (McCosker & 

Duggin 1992), especially declines in the number of colonial nesters (cormorants, herons 

and egrets). Waterfowl, large rails and brolga have also declined in number (Keyte, 

1994). Studies conducted in the Gingham (McCosker & Duggin, 1993a, b) and Lower 

Gwydir Watercourses (Keyte, 1994) have also found that extensive areas of what was 

previously wetland had been invaded by weeds typical of terrestrial environments, 

mainly lippia Phyla canescens and terrestrial weeds such as Bathurst burr Xanthium 

spinosum, black thistle Cirsium vulgare and roly-poly Salsola kali and Sclerolaena 

muricata (Foster & Savage, 1997). 

 

Environmental flow rules were first applied to the Gwydir River in 1995. The Water 

Sharing Plan for the Gwydir Regulated River (NSW DIPNR, 2004) commenced on 1 

July 2004 and applies for a period of 30 years, establishing rules to restore 

environmental flows in the Gwydir River catchment (NSW DIPNR, 2004). The Gwydir 

Water Sharing Plan (WSP) rules were designed to ensure that there is no decrease in the 

long-term average volume of water available to the environment over the period of the 

plan. Additionally, these rules ensure that a portion of natural tributary inflows should 

reach the Gwydir Wetlands, and provide a volume of water in Copeton Dam that can be 

released for environmental purposes when needed (e.g. for the flooding of the wetlands 

to support waterbird breeding). The WSP assumed that implementation of this policy 

would enhance in-stream flows and riverine biodiversity as well as flood the Lower 

Gwydir Wetlands. The environmental water rules stipulate that the tributary inflows 

through to the Gwydir Wetlands should be at least equal to the sum of inflows from the 

Horton River, Myall Creek, and Halls Creek, up to a maximum of 500 ML/day, and that 
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50% of the flows above 500 ML/day are protected for the environment. The WSP also 

established an ‘environmental contingency allowance’ (ECA) account of 45 000 ML, 

which can be rolled over to the next water year to a maximum of 90 000 ML.  

2.8 Potential ecosystem services from natural resource management 
interventions 

The envisaged environmental benefits of the Gwydir Catchment Blueprint include a 

decline in soil degradation and salinity, improved water quality and riverine ecosystem 

health, as well as protection of native vegetation and biodiversity (GCMB, 2003). These 

improvements will most likely deliver positive economic outcomes including new 

business opportunities (through market-based mechanisms), reduced costs of land 

degradation, and improved agricultural productivity. The Gwydir community is 

interested in ecosystem services within the catchment area and identify soil health 

maintenance, habitat maintenance and regeneration, healthy waterways and life 

fulfilment as the most important and desired ecosystem services (Reid et al., 2004).  

 

Although native revegetation has the hydrological potential to reduce streamflow 

(Brauman et al., 2007; Herron et al., 2003a; Zhang et al., 2007), it can also mitigate soil 

erosion, reduce salinity and improve water quality (Keenan et al., 2004b). Despite the 

impact of revegetation on reduced stream flow and water yield, there is an expanding 

body of evidence related to the benefits of native vegetation to both on-farm production 

and broader catchment values, such as biodiversity, carbon sequestration and reduced 

groundwater recharge (Bird, 1998; Cremer, 1990; Fitzpatrick, 1994; Walpole, 1999).  

 

The remainder of this section discusses the potential ecosystem services likely to flow 

from interventions to redress natural resource degradation in the Gwydir catchment, and 

pinpoints how disservices are likely to occur.  

2.8.1 Enhanced biodiversity outcomes 

Increasing the area of habitat in a landscape through active replanting and revegetation 

should increase species richness and the sizes of populations (Bennett et al., 2000; 

MacNally & Brown, 2001; Radford et al., 2005). Species—area relationships are often 
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used to predict the number of species based on habitat area, or to predict species 

extinction based on habitat reduction (Ferrier, 2002; Ford & Howe, 1980; Freudenberger 

& Harvey, 2003; Grover & Slater, 1994; Howe et al., 1981). Native vegetation is 

commonly used as a surrogate for biodiversity (Robins, 2004; Williams, 2005c). 

Surrogate measures of biodiversity are imperfect, and no single surrogate can adequately 

capture all of the compositional, structural and functional attributes of biodiversity 

(Freudenberger & Harvey, 2003). Native revegetation would increase the extent of 

native vegetation and habitat for biodiversity in the Gwydir catchment, and the 

BRGCMA plans to use native vegetation as a surrogate for biodiversity enhancement 

(BRGCMA, 2005). 

2.8.2 Maintaining fish stocks  

Installation and operation of in-stream structures that modify flow may have contributed 

to the declining diversity of fish in the Gwydir catchment (GCMB, 2003; NSW 

Fisheries, 2002). Copeton Dam is one of nine dams causing marked and pervasive cold 

water pollution and highly changed flooding regimes in NSW (Lugg, 1999; Preece, 

2004) and this may have led to decline of most native fish species (Cadwallader, 1978; 

Lindenmayer & Burgman, 2005). The overall effect of dams is to alter the existing 

distribution or diversity of aquatic fauna by the loss of access to feeding, nursery and 

spawning grounds (Alexandra & Eyre, 1993; Harris & O'Brien, 2000; O'Brien et al., 

1983) and inadvertently creating suitable habitat for exotic species (Lake, 1967). 

Rehabilitation of riparian zones is likely to enhance native fish populations (Pusey & 

Arthington, 2003). The WSP provides for environmental flow releases from the ECA to 

support native fish breeding (NSW DIPNR, 2004).  

2.8.3 Habitat provision for breeding waterbirds  

The provision of environmental flows is aimed at maintaining the Gwydir Wetlands and 

preserving the associated benefits of wetlands, such as habitat provision for breeding 

birds. A large area of water couch and marsh club-rush provides valuable habitat for up 

to 500 000 waterbirds (most of them breeding species), including 16 species listed as 

endangered or vulnerable. In terms of international significance, the Lower Gwydir 

supports eight (3 breeding) species listed under the China Australia Migratory Birds 
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Agreement (CAMBA) and seven (2 breeding) species listed under the Japan Australia 

Migratory Birds Agreement (JAMBA) (Davis et al., 2001; Keyte, 1994; NSW DWR, 

1993). The value of the Lower Gwydir and Gingham Watercourses as breeding grounds 

for waterbirds has long been renowned amongst birdwatchers, stretching back to several 

campouts during the 1920s (D'Ombrain, 1921; Morse, 1922) and 1930s (Bailey, 1934; 

Sullivan, 1931) conducted by the Royal Australasian Ornithologist Union (RAOU) in 

these wetlands. These outings produced accounts of vast rookeries of little black 

cormorant Phalacrocorax sulcirostris, little pied cormorant Phalacrocorax 

melanoleucos, glossy ibis Plegadis falcinellus, white ibis Threskiornis molucca, straw-

necked ibis Threskiornis spinicollis, royal spoonbill Platalea regia, yellow-billed 

spoonbill Platalea flavipes, plumed egret Egretta intermedia, little egret Egretta 

garzetta and white egret Egretta alba, and other waterbirds observed breeding around 

swamps and channels of the Gingham Watercourse. In all, 225 bird species have been 

recorded in the Gingham and Lower Gwydir Watercourses, of which 125 were breeding 

species (Debus, 1989). 

2.8.4 Habitat provision for fauna 

Riparian lands function as movement corridors through habitat networks in uncleared 

landscapes, and as connections among the remnant forest patches in cleared landscapes 

(Broadmeadow & Nisbet, 2004; Naiman & D´ecamps, 1997) supporting migration and 

recolonisation of species (Askey-Doran et al., 1999; Bennett, 2003). They also provide a 

variety of habitats of better quality than those available to many animals in adjacent 

agricultural habitats (Croonquist & Brooks, 1993; de Groot et al., 2002; Lynch & 

Catterall, 1999; MacDonald, 2003). The revegetation of depleted native vegetation areas 

can simultaneously address both salinity mitigation and biodiversity conservation 

objectives (Buffier & The Allen Consulting Group, 2002; Lockwood et al., 2002). Such 

revegetation provides connectivity (wildlife corridors) between existing native 

vegetation, and the buffering of remnants of native vegetation from disturbances due to 

intensive agriculture such as cropping (Abel et al., 1997; Bennett & Mac Nally, 2004; 

CSIRO, 2004; Lockwood et al., 2002). 
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2.8.5 Water quality: reduced dryland salinity 

Strategic tree planting in both recharge and discharge areas can contribute significantly 

to the control of rising water-tables because of the increased use of water in the 

landscape (Heaney et al., 2000; Keenan et al., 2004b; Marcar & Crawford, 2004). For 

instance, Stirzaker & Vertessy (2000) reported that the leakage is 1–10 mm/yr, under 

native vegetation and 10-150 mm/yr under annual crops and pasture. Forests also reduce 

water runoff by significant amounts when planted in high rainfall areas (Dawes et al., 

2001; Zhang et al., 2007). Due to great differences in response time between surface 

water yield and groundwater flow, temporary increases in river salinity are likely after 

revegetation.  

2.8.6 Regulation of river flows 

One consequence of native revegetation is reduced water yields (Binning et al., 2001; 

Bosch & Hewlett, 1982; Herron et al., 2003a; Zhang et al., 2003). Water use by forests 

of all types is higher than that of pastures and crops (Stirzaker & Vertessy, 2002), 

because forests have a higher leaf transpiration area and deeper roots intercepting a 

greater volume of water (Keenan et al., 2004b). Analysis of observations in 504 annual 

catchments around the world showed afforestation dramatically decreases stream flow 

within a few years of planting. Substantial decreases in stream flow of the order of 42% 

were observed on average with plantation 6–10 years old, and average losses for 10- to 

20-year-old plantations were greater than 227 mm/yr (Jackson et al., 2005). 

2.8.7 Water quality: reduced sedimentation  

Besides reducing the productivity of land, erosion and water runoff can cause serious 

offsite environmental effects such as sedimentation and eutrophication (Derose et al., 

2003; Pimentel, 1993; Pimentel et al., 1993). Increased sediment and nutrients in 

streams can lead to loss of habitat, the smothering of stream life, scouring, turbidity, and 

changes to the composition of aquatic flora and fauna communities (Boulton & Brock, 

1999; Cadwallader, 1978; Prosser et al., 1999). High turbidity levels can cause stress in 

fish, thus reducing feeding efficiency and growth rates, and so increase rates of disease 

(Matson et al., 1997; Rutherfurd et al., 2000).  
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Soils under native vegetation generally have higher infiltration rates than soils under less 

deeply rooted crops (Broadmeadow & Nisbet, 2004; Zhang et al., 2007). This is 

supported by Gomez et al. (2003) who reported that the amount of sediment from a 

small catchment in New Zealand decreased by 62% as a result of revegetation. Tree 

filters can reduce 90-94% of total sediment (Prosser et al., 1999). Hook (2003) reported 

mean sediment retention ranging from 63 to 99% for different combinations of buffer 

width and vegetation types, with 94–99% retention in 6-m-wide buffers. Streambank 

erosion and gully erosion are significant contributors to deteriorating water quality in the 

Gwydir catchment due to increased turbidity, suspended material, and increased nutrient 

levels (Derose et al., 2003; Foster et al., 2001). In the Gwydir catchment, 80% (1761 kt) 

of sediment is moved and deposited elsewhere by erosion annually, with 1008 kt 

deposited in the floodplain wetlands and 753 kt deposited on riverbeds; the remaining 

20% (427 kt/yr) is exported out of the catchment (Derose et al., 2003) (Table 2.3).  

2.8.8 Retention of nutrients 

Derose et al. (2003) estimated that large amounts of nutrients are exported from the 

Gwydir catchment—239 t/yr (29% of phosphorus moved by erosion) and 1694 t/yr 

(32% of nitrogen moved by erosion). Seventy percent (587 t) of P and 50% (2713 t) of N 

moved annually by erosion are deposited in the floodplain (Table 2.3). The bulk soil 

nutrient concentration for both gully and streambank erosion are 0.2 kg P/t for and 1 kg 

N/t (Derose et al., 2003). A tonne of fertile topsoil contains on average 3.5 kg of N and 2 

kg of P (Pimentel & Kounang, 1998). 

 

Erosion adversely affects crop productivity by reducing the availability of water, 

nutrients, organic matter and, as topsoil thins, by restricting rooting depth (Lal, 1998, 

2001; Pimentel, 1993; Pimentel et al., 1993; Watt, 1990). In soils degraded by erosion, 

water infiltration may be reduced by as much as 90% (Pimentel, 1993). It is difficult to 

unequivocally and quantitatively define the reduction in plant production due to soil 

erosion (Rose, 1992). However, experimental results show yield declines ranging from 

65 to 98% following scalping of 2000 t/ha (Littleboy et al., 1992). Impacts on pastoral 

grazing have been studied in New Zealand, where production losses of up to 80% at 
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field scale, and up to 20% at farm scale, have been measured (Blaschke et al., 2000). In 

NSW, Aveyard (1983) established a relationship between soil erosion and wheat yield. 

The percentage yield depression from removing 75 mm of top soil ranged from 6 to 45% 

whereas depressed yield from removing 150 mm of top soil ranged from 20 to over 50% 

(Hamilton, 1970). Yield losses of 16% from 7.5 cm removal and 41% from 15 cm 

removal were reported by Barr (1957). 

 

Revegetation is necessary for optimal crop growth since it reduces sediment and 

associated nutrient losses. Riparian ecosystems are effective ‘filters’ of nutrients 

dissolved in subsurface lateral flow and shallow groundwater moving towards the river 

channel (Lovett & Price, 1999; Lovett et al., 2003). Nitrate removal rates of almost 

100% were measured in buffers 20-30 m wide, while buffers of 10-m width achieved 

over 70% retention of N (Parkyn, 2004). In the USA, two adjacent 10-m wide riparian 

buffers significantly reduced incoming dissolved nitrate-N, dissolved ammonium-N, 

total ammonium-N, and total orthophosphate masses in surface runoff by 97%, 74%, 

68% and 78%, respectively, within the 10-m buffer (Schoonover et al., 2005). Peterjohn 

& Correll (1984) found that a 50-m wide riparian forest removed an estimated 89% of 

the N and 80% of the P that entered it from upland runoff. The experimental results of 

Abu-Zreig et al. (2004) showed that the average sediment trapping efficiency of all 

filters was 84%, ranging from 68% in a 2-m filter to as high as 98% in a 15-m-long 

filter. This compared with only 25% for the control. Tree filters can reduce up to 80% of 

total P, and 89% of total N (Prosser et al., 1999).  

2.8.9 Natural pest control 

The use of chemical pesticides is widespread, yet despite their application at 

recommended dosages, pests destroy 37% of all potential crop, worldwide (Pimentel, 

2005). Rising production costs, concerns about resistance levels, and other 

environmental issues, have all contributed to attempts to reduce the dependence on 

chemical pesticides (Cassman & Wood, 2005; Pimentel et al., 1992a). Natural pest 

control is a major ecosystem service (see Naylor & Ehrlich(1997) for a review of natural 

pest control services in agriculture).  
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Native vegetation provides habitat for birds, bats and other natural enemies of pests. 

Predators, parasites, and parasitoids can help control pest outbreaks and can reduce the 

cost of pest control considerably (de Groot et al., 2002). Pimentel (2005) estimated that 

50% of the control of pest species is due to natural enemies. The importance of 

beneficial insects and their contribution towards pest control within integrated pest 

management (IPM) programmes is well recognised by the Australian cotton industry 

(Fitt & Wilson, 2005; Fitt, 2000; Rencken et al., 2003). Over 250 species of potentially 

beneficial insects, spiders and other creatures have been identified in Australian cotton 

crops (Voller, 1999), of which 123 species have been identified as generalist predators 

within cotton agroecosystems (Johnson et al., 2000). One hundred and four bird species 

are dependent on wetland habitat in Australia (O'Brien et al., 1983). Some of these bird 

species play significant roles: 5000 ibis (Threskiornis spp.) eat 1 t of insects per day and 

thus help to control farm pests such as locusts and scarab larvae (O'Brien et al., 1983). 

Research on the biology and ecology of beneficial insects in cotton fields and 

surrounding native vegetation is growing (Hardwick, 2004; O'Brien, 1978; Rencken et 

al., 2003; Rencken, 2006; Silberbauer, 2001; Smith, 2005; Stanley, 1997; Yee, 1998). 

This is enhancing knowledge of the contribution of ‘beneficials’ in controlling cotton 

insect pests. The ecosystem service of natural pest control through the actions of 

beneficial invertebrates can assist cotton growers in reducing their reliance on pesticides. 

It can also reduce insecticide resistance and so meet community expectations regarding 

minimisation or elimination of non-target impacts of pesticide use (Reid et al., 2003).  

 

Like pest populations, pesticides adversely affect beneficial natural enemies and 

biodiversity (predators and parasites) (Pimentel, 2005). In addition to killing insects and 

weeds, pesticides can be toxic to a host of other organisms including birds, fish, 

beneficial insects, non-target plants (Longley et al., 1997; Longley & Sotherton, 1997; 

NSW SPCC, 1980; Silver & Riley, 2001) and aquatic macroinvertebrates (Leonard et 

al., 2001; Leonard et al., 2000). Some of the arthropods affected serve as avian food 

resources (Taylor et al., 2006). This destruction causes secondary pest outbreaks. When 

outbreaks of secondary pests occur because of pest destruction of their natural enemies, 

additional and more expensive pesticides are applied in an effort to sustain crop yields.  
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Bollworm (Helicoverpa armigera and H. punctigera) is the key pest of cotton in 

Australia (Fitt, 1994). Several beneficial insects predate the eggs of cotton pests such as 

bollworm in north-west NSW (Farrell, 2006). Some of these insect predators move back 

and forth between cotton and several other vegetation types (Schellhorn & Silberbauer, 

2003). This suggests that particular types of vegetation on-farm, or in the larger 

landscape, may conserve and even enhance local populations of insect predators. Cotton 

agronomists and growers count total predators per row meter of crop to calculate the 

predator to pest ratio. The correlation between the presence of beneficial insects and a 

pest is thought to imply that predation will occur (Johnson et al., 2000). Although 

predator presence is an insufficient basis to determine predation, it is assumed that if a 

predator is present it is contributing to mortality of any target prey present (Johnson et 

al., 2000). 

 

Native vegetation provides a reserve of potential natural enemies of pests (Binning et al., 

2001; Dix et al., 1995; Rencken et al., 2003). Beneficial insects are more abundant in 

cotton fields subjected to a more selective insecticide regime than in fields that receive 

broad-spectrum insecticide treatments (Mansfield et al., 2006). Habitat management, 

through revegetation, can create a suitable ecological infrastructure within the 

agricultural landscape to provide resources such as food for adult natural enemies, 

alternative prey or hosts, and shelter from adverse conditions (Cleugh et al., 2002; Gurr 

et al., 2003; Landis et al., 2000). Parasitoids were more abundant in 72% of fields with 

diverse plant species than in monoculture fields (Hajek, 2004). 

2.8.10 Spray drift mitigation 

Cotton is grown as a monoculture in the Gwydir catchment, and is prone to infestation 

by insect pests (Andow, 1991), sometimes causing yield reductions of between 50 and 

90% (Fitt, 1994; Oerke et al., 1994). A major component of the control of insect pests in 

the cotton industry is spraying crops with insecticides and miticides, of which more than 

30 are registered for use on cotton (Radcliffe, 2002). Of particular environmental 

concern is endosulfan, which is known to have high aquatic toxicity (NRA, 1998) and 

has been subject to numerous investigations into riverine pollution as a result of spray 

drift and runoff from farms (Raupach et al., 2001a; Raupach et al., 2000; Woods et al., 
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2001). The Australian cotton industry has been subject to intensive environmental 

scrutiny (CRDC, 2005; Schofield & Agtrans Research, 2005), partly triggered by three 

events: (1) detection of high levels of agrochemical residues in rivers, and concern over 

fish deaths and other possible harm to riverine biota (Bowmer et al., 1996; Lugg, 2000; 

Napier et al., 1998; Sunderam et al., 1992); (2) health fears of communities in cotton 

growing areas, particularly concerning spray drift, and high noise levels associated with 

aerial spraying (Radcliffe, 2002); and (3) detection of pesticide residues in beef cattle 

which had eaten cotton trash or pasture on farms or stock-routes which had been 

contaminated by pesticides (NRA, 1998; NSW SPCC, 1980).  

 

Herbicides may drift off target during application, causing considerable damage if they 

contact susceptible plants (Deeds et al., 2006; Woods et al., 2001). In some cases, 

applied pesticide never reaches the target area (Frank et al., 2004). Pesticide spray drift 

from the targeted crop can range between 10% and 35% (ground application), and 

between 50% and 75% (aerial application) of applied pesticide (Pimentel, 2005; Ravier 

et al., 2005; Silver & Riley, 2001). The degree of damage to crops from herbicide drift 

depends on many factors, including crop plant species, growth stage, environmental 

conditions, chemical formulation, droplet size, and spray height above the target (Deeds 

et al., 2006; Ravier et al., 2005). Herbicide drift damage is usually greater during the 

early reproductive growth stages. Although off-target herbicide exposure may occur at 

extremely low rates, even this can cause injury to susceptible crops. Injury from low 

rates of glyphosate drift has been reported in many crops, including sorghum, cotton, 

corn, soy-bean and pea (Deeds et al., 2006; Ellis & Griffin, 2002; Gove et al., 2007; 

Thomas et al., 2005). Spray drift from cotton defoliants occasionally damages nearby 

native trees leading to dieback (Downey et al., 2000).  

 

Carlsen et al. (2006) detected spray drift up to 150 m off-target. Creation of a 3-m buffer 

zone decreased drift deposition in a ditch by a minimum of 95% (de Snoo & de Wit, 

1998). Woods et al. (1999) reported that 14% of a pesticide application moved across 

the downwind edge of the field, with approximately half of this quantity depositing on 

the ground within 500 m of the field boundary. In New Zealand, a target crop received 

75% of the spray, 19% landed on the ground or in shelter, and about 2% left the block in 

the form of drift. Halving of drift was observed for each 26-m distance from shelter by 
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Holland et al. (1997). Bird et al. (1996) extrapolated from 45 trials reported in the 

literature and quantitatively compared them to trials performed during the summer of 

1992 in Plainview, Texas, by the Spray Drift Task Force (SDTF). Both datasets showed 

median values of pesticide deposition dropping from ~5% of the nominal application 

rate at 30 m downwind to ~0.5% at 150 m during low-flight applications. In Australia, 

when averaged over a wide range of conditions, off-target deposition 500 m downwind 

of the field boundary was approximately 2% of the field-applied rate with oil-based 

applications, and 1% with water-based applications (Woods et al., 2001).  

 

Trees planted downwind of agricultural areas can make a significant contribution to 

reducing the drift from agricultural chemical spray operations (Holland et al., 1997; 

Voller, 1999). The aim of a vegetative buffer is to use the natural surfaces of the tree or 

shrub to intercept pesticide droplets as they move in the air through or over the 

vegetation (PISC, 2002; Raupach et al., 2001b). Unbroken single rows of she-oak 

(Casuarina spp.) reduce drift by 50% and wider buffers, when properly designed, can 

reduce drift by up to 90% (Hewitt, 2001; Raupach et al., 2000; Voller, 1999) for a 

shelter distance of 3 to over 10 windbreak heights downwind. Ucar and Hall (2001) 

reviewed the literature on the use of windbreaks to mitigate pesticide drift from 

agricultural applications and concluded that research on the use of natural and artificial 

barriers to mitigate pesticide drift from agricultural and forest applications have 

documented reductions in spray drift of 80-90%. If a planted buffer is to be established, 

it should be at least 20-30 m wide and if possible four rows of trees spaced 3–5 m apart 

(Hewitt, 2001; Voller, 1999). Ucar and Hall (2001) recommended buffer zone widths of 

6–45 m for ground applications and 25–1200 m for aerial applications, depending on the 

application rate, formulation, sensitivity of non-target neighbouring vegetation, and 

specific weather conditions. Other recommended distances are 200-300 m (PISC, 2002; 

Queensland DNR & Queensland LGP, 1997). 

2.8.11 Shade and shelter benefits from windbreaks 

Shade and shelter can influence agricultural productivity by protecting growing plants, 

providing shelter for livestock, altering microclimate, competition, and by reducing wind 

erosion (Abel et al., 1997; Cleugh et al., 2002; Ucar & Hall, 2001). According to 
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Fitzpatrick (1994), many benefits to crops, pasture and livestock can accrue from the 

shade and shelter provided by trees, but the most significant result is from reduced 

windspeed. An efficient windbreak can reduce open wind speed by between 25% and 

75% (Bird et al., 1992; Fitzpatrick, 1994). Two broad areas of crop and pasture response 

can be identified downwind of a windbreak. Firstly, a zone of reduced yield associated 

with competition with the windbreak trees that extend from 1–3 tree heights is produced. 

Secondly, a zone of unchanged or slightly increased yield stretching downwind to 10-20 

tree heights is formed (Cleugh et al., 2002; Fitzpatrick, 1994; Sudmeyer et al., 2002; 

Voller, 1999).  

 

By providing shade and shelter, native vegetation can enhance pasture productivity. 

Gross value of pasture output at Gunnedah, NSW, Australia, was found to be highest 

when the cover of remnant trees on farms was 34% (Walpole, 1999). Plots sheltered by 

vegetated barriers at Armidale had 18% more pasture (Lynch & Donnelly, 1980). When 

comparing sheep in sheltered areas to those with no shelter, there was a 31% increase in 

wool production and 21% (6 kg) increase in live-weight (Lynch & Donnelly, 1980). 

Across five seasons, Williams et al. (1999) found pasture productivity under trees to be 

significantly (27%) higher. According to Bird et al. (2002), the average pasture 

production at Willandra, in south-western Victoria, Australia, in the zone 0.5–0.75 tree 

heights (H) was 69% of open field; production in the 0.9–1.5 H zone was 96%. At Helm 

View, in south-western Victoria, production in the zone 0.7–1.0 H was 74% of open 

yield, with 81% in the zone 1.1–1.5 H (Bird et al., 2002).  

 

An increase in wheat and crop yields in sheltered zones at Rutherglen was estimated at 

between 22% and 47% (Bird et al., 1992). In the Moree district, full (360°) wind 

protection would be expected to increase wheat yields by more than 9.3% (Carberry et 

al., 2002). Trials have shown increased yields of 25% to 45% in sheltered crops of 

wheat, oats, and lupins compared to unsheltered crops (Fitzpatrick, 1994). Grain yields 

between 9 and 54 m from the leeward side of the windbreaks increased by 25% for 

wheat and 17% for oats on the south side of an east-west windbreak, and by 22% for 

wheat and 2% for oats on the east side of a north-south windbreak (Haines & Burke, 

1993).  
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2.8.12 Carbon sequestration from native revegetation 

Forests play an important role in global carbon cycle and consequently in regulating the 

global climate system (Bugg et al., 2002; CSIRO, 2004; O'Loughlin & Nambiar, 2001; 

Shvidenko et al., 2005; Zhang et al., 2003). Carbon sequestration is the storage of 

carbon for an extended period in a chemical form that does not contribute to global 

warming (EFTEC, 2005; FAO, 2007; Pearce, 2001). The most common methods of 

carbon sequestration are above- and below-ground additions to biomass and additions to 

soil organic carbon. Forest ecosystems generate substantial global indirect use values 

through the storage and sequestration of carbon (EFTEC, 2005; Pearce, 2001). Planting 

trees on lands that are currently cultivated or used for grazing is considered an attractive 

option for removing carbon dioxide from the atmosphere (van Kooten & Bulte, 2000).  

2.8.13 Aesthetics 

Natural environments are an important source of aesthetic pleasure for people all over 

the world (de Groot & Ramakrishnan, 2005; de Groot et al., 2002; EFTEC, 2005; 

Pearce, 2001). Native vegetation has a number of values that are not usually considered 

either economic or ecological (Miles et al., 1998). These amenity values are important to 

many Australians, either for aesthetic reasons, or because of the important place that the 

natural landscape occupies in Australian culture (Broadmeadow & Nisbet, 2004; 

Glanznig, 1995; Lambert & Elix, 2000). Biodiversity is a fundamental part of values 

such as beauty and tranquillity. Many Australians place a high value on native plants and 

animals, which contribute to a sense of cultural identity, spiritual enrichment and 

enjoyable recreation (Abel et al., 1997; Cremer, 1990; Straker & Lowe, 2004). Native 

revegetation in the Gwydir catchment may enhance landscape aesthetics. The 

watercourses, wetlands, and water bodies of the Gwydir Valley are used extensively for 

recreation. Popular forms of aquatic recreation include boating, fishing, and hunting 

(NSW DWR, 1993). The Gwydir Wetlands attract many interested birdwatchers when 

inundation and seasonal nesting occurs (Keyte, 1994). 
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2.8.14 Recreation 

Many ecosystems have important value as a place where people can come for rest, 

relaxation, refreshment, and recreation (de Groot & Ramakrishnan, 2005; de Groot et 

al., 2002). Through the aesthetic qualities and almost limitless variety of landscapes, 

natural and cultural environments provide many opportunities for nature-based 

recreational activities, such as walking, bird-watching, camping, fishing, swimming, and 

nature study (de Groot & Ramakrishnan, 2005; Pearce, 2001; Postel & Carpenter, 1997). 

Perhaps the most widespread in-stream uses of water are for outdoor recreation and 

tourism. The more active types of water-based recreation include boating, fishing, 

swimming, and water-skiing (Pigram, 2006). Healthy waterways support populations of 

native fish species that are highly sought after by anglers (Binning et al., 2001). Many 

wetlands are important sites for bird watching, canoeing, duck hunting, fishing and other 

recreational pursuits (NSW DLWC, 2000).  

2.8.15 Grazing in the wetlands 

Wetlands especially those which are temporarily and seasonally inundated can provide 

valuable grazing lands (EFTEC, 2005; Keyte, 1994; Kingsford, 1995), particularly when 

surrounding areas are dry (Bennett and McCosker 1994). Provision of environmental 

flows to maintain the Gwydir Wetlands will provide pastures for livestock (Foster & 

Savage, 1997) in line with the wise use as advocated in the Ramsar convention (Barbier 

et al., 1996).  

2.8.16  Lost agricultural production 

When revegetation is carried out on previously cleared agricultural land, the opportunity 

cost of revegetation can be considered to be the returns foregone by not using the land 

for agricultural and other activities (ABARE & BRS, 2001). Most of the land in the 

Gwydir catchment is under agricultural production, and revegetation on the scale 

foreshadowed in the Gwydir Catchment Blueprint (GCMB, 2003) and by Donaldson 

(2002) would require much agricultural land to be retired from production and managed 

solely for environmental outcomes. This loss of agricultural land represents an 

opportunity cost because the land could otherwise be used for some commercial purpose 

(Lockwood et al., 2002; Sinden, 2005). 
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2.9 Conclusion 

There are many and diverse natural resource management (NRM) issues in the Gwydir 

catchment. Efforts by the BRGCMA to redress these problems require a strategic 

approach that focuses interventions on as many of the NRM issues as possible, but 

especially issues of the long-term wellbeing of the present and future catchment 

community and of the NSW population. Most of the interventions laid out in the Gwydir 

Catchment Blueprint are likely to provide a range of ecosystem services, but 

revegetation with woody vegetation may have negative impacts on water yield and could 

reduce agricultural production. Careful consideration will be necessary to maximise 

ecosystem service provision in an equitable fashion, and to ensure that opportunity costs 

are minimised. 

 



 

3 CHAPTER 3: ASSESSMENT OF ECOSYSTEM GOODS AND 
SERVICES FROM ENVIRONMENT FLOW PROVISION USING 

GIS AND HYDROLOGICAL MODELLING 

3.1 Introduction 

Aquatic ecosystem services are threatened by, among other factors, river regulation 

(Postel & Carpenter, 1997). With the increasing realisation that river regulation is 

negatively impacting on aquatic ecosystems, and compromising the flow of services and 

goods from these ecosystems, more emphasis is being placed on the management of 

environmental flow for ecological outcomes (Arthington & Pusey, 2003; Kingsford & 

Auld, 2005). Recognition of wetland water requirements and water resource 

management is an important issue for wetland conservation in NSW, and is formally 

identified in the NSW Wetlands Management Policy as a mechanism for safeguarding 

NSW wetlands (NSW DLWC, 2000). However, a poor understanding of wetland water 

requirements hampers determination of appropriate environmental water allocations for 

wetlands, translating into a poor ability to predict wetland response to future changes in 

flow regime (Young et al., 1998). 

 

Hydrology-driven and ecology-driven methods are two approaches employed to 

determine environmental water requirements of wetlands (Bennett & McCosker, 1994; 

Davis et al., 2001). Ecology-driven approaches involve determining the water regime 

requirements of the existing or preferred biota, and restoring that regime (Davis et al., 

2001; Keyte, 1994; McCosker & Duggin, 1993a). Hydrological-driven approaches 

develop an understanding of the relationship between wetland response and river flow, 

by measuring the surface area of wetlands in relation to river flow. This allows water 

managers to simplify decisions regarding the volume of environmental water required to 

inundate wetlands (Reid & Brooks, 2000; Shaikh et al., 1998).  

 

Several studies have used multi-temporal satellite image data to develop an empirical 

relationship between river stage and floodplain or floodplain wetland inundation (Frazier 

et al., 2003; Johnston & Barson, 1993; Kingsford, 2000a; Kingsford & Thomas, 1995). 
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Remote sensing has also been extensively used to map wetland extent (Johnston & 

Barson, 1993; Kingsford et al., 2004); to inventory different aquatic waterbird habitats 

(Boyle et al., 2004); to assess surface water quality improvement (Cedfeldt et al., 2000); 

and to determine environmental flow requirements for wetlands (Shaikh et al., 2001). 

Other applications of remote sensing include relating river flow to breeding cycles of 

colonial waterbirds (Kingsford & Auld, 2005; Kingsford & Johnson, 1998; Kingsford & 

Thomas, 2004).  

 

Most of these studies have mainly focussed on using GIS to establish the relationship 

between river flows and wetland extent, and to some degree on the impacts of these 

flows on waterbird breeding. However, as outlined by Postel & Carpenter (1997), 

freshwater ecosystems provide a range of ecosystem goods and services, which the 

provision of environmental flows should enhance. Past studies tend to ignore the 

tradeoffs that arise between the provision of environmental flows and irrigated 

agriculture.  

 

The aim of the research that follows was to quantify the predicted supply of ecosystem 

services following the recent introduction of environmental flow allocations in water 

sharing planning in the Gwydir catchment. The specific research objectives were to (1) 

develop a relationship between wetland inundation and river flow, (2) assess the impact 

of different water management regimes on in-stream water flows, (3) evaluate the 

potential ecosystem goods and services from wetland inundation and provision of in-

stream flow, and (4) assess the likely impacts of environmental flow provision on 

irrigated agriculture. The ecosystem goods and services considered were aquatic 

biodiversity (using threatened native fish species as a surrogate), habitat provision 

function for breeding waterbirds and native fish species, and wetland grazing area.  

3.2 Methods 

Hydrological modelling was accomplished using the NSW Department of Natural 

Resources’ hydrological software, Integrated Quality and Quantity Model (IQQM) 

(Podger & Beecham, 2004) calibrated with long-term river gauging and rainfall data for 

the Gwydir catchment. IQQM was designed to optimise water delivery from the 
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Copeton Dam to irrigation areas downstream in the Gwydir catchment. It also simulates 

unregulated flow conditions as a daily time-step, based upon the Sacramento Rainfall 

Runoff model (Podger & Beecham, 2004). It has been configured to simulate different 

processes and water management rules in the catchment using a range of generic model 

units, such as irrigation nodes, tributary flow nodes, transmission losses, and rainfall 

data (Podger & Beecham, 2004). Three water management scenarios were compared:  

1. No development (ND): in this scenario, IQQM was used to simulate river flow in the 

Gwydir catchment assuming that there were no storages or diversions for any purpose 

(i.e. irrigation or domestic use). This scenario simulated river flow in the absence of 

river regulation and abstraction in the catchment, although the model is calibrated 

with actual rainfall and river gauging data reflecting changing patterns of land 

development over the 112-year simulation period. The ND scenario demonstrated the 

situation if all water were allocated to the environment in the absence of river 

regulation and diversions for human use. 

2. The Murray–Darling Basin Commission (MDBC) ‘cap’, reflecting water resources 

development in 1993–94 (MDBC, 2004b). Under this scenario, IQQM was used to 

simulate river flow in the Gwydir catchment with development and extractions at 

1993–94 levels. The 1993–94 MDBC cap was the benchmark for maximum water 

diversions in the Murray–Darling Basin and more or less defined maximum water 

resources development in the Gwydir catchment.  

3. The environmental flow (EF) scenario was the scenario specified in the Water 

Sharing Plans (WSP) for the Gwydir River introduced in 2004 (NSW DIPNR, 2004). 

Under this scenario, IQQM was used to simulate river flow in the Gwydir catchment 

with the environmental flow rules, as previously described in section 2.7.5, in place. 

This scenario allowed for increased provision of water for environmental purposes 

and reflects current WSP allocations.  

 

The EF scenario saw more water allocated for environmental purposes than the 1993–94 

MDBC cap scenario. Flow throughout the Gwydir catchment was simulated in IQQM 

for each of the three scenarios, and the mean daily, monthly, and annual flows generated 

for three gauging stations, Gravesend, Pallamallawa and Yarraman Bridge for a 112-

year period (1890-2002). This provided information on in-stream flow.  
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At the commencement of the WSP, wetland inflow assessment was based on flow in the 

Gwydir River at Yarraman Bridge minus estimated delivery losses and water use 

between there and the wetland (NSW DIPNR, 2004). Yarraman Bridge is about 30 km 

upstream of the wetland area. Other monitoring sites closer to the wetlands do not have a 

long-term reliable flow record (Bennett & Green, 1993). Linking volume and area over a 

range of flood events of different sizes, was the basis for building a volume–area 

relationship for the floodplain wetland (Roberts et al., 2000). Cloud-free ortho-rectified 

Landsat satellite images, geo-referenced using Lambert conformal conic projection, and 

corresponding to two flood events, 1985 and 2005, were analysed using ERDAS 

Imagine processing software. Density slicing of near-infrared (TM band 4, 0.7–0.9 μm) 

and middle-infrared (TM band 5, 1.55–1.75 μm) bands is sufficient to delineate water 

bodies accurately since such bands are highly sensitive to the presence of moisture 

(Frazier & Page, 2000; Johnston & Barson, 1993; Kingsford et al., 2004; Shaikh et al., 

2001). Wetlands present difficulties due to their shallow water depth and the resultant 

reflectance of bottom sediments. In such cases the near-infrared and middle-infrared are 

superior to any other wavelengths as they are absorbed even by shallow water, which 

results in much greater tonal contrast in the infrared bands. These are the preferred 

wavelengths for demarcating water bodies (Johnston & Barson, 1993).  

 

The output grid from the satellite image processing was then converted to a vector 

format using ArcGIS software (ESRI, 2004a). Six additional digital layers derived from 

satellite images of past flood events were procured from NSW DIPNR (Table 3.1), and 

the extent of flood area for each was calculated using ArcGIS (ESRI, 2004a). Additional 

data points were extracted from Bennett & Green (1993), who used 10 Landsat 

multispectral scanner (MSS) satellite images to measure the extent of flood events in the 

Gwydir Wetlands. 

 

Observed river gauge data for the Yarraman Bridge immediately upstream of the 

wetlands (only available from 1972) were obtained from IQQM (Podger & Beecham, 

2004). Modelled irrigation diversions downstream of the Yarraman Bridge gauge and 

the wetlands were subtracted from observed flow at Yarraman Bridge, to determine net 

flow to the wetlands. Wetland area (Table 3.1) for different floods was regressed on the 

 

 

56



net monthly flow to the wetlands and was calculated by totalling the daily flow of 30 

days preceding the satellite image date (Bennett & Green, 1993). The linear regression 

relationship was then used to analyse the impact of changes in river flow in the 

catchment, on the extent and frequency of wetland inundation under each of the three 

scenarios.  

 

Table 3.1. GIS datasets used for hydrological modelling 

 
Image date Wetland 

area (ha) 
Net flow volume during 

month prior to image (GL) Sources Satellite 

05/02/1973 3400 49 Bennett & Green (1991) Landsat MSS 
01/11/1975 37 500 150 Bennett & Green (1991) Landsat MSS 
24/02/1978 0 42 Bennett & Green (1991) Landsat MSS 
19/09/1978 96 800 303 Bennett & Green (1991) Landsat MSS 
16/03/1981 600 16 Bennett & Green (1991) Landsat MSS 
02/06/1983 43 700 156 Bennett & Green (1991) Landsat MSS 
22/09/1983 11 000 60 Bennett & Green (1991) Landsat MSS 
24/10/1983 16 300 130 Bennett & Green (1991) Landsat MSS 
15/08/1984 86 900 290 Bennett & Green (1991) Landsat MSS 
28/08/1984 147 732 350 NSW DNR Landsat TM 
25/12/1985 12 300 91 This study Landsat MSS 
01/09/1990 39 591 21 NSW DNR Landsat TM 
22/01/1995 55 520 133 NSW DNR Landsat TM 
25/01/1996 62 185 186 NSW DNR Landsat TM 
17/02/1997 110 838 205 NSW DNR Landsat TM 
29/07/1998 191 797 405 NSW DNR Landsat TM 

 

Three flood types are important for the Gwydir Wetlands (Keyte, 1994; McCosker & 

Duggin, 1993a). First, a small flood (normal river flow) inundates the core wetland area 

(1000 ha). Second, a medium flood inundates the 20 000-ha of water couch and spike-

rush. Maintenance of this 20 000 ha wetland habitat is the minimum required to generate 

waterbird breeding activity by large flocks of the main colonial nesters—straw-neck 

ibis, little pied cormorant and plumed egret (Bennett & Green, 1993; Bennett & 

McCosker, 1994; McCosker & Duggin, 1993a). When shallowly inundated the water 

couch pastures are extremely valuable wetland habitat as feeding grounds for waterbirds 

(Green & Bennett, 1991). Third, a large flood inundates the 55 000 ha of river cooba and 

lignum. Keyte (1994) concluded that maintenance of the 55 000 ha of lignum and river 

cooba is important for the long-term preservation of waterbird populations. Appendix 

A3.1 shows the elevational relationship between major vegetation units and the flooding 

regime of the Gwydir Wetlands (Keyte, 1994).  
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The monthly flow required to inundate 20 000 ha of wetland is the minimum wetland 

area required to trigger a waterbird breeding event, and was thus regarded as a threshold 

for potential breeding events. The regression line of wetland inundation (Table 3.1) on 

net river flow at Yarraman Bridge permitted estimation of the volume of water required 

to flood the different wetland habitats, especially that monthly flow important for 

waterbirds and required to inundate 20 000 ha and 55 000 ha of the wetlands. These 

critical volumes were used to compare the three flood types in terms of frequency, 

variability and extent of flooding, as well as the number of predicted waterbird breeding 

events. Flood events were treated as any net monthly flow at Yarraman Bridge greater or 

equal to the flow required to flood 20 000 ha of the Gwydir Wetlands. Successive net 

monthly flow greater than the threshold volume were treated as one flood event making 

the flood events likely to support waterbird breeding less than the total number of 

potential monthly flow of that amount. For instance, if the monthly threshold flow 

required to flood 20 000 ha and trigger waterbird breeding was determined to be x ML, 

and there were three consecutive months with monthly flow exceeding x ML, this was 

treated as one flood event, rather than counting them as three separate flood events.  

 

Every flood event was regarded as potentially being able to support a waterbird breeding 

event. These were referred to as potential waterbird breeding events since not all flood 

events do in fact support successful waterbird breeding events. In this way a theoretical 

comparison of the likely frequency of breeding events under the three scenarios was 

undertaken. This was based on the flood events taking place either in spring or summer, 

as these times are most conducive to the triggering of waterbird breeding events (Scott, 

1997).  

 

The river flow volume–inundation area relationship allows interpolation and 

extrapolation for estimating the inundation area of river flow volumes for which 

remotely sensed images are not available (Roberts et al., 2000). The flow–wetland 

inundation regression was used to estimate wetland extent for the whole period of each 

simulation, allowing calculation of the wetland area available, as the floodwaters 

receded, for activities such as grazing. The provision of environmental flow reduces the 

volume of water available for production activities such as irrigation. To establish the 
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impact of providing environmental flow, a comparison of long-term mean annual 

irrigation diversions (the sum of on-allocation, off-allocation, high security diversions, 

floodplain harvesting, and rainfall–runoff harvesting) under the EF and MDBC cap 

scenarios was performed. 

3.3 Results  

Figure 3.1 shows the wetland area inundated during different floods. Figure 3.2 shows 

wetland inundation, and net monthly flow to the wetlands at Yarraman Bridge, during 

the month preceding the date of the satellite image. Comparison of the three scenarios 

needs to bear in mind that the provision of environmental flow aims to remedy the 

impacts of river regulation. The following sections summarise ecosystem services 

derived from the provision of environmental flows.  

3.3.1 Habitat provision function: waterbird breeding events 

Table 3.2 contrasts the impacts of the three water management scenarios. One of the 

main impacts of river flow regulation was on flow sizes. River regulation (MDBC cap) 

almost doubled small flows (< 10 GL) in comparison with the EF and ND scenarios. 

Small flows do not inundate the wetlands as they are mainly confined to the river 

channel and flow past the wetlands. The threshold flow to trigger waterbird breeding 

(inundation of 20 000 ha of wetland habitat) was predicted to be 75 GL/month. A major 

impact of the EF was the predicted increase in the number of threshold flows. Over the 

112-year period, there were 173, 78, and 51 monthly flows greater than 75 GL predicted 

under the ND, EF, and MDBC cap scenarios, respectively. When floods greater than 75 

GL occurred in successive months and were grouped together as a single flood event, 

these estimates were reduced to 117, 56 and 38 predicted flood events for the ND, EF 

and MDBC cap scenarios, respectively. The estimate of potential waterbird breeding 

events over the 112-year period considered only spring or summer flood events greater 

than 75 GL, and this resulted in 70, 38 and 22 predicted waterbird breeding events under 

the ND, EF and MDBC cap scenarios respectively. The data were used to calculate the 

mean return time of floods sufficient to trigger waterbird breeding. The simulations 

predicted a waterbird breeding event every 2 years under the ND, every 3 years with EF, 

and every 5 years under the MDBC cap.  
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Table 3.2. Predicted frequency of net monthly flows at Yarraman Bridge of varying 
magnitude, mean number of years between floods, number of flood events and 
number of waterbird breeding events, for the three management scenarios 
 

Variable 
Monthly 

flow 
category 

Scenarios 

No Development 
(ND) MDBC cap Environmental 

Flow (EF) 

Predicted frequency of net 
monthly flow at Yarraman 
Bridge between 1890 and 2002 

< 10 GL 680 1085 662 
10-75 GL 491 208 604 

75–150 GL 83 28 38 
150-200 GL 26 9 17 

> 200 GL 64 14 23 
Total number of months with 
net flow sufficient to induce 
waterbird breeding at 
Yarraman Bridge 

> 75 GL 173 51 78 

Mean number of years between 
sufficient flow to induce 
waterbird breeding 

> 75 GL 1 3 2 
> 150 GL 2 5 3 
> 200 GL 2 9 6 

Longest period between flow 
sufficient to produce waterbird 
breeding (in years) 

> 75 GL 4 15 11 
> 150 GL 10 29 19 
> 200 GL 12 29 29 

Total number of flood events > 75 GL 117 38 56 
Spring and summer flood 
events > 75 GL 70 22 38 

Potential frequency of bird 
breeding events > 75 GL every 2 years every 5 years every 3 years 

 

Approximately 155 GL/month would be required to inundate 55 000 ha of wetlands 

(Figure 3.2). In comparison with the MDBC cap, the EF scenario was predicted to 

double the number of flows in the range 150-200 GL/month, which would inundate 

55 000 ha of wetlands and produce feeding grounds for breeding waterbirds, as well as 

sustaining lignum and river coobah vegetation. Flows greater than 200 GL/month that 

are sufficient to expand the area of wetland to 150 000 ha, were predicted to increase by 

40%, from 14 under the MDBC cap scenario, to 23 under the EF scenario, over a 112-

year period.  

 

In addition to the size of flow, river regulation also affects the return time of floods. 

Under the ND scenario, monthly flow greater than 75 GL would occur every year on 

average, but river regulation at 1993–94 levels (MDBC cap) extended this to 3 years, 

while EF provision was predicted to reduce flood return time to 2 years. Under the ND 
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scenario, monthly flow greater than 150 GL was predicted to occur every 2 years on 

average; the MDBC cap extended this to every 5 years; EF was predicted to be more 

frequent at 3 years on average. Monthly flow greater than 200 GL, on average, was 

predicted to occur every 2 years under the ND scenario, every 9 years under MDBC cap, 

but every 6 years under EF.  

 

River regulation has also affected the maximum inter-flood interval. Under the ND 

scenario, the maximum period between monthly flow greater than 75 GL was predicted 

to be 4 years, but the MDBC cap extended this to 15 years. The provision of EF was 

predicted to produce a maximum inter-flood interval of 11 years. Under the ND 

scenario, the maximum interval between monthly flow greater than 150 GL was 10 

years; MDBC cap extended this to 29 years while EF brought this back to 19 years. 

Under the ND scenario, the maximum period between monthly flow greater than 

200 GL/month was 12 years, but the MDBC cap extended this to 29 years. EF was also 

predicted to have an inter-flood interval between flows of 200 GL/month of 29 years. 

Flooding greater than 75 GL occurred more frequently in summer than at other times 

(34% of summers for ND, 43% for EF and 37% for the MDBC cap) (Figure 3.3). 

Provision of EF improved the occurrence of these floods in summer (14 under MDBC 

cap to 24 under EF) and in spring (from 8 under MDBC cap to 14 under EF) over the 

112-year period.  



 

 
 

Figure 3.1. Past flood events in the Gwydir Wetlands (source: DIPNR) 
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Figure 3.2. Area of wetland inundated as a function of net flow to the Gwydir Wetlands at Yarraman Bridge during the previous calendar 
month 
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Figure 3.3. Number of flood events in different seasons 

3.3.2 Habitat provision function: increased wetland area 

The empirical relationship (Equation 3.1) between monthly flow and wetland extent was 

used to predict wetland extent for all 1344 months between October 1890 and September 

2002 (Table 3.3) for each scenario.  

 

851.0
91211430

2 =

−=

R
xy

        Equation 3.1 

where y = wetland area (ha) and x = flow (GL/month). 

 

The long-term mean monthly area of the wetlands under the ND, MDBC cap and EF 

scenarios was 11 514 ha, 3003 ha and 5041 ha, respectively. This implies that an extra 

2000 ha of wetland would be available for grazing as flood waters recede under the EF. 

Like many wetlands in semi-arid Australia, the Gwydir Wetlands frequently dry out. 

Under the three scenarios, the wetlands were inundated for 25%, 9%, and 16% of the 

time under the ND, MDBC cap and EF scenarios (Table 3.3), respectively.  
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Table 3.3. Extent, inundation period and mean area of the Gwydir Wetlands 

 

Measure 
Scenarios 

No 
Development 

MDBC 
cap 

Environmental 
Flow (WSP) 

Maximum wetland inundation extent (all in February 
1971) (ha) 529 624 266 327 335 337 

Number of months that wetland was inundated over 
1344 months 360 122 216 

Percentage of total no. of months inundated (%) 25 9 16 
Mean wetland area (ha/month) 11 514 3003 5041 

3.3.3 Improved grazing  

Prior to river regulation, the carrying capacity of the Gwydir Wetlands was 2 beasts /ha, 

but this has significantly dropped to 1 beast per 5 ha (Keyte, 1992; McCosker & Duggin, 

1993a). One beast is equivalent to 9 dry-sheep-equivalents (DSE) (Hajkowicz & Young, 

2002). This implies that the current carrying capacity is 1.8 DSE/ha, whereas it was 

18 DSE/ha before river regulation—a reduction of approximately 90%. Working with 

the current carrying capacity of 1.8 DSE/ha means that the additional 2038 ha that would 

result due to environmental flow provision would support an extra 3668 DSE.  

3.3.4 Habitat provision function: enhanced in-stream flow 

Under the EF, the protection afforded to low flows from the unregulated streams 

downstream of Copeton Dam and upstream of Gravesend is reflected in the increased 

long-term mean in-stream flow of the Gwydir River at Gravesend, Pallamallawa, and 

Yarraman Bridge. There was no significant difference at the 5% probability level 

between the mean monthly river flow under the MDBC cap and EF scenarios at 

Gravesend and Pallamallawa (Table 3.4). However, there were highly significant 

differences (p < 0.001, α = 0.01) for the mean monthly river flow at Yarraman Bridge 

between the MDBC cap and EF scenarios (Table 3.4). The predicted mean net annual 

flow at Yarraman Bridge was 168 GL and 292 GL for the MDBC cap and EF scenarios, 

respectively. This was a 70% increase in in-stream flow attributable to environmental 

flow provision.  
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Table 3.4. Descriptive statistics of the long-term mean monthly flow (ML) in the 
Gwydir River system (averaged over the period 1890-2002; n = 1344) 
 
Gauge station Scenario Mean Standard 

Deviation Minimum Maximum 

Gravesend 
MDBC 66 370 108 440 1658 1 263 663 

EF 66 430 105 203 1816 1 276 807 
ND 73 484 150 825 119 1 659 001 

Pallamallawa 
MDBC 65 063 105 024 1811 1 205 635 

EF 65 062 101 880 2009 1 218 817 
ND 75 912 159 960 129 1 850 099 

Yarraman Bridge 
MDBC 17 534 46 399 752 652 929 

EFa 27 390 58 726 1060 811 526 
ND 40 036 96 626 69 1 259 387 

a Significantly different from MDBC cap (p < 0.001). There were no differences at Pallamallawa and 
Gravesend at 5% significance level. 

3.3.5 Biodiversity outcomes: potential impact of enhanced environmental 

flow on native fish species 

Environmental flow provision was predicted to significantly enhance in-stream flow at 

Yarraman Bridge, increase the flooding frequency, increase extent of wetland inundation 

(Table 3.3), linking the river system with the floodplain, and increase the frequency of 

flood events occurring during summer and spring (Figure 3.3). All of these 

improvements would be likely to impact positively on the recovery of populations of 

native fish species. These improvements, coupled with the proposed restoration of the 

Gwydir Wetlands, would be provide suitable habitat for the return of the eight native 

fish species having potential distribution in the Gwydir River. These 8 species of native 

fish represent a fraction of the overall aquatic and floodplain biodiversity whose 

conservation will be enhanced: the populations of the existing 11 species of native fish 

that have been recorded in the Gwydir River may also be boosted. Possingham et al. 

(2002) recommended a multiplier of 245 for the spillover effects of conserving one 

species of freshwater fish on non-target fauna meaning that the conservation of one 

native fish species protects a minimum of 245 additional faunal species. More aquatic 

biodiversity would be protected if all of the 8 native fish species were protected. 
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Figure 3.4. Long-term mean monthly flow in the Gwydir River system at 
Yarraman Bridge (averaged over the period 1890-2002) 
 

3.3.6 Opportunity cost of environmental flow provision: reduced irrigation 

water availability 

The summary of water diversions in the Gwydir catchment (Table 3.5) indicates that 

irrigation water availability under the EF scenario was reduced by 9% (40 GL/year) 

compared to the MDBC cap diversions in the period 1993–94. Cotton would be the crop 

most affected by this reduction since it utilises 96% of all the irrigation water in the 

Gwydir catchment. Assuming that all of the 40 GL above would have been used for 

cotton production and considering that cotton yield was 0.97 ML/bale in 2006 (BCA, 

2006), the lost cotton production was estimated at 41 200 bales/year. This is the 

opportunity cost of EF provision in the Gwydir catchment. Table 3.6 summarises the 

various biophysical outcomes, linking them to relevant ecosystem services. The 

marginal changes in the ecosystem services formed the basis for economic valuation, the 

results of which are presented in Chapter 7. 
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Table 3.5. Summary of irrigation diversion outputs from the MDBC cap and 
Environmental Flow (EF) scenarios in the Gwydir catchment 
 

Component Mean annual average volume of water (GL) 
MDBC cap scenario EF scenario 

General security on-allocation 225 206 
General security off-allocation 112 75 
High security/stock and domestic/town water supply 9 9 
Sub-total 346 290 
Floodplain harvesting 24 18 
Rainfall runoff harvesting  89 111 
Total diversions 459 419 

 
Table 3.6. Summary of changes in ecosystem services associated with the provision 
of environmental flows (EF) 
 
Descriptive attributes Units Ecosystem good or 

service 
MDBC 

cap 
Environmental 

Flow 
Marginal 

change with EF 
Increased long-term 
mean in-stream flow at 
Yarraman Bridge gauge 

ML/year Biodiversity—aquatic 
ecosystem improvement 210 329 Positive 

Waterbird breeding Frequency Habitat provision Every 5 
years Every 3 years Positive 

Long-term mean 
wetland extent ha/month Pasture/Grazing 3003 5041 Positive 

Available water for 
irrigation GL/year Agriculture/ Irrigation 459 419 Negative 

Native fish No. of 
species Aquatic biodiversity 0 8 Positive 

3.4 Discussion 

Simulating components of natural flow variability by taking into consideration the 

magnitude, frequency, timing, duration, rate of change and predictability of flood events, 

is necessary to protect freshwater biodiversity and maintain essential goods and services 

provided by rivers and associated floodplains (Arthington et al., 2006; Poff et al., 1997; 

Reid & Brooks, 2000). The fundamental components of a wetland water regime are the 

quantity of water and the timing, duration and frequency of inundation (McCosker 

(1998). Capturing water upstream of endorheic rivers that end in terminal wetlands, such 

as the Gwydir, reduces the frequency and duration of flooding of the downstream 

wetlands (Kingsford, 1999a).  

 

The 75 GL/month that is required to inundate 20 000 ha thus triggering waterbird 

breeding in the Gwydir Wetlands, as estimated by this study, is close to the findings of 

similar studies in the Gwydir Wetlands. Using a water budget approach, Keyte (1994) 
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estimated that 32–80 GL/month was needed to flood 10 000 ha on the Lower Gwydir 

Watercourse of the Gwydir Wetlands; Bennett & Green (1993) showed that 83–

193 GL/month is needed to flood 23 500 ha of the Gwydir Wetlands to a depth of 

30 cm; McCosker & Duggin (1993b) used a water budget approach to estimate that 50-

113 GL/month—the actual amount depending on the season and antecedent 

conditions—is needed to flood 13 500 ha of water couch and spike-rush on the Gingham 

Watercourse of the Gwydir Wetlands; and Bennett & McCosker (1994) estimated that 

100 GL/month would be required to inundate 20 000 ha of the Gwydir Wetlands.  

 

Basing their estimates on regression of flow and area of inundation (derived from 10 

Landsat satellite images), Bennett & Green (1993) estimated that a flow of 

100 GL/month would flood the 20 000 ha of wetland that is dominated by water couch 

and rushes. The actual area flooded varies with antecedent conditions as well as time of 

the year and the height and duration of the event. Flood events that commence in 

summer will not flood as large an area as a winter commencement due mainly to 

evaporation (Kidson, 2000). 

3.4.1 Habitat provision function: waterbird breeding events 

Floods induce breeding events for most Australian waterbird species, and the best 

responses are in spring following the inundation of previously dry wetland (Scott, 1997). 

However, floods do not always last long enough to complete a breeding event. Most 

waterbirds require floods of between 2.5 and 3 months duration for breeding purposes 

(Dexter et al., 1986; Kingsford & Auld, 2005; Scott, 1997). Floods of this duration are 

necessary to ensure successive completion of the cycle of courtship, through to rearing 

of fledglings. Simulated provision of environmental flows in the Gwydir catchment 

predicted an increase in the number of floods that would occur in summer or spring, 

which is conducive to waterbird breeding. This underscores an additional potential 

ecological benefit from environmental flow provision. 

 

The breeding of colonial waterbirds is a useful measure for measuring effective 

environmental flow because waterbird breeding is highly responsive to high flow and 

flooding (Kingsford & Johnson, 1998). The modelling in this study predicted an 
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improvement in potential waterbird breeding events, which are likely to occur every 3 

years with EF in comparison to every 5 years under the MDBC cap scenario. Timing of 

EF releases is critical, and management of colonial waterbird breeding must coincide 

with appropriate seasons in order to allow sufficient time for birds to build up energy 

reserves and body condition for breeding (Kingsford & Auld, 2005). Environmental 

flow can be timed for release in order to prolong inundation of wetlands where waterbird 

breeding events have been initiated in response to natural floods (Reid & Brooks, 2000). 

Water managers need to know how much water is required to inundate such waterbird 

habitats (Scott, 1997). Upon establishing the relevant area being used by breeding 

waterbirds, water managers could use empirical relationships such as the one developed 

in this study (Equation 3.1) to estimate the amount of water that needs to be released 

from reservoirs to maintain prevailing or desired water levels in the wetland. The WSPs 

for the Gwydir River provide an annual environmental contingency allocation (ECA) of 

45 GL (NSW DIPNR, 2004). In the past, the ECA has been sufficient to complement 

naturally initiated waterbird breeding events to successful completion.  

 

Improved waterbird breeding in the Gwydir Wetlands has been reported since the 

adoption of flow sharing rules, further demonstrating the ecological benefits of 

providing environmental flows. Extensive waterbird breeding occurred in the Gwydir 

Wetlands during the summers of 1995–96, 1996–97 and 1998–99 (McCosker, 1996, 

1999, 2001). In floods during the summer and autumn of 1995–96, large numbers of 

colonial and non-colonial waterbirds bred in the Gwydir Wetlands. Approximately 

50 000 breeding pairs of straw-necked ibis, 40 000 breeding pairs of egrets, and 500 

breeding pairs of glossy ibis were recorded during the 1995–96 floods (Foster & Savage, 

1997; McCosker, 1996). About 100 000 breeding pairs of straw-necked ibis, 6000 

breeding pairs of egrets, 500 breeding pairs of glossy ibis were recorded during the 1997 

floods (Foster & Savage, 1997).  

 

Since flooding commenced in the Gwydir Wetlands in November 1995, five waterbird 

species (freckled duck Stictonetta naevosa, magpie geese, brolga, Australian bittern and 

black-necked stork Ephippiorhynchus asiaticus) listed as endangered species under 

National Parks and Wildlife Act 1974 (NSW) have been recorded (McCosker, 1996). Six 

species listed under CAMBA and JAMBA—the cattle egret Ardea ibis, great egret, 
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glossy ibis, Japanese snipe Gallinago hardwickii, greenshank Tringa nebularia and 

sharp-tailed sandpiper Calidris acuminata—have also been recorded in the Gwydir 

Wetlands (McCosker, 1996), further highlighting the conservation value of the Gwydir 

Wetlands. 

 

Although the modelling shows a potential increase in waterbird breeding events, this 

may not eventuate immediately just because of environmental flows. The 38 and 22 

potential waterbird breeding events predicted under the EF and MDBC cap scenarios, 

respectively, are the maximum possible numbers of waterbird breeding events that 

would have occurred in the 112-year simulation period. However, the actual number of 

waterbird breeding events during this period would probably have been lower because 

not all flood events lead to a breeding event, and not every waterbird breeding event 

concludes successfully. As Reid and Brooks (2000) cautioned, waterbirds are unlikely to 

be useful indicators of short-term changes in wetland ecosystems in response to 

hydrological management, although they may prove to be valuable indicators of wetland 

ecosystem changes over longer periods. This is because of the great mobility of these 

birds and the fact that they are able to exploit resources from local and distant water 

bodies. The incidence of waterbirds in a given wetland may depend upon conditions 

hundreds of kilometres away, rather than the condition of the wetland under 

consideration.  

3.4.2 Habitat provision function: enhanced in-stream flow  

Diversion of Gwydir River flow to satisfy irrigation demands for the growing of up to 

85 000 ha of cotton significantly reduced inflow to the wetlands since river regulation 

began (Bennett & Green, 1993). Table 3.4 shows an improvement of approximately 60% 

(from 17 000 ML under the MDBC cap to 27 000 ML under EF) in the long-term mean 

monthly flow at Yarraman Bridge because of environmental flow provision. The 

significant differences in long-term monthly flow at Yarraman Bridge between the EF 

and MDBC cap scenarios, underlines the fact that EF is superior to the MDBC cap 

scenario in meeting ecological outcomes. The increase in in-stream flow at Yarraman 

Bridge could be attributed to the environmental flow rules provided in the Gwydir WSP 

(NSW DIPNR, 2004) that protect low river flow up to a maximum of 500 ML/day, and 

 

 

71



guarantee that 50% of flow greater than 500 ML/day is protected for the environment. 

The protection of this low flow is designed to ensure that there is improved in-stream 

and channel flow to support aquatic ecosystems, but also that there is sufficient flow 

reaching the Gwydir Wetlands.  

 

Migrating fish species are known to require certain minimum flow volumes at particular 

points in their life cycle (Postel & Carpenter, 1997). Smaller annual floods play a vital 

role in sustaining low-level recruitment in aquatic species populations (Maheshwari et 

al., 1995). The regulation of stream flow under the MDBC cap scenario modified the 

hydrologic regime of the Gwydir River, with moderate-sized floods (10-75 GL/month) 

significantly reduced in frequency to 200 over 112-year simulation period. Provision of 

EF increased the frequency of medium-sized flows by 200% to 600. In the Gwydir 

catchment, protecting and stabilising low flow is deemed necessary for the successful 

nesting, spawning, and recruitment of 12 out of 18 native fish species known to occur or 

with potential distribution in the Gwydir catchment (McCosker et al., 1999)(Appendix 

A3). This link between stable low flow (resulting from enhanced in-stream flow) and 

fish recruitment is likely to enhance native fish populations in future. 

3.4.3 Habitat function: increased wetland area 

Hydrological changes are known to affect the ecology of wetlands (Reid & Brooks, 

2000; Shaikh et al., 2001). Declining waterbird populations have been attributed to 

wetland degradation occasioned by the decrease in flood events that river regulation has 

caused (Kingsford & Thomas, 1995). The larger the flood, the more expansive the area 

for waterbirds to forage and as the area flooded increases so do breeding populations 

(Kingsford & Thomas, 1995). 

 

The hydrological modelling analysis of the Gwydir River revealed that under ND flow 

conditions, flow greater than 75 GL/month would have flooded the wetlands for 

173 months over a 112-years period, whereas under the MDBC cap flood regime, this 

would have occurred in 51 months. With EF, flooding was estimated to occur in 78 

months. Similar trends were evident in the modelled results for the maximum duration 

between floods: 4 years, 15 years, and 11 years under the ND, MDBC cap, and EF 
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scenarios, respectively. Flows greater than 200 GL/month, being sufficient to expand the 

area of wetland to 150 000 ha and thus link the Gwydir River system to the expansive 

floodplain, were predicted to increase by 70% upon provision of EF in comparison to the 

MDBC cap scenario. This linking of the river system and the floodplain is important to 

the life cycles of wetland biota, which are related to flood pulses in terms of their timing, 

duration and the rate of rise and fall of floodwaters (Boulton, 1999; Reid & Brooks, 

2000). 

  

Major floods promote large-scale recruitment of flora and fauna in riverine and 

floodplain communities (Walker & Thoms, 1993), with many aquatic organisms leaving 

the river channel to make use of floodplain habitats as spawning, breeding, and nursery 

grounds (Postel & Carpenter, 1997). Kingsford & Johnson (1998) established the 

ecological value of large flows in a study that found a significant positive relationship 

between the number of nests of waterbird species and the total annual flow of water 

measured in the Macquarie Marshes, in central west NSW. Some native fish species, for 

example golden perch Macquaria ambigua found in the Gwydir River system, require 

flood events for successful spawning and recruitment (McCosker et al., 1999). 

3.4.4 Biodiversity outcomes: potential impact of enhanced environmental 

flow on native fish 

Eight species of native fish species are of conservation concern in the Gwydir 

catchment: six are threatened (silver perch Bidyanus bidyanus, freshwater catfish 

Tandanus tandanus, crimson-spotted rainbow-fish Melanotaenia splendida fluviatilus, 

spangled perch Leiopotherapon unicolor, Murray cod Maccullochella peelii peelii, non-

speckled hardyhead Craterocephalus stercusmuscarum fulvus, and golden perch; and 

two species purple-spotted gudgeon and olive perchlet Ambassis agassizii) are 

potentially threatened (Copeland et al., 2003; Morris et al., 2001). Changes in the 

frequency and timing of floods may have contributed to the decline in native fish 

populations in the Gwydir catchment by affecting the dispersal of fish from main river 

channels to floodplain wetlands (Copeland et al., 2003; Harris & Gehrke, 1997; 

McCosker et al., 1999). The rehabilitation of native fish populations is a major 

environmental concern in the Gwydir catchment and the NSW DIPNR (2004) envisages 
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that the provision of EF should assist in the protection and recovery of threatened native 

fish species. Reduced flood frequency reduces fish access to the food and habitat 

resources provided by floodplain wetlands. Further, fish-breeding success is likely to 

depend on synchronicity between flooding and food availability in floodplain habitats; 

changes in the timing of floods have the potential to affect this (Gehrke et al., 1995). 

Assuming that regulation of river flow has contributed to declining native fish numbers, 

attempts to introduce more ‘natural’ hydrological regimes (Reid & Brooks, 2000) and 

fish habitat restoration (Morris et al., 2001) should favour native fish species. 

 

As detailed in Appendix A2.3, all the native fish species in the Gwydir catchment 

reproduce in spring–summer, with most of them requiring stable low flow. Results 

presented in Figure 3.3 show an improvement in the timing of the floods, with more 

floods occurring in spring and summer under the EF scenario in comparison to the 

MDBC cap. Enhancement of in-stream flow as discussed in section 3.4.2, and the 

provision in the EF rules allowing for the release of environmental flow from 

environmental contingency allocations to support fish migration for breeding, is likely to 

boost the populations of the 11 species known to occur in the Gwydir River (NSW 

DIPNR, 2004).  

 

The planned rehabilitation of the Gingham Watercourse and Lower Gwydir River under 

the Native Fish Strategy, targeting a 45-km stretch of the Gwydir River to a width of 

30 km will complement the EF (MDBC, 2004c). According to MDBC (2004c), the 

likely benefits of undertaking action in this reach include: increase in spawning, 

recruitment and migration of native fish species; increase in species diversity and 

populations; and greater control over inundation of wetland areas (through ECA 

release). Some of the planned restoration activities include: rehabilitating fish habitat; 

protecting fish habitat; controlling alien fish species (carp control program); protecting 

threatened native fish species, and managing fish translocation and stocking with native 

fish species (MDBC, 2004c).  

 

The NSW RiverBank Program was established to purchase water rights and manage 

them for environmental benefit (NSW DEC, 2006). In particular, its goal is to make a 

significant contribution to the rehabilitation and protection of stressed rivers and iconic 
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wetlands in NSW. The Gwydir Wetlands was selected as one of the priority wetland 

sites. The purchased water will be used to rehabilitate wetland habitat for significant 

water-dependent biota, including floodplain eucalypts, waterbirds, frogs, reptiles, and 

fish. Increased water supply to the wetlands may create improved conditions for 

breeding and recruitment of native fish, which may then colonise the river system 

(Chessman & Jones, 2001). Additionally, the BRGCMA aims to conserve threatened 

and vulnerable aquatic species, populations, and communities as listed in schedules 4 

and 5 of the NSW Fisheries Management Act 1994. Such species include silver perch, a 

river snail (Notopala sublineata), and western populations of the olive perchlet and 

purple-spotted gudgeon (GCMB, 2003). These improvements, especially native fish 

translocation and restocking, are likely to re-introduce the eight species of native fish 

which potentially would occur in the Gwydir River. 

3.4.5 Improved pasture productivity 

In addition to providing ecological services such as habitat for breeding waterbirds, and 

nursery and feeding grounds for fish, the wetlands are also important for grazing. Water 

couch provides valuable pasture for cattle, particularly when surrounding areas are dry 

(Bennett & McCosker, 1994). Grazing has been one of the casualties of river regulation, 

with the limited flow being inadequate to provide the amount of grazing known 

historically. Graziers in the wetlands reported livestock production losses of 10-90% due 

to river regulation (McHugh, 1996). The improved wetland extent resulting from EF 

provision will provide additional grazing, thereby enhancing livestock production in the 

Gwydir Wetlands. The provision of EF would potentially increase the long-term mean 

monthly wetland area by 2000 ha, an increase of 67% over the ND scenario in 

comparison to the MDBC cap scenario. Provision of EF would support an additional 

3668 DSE compared to the MDBC cap, in addition to providing other ecosystem 

services.  

 

However, the grazing should be in line with the wise use principles of wetlands as 

espoused by the Ramsar Convention (Barbier et al., 1996). The direct and indirect 

impacts of grazing on aquatic plant communities are poorly documented and understood 

(Brock, 1998). Grazing can alter aquatic plant communities through soil compaction, 
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pugging and trampling, and through nutrient increase (Brock, 1998). Therefore, 

conservative stocking rates, with appropriate rotation of stock and placement of 

alternative watering sites, may help conserve wetland ecological values while still 

allowing access of stock to wetlands (Robertson, 1998).  

3.4.6 Opportunity cost: lost agricultural production 

Agriculture in the Gwydir catchment is the mainstay of the local economy, with irrigated 

agriculture the most important form of revenue generation. Irrigated agriculture has been 

growing steadily since the completion of Copeton Dam. The provision of EF in the 

Gwydir catchment clawed back 40 GL from irrigation. Assuming that all this water 

would have been used for cotton production, estimated lost production is over 41 200 

bales of cotton per year. This is a large economic cost, and the economic benefits and 

costs of the biophysical outcomes reported here are explained in Chapter 7.  

3.4.7 Possible detrimental effects of flow alteration 

Alterations to water regimes frequently favour invasive species, as is the case in the 

Gwydir Wetlands where the invasion of the weed lippia, is associated with reduced 

water quantity (Keyte, 1994; McCosker & Duggin, 1993a). Water hyacinth (Eichhornia 

crassipes) on the other hand flourishes with flooding (Foster & Savage, 1997). Brock 

(1997) showed that exotic seeds germinate in the Gwydir Wetlands most successfully in 

permanently waterlogged conditions, whereas native seeds germinate most successfully 

under naturally variable flooding conditions. There is an opportunity to link ecological 

and hydrological modelling in the Gwydir catchment to manage the invasive weed 

problems experienced with lippia and water hyacinth (Mawhinney, 2003). 

Environmental water allocations to wetlands could include water management strategies 

to control invasive species as well as the protection of endangered species and 

communities (Davis et al., 2001).  
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3.5 Conclusion 

This research has demonstrated that provision of environmental flow (EF) is likely to 

improve in-stream flow, wetland extent, waterbird breeding events, and native fish 

conservation status and therefore enhance the flow of these ecosystem goods and 

services. Pigram (2006) contended that there are currently no reliable means of 

monitoring the effectiveness of environmental water allocations, or of assessing the 

difference, if any, they make. In most cases, water resource managers have to make 

decisions based on limited information. To plot a precise relationship between wetland 

inundation area and river flow would require a large amount of expensive data (Bennett 

& McCosker, 1994). Nevertheless, in the absence of such data and understanding, 

simpler models may be adopted, provided an adaptive approach to management is 

practised. The measurement of surface area of wetlands subject to environmental flow 

will allow managers to refine calculations that relate river flow volumes and wetland 

flooding, thus simplifying decisions regarding the volume of water required to inundate 

wetlands (Reid & Brooks, 2000).  

 

Environmental flow management options are based on the premise that flood extent and 

waterbird breeding are useful surrogates for the full complement of biodiversity 

associated with ecosystems such as Gwydir Wetlands. Environmental flow had its 

genesis in attempts to promote waterbird breeding in wetlands affected by river 

regulation (Davis et al., 2001). This fact, along with strong community concerns 

regarding waterbirds, ensures that the success of hydrological management will be partly 

gauged by the abundance and diversity of birds living and breeding in wetlands 

(Kingsford & Halse, 1998; Reid & Brooks, 2000). This research has established the 

relationship between river flow and wetland extent and determined the estimated water 

volume required to inundate important waterbird habitat. Further research is required to 

classify Gwydir Wetlands according to the habitat requirements of different types of 

waterbirds.  

 

This research has further shown that EF management is important, since it expands 

wetland extent, providing pasture to livestock in the Gwydir Wetlands region. However, 
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provision of additional EF may mean less water is available for production systems such 

as agriculture, and this needs to be factored into benefit-cost analysis of enhancing EF. 

Evidently, there are many benefits associated with enhanced EF. Chief among them are 

the positive effects on biodiversity at almost all levels, ranging from macrophytes to 

macroinvertebrates, and from fish to waterbirds. Similar information for other biotic 

variables (e.g. floodplain eucalypts, amphibians) is required to weigh up different 

management options across the complex ecological community and processes that make 

up the Gwydir Wetlands. The flooding requirements of individual species and plant 

associations in the Gwydir Wetlands are currently not fully understood (Mawhinney, 

2003), and these are areas that require further research. The provision of EF should be 

supported by a comprehensive package of catchment-wide management practices and 

regulations, for example related to land-use, water rights and in-stream uses (Dyson et 

al., 2003). This research has shown that there are tradeoffs in providing EF, with some 

of the flow having to come from the former allocations to the irrigation industry. The 

management of EF is relatively new in Gwydir, and more studies are required, especially 

on the relationship between EF and long-term biophysical outcomes, and the linking of 

these outcomes to additional ecosystem goods and services. Such information should be 

provided to relevant managers for adaptive management of EF for maximum ecological 

and economic outcomes.  

 



4 CHAPTER 4: SPATIAL PRIORITISATION OF NATIVE 
REVEGETATION AND QUANTIFICATION OF ECOSYSTEM 

GOODS AND SERVICES FROM ICM  

4.1 Introduction 

The major land degradation problems in agricultural regions are ultimately related to the 

dramatic reduction in native vegetation cover and the fragmentation of retained 

vegetation (Hobbs, 1993; Scanlan et al., 1992). The clearance and modification of native 

vegetation has left a legacy of patches of native vegetation of various sizes, shapes, 

connectivity and condition (Williams, 2005b), leading to two further problems. Firstly, 

the viability of isolated small blocks of vegetation is generally poor (Scanlan et al., 

1992; Williams, 2005b). Secondly, there is a resultant lack of habitat diversity which 

usually causes localised extinction of the plant and animal species dependent on that 

vegetation (Glanznig, 1995; Scanlan et al., 1992; Smith et al., 2000). Reductions of 

native vegetation to below 30% surpass the sustainability threshold for terrestrial 

biodiversity and ecosystem services (Bennett & Mac Nally, 2004; James & Saunders, 

2001; Park & Alexander, 2005). Re-establishing native vegetation to at least 30% 

overall cover is the only recourse to stabilise the loss of ecosystem functions, loss of 

terrestrial biodiversity, and to control watertable and salinity rises in these landscapes 

(Dudley et al., 2005; James & Saunders, 2001). A minimum of 10% of landscape should 

be managed for conservation outcomes (McIntyre et al., 2002; Sivertsen & Smith, 2001; 

Smith et al., 2000). 

 

There is a considerable amount of native revegetation being undertaken in the 

agricultural areas of Australia with the objective of controlling or reversing current land 

degradation problems such as salinisation, wind and water erosion, and waterlogging 

(Lindenmayer & Burgman, 2005; Williams, 2005c). Conserving biodiversity in 

extensively cleared agricultural areas depends on dealing effectively with these 

problems, and the maintenance and restoration of some form of natural or semi-natural 

vegetation is seen as the major strategy to achieve this (Bennett, 2003; Bird et al., 1992; 

Hobbs, 1993). Bugg et al. (2002) estimated that 50 million ha of cleared private land 

may be suitable for tree-planting activities in NSW. Habitat corridors have been shown 
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to be valuable for the conservation of wildlife and they should be part of any native 

revegetation initiatives (Bennett, 2003). Corridors provide additional habitat for wide-

ranging species, pathways for emigration by dispersing juveniles, and as links between 

habitat patches (Kinross et al., 2004; Lindenmayer & Burgman, 2005; Pirot et al., 2000). 

Corridors should be located along environmental contours, for instance riparian zones, to 

ensure habitat continuity (Kinross et al., 2004; MacDonald, 2003), and are most 

effective when they link with larger areas of habitat (Bennett & Platt, 1999).  

 

There is a need for better tools to prioritise which areas require restoration for 

conservation, while simultaneously tackling land and water management issues (Apan et 

al., 2004; Dudley et al., 2005; Lu et al., 2003a). The alignment of native vegetation 

management with broader decision-making processes on water yield and quality, salinity 

management, and carbon sequestration requires greater attention in identifying tradeoffs 

that might arise from such interventions (Binning et al., 2000; O'Loughlin & Nambiar, 

2001; Williams, 2005c). For example, strategically located native revegetation in both 

recharge and discharge areas, is likely to be a more cost-effective strategy to manage 

salinity than broad-scale land-use change (Heaney et al., 2000; Herron et al., 2003a; 

Marcar & Crawford, 2004; Zhang et al., 2007).  

 

On the other hand, an outcome of native revegetation is the reduction of water yield 

from revegetated catchments (Bosch & Hewlett, 1982; Zhang et al., 2001). The need for 

strategic planning and targeting native revegetation interventions is imperative for two 

reasons: (1) with scarce funding for natural resource management (NRM), there is an 

urgent need to prioritise projects that deliver across a range of environmental objectives 

concurrently, and (2) to avoid perverse outcomes—in cases, for example, where native 

revegetation planted for carbon sequestration inadvertently reduces stream flows and 

hence concentrates salt, nutrients and pollutants in waterways (Binning et al., 2000). The 

challenging tasks are to evaluate the relative contribution of different on-ground projects 

and to study the impact of native revegetation projects across multiple environmental 

objectives and so document both negative and positive environmental outcomes from 

such interventions (Binning et al., 2000). A further challenge relates to being able to 

account for different ecosystem services concurrently, and so make transparent the 

multiple benefits arising from native revegetation (Binning et al., 2000).  
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Section 2.7.3 highlighted the impacts of land degradation in the Gwydir catchment, 

leading to declining land productivity, worsening water quality, and biodiversity loss 

(Donaldson, 2002). Redressing these NRM issues needs to be approached on a whole-

of-catchment basis and requires significant native revegetation (Buffier & The Allen 

Consulting Group, 2002). The challenge is to have an integrated land-use planning 

regime that identifies those specific locations in the catchment afflicted by various issues 

such as erosion, degraded riparian zones, and salinity outbreaks, and to prioritise 

integrated catchment management (ICM) interventions in order to maximise overall 

societal benefits (Apan et al., 2004). 

 

There is a growing emphasis on maintaining natural assets, first as a mechanism of 

addressing the root causes of many NRM problems even before they occur, and then, for 

ensuring continued flow of ecosystem goods and services from these assets (Binning et 

al., 2001; Park & Alexander, 2005; Tyson-Doneley et al., 2005). This, coupled with a 

renewed focus on the environmental benefits arising from native revegetation, has 

brought a new focus to tree planting for environmental reasons, and could spark further 

interest in environmental planting as a means of greater value realisation (Buffier & The 

Allen Consulting Group, 2002). However, limits to resources, and especially financial 

resources, impose a gap between the actions that may be desired and those that can be 

realistically achieved. This means that choices must be made about the locations at 

which conservation actions will have the greatest effect for the resources invested 

(Bennett & Mac Nally, 2004; Buffier & The Allen Consulting Group, 2002). This 

necessitates an asset-based approach to planning and investment in natural resource 

conservation and management; an approach that aims to prioritise management actions 

on the basis and the value of ecosystem services provided by assets, and the threats to 

those services (Park & Alexander, 2005; Victoria DSE, 2005).  

 

The main NRM problems in the Gwydir catchment—land degradation, soil loss, rising 

dryland salinity, deteriorating condition of riverine ecosystems and a reduction of native 

terrestrial biodiversity (BRGCMA, 2005; Donaldson, 2002; Foster et al., 2001) and 

proposed interventions to redress them—were discussed in section 2.7. Appendix A2.4 

summarises the proposed targets as detailed in the Gwydir Catchment Blueprint 
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(GCMB, 2003). One important task in revegetation planning for NRM issues is the need 

to map and prioritise revegetation areas in a catchment. According to Hobbs (1992) and 

Apan et al. (2004), this poses, two questions: (1) which areas should be planted? (2) 

Which area should be planted first? Moreover, prioritisation will help to rationalise 

spending and the deployment and allocation of input resources (Apan et al., 2004). The 

objective of the application of the asset-based approach in NRM being piloted by CMAs 

is the development of a framework that enables investment to obtain the best returns in 

terms of protection of assets and ecosystem services. In the Gwydir catchment, a 

catchment-scale ecosystem services approach would allow decision-makers to examine 

the linkages between land and water-use change in the upper and mid-catchment, and 

outcomes for irrigated agriculture and downstream wetland ecosystems. Upstream 

interventions affect production activities in the downstream irrigation districts on the 

plains. In turn irrigation and other farming activities on the plains affect the terminal 

wetlands, which are Ramsar-designated. This Chapter explores the utility of the 

ecosystem services approach in addressing multiple NRM issues at catchment scale 

through spatially explicit, biophysical modelling. The impacts of ICM interventions on 

the provision of ecosystem services are evaluated by determining the marginal changes 

of the flow of ecosystem services arising from these interventions.  

 

The aim of this Chapter is to identify the biophysical consequences for the flow of 

ecosystem goods and services in the Gwydir catchment of the proposed changes in land 

and water use, restoration and conservation management by the BRGCMA. The specific 

research objectives of this Chapter are to: (1) develop and evaluate a spatial framework 

for prioritising native revegetation sites for conservation outcomes, dryland salinity 

management and riparian zone rehabilitation; (2) assess the spatial extent of soil erosion 

and predict its impact on river sedimentation and agricultural productivity; (3) predict 

the mean annual water yield change and its spatial distribution based on current native 

vegetation cover and various proposed revegetation scenarios; (4) predict the impact of 

native revegetation on ecosystem services including water quality (reduced salinity and 

reduced sedimentation), carbon sequestration and biodiversity; and (5) analyse the 

spatial patterns of native revegetation sites and their associated ecosystem goods and 

services and recommend priority intervention areas. 
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4.2 Methods 

Datasets were obtained describing the extent and severity of natural resource 

degradation (salinity, riparian zone degradation, native vegetation loss, and land 

degradation) in the Gwydir catchment. The Gwydir Catchment Blueprint (GCMB, 2003) 

was consulted for the series of land-use changes and NRM interventions proposed to 

treat each issue (section 2.7 and Appendix A2.4). The impacts of the proposed land-use 

changes on water yield, carbon sequestration and biodiversity were estimated using GIS 

and a series of biophysical relationships sourced from the literature, which described the 

main biophysical effects of treating each form of degradation. A series of intervention 

scenarios was modelled to document the impacts and interactions of the various ICM 

interventions in terms of biophysical outcomes and ecosystem service provision. The 

current state or extent of each NRM issue was compared with potential future scenarios 

and outcomes, assuming that all these issues were addressed using management 

solutions proposed in the Gwydir Catchment Blueprint.  

 

The GIS analysis and final maps production were performed using ESRI Software 

ArcGIS (ESRI, 2004a). Table 4.1 describes the spatial data obtained from various 

government agencies and used in this research. All datasets were clipped to the extent of 

the Gwydir catchment boundary. New GIS layers were generated from original datasets 

through various GIS procedures, to produce spatial data for attributes used in modelling. 

The data were resampled to a standard raster cell size of 25 m x 25 m which was the 

highest resolution of the input datasets. All the datasets were reprojected to lambert 

conformal conic projection following methods described in ESRI (2004b). A planning 

horizon of 30 years was used since this is the normal length of a forestry cycle (Cacho, 

2001). Thirty years is also the minimum period for water yields to stabilise and for 

salinity to equilibrate after native revegetation (Zhang et al., 2007). The GIS 

manipulations of each dataset are detailed below. 



Table 4.1. Description of Gwydir GIS datasets and sources*  

 
Dataset Description Sources* Denotation** 
Rainfall Long-term mean annual rainfall surface (Appendix A2.1) DEC RAIN 
Land-use and 
land-cover 

Broad land-uses and land-covers in Gwydir catchment 
(Figure 2.2) 

DNR & 
BRS LULC 

Native forest 
and open forest 

Existing native forest cover and native open forest and 
woodland extracted from LULC and merged together to 
form forest layer 

DNR & 
BRS FOREST 

Pasture 
Highly modified pasture and native grassland and 
minimally modified pasture extracted from LULC and 
merged forming pasture layer 

DNR & 
BRS PASTURE 

Cropped area Cropping land-use extracted from LULC and saved as 
separate layer 

DNR & 
BRS CROP 

Rivers Main unregulated and regulated rivers in Gwydir catchment 
(Figure 2.1) DNR RIVER 

Agriculture Generated by merging PASTURE and CROP layers DNR & 
BRS AGRIC 

Potential 
riparian zone 

New layers generated by creating 20 m, 30 m and 50 m 
buffers around all rivers in RIVER layer Generated 

RIP_POT_20 
RIP_POT_30 
RIP_POT_50 

Vegetated 
riparian zone 

Generated by intersecting RIP_POT layers with FOREST 
layer Generated 

RIP_VEG_20 
RIP_VEG_30 
RIP_VEG_50 

Riparian zone to 
be restored 

Generated by intersecting RIP_POT with CROP and 
PASTURE layers, giving unvegetated riparian zone 
currently under pasture and cropped area 

Generated 
RIP_REST_20 
RIP_REST_30 
RIP_REST_50 

Streambank 
erosion Extent of streambank erosion in the Gwydir catchment DNR EROS_SB 

Rill, sheet and 
wind erosion 

Rill, sheet and wind erosion extent. Different erosion types 
and severity classes defined in Table 4.2 DNR EROS 

Salinity 
outbreak 
mapping 

Detailed information on nature and extent of salinity in 15 
sub-catchments affected by salinity DNR SALINITY 

Sub-catchments Boundaries for 15 sub-catchments affected by salinity DNR SUB_CAT 
Gauging 
stations 

Outlet gauge stations for each of 15 sub-catchments 
affected by salinity DNR GAUGE 

Land capability 
classes 

Rural land capability classification for Gwydir: described in 
Table 4.3 and extent of different classes shown as Figure 
4.6 

DNR LAND_CAP 

Key habitats 
and corridors 

Key habitat and corridors in Gwydir covering New England 
Tablelands and Nandewar bioregions DEC KHC 

Plantation 
potential 

Hardwood plantation potential classified by mean annual 
increment (MAI) in Gwydir catchment (Table 4.4) BRS PLANT_POT 

Protected areas National parks, nature reserves and state forests in Gwydir 
catchment DNR PA 

* DNR = NSW Department of Natural Resources; BRS = Bureau of Rural Sciences; DEC = NSW 
Department of Environment and Conservation; Generated = new GIS data extracted from original datasets 
or through GIS processing of the original datasets. 
** These codes are used for the various data layers in subsequent tables in this Chapter and Chapter 5.
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4.2.1 Modelling salinity management interventions  

Several simplifying assumptions had to be made for salinity modelling. Salinity 

treatments were assumed to be completely effective at controlling salinity on the site 

where they were located, and off-site control was assumed to be zero. Thirty years was 

assumed to be the period taken for salinity reduction benefits to be realised. As 

suggested by van Bueren et al. (2000) such restrictions are necessary because of the 

difficulties encountered in modelling the responsiveness of groundwater to specific 

treatments. The time taken to fully respond to a change in recharge depends on the 

groundwater flow system (GFS). There are three types of GFS in Australia. In local 

GFS, the watertable rises rapidly and saline discharge typically occurs within a 

minimum of 30 years of clearing native vegetation (Coram et al., 2000). Intermediate 

GFS experience increased discharge typically within 50 to 100 years of clearing native 

vegetation (Coram et al., 2000; Robins, 2004). Regional GFS can take much longer to 

develop increased groundwater discharge than local or intermediate flow systems, 

probably more than 100 years after clearing of native vegetation (Coram et al., 2000; 

Robins, 2004; Zhang et al., 2007). The GFS in the Gwydir catchment is mainly local and 

intermediate (basaltic rocks, low-relief granites, fractured rocks) (MDBC, 2004a). The 

most appropriate management strategy for local and intermediate GFS involves 

protection and enhancement of native vegetation on recharge areas (MDBC, 2004a). 

 

The Land-use Options Simulator (LUOS) software was used to model impacts of land-

use management on dryland salinity. It is a GIS-based decision support tool designed to 

estimate impacts of catchment-scale land-cover and management changes on salinity 

(Herron & Peterson, 2004; Herron et al., 2003b; Peterson & Herron, 2004). The LUOS 

salinity model processes an entire sub-catchment at a 25-m-grid resolution (Peterson & 

Herron, 2004), and works by linking scenario models with spatial data layers to facilitate 

the rapid assessment of different land-cover change scenarios. The LUOS includes a 

purpose-built GIS which allows spatial information to be visualised, analysed and 

processed, using in-built scientifically-based environmental models. Detailed equations 

and relationships are described in Herron & Peterson (2004) and Peterson & Herron 

(2004). The LUOS currently supports a salinity model which estimates the impacts on 
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average annual stream salinity of a land-cover or management change at a sub-

catchment outlet gauging station (GAUGE; Table 4.1). The approach uses spatial 

information relating to various sub-catchment characteristics to apportion average 

annual water yield and salt load from a measurement site back across the sub-catchment, 

based on hydrologic principles and salt storage patterns. When land-cover is changed 

within a sub-catchment, it changes the water balance components in the affected area 

and, consequently, the sub-catchment water and salt yield.  

 

The salinity model uses spatial information about a sub-catchment to weight every part 

of that sub-catchment in terms of its propensity to generate recharge and runoff and to 

mobilise salts (Peterson & Herron, 2004). The primary data layers which inform these 

weighted surfaces are rainfall, soil type, landscape position, groundwater salinity, soil 

salinity, and land-cover and use. The land-cover is varied by the user when defining a 

new scenario. The resultant changes in the weighted recharge, runoff and associated salt 

source area surfaces are compared to the initial weighted surfaces. The relative 

differences are used to estimate new sub-catchment streamflow and salt load totals for 

the scenario, from which an estimate of the salinity impact is computed. The LUOS 

software comes with datasets prepared for priority dryland salinity sub-catchments in 

NSW based on the best widely-available data in 2003 (Peterson & Herron, 2004). Pre-

prepared land-use maps that are more accurate than the map originally supplied for a 

sub-catchment can be installed to improve the accuracy of the salinity result. I updated 

the salinity outbreak and land-use datasets with more accurate information, obtained 

from DNR, on the latest salt outbreaks (2004) in the Gwydir catchment (SALINITY; 

Table 4.1). The salinity outbreak was categorised qualitatively in four classes from non-

saline to extreme salinity conditions. The LUOS software required that these salt 

outbreak classes be assigned representative quantitative salinity values. Accordingly, 

and as stipulated in the LUOS manual (Herron & Peterson, 2004), salinity values were 

assigned to salt outbreak areas as follows: 3000, 6000, 12 000 and 20 000 μs/cm, 

representing non-saline wet areas, low, moderate and extreme salinity conditions, 

respectively.  

 

The land-use data were updated too, by obtaining the best available data from DNR. The 

LULC layer (LULC; Table 4.1) contained nine categories of land-uses and covers. 
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However, LUOS software required detailed land-use information disaggregated to 

specific crop types. For instance: the LUOS cropping sub-categories anticipate response 

cropping, summer–winter cropping, irrigated trees and general cropping, while pasture 

sub-categories include shrub pasture, general pasture, lucerne, and so on. DNR’s 

detailed classification (LULC) of agricultural and pasture types in the Gwydir catchment 

(NSW DIPNR, 1998) was used to develop a base map with detailed disaggregated land-

use information for modelling in LUOS. The land-use grid in LUOS was represented by 

a hydrologic code, rather than a qualitative description of land-use (Peterson & Herron, 

2004), and this necessitated the reclassification of the updated disaggregated land-use 

layer into LUOS hydrologic codes.  

 

Targeting on-ground actions to areas where potential salinity benefits are greatest, leads 

to bigger reductions in stream salinities than a random approach (Apan et al., 2004; 

Herron, 2003; Stirzaker et al., 2002); and trees can be strategically planted on or 

adjacent to saline discharge sites (Marcar & Crawford, 2004). Thus, salinity 

management modelling focused on the Gwydir sub-catchments that are currently 

affected by salinity. The fifteen sub-catchments (SUB_CAT) affected by dryland salinity 

in the Gwydir catchment are: Bakers, Copeton, Georges, Gravesend, Hall, Horton, 

Keera, Laura, Moredun, Myall, Pallamallawa, Pinegrove, Stonybatter, Tycannah and 

Warialda (Herron & Peterson, 2004). The salinity and land-use layers were converted to 

grids with 25-m-cell resolution using the ArcGIS Spatial Analyst Tool to ensure that 

they were compatible with the other in-built grids in LUOS (Herron & Peterson, 2004). 

These two updated grids were uploaded into LUOS and the model was run to predict the 

potential biophysical outcomes in water yield and salinity loads in salinity-affected sub-

catchments for four scenarios: (1) revegetation of all dryland salinity outbreaks with 

native tree plantings; (2) revegetation of crops affected by dryland salinity outbreak with 

native tree plantings; (3) revegetation of grass pasture affected by dryland salinity with 

native tree plantings; and (4) conversion of salinity outbreaks under grass pasture to 

lucerne pasture. These results are reported for the outlet gauging station (GAUGE) for 

each sub-catchment (Peterson & Herron, 2004).  

 

In its current form, the LUOS only models land-use change scenarios and reports the 

results in terms of average annual water yield and salt loads (Peterson & Herron, 2004). 
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Annual average stream salinity (mg/L) was calculated as the ratio of annual average salt 

load to annual average water yield (Herron et al., 2003a), and converted to electrical 

conductivity using the relationship between the concentration of total soluble salts 

(mg/L) and electrical conductivity: total soluble salts (mg/L) = 0.68 x electrical 

conductivity (μS/cm) (Hart et al., 1990). The LUOS approach assumes an instantaneous 

switch from one equilibrium state to another (Herron & Peterson, 2004). In this research, 

we assumed that the new equilibrium will be achieved in 30 years based on the fact that 

the majority of the GFS in salinity-affected sub-catchments are local (MDBC, 2004a). 

4.2.2 Riparian zone restoration modelling  

The proposed riparian zone rehabilitation in the Gwydir catchment which involves 

establishment of 5000 ha of riparian vegetation was outlined in section 2.7.2 and is 

detailed in Appendix A2.4. Discussion in sections 2.7.1 and 2.7.2 highlighted the 

various widths required for riparian zones to perform different functions, with 20 m, 

30 m, and 50 m considered as some of the most practical widths. This study modelled 

three riparian zone widths. The riparian zone that required restoration for each buffer 

width was identified using the Gwydir river network layer (RIVER; Table 4.1). The 

potential riparian zone (RIP_POT) was generated by delimiting either side of the RIVER 

layer with 20 m, 30 m and 50 m buffers. However, some of the areas within the 

RIP_POT are covered with existing woody vegetation (FOREST; Table 4.1) and would 

therefore not require native revegetation. The vegetated riparian zone (RIP_VEG) was 

calculated by intersecting the RIP_POT layer with the FOREST layer (Table 4.1). The 

riparian zone earmarked for potential restoration (RIP_REST) was derived by 

intersecting the RIP_POT layers with the agriculture layer (AGRIC; Table 4.1). 

Revegetation of the riparian zone was only considered for areas under agriculture 

(cropped area and pasture land-uses). GIS was used to determine the length of 

unvegetated riparian zone along the Gwydir River (RIVER), by clipping the RIP_REST 

layers with the RIVER layer. River length was required to estimate the length of fencing 

on both sides of the restored riparian zone to exclude or manage grazing livestock in the 

riparian zone (Abel et al., 1997; McIntyre et al., 2000), as discussed in section 2.7.2. 

The areas of riparian zone affected by streambank erosion were identified by 

intersecting the streambank erosion (EROS_SB) and RIP_REST layers (Table 4.1). 
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Such areas would be afforded a high priority for intervention because they would 

address two issues simultaneously: erosion and riparian zone restoration.  

4.2.3 Degraded land rehabilitation  

The Gwydir Catchment Blueprint plans to rehabilitate 10% (82 972 ha) of the area 

affected by rill, sheet and wind erosion in the Gwydir catchment (see Appendix A2.4 

and section 2.7.3). The first ever systematic survey of land degradation carried out in 

New South Wales was completed by the NSW Soil Conservation Service (SCS) in 

1987—88 (Graham et al., 1988) and showed the area affected by land degradation in the 

Gwydir catchment. The survey, undertaken using a methodology developed by Graham 

(1989), assessed sheet and rill erosion, gully erosion, wind erosion, mass movement, 

scalding, dryland seepage salinity, irrigation salinity, induced soil acidity, soil structure 

decline, and woody shrub infestation (Graham et al., 1988). The sheet, rill, and wind 

erosion data (EROS; Table 4.1) were obtained from DNR. The data showed the extent 

and severity of the three forms of erosion as described in Table 4.2. The extent of each 

severity class under each erosion type was determined using GIS. The erosion (EROS) 

layer was intersected with the CROP and PASTURE layers to determine the extent and 

distribution of erosion in these two land-uses, forming a new GIS layer titled 

EROS_AGRIC.  

 

The soil loss from erosion-affected areas depends on erosion type and severity. The soil-

loss information range (Table 4.2) indicated by Donaldson (2002) for each severity 

class, was incorporated into the erosion GIS maps. The upper range for the extreme 

severity classification was assumed to be 200 t/ha/yr (Aveyard, 1983; NLWRA, 2001a). 

Using EROS_AGRIC as the base map, the annual soil loss in the catchment was 

estimated by multiplying the amount of soil loss associated with each erosion type and 

severity class by the corresponding area. This provided the total annual soil loss (t/yr) 

for that erosion severity class. Erosion contributes to declining land productivity by 

removing the uppermost layers of soil which contain higher proportions of nutrients and 

organic matter (Graham et al., 1988; Lal, 1998). The reduction in productivity—

estimated as the decline from value of production obtainable with current land-uses had 

there been no degradation—provides a measure of the production equivalent of 
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degradation. Relationships have been established between the amount of erosion and 

crop productivity decline (Rose, 1992).  

 

Table 4.2. Soil erosion classes, severity and estimated soil loss (sources: Donaldson, 
2002; Graham, 1989; Graham et al., 1988) 
 
Erosion 
class Definition Severity Soil loss (t/ha/yr) 

Sheet 

Removal of fairly uniform layer of soil from 
land surface by raindrop splash and or 
runoff. No perceptible channels are formed 
 

Minor 1–5 
Moderate 5–10 

Severe 10-25 
Extreme 25–200 

Rill Removal of soil by runoff forming 
numerous small channels up to 30 cm deep 

Minor 1–5 
Moderate 5–10 

Severe 10-25 
Extreme 25–200 

Wind 

Detachment and transport of soil by wind, 
leading to loss of finer soil particles leaving 
only larger ones 
 

Minor 1–10 
Moderate 10-20 

Severe 20-40 
Extreme 40-200 
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Figure 4.1. Soil loss and crop productivity relationship in eastern Australia 

(source:(Watt, 1990) 
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The relationship derived by Watt (1990) that described the effect of topsoil loss on crop 

productivity relevant to eastern Australia (Figure 4.1) was used to model the impact of 

erosion on crop and pasture yield in the Gwydir catchment. The reduction in yield 

predicted by this relationship was assumed to apply to both crops and pastures. I 

recomputed the regression (MRY = 95.76 – 0.023x) from the data in Watt (1990) by 

forcing the line through the point (0 t/ha, 100%) (Equation 4.1). The original equation 

was computed with an intercept which implied an automatic reduction in crop yield of 

5% for no soil loss.  

 

MRY = 100 – 0.0224x        Equation 4.1 

where mean relative yield (MRY) is crop yield expressed as a mean relative percentage 

of the yield at zero soil loss, and x is soil loss in t/ha.  

 

The average crop (wheat) yield in the Gwydir catchment was 2.5 t/ha (Scott & Manning, 

2007; Scott et al., 2004). A reduction in pasture productivity was related to livestock 

productivity by assuming that average pasture yield in the Gwydir catchment was 

2500 kg dry matter (DM)/ha/yr based on Ayres et al. (2001). One dry sheep equivalent 

(DSE) requires approximately 700 kg DM/yr (NSW DPI, 2006; Prance, 2004). It was 

therefore possible to relate predicted pasture yield reductions due to erosion to 

corresponding reductions in carrying capacity in DSE/ha.  

 

Section 2.8.7 outlined some of the off-site impacts of erosion which included 

sedimentation. Soil conservation practices, stop soil erosion, protecting soil that would 

otherwise have been washed off to rivers and floodplains. The benefits of soil 

conservation measures were estimated as reduced sedimentation, in addition to the 

positive impacts of soil conservation practices on crop and pasture yields. Derose et al. 

(2003) estimated that in the Gwydir catchment, 34% of sediment moved by erosion is 

deposited in riverbeds, 46% is deposited in floodplains, whereas 20% is exported from 

the catchment (Table 2.3). These proportions were used to calculate the amount of 

sediment from erosion in agricultural land that was deposited in riverbeds and 

floodplains, and the amount exported from the Gwydir catchment. 
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4.2.4 Native revegetation 

In the Gwydir Catchment Blueprint, the BRGCMA outlined plans to establish an 

additional 135 000 ha of native vegetation in yet-to-be-identified strategic locations to 

enhance terrestrial biodiversity (see section 2.7.1 and Appendix A2.4). Two approaches 

were considered in modelling priority areas to be revegetated: (1) identifying suitable 

revegetation areas based on land capability potential, and (2) identifying and targeting 

revegetation in potential key habitat areas and wildlife corridors in the Gwydir 

catchment. Since many of the current land degradation problems are a direct result of 

over-clearing, logically revegetating some of the cleared areas currently under crops and 

pasture is essential to reversing the degradation process (Hobbs, 1992). Further 

degradation can be avoided by using land within its capability. Land capability is based 

on assessment of the biophysical characteristics of land, such as soil and topographical 

features including steepness and drainage (Emery, 1986). The classification reflects the 

capacity of land to support a particular land-use in a long-term sustainable manner. Land 

capability classes are numbered I–VIII; the higher the class number, the greater the 

limitations or potential hazard to agricultural use (Emery, 1986).  

 

Table 4.3 shows the land capability classification, soil conservation practices, and the 

recommended percentage tree cover for each class. Land classes VII and VIII often have 

high conservation value and fall within wildlife reserves because they often contain the 

least disturbed ecosystems. The selection of these areas for conservation purposes would 

not cause any significant conflict in terms of competing rural uses as they have low 

potential for agricultural production. For rural planning, land capability classes can be 

combined into three categories of potential land-use: land suitable for cultivation 

(Classes I, II and III); land suitable for grazing (Classes IV, V and VI); land not suitable 

for agricultural use and best protected by trees (Classes VII and VIII) (Emery, 1986).  

 

Criteria were developed for selecting areas that could be revegetated with native 

vegetation to contribute towards the 135 000 ha of native revegetation planned by 

BRGCMA. The underlying assumption in this analysis is that native revegetation will be 

undertaken in areas that are currently under pasture and cropping. Areas suitable for 

revegetation in the Gwydir catchment were identified based on rural land capability 
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mapping for the Gwydir procured from DNR (LAND_CAP; Table 4.1). The 

LAND_CAP was intersected with the agricultural layer (AGRIC; Table 4.1) to provide a 

base map that showed all the land capability classified under crops and pasture land-uses 

(LAND_CAP_AGRIC). 

 

Table 4.3. Land capability map legend (sources:(Donaldson, 2002; Emery, 1986) 

 

 

Land capability 
classification and 
soil conservation 

measures 

Soil conservation practices 
Tree 
cover 
(%) 

Su
ita

bl
e 

fo
r 

re
gu

la
r 

cu
lti

va
tio

n 

I 

No special soil conservation works or practices. Land suitable for a wide 
variety of uses. Where soils are fertile, this is land with highest potential for 
agriculture, and may be cultivated for vegetable and fruit production, cereal 
and other grain crops, and energy crops. Prime agricultural land 

5 

II Soil conservation practices such as strip cropping, conservation tillage and 
adequate crop rotation 10 

III 
Structural soil conservation works such as graded banks, waterways and 
diversion banks together with soil conservation practices such as conservation 
tillage and adequate rotation 

10 

Su
ita

bl
e 

fo
r 

gr
az

in
g IV 

Soil conservation practices such as pasture improvement, stock control and 
application of fertiliser and minimal cultivation for establishment or re-
establishment of permanent pasture. Land not suitable for cultivation on a 
regular basis owing to limitations of slope gradient, soil erosion, shallowness 
or rockiness, climate, or a combination of these factors 

15 

V 
Structural soil conservation works such as absorption banks, diversion banks 
and contour stripping together with practices as in Class IV. Land not suitable 
for cultivation 

15 

VI 
Soil conservation practices including limitation on stock, broadcasting of seed 
and fertiliser, prevention of fire and destruction of vermin. May include some 
isolated structural works 

50 

O
th

er
 

VII Land best protected by trees. Very important for protecting biodiversity 100 

VIII Cliffs, lakes or swamps and other lands unsuitable for agricultural and pastoral 
production 100 

Special 
land-use 

State forests, national parks, nature & forest reserves 100 

Urban, mining, water, etc. 0 

The pasture and cropping layers (CROP and PASTURE; Table 4.1) were intersected 

with the land capability class map (LAND_CAP, Table 4.1) to establish the areas under 

crops and pasture in each land capability class. Suitable areas for native revegetation 

were determined by: (1) selecting pasture and cropped areas falling in land capability 

classes VII–VIII and special land-uses in the LAND_CAP_AGRIC layer because these 
 

 

93



classes are unsuitable for agriculture and pastoral production; (2) all cropped areas in 

land capability classes IV–VI were selected for revegetation because they are better used 

for grazing and cropping of these classes does not accord with their land capability 

classification. These two revegetation priority areas were merged to form a new layer 

(LAND_CAP_REVEG) that highlights strategic areas for revegetation in the Gwydir 

catchment. Considering that the area requiring vegetation is large and the cost of 

displacing traditional agricultural enterprises significant, tree-planting design must aim 

at achieving the best outcomes with the least displacement of valuable agricultural land 

(Stirzaker & Vertessy, 2002). Land capability classes I–III are the most productive and 

useful for agriculture and were therefore only considered for revegetation where they 

provided important key habitats and corridors as described below. 

 

The second approach identified additional areas that could be revegetated through key 

habitats and wildlife corridors connecting various conservation areas in the Gwydir 

catchment as identified by the NSW National Parks and Wildlife Service’s Key Habitats 

and Corridors Project (Scotts, 2001). The mapped outputs of the Key Habitats and 

Corridors Project provided a state-of-the-art representation and consolidation of areas of 

potential high conservation value for priority forest fauna, and habitat corridors that link 

these across the Nandewar and New England Tableland bioregions (Scotts, 2001). The 

Key Habitats and Corridors Project mapped the highest priority regional key forest and 

woodland habitats. Patches of forest or woodland greater than 1000 ha in size were 

considered to support core habitat of species with the largest home ranges. Landsat-

derived woody, non-woody coverage was used to identify the distribution of forest and 

woodland in the region down to 20% canopy cover, at the resolution of 50-m grid cells. 

Using this coverage, all of the inter-connected vegetation patches greater than 1000 ha 

were included as key habitats (Scotts, 2001).  

 

Having derived fauna key habitats as focal areas for habitat protection, the next step was 

to address landscape connectivity by delineating wildlife corridors (Scotts et al., 2000). 

Corridors were designated as follows. Regional corridors were wide enough (1 km) to 

have their own ecological integrity—including sufficient habitat for resident populations 

of focal species and interior habitat for species detrimentally impacted by edge effects 

(Scotts et al., 2000)—and linked formal reserves to other public lands, key habitats or to 
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other corridors. Sub-regional corridors were wide enough (500 m) to support resident 

populations of at least a subset of priority species or wide enough to provide a 

substantial link between key habitats and other key habitats, reserves, public lands or 

other corridors (Scotts et al., 2000). The other corridors were riparian zones (50 m wide) 

and Travelling Stock Reserves (TSR) (100 m) (Scotts, 2001). 

 

The key habitats and corridors (KHC) in the data layer for the Gwydir catchment was 

procured from the NSW Department of Environment and Conservation (Table 4.1). 

Existing protected areas (e.g. national parks etc.) were excluded from KHC because they 

were already vegetated. Forested areas (FOREST; Table 4.1) were clipped from KHC 

but saved separately as KHC_FOREST. The KHC_FOREST layer was considered to 

consist of conservation areas that should be managed for conservation outcomes, 

contributing to the BRGCMA’s goal of managing 10% (266 000 ha) of the Gwydir 

catchment for conservation outcomes. The KHC layer was intersected with the AGRIC 

layer generating a new layer (KHC_REVEG) showing areas of the proposed KHC that 

were under crop or pasture and to be prioritised for native revegetation. Unlike 

revegetation to redress salinity and riparian zone degradation, land capability 

(LAND_CAP_REVEG) and KHC (KHC_REVEG) revegetation was solely for the 

purpose of enhancing biodiversity in the Gwydir catchment and the two layers were 

therefore merged to form a single terrestrial biodiversity (native) revegetation layer 

(BIODIVERSITY_REVEG). 

4.2.5 Integrating native revegetation areas  

An integrated approach was required to investigate the multiple outcomes of the 

combined native revegetation. All the separate revegetation interventions—salinity 

management (SAL_REVEG), riparian zone restoration (RIP_REVEG) and terrestrial 

biodiversity native (BIODIVERSITY_REVEG)—were merged to form a single 

revegetation layer (INTEGRATED_REVEG). The INTEGRATED_REVEG layer can 

be used for prioritising strategic native revegetation in the Gwydir catchment. Areas of 

the catchment with more than one NRM issue (e.g. salinity and riparian zone 

degradation) should receive greater priority for intervention than areas with one NRM 

issue. Revegetation can have both negative and positive impacts on ecosystem service 
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provision. For instance, revegetation of salinity outbreak areas can reduce salt loads but 

also decrease water yield from treated areas. Given the scale of the overall problem, it is 

important to prioritise restoration works and start with areas where limited efforts will 

have a positive impact (Prosser et al., 2001). Further modelling was conducted to 

establish the impacts of revegetation on ecosystem services, such as carbon 

sequestration, biodiversity, catchment water yield and water quality, as well as 

determination of the opportunity cost in terms of lost agricultural production. 

4.2.6 Carbon sequestration 

A strategic assessment of plantation options across NSW (Bugg et al., 2002) determined 

the biophysical capability and suitability of growing trees for wood production and other 

purposes, such as carbon sequestration in different parts of the state. Relative 

productivity was divided into six hardwood classes, and indicative ranges of mean 

annual increment for each productivity class estimated (ABARE & BRS, 2001; Bugg et 

al., 2002). A GIS layer showing these classes and the mean annual increment of planted 

hardwood forests in the Gwydir catchment was obtained from the Bureau of Rural 

Sciences (BRS) (PLANT_POT; Table 4.1). The PLANT_POT layer (Appendix A4.1) 

was overlayed with the different revegetation intervention layers (salinity, riparian zone, 

biodiversity, and integrated revegetation) to determine respective hardwood 

productivities in these areas. The area of each intervention and its respective hardwood 

productivity class was multiplied by the carbon sequestration rate (Table 4.4) to estimate 

carbon sequestration from revegetation with hardwoods.  
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Table 4.4. Mean annual increment and estimated carbon sequestration for 
hardwood productivity classes in NSW (source:(ABARE & BRS, 2001)  
  

Class Description MAI* 
(m3/ha/yr) 

Carbon 
(t/ha/yr) 

1 Area of high productivity capable of traditional plantations using 
existing production species and establishment techniques > 20 9.4 

2 Area of medium productivity capable of traditional plantations using 
existing production species and establishment techniques 16–20 7.7 

3 Area of lower productivity capable of traditional plantations using 
existing production species and establishment techniques 12–16 6.0 

4 

Not usually considered for traditional plantations but capable of tree 
planting to provide environmental and or other benefits. Traditional 
plantation development may be possible with improved tree breeding 
and establishment techniques and income streams from 
environmental benefits 

8–12 4.3 

5 

Not previously considered for traditional plantations but may be 
capable of tree planting to provide environmental and or other 
benefits. Commercial ventures would require alternative 
establishment techniques and improved tree breeding and income 
streams from environmental benefits 

3–8 2.4 

6 

Not considered for traditional plantations and very low productivity is 
associated with high establishment risk. Commercial ventures would 
depend on alternative establishment techniques, improved tree 
breeding and other technological advances and income streams from 
environmental benefits 

< 3 0.6 

*Mean annual increment (MAI) is average annual growth of merchantable timber in ha of trees over an 
entire rotation length (approximately 30 years), measured as cubic metres of wood volume growth per 
hectare of plantation per year (ABARE & BRS, 2001).  

4.2.7 Estimating the impacts of revegetation on water yield  

I used the methods of Bradford & Zhang (2002) in implementing Zhang’s water balance 

model (Zhang et al., 2001) in a GIS framework. This model was employed to estimate 

the impact of revegetation on water yield across the catchment. Zhang et al. (2001) used 

results from over 250 catchments worldwide to determine an empirical relationship for 

average annual evapotranspiration (ET) as a function of the percentage area of the 

catchment that is forested (f) and annual rainfall (P) (Equation 4.2).  
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Assuming that the change in catchment water storage over a long period is zero, average 

catchment water yield is the difference between long-term average precipitation and 

evapotranspiration (Zhang et al., 2001). Water yield was therefore derived by 
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subtracting the estimated evapotranspiration (ET) from the long-term mean annual 

rainfall (P) (RAIN; Table 4.1 and Appendix A2.1). An Arc Info program (Arc macro 

language, AML) was written to automate the estimation of changes in ET and forest 

cover in a GIS framework. The reduction in water yield was modelled for the following 

revegetation scenarios: riparian zone, salinity outbreaks, biodiversity, and integrated 

revegetation interventions. It was expected that the water yield from the forested 

scenarios would be less than under the current LULC categories with no trees. The water 

yield was calculated for the four proposed revegetation layers (SALINITY_REVEG, 

RIP_REVEG, BIODIVERSITY_REVEG and INTEGRATED_REVEG) giving water 

yield after revegetation (WY_AFTER). Water yield was also calculated from the 

original land-use and cover for each of the four proposed revegetation areas giving water 

yield before revegetation (WY_BEFORE). Water yield after revegetation (WY_AFTER) 

was then subtracted from the water yield before revegetation (WY_BEFORE) to 

establish the reduction in water yield due to revegetation. 

tion linking bird species (S) and habitat area (A) (Equation 4.3) of Ford & 

owe (1980): 

 = 13.64 * A0.166                              Equation 4.3 

 

4.2.8 Native vegetation and biodiversity improvement 

The area of native vegetation modelled was used as a surrogate for biodiversity 

improvement, due to a lack of detailed local information about the status of most species 

in the Gwydir catchment. Native vegetation is an important attribute of biodiversity and 

it is assumed that native vegetation is a crude but useful surrogate for some attributes of 

biodiversity (Freudenberger & Harvey, 2003; Williams, 2005c). Additionally, species–

area relationships used to demonstrate the potential of increasing bird species richness 

due to revegetation. Small-scale revegetation can provide occupiable habitat for a 

remarkable diversity of woodland birds (Freudenberger & Drew, 2001; Freudenberger & 

Harvey, 2003). Many researchers have found a significant positive relationship between 

remnant area and the number of bird species inhabiting remnants (Grover & Slater, 

1994; Howe et al., 1981). The potential increase in woodland birds was estimated using 

the power func

H

 

S
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This relationship was entered into all the GIS revegetated area layers of and used to 

predict the number of birds for each of the revegetated forest patches.  

4.2.9 Water quality enhancement 

Some of the proposed revegetation to redress salinity outbreak and riparian zone 

degradation, and to enhance native biodiversity and integrated revegetation, fell in areas 

that are currently affected by soil erosion. To establish the overlap areas between the 

revegetation and soil erosion areas, all of the revegetation zones were intersected with 

the erosion layer (EROS). Revegetating these areas reduced soil loss and thus reduced 

sedimentation into rivers and creeks. The soil loss from these areas was estimated using 

the methods described in section 4.2.3. 

4.2.10 Shelter and competition effects on crop and animal productivity 

A competition zone of 30 m (two tree heights) width was computed around all native 

revegetation interventions and intersected with the CROP and PASTURE layers (Table 

4.1) to delineate the agricultural areas that would suffer reduced production due to 

competition from planted trees. The total wheat yield in the competition zone was 

calculated by multiplying the crop area by the average district yield (2.5 t/ha). The 

competed pasture area was multiplied by the average district livestock carrying capacity 

(1 DSE/ha) to establish total livestock production from the pasture area in the 

competition zone. The overall wheat and livestock yield losses from crop and pasture 

competition were established by multiplying the total wheat and livestock yield, 

respectively, by three competition factors—10%, 20% and 40% (Abadi et al., 2006; Bird 

et al., 2002) (section 2.8.11).  

 

A shelter width of 20 tree heights and a mature tree height (H) of 15 m was assumed, 

giving a total shelter width of 300 m beyond the competition zone above. The shade and 

shelter zone extending 300 m (20 tree heights) in width was estimated around all native 

revegetation interventions and intersected with the CROP and PASTURE layers (Table 

4.1) to delineate the agricultural areas that benefited from improved production due to 

shade and shelter from planted trees. The total wheat yield in the shelter zone was 

calculated by multiplying the crop area by the average district yield (2.5 t/ha). The 
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sheltered pasture area was multiplied by the average district livestock carrying capacity 

(1 DSE/ha) to establish the total livestock production in the pasture area within the 

competition zone. The overall wheat and livestock yield improvements from crop and 

pasture sheltering and shading were established by multiplying the total wheat and 

livestock yield, respectively, by four shelter factors: 2%, 10%, 20%, and 40% (section 

2.8.11). 

4.2.11 Impact of NRM interventions on agricultural production 

The interventions to redress various NRM issues proposed in the Gwydir Catchment 

Blueprint and as modelled in this study, had an opportunity cost in terms of foregone 

production from cropping and grazing (section 2.8.16). It was assumed that revegetated 

areas would be retired from commercial production and managed for conservation 

outcomes. The retirement of agricultural land for conservation, as envisaged in the 

revegetation of salinity outbreaks, riparian zone, biodiversity, and integrated native 

revegetation, represents a cost to landholders in terms of foregone agricultural 

production. The extent of crop and pasture areas taken up by native revegetation was 

estimated using GIS.  

4.3 Results  

4.3.1 Salinity management outcomes 

Dryland salinity outbreak affected 8922 ha in 15 sub-catchments (Figure 4.2) in various 

forms: salinity in areas with gullies; rill and sheet erosion; presence of salt-tolerant plant 

species, and non-saline wet sites (discharges) (Table 4.5). Fifty percent (4467 ha) of 

salinity outbreaks was indicated by the presence of salt-tolerant plant species. 

 

The land-use of 72% of the salinity-affected area was pasture, 18% was under crops, and 

the remaining 10% was in forested and urban areas. Section 4.2.1 highlighted that LUOS 

predicts changes between two time periods: the current period which represents the 

‘before’, and a future period, which in this study is ‘after’ 30 years. Thus, the changes in 

water yield, salt loads and salinity reflect the levels of these attributes at a point 30 years 

in the future. Revegetating the 8922 ha affected by salinity with trees decreased the 
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water yield from the affected sub-catchments by 0.5% (5620 ML) and reduced the salt 

load by 0.9% (1387 t) (Table 4.6). Using lucerne to mitigate salinity in the same area 

reduced catchment water yield by 2136 ML and salt load by 1099 t. Copeton (1252 ha), 

Horton (2776 ha) and Tycannah (1427 ha) were the three most salinity-affected sub-

catchments. They also had the greatest reduction in water yield from both tree 

revegetation (1586 ML, 1418 ML and 651 ML respectively) and lucerne revegetation 

(722 ML, 269 ML and 246 ML respectively). Salt load reductions were highest in the 

Horton (569 t), Myall (161 t) and Pinegrove (137 t) sub-catchments under tree 

revegetation. The highest reductions in salt loads by lucerne planting were predicted for 

Horton (332 t), Myall (135 t) and Pinegrove (135 t). Overall, lucerne was more effective 

in reducing salinity (24.7 μs/cm) than trees, which reduced salinity by 19.9 μs/cm (Table 

4.6). Myall (5.2 μs/cm), Tycannah (3.6 μs/cm) and Halls (3.4 μs/cm) sub-catchments 

had the largest reductions in salinity under lucerne revegetation. Greatest reduction in 

salinity under tree revegetation was predicted from the Myall (5.3 μs/cm), Bakers 

(2.3 μs/cm) and Pinegrove (2.3 μs/cm) sub-catchments. Salinity management by tree 

revegetation was predicted to increase salinity by 0.031 μs/cm in the Moredun sub-

catchment (Figure 4.3). 

 

Targeting pasture in salinity outbreak areas for tree revegetation encompassed an area of 

6504 ha and led to a reduction in water yield of 4906 ML, a decline in saltload of 1436 t 

and a reduction in salinity by 24.0 μs/cm (Table 4.7). Targeting the cropped portion of 

salinity outbreak areas for revegetation encompassed an area of 1658 ha, and reduced 

water yield by 2176 ML, decreased saltload by 986 t, and reduced salinity by 19.6 μs/cm 

(Table 4.7; Figure 4.3). Using trees to manage salinity in affected cropped areas would 

increase salinity in Georges (0.002 μs/cm) and Laura (0.014 μs/cm) sub-catchments 

(Table 4.7). Salinity management intervention by tree revegetation was predicted to 

increase salinity in Moredun sub-catchment by 0.007 μs/cm. Myall sub-catchment had 

the greatest reduction in salinity from tree revegetation in both pasture (5.2 μs/cm) and 

cropped areas (6.9 μs/cm) (Figure 4.3). In addition to controlling salinity, grazing in 

areas under lucerne supported 8 DSE/ha (Scott et al., 2004). Rehabilitating the salinity 

outbreak area (8922 ha) with lucerne would therefore support an additional 71 376 DSE. 
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Table 4.5. Salinity types and extent in the Gwydir catchment (source:(DIPNR) 

 
Salinity description Area 

(ha) 
Percentage 

(%) 
Early phase of dryland salinity outbreak indicated by presence of salt-tolerant 
plant species 4467 50 

Non-saline wet site 2100 24 
No appreciable erosion 1290 14 
Dryland salinity outbreak affected by low to moderate levels of sheet erosion 641 7 
Dryland salinity outbreak affected by severe to extreme rates of rill and sheet 
erosion 255 3 

Moderate gully erosion: salt discharges within gully floor or from banks of gully 93 1 
Minor gully erosion: salt discharges within gully floor or from banks of gully 76 1 
Sub-total 8922 100 
Potential salinity-affected areas, not confirmed 349  
Total 9271  

 

 
Figure 4.2. Salinity outbreaks and affected sub-catchments in the Gwydir 

catchment 
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Table 4.6. Effect of two salinity management interventions (tree planting and lucerne) on water yield, salt loads and salinity from 
affected sub-catchments in the Gwydir catchment 
 

  
  
Sub-
catchment  

  
  
 Area 
(ha)  

Water (ML)  Salt (t)  Salinity (μs/cm)**  ∆ in salinity (μs/cm) 
 

Before 
Trees  Lucerne  

Before 
Trees  Lucerne  

Before 
After After 

After ∆* After ∆ After ∆ After ∆ Trees Lucerne  Trees Lucerne 

Bakers 76 10 950 10 802  –148 10 835  –115 575 550  –25 551  –24 77 75 75 –2.345 –2.438 
Copeton 1252 208 250 206 664  –1586 207 528  –722 10 600 10 512  –88 10 541  –59 75 75 75 –0.052 –0.158 
Georges 482 46 350 45 948  –402 46 223  –127 4000 3961  –39 3986  –14 127 127 127 –0.138 –0.097 
Gravesend 661 60 900 60 650  –250 60 813  –87 9750 9619  –131 9640  –110 235 233 233 –2.206 –2.323 
Halls 3 7600 7594  –6 7592  –8 5250 5238  –12 5227  –23 1016 1014 1012 –1.521 –3.385 
Horton 2776 198 400 196 982  –1418 198 131  –269 49 325 48 756  –569 48 993  –332 366 364 364 –1.616 –1.968 
Keera 13 37 100 37 064  –36 37 070  –30 6075 6055  –20 6056  –19 241 240 240 –0.560 –0.559 
Laura 58 33 650 33 579  –71 33 604  –46 2775 2766  –9 2768  –7 121 121 121 –0.138 –0.140 
Moredun 349 91 650 91 134  –516 91 447  –203 7625 7584  –41 7606  –21 122 122 122 +0.031 –0.034 
Myall 346 35 150 35 030  –120 35 115  –35 10 300 10 139  –161 10 165  –135 431 426 426 –5.283 –5.224 
Pallamallawa 405 64 750 64 628  –122 64 700  –50 10 900 10 855  –45 10 863  –37 248 247 247 –0.557 –0.650 
Pinegrove 21 63 450 63 331  –119 63 342  –108 20 700 20 563  –137 20 565  –135 480 477 477 –2.280 –2.316 
Stonybatter 994 148 950 148 299  –651 148 704  –246 14 275 14 183  –91 14 221  –54 141 141 141 –0.294 –0.301 
Tycannah 1427 31 250 30 979  –271 31 173  –77 11 025 10 895  –130 10 921  –104 519 517 515 –1.633 –3.625 
Warialda 59 23 200 23 177  –23 23 188  –12 4450 4425  –25 4425  –25 282 281 281 –1.306 –1.440 
Total 8922 998 150 992 529  –5621 1 059 464  –2136 146 925 145 538  –1387 166 527  –1099       –19.896 –24.656 

*∆ represents change after salinity management intervention; ** 1 μs/cm is equivalent to 1 EC 
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Table 4.7. Impact of salinity management (tree planting) in pasture and cropland on water yield, salt loads and salinity from 
affected sub-catchments  
 

Sub-
catchment 

Before 

Changes after tree planting in 
 Salinity (μs/cm) ** Pasture  Cropland 

Area 
(ha) 

Water (ML)  Salt (t) 

Area 
(ha) 

Water (ML)  Salt (t) 
Before 

Pasture  Cropland 

Water 
(ML) Salt (t) After ∆* After ∆ After ∆ After ∆ After ∆ After ∆ 

Bakers 10950 575 68 10 803 –147 550 –25  0 0 0 0 77 75 –2.352 0 0 
Copeton 208 250 10 600 1021 206 664 –1586 10 512 –88 173 207 507 –743 10 556 –44 75 75 –0.052 75 –0.044 
Georges 46 350 4000 422 46 035 –315 3968 –32 50 46 245 –105 3991 –9 127 127 –0.154 127 0.002 
Gravesend 60 900 9750 435 60 748 –152 9625 –125 206 60 698 –203 9609 –141 235 233 –2.437 233 –2.633 
Halls 7600 5250 2 7591 –9 5227 –23 1 7595 –5 5238 –12 1016 1013 –3.251 1014 –1.655 
Horton 198 400 49 325 2213 197 241 –1159 48 810 –515 224 197 990 –411 49 052 –273 366 364 –1.691 364 –1.271 
Keera 37 100 6075 8 37 066 –34 6055 –20 4 37 077 –23 6062 –13 241 240 –0.573 240 –0.366 
Laura 33 650 2775 48 33 594 –56 2767 –8 10 33 634 –16 2774 –1 121 121 –0.148 121 0.014 
Moredun 91 650 7625 312 91 176 –474 7586 –39 22 91 600 –50 7620 –5 122 122 0.007 122 –0.013 
Myall 35 150 10 300 102 35 105 –45 10 162 –138 209 35 032 –118 10 101 –199 431 426 –5.229 424 –6.902 
Pallamallawa 64 750 10 900 190 64 679 –71 10 850 –50 173 64 645 –105 10 864 –36 248 247 –0.865 247 –0.417 
Pinegrove 63 450 20 700 17 63 331 –120 20 563 –137 2 63 406 –44 20 650 –50 480 477 –2.280 479 –0.827 
Stonybatter 148 950 14 275 906 148 390 –560 14 190 –85 57 148 825 –125 14 252 –24 141 141 –0.310 141 –0.109 
Tycannah 31 250 11 025 745 31 083 –167 10 898 –127 489 31 048 –202 10 878 –147 519 516 –3.221 515 –3.587 
Warialda 23 200 4450 15 23 187 –13 4425 –25 38 23 173 –27 4416 –34 282 281 –1.427 280 –1.829 
Total 1 061 600 167 625 6504 1 056 694 –4906 166 189 –1436 1658 1 048 474 –2176 166 064 –986   –23.984  –19.636 

*∆ represent change after salinity management intervention; ** 1 μs/cm is equivalent to 1 EC 
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Figure 4.3. Impact of different salinity management interventions on riverine 

salinity (μs/cm) in the Gwydir catchment 

4.3.2 Riparian zone revegetation outcomes 

The Gwydir River and its tributaries extend 3683 km, of which 828 km is regulated 

while the unregulated portion is 2855 km. The length of unvegetated river that required 

fencing after revegetation was 2023 km. The potential riparian vegetation zone, that is, 

land within 20 m, 30 m and 50 m of the Gwydir River and its tributaries, was 15 000 ha, 

22 000 ha and 37 000 ha, respectively (Table 4.8), and extended across the whole 

catchment (Figure 4.4). Only a quarter of the potential riparian zone in each of the buffer 

widths was currently vegetated. Approximately 8000 ha, 12 000 ha, and 20 000 ha, 

within 20 m, 30 m and 50 m buffers respectively, were identified as potential riparian 

restoration areas. About 25% of these three potential riparian zone areas were under 

crops and 75% under pasture (Table 4.8). There were 246 km, 308 km and 392 km of 

streambank erosion to be restored in the 20 m, 30 m and 50 m buffers, respectively.  
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Table 4.8. Extent of revegetated and unvegetated riparian zone, and recommended 
restoration areas in the Gwydir catchment 
 

Attribute 
Buffer width (m) 

20 30 50 
Total potential riparian zone (ha) 14 713 22 053 36 669 
Currently vegetated riparian zone (ha) 3706 5589 9440 
Currently vegetated riparian zone (%) 25 25 26 
Unvegetated riparian zone (ha) 11 007 16 464 27 229 
Unvegetated riparian zone (%) 75 75 74 
Land-uses in riparian zone to be restored    
Crops (ha) 2153 3253 5566 
Crops (%) 27 27 28 
Pasture (ha) 5938 8900 14 786 
Pasture (%) 73 73 73 
Sub-total 8091 12 153 20 352 
Streambank erosion in riparian zone to be restored (km) 246 308 392 

 

 
Figure 4.4. Proposed riparian zone revegetation areas in the Gwydir catchment 

4.3.3 Outcomes for degraded land rehabilitation  

Approximately 30% (823 294 ha) of the Gwydir catchment is affected by erosion, 

characterised by sheet erosion (23% of the catchment or 633 569 ha), rill erosion (7% of 

the catchment or 189 526 ha), and a small area of wind erosion (< 1% of the catchment 
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or 1123 ha) (Table 4.9; Figure 4.4). Approximately 7% of the catchment, or 192 531 ha, 

was affected by moderate or worse sheet erosion. Moderate or worse rill erosion covered 

3% or 89 842 ha. Most of the areas affected by erosion were in the upper and middle 

sections of the Gwydir catchment (Figure 4.5). Approximately 40% (343 988 ha) and 

30% (237 730 ha) of the erosion-affected areas, were crop and pasture, respectively. The 

total predicted wheat yield reduction from the cropped area because of erosion was 737–

2067 t/yr (Table 4.8). The total predicted reduction in livestock production was 95–

2373 DSE/yr (Table 4.8). 

 

Table 4.9. Extent of erosion and its impact on crop yield and livestock production 
in the Gwydir catchment 
 

Type Severity 
Total 

erosion 
(ha) 

Cropped area  Pasture 

Area (ha) 
Wheat yield 

reduction ( t/yr)  Area 
(ha) 

Livestock reduction 
(DSE/yr) 

Lower Upper  Lower Upper 

Sheet 

Extreme 3532 434 6 49  862 0 138 
Severe 18 168 2951 18 41  10 770 4 220 
Moderate 170 831 77 955 234 468  47 389 19 398 
Minor 441 038 102 341 102 307  156 092 62 687 
Sub-total 633 569 183 680    215 114   
% 77 53    90   

Rill 

Extreme 10 046 3952 55 443  4645 2 745 
Severe 18 556 12 362 74 173  4747 2 97 
Moderate 61 240 51 533 155 309  7464 3 63 
Minor 99 684 92 462 92 277  5722 2 25 
Sub-total 189 526 160 308    22 578   
% 23 47    9   

Wind 

Severe 12 0 0 0  9 0 0 
Moderate 186 0 0 0  30 0 0 
Minor 924 11 0 0  105 0 1 
Sub-total 1123 11 0 0  143   
% 0.136 0.003    0.060   

Total  823 294 343 988 737 2067  237 730 95 2373 
%  42    29   

 

The predicted lower limit of total soil loss due to erosion was 1.8 million t/yr whereas 

the upper limit was 6.4 million t/yr (Table 4.10). Overall, soil loss was higher from the 

cropped area than from pasture. Crops contributed 1.0-3.5 million t/yr and pasture 

contributed 0.7–2.8 million t/yr. The soil loss from crops was from both rill (0.6–

2.1 million t/yr) and sheet erosion (0.5–1.4 million t/yr). Approximately, 0.2–1.2 

million t/yr and 0.5–1.6 million t/yr of the soil loss from pasture was contributed by rill 

and sheet erosion, respectively. In cropped areas, rill erosion contributed more soil loss 
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(52%, lower limit of soil loss; 59%, upper limit soil loss) than sheet erosion (48%, lower 

limit of soil loss; 41%, upper limit). Soil loss in pasture was more prevalent from sheet 

erosion (72%, lower limit of soil loss; 60%, upper limit) than rill erosion (28%, lower 

limit of soil loss; 40%, upper). Of the 1.8–6.4 million t/yr of predicted soil loss, 0.6–2.2 

million t/yr was predicted to be deposited in riverbeds and 0.8–2.9 million t/yr would be 

deposited on floodplains and land. Approximately 0.3–1.3 million t/yr was predicted to 

be exported out of the catchment (Table 4.10).  

 
Figure 4.5. Extent and severity of rill, sheet and wind erosion in the Gwydir 

catchment 
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Table 4.10. Erosion type and extent, soil loss, riverbed and floodplain sediment deposition and sediment export from sheet and rill 
erosion in the Gwydir catchment 

Land-use Type Severity 
Lower limit  Upper limit 

Soil loss  
(t/yr) 

Deposition ( t/yr) Exported 
( t/yr) 

 Soil loss  
(t/yr) 

Deposition ( t/yr) Exported  
(t/yr) Riverbed Floodplain  Riverbed Floodplain 

Cropped area 

Rill Extreme 98 792 33 589 45 444 19 758  790 336 268 714 363 555 158 067 
 Severe 123 615 42 029 56 863 24 723  309 038 105 073 142 158 61 808 
 Moderate 257 663 87 606 118 525 51 533  515 327 175 211 237 050 103 065 
 Minor 92 462 31 437 42 532 18 492  462 309 157 185 212 662 92 462 
Sub-total 572 533 194 661 263 365 114 507  2 077 010 706 183 955 425 415 402 
% 52 52 52 52  59 59 59 59 
Sheet Extreme 10 840 3686 4987 2168  86 723 29 486 39 893 17 345 
 Severe 29 507 10 032 13 573 5901  73 768 25 081 33 933 14 754 
 Moderate 389 776 132 524 179 297 77 955  779 553 265 048 358 594 155 911 
 Minor 102 341 34 796 47 077 20 468  511 703 173 979 235 383 102 341 
Sub-total 532 464 181 038 244 934 106 493  1 451 746 493 594 667 803 290 349 
% 48 48 48 48  41 41 41 41 

Sub-total  1 104 997 375 699 508 299 220 999  3 528 756 1 199 777 1 623 228 705 751 

Pasture 

Rill Extreme 116 135 39 486 53 422 23 227  929 080 315 887 427 377 185 816 
 Severe 47 467 16 139 21 835 9493  118 668 40 347 54 587 23 734 
 Moderate 37 322 12 689 17 168 7464  74 643 25 379 34 336 14 929 
 Minor 5722 1945 2632 1144  28 608 9727 13 160 5722 
Sub-total 206 645 70 259 95 057 41 329  1150 999 391 340 529 460 230 200 
% 28 28 28 28  40 40 40 40 
Sheet Extreme 21 551 7327 9914 4310  172 411 58 620 79 309 34 482 
 Severe 107 701 36 618 49 542 21 540  269 252 91 546 123 856 53 850 
 Moderate 236 947 80 562 108 996 47 389  473 894 161 124 217 991 94 779 
 Minor 156 092 53 071 71 803 31 218  780 462 265 357 359 013 156 092 
Sub-total 522 292 177 579 240 254 104 458  1 696 020 576 647 780 169 339 204 
% 72 72 72 72  60 60 60  60 

Sub-total  729 407 247 999 335 527 145 881  2 847 959 968 306 1 310 061 569 592 

Crop and pasture 
area combined 

Rill Extreme 214 927 73 075 98 866 42 985  1 719 416 584 602 790 932 343 883 
 Severe 171 083 58 168 78 698 34 217  427 706 145 420 196 745 85 541 
 Moderate 294 985 100 295 135 693 58 997  589 970 200 590 271 386 117 994 
 Minor 98 183 33 382 45 164 19 637  490 917 166 912 225 822 98 183 
Sub-total 779 178 264 921 358 422 155 836  3 228 010 1 097 523 1 484 884 645 602 
% 42 42 42 42  51 51 51 51 
Sheet Extreme 32 392 11 013 14 900 6478  259 134 88 106 119 202 51 827 
 Severe 137 208 46 651 63 116 27 442  343 020 116 627 157 789 68 604 
 Moderate 626 724 213 086 288 293 125 345  1 253 447 426 172 576 586 250 689 
 Minor 258 433 87 867 118 879 51 687  1 292 165 439 336 594 396 258 433 
Sub-total 1 054 756 358 617 485 188 210 951  3 147 766 1 070 241 1 447 972 629 553 
% 57 57 57 57  49 49 49 49 

Total   1 834 404 623 697 843 826 366 881  6 376 716 2 168 083 2 933 289 1 275 343 
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4.3.4 Terrestrial biodiversity revegetation  

Approximately 52% (1.3 million ha) of the land in the Gwydir catchment is suitable for 

cropping (Classes I–III) and 37% (1 million ha) is suitable for grazing (Classes IV–VI). 

The remaining 10% was shared between Classes VII–VIII and special land-uses (Table 

4.11; Figure 4.6). Revegetating identified priority areas (Figure 4.7) would increase the 

forest cover in the Gwydir catchment by 169 146 ha, with 40% (69 129 ha) falling in 

cropped land and pasture in land capability classes VII, VIII and special land-uses 

(Table 4.12). 

 

Table 4.11. Extent of rural land capability classes in the Gwydir catchment 

 
Land capability Class Area (ha) Percentage (%) 
Cultivation land I 567 073 21 
Cultivation land II 484 521 18 
Cultivation land III 321 046 12 
Sub-total  1 372 640 52 
Grazing land IV 480 059 18 
Grazing land V 75 682 3 
Grazing land VI 439 540 17 
Sub-total  995 281 37 
Land best retained under green timber VII 132 917 5 
Land with no agricultural potential VIII 61 923 2 
Sub-total  194 840 7 
Special land-uses: reserves, urban, irrigation, mining and 
state forests  99 392 4 

Sub-total  99 392 4 
Total  2662 153 100 

 

Table 4.12. Terrestrial biodiversity revegetation in selected land capability classes 
in the Gwydir catchment 
 
Revegetation priority area Area (ha) % 
1. Cropped area and pasture in land capability classes VII, VIII, and special land-uses 
(These land capability classes and land-uses are not suitable for either cultivation or 
grazing) 

69 129 41 

2. Cropped area in grazing land class capability VI 24 904 15 
3. Cropped area in grazing land class capability V 17 295 10 
4. Cropped area in grazing land class capability IV 57 819 34 
Total 169 146 100 
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Figure 4.6. Land capability classes in the Gwydir catchment (source: DIPNR) 

 
Figure 4.7. Proposed native revegetation in selected land capability classes 
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Identifying and revegetating or managing key habitats and wildlife corridors would also 

increase tree cover in the catchment. Approximately 312 243 ha were identified as key 

habitats and wildlife corridors (Figure 4.8a). Approximately 242 864 ha were key 

habitats, of which 160 559 ha were solely key habitats and 82 000 ha doubled as key 

habitats and wildlife corridors. Wildlife corridors that were not also key habitats covered 

66 958 ha (Table 4.13). 

 

Table 4.13. Proposed key habitats and corridors in the Gwydir catchment (source: 
DEC) 
 
Key habitats and corridors Area (ha) 
Key habitat 160 559 
Sub-total 160 559 
Regional corridors 35 818 
Sub-regional corridors 28 066 
Riparian corridors 3074 
Travelling stock reserves (TSR) 2421 
Sub-total 69 379 
Regional corridors that are also key habitats 58 066 
Sub-regional corridors that are also key habitats 22 523 
Riparian corridors that are also key habitats 501 
Travelling stock reserves that are also key habitats 1216 
Sub-total 82 306 
Total 312 243 

 

Approximately 270 000 ha were already under native forest and open forest (Figure 

4.8b) and provided areas to be managed for conservation outcomes. A total of 55 000 ha 

was identified as key habitats and corridors that required revegetation, made up of crop 

land (9000 ha) and pasture (46 000 ha) (Figure 4.8c) in the respective land capability 

classes shown in Table 4.13. The combined proposed revegetation in prioritised land 

capability classes currently under pasture and cropping (LAND_CAP_REVEG; 169 

146 ha) (Figure 4.8d) and the proposed revegetation of the potential key habitats and 

corridors (KHC_REVEG; 44 825 ha) totalled 213 971 ha, which reduced to 202 586 ha 

after being merged to form BIODIVERSITY_REVEG layer (Figure 4.8e). The results of 

combining all the revegetation measures—for salinity, riparian and biodiversity—are 

shown in Table 4.14 and Figure 4.9. This formed the integrated revegetation layer.  
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Table 4.14. Integrated revegetation outcomes 

 

Revegetation intervention  Area (ha) 
Single issue  
Biodiversity 197 965 
Riparian 8345 
Salinity 7970 
Sub-total 214 280 
Two issues  
Riparian and biodiversity 3500 
Riparian and salinity 184 
Salinity and biodiversity 995 
Sub-total 4679 
Three issues  
Riparian, salinity, and biodiversity 125 
Sub-total 125 
Total 219 084 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.8. Revegetation outcomes for biodiversity enhancement 
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Figure 4.9. Modelled integrated native revegetation in the Gwydir catchment 

4.3.5 Ecosystem goods and services outcomes from NRM interventions 

The predicted carbon sequestration from the modelled revegetation interventions in the 

Gwydir catchment ranged from 1.2 million t/yr under integrated revegetation, 1 million 

t/yr from biodiversity revegetation, and 53 000 t/yr from salinity revegetation (Table 

4.15). Revegetating the identified areas within the riparian zone would sequester 

40 000 t/yr, 60 000 t/yr and 100 000 t/yr under 20 m, 30 m and 50 m buffers respectively 

(Table 4.15). Carbon sequestration was higher in the upper reaches of the catchment in 

comparison with lower stretches (Figure 4.10). 

 

Using native vegetation as a surrogate for biodiversity, 9000 ha, 11 000 ha, 16 000 ha, 

27 000 ha and 202 586 ha of revegetation would be established for salinity; 20 m, 30 m 

and 50 m riparian zone buffers, and biodiversity, respectively (Table 4.15). Integrated 

revegetation (combining these four revegetation initiatives) would generate 219 000 ha 

of native vegetation habitat. The largest native vegetation habitat patch was for 

biodiversity revegetation (5617 ha). The largest native vegetation patch for salinity 

revegetation was (633 ha). Mean bird species were predicted to increase by 14–16. 
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Integrated and biodiversity revegetation were predicted to support the highest increase in 

number of bird species at 57, whereas the largest patch for salinity revegetation 

intervention was predicted to support a maximum increase of 40 bird species (Table 

4.15). An additional benefit from biodiversity conservation was improved connectivity 

created by the new revegetation. Figure 4.11 compares the current forest cover with the 

integrated native revegetation extent and demonstrates improved connectivity, especially 

when linking protected areas. 

 

The shade and shelter benefits were highest in the integrated native revegetation 

intervention and lowest under native revegetation for salinity mitigation. The highest 

wheat yield improvement was 160 675 t assuming a 40% shelter factor under the 

integrated revegetation and the lowest was 984 t assuming a 2% increase due to shelter 

under revegetation for salinity mitigation (Table 4.15). The highest livestock yield 

improvement was 84 285 DSE assuming a 40% shelter factor under integrated 

revegetation and the lowest improvement was 1158 DSE assuming a 2% shelter factor 

associated with revegetation for salinity mitigation (Table 4.15).  

 

The agricultural yield losses were highest under the integrated native revegetation 

intervention and lowest under revegetation for salinity mitigation. The highest wheat 

yield reduction was 17 355 t assuming a 40% competition factor under the integrated 

revegetation and the lowest reduction was 481 t assuming a 2% competition factor with 

revegetation for salinity mitigation (Table 4.15). The highest livestock yield reduction 

was 11 776 DSE assuming a 40% competition factor under integrated revegetation and 

lowest at 595 DSE assuming a 2% competition factor under salinity mitigation 

revegetation (Table 4.15).  



 
Figure 4.10. Carbon sequestration in the proposed revegetation sites in the Gwydir 

catchment 

 
Figure 4.11. Improved habitat connectivity resulting from native revegetation in 

the Gwydir catchment 
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Table 4.15. Summary of ecosystem goods and services outcomes from revegetation 
interventions 
 

Ecosystem goods and services 
Native revegetation intervention 

Integrated Biodiversity Salinity Riparian zone width 
20 m 30 m 50 m 

Benefits       

1. Carbon sequestration (t/yr) 1 119 374 1 027 722 53 456 40 399 60 716 101 
300 

2.1 Biodiversity: 
native 
revegetation as 
biodiversity 
surrogate 

Total area (ha) 212 153 202 586 8922 11 007 16 464 27 229 
Smallest patch (ha) > 1 > 1 > 1 > 1 > 1 > 1 

Mean patch size (ha) 12 16 4 8 11 16 

Largest patch (ha) 5593 5617 633 757 1135 1891 

2.2 Biodiversity: 
predicted bird 
species numbers 
as biodiversity 
surrogate in the: 

Smallest patch 0 0 0 0 0 0 
Mean patch size 15 15 14 15 15 16 

Largest patch 57 57 40 41 44 48 

3. Soil erosion 
and sedimentation 

Soil erosion affected area (ha) 119 822 113 908 4449 2999 4498 7511 
Soil protected from loss (lower 

limit) (t/yr) 419 657 405 528 10 364 7537 11 303 18 906 

Soil protected from loss 
(upper limit) (t/yr) 1 330 971 1 271 189 42 251 29 597 44 263 73 657 

Average soil protected from 
loss (t/yr)) 875 314 838 359 26 308 18 567 27 783 46 282 

Average riverbed deposition 
protection (t/yr) 297 607 285 042 8945 6313 9446 15 736 

Average floodplain sediment 
deposition protection (t/yr) 402 644 385 645 12 101 8541 12 780 21 289 

Average sediment protected 
from being exported from 

catchment (t/yr) 
175 063 167 672 5262 3713 5557 9256 

4.1. Shade and 
shelter benefits–
increased wheat 
crop (t) 

Shelter factor of 2% 8034 7287 984 2398 2471 2634 
Shelter factor of 10% 40 168 36 435 4921 11 991 12 356 13 171 
Shelter factor of 20% 80 337 72 871 9841 23 982 24 711 26 343 
Shelter factor of 40% 160 675 145 742 19 682 47 964 49 422 52 685 

4.2. Shade and 
shelter benefits–
increased 
livestock yield 
(DSE) 

Shelter factor of 2% 4214 3583 1158 1462 1466 1517 
Shelter factor of 10% 21 071 17 914 5792 7310 7328 7587 
Shelter factor of 20% 42 142 35 829 11 584 14 620 14 656 15 174 

Shelter factor of 40% 84 285 71 658 23 170 29 240 29 312 30 347 

Disbenefits        
5. Water yield reduction (GL) 265 244 6 9 14 23 
5.1. Foregone irrigation ‘000 bales’ 273 251 6 9 14 24 
6. Lost agricultural 
production 

Cropped area (ha) 135 599 133 079 1658 2153 3253 5566 
Pasture (ha) 76 555 69 506 6504 5938 8900 14 786 

7.1. Decreased crop 
production (t) 

Competition factor of 10% 4339 3834 481 833 864 943 
Competition factor of 20% 8678 7667 961 1666 1727 1885 
Competition factor of 40% 17 355 15 334 1922 3332 3454 3770 

7.2. Decreased 
livestock 
production (DSE)  

Competition factor of 10% 2944 2219 595 866 849 848 
Competition factor of 20% 5888 4438 1191 1732 1699 1695 
Competition factor of 40% 11 776 8876 2382 3463 3398 3390 
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Intersection of the proposed revegetation and soil erosion layers showed areas that 

would be taken by revegetation and therefore stop erosion (Figure 4.12). Approximately 

119 822 ha of the total 212 000 ha of integrated revegetation was affected by soil 

erosion. Approximately 3000 ha in the 20 m riparian revegetation zone suffered from 

erosion. The benefit of native revegetation interventions falling on these erosion-affected 

areas would be manifested in reduced sedimentation, which on average was estimated at 

between 18 567 t/yr under riparian (20 m buffer) revegetation and 875 314 t/yr under 

integrated revegetation (Table 4.15). The reduced soil loss from integrated revegetated 

sites would, on average, protect at least 300 000 t/yr from being deposited riverbeds, 

400 000 t/yr from being deposited on floodplains, and 175 000 t/yr from being exported 

out of the Gwydir catchment.  

 

 
Figure 4.12. Revegetation sites with erosion in the Gwydir catchment 
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The native revegetation proposal reduced water yield in the Gwydir catchment (Figure 

4.13), spread throughout the catchment. The water yield reduction ranged between 6 GL 

under salinity revegetation and 265 GL under integrated revegetation (Table 4.15). 

Average cotton yield in Gwydir catchment in 2006 was 0.97 ML/bale (Boyce Chartered 

Accountants, 2006). Assuming that this water could be utilised to irrigate cotton, the lost 

cotton production would be between 6186 bales (6 GL) and 273 196 bales (265 GL).  

 
Figure 4.13. Predicted water yield reduction from native revegetation in the 

Gwydir catchment 
 

Most of the land in the catchment is under agricultural production, and revegetation on 

the scale foreshadowed in the Gwydir Catchment Blueprint and by Donaldson (2002) 

would require much agricultural land to be retired from production and managed for 

environmental outcomes. This would have the opportunity cost of foregone agricultural 

production. Table 4.15 shows the areas of crops and pastures affected under each native 

revegetation intervention. The maximum area affected would come from the integrated 

revegetation, where a cropped area of 135 625 ha and pasture totalling 92 033 ha would 

have to be relinquished to realise the revegetation modelled in this study. 
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4.4 Discussion 

The most successful strategy for protecting biodiversity in fragmented landscapes is to 

protect existing large remnant areas of native vegetation, and to establish corridors 

between remnants to form habitat networks that facilitate gene flow and the re-

establishment of populations after local extinctions (Bennett et al., 2000; Hilty et al., 

2006; Hobbs, 1992; MacDonald, 2003; Naiman et al., 1993). Combining the area of 

integrated native revegetation (227 658 ha) with the existing native forest (309 712 ha) 

would increase total forest cover to 537 370 ha in the Gwydir catchment, which 

approaches the tree cover target of 634 887 ha recommended by Donaldson (2002). 

Although the integrated native revegetation modelled in this study exceeds the 

135 000 ha envisaged in the Gwydir Catchment Blueprint, it does not fully compensate 

the entire tree cover deficit. Integrated native revegetation reduced the tree cover deficit 

in the Gwydir catchment, as calculated by Donaldson (2002), from 310 000 ha (2002) to 

97 000 ha. 

 

Conservation measures in agricultural landscapes will be more effective if they are co-

ordinated to build or strengthen habitat networks, rather than occurring in an ad hoc 

manner as separate management activities (Bennett & Mac Nally, 2004). The first 

conservation priority in any agricultural landscape is to protect the remaining elements 

of the original vegetation (Lefroy & Smith, 2004). Habitat corridors are a simple, 

intuitively appealing, and practical conservation measure, and are now regularly 

incorporated into many land-use plans and conservation strategies (Hilty et al., 2006). A 

substantial area (25%) of revegetation for both key habitat and wildlife corridors would 

double as key habitats and wildlife corridors; and a further 20% would exist solely as 

wildlife corridors. Further connectivity would be provided through revegetated riparian 

zones linking diverse habitats, including national parks and nature reserves, across the 

Gwydir catchment. Such improved connectivity (Figure 4.11) has potential conservation 

benefits that include the maintenance of genetic variation, species dispersal and 

recolonisation (Martin & Green, 2002). The location of such revegetation needs to be 

considered in the context of existing remnants, and this is the logic of using the concept 

of key habitats and wildlife corridors to identify potential native revegetation sites. This 

is in line with Hobbs’ (1993) argument that native revegetation is likely to have a greater 
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benefit if it is located next to an existing remnant since: (1) the revegetation will 

effectively increase the size of the remnant and thus may alleviate some of the problems 

caused by limited bioeffective space; (2) fauna will have less distance to travel to 

colonise the revegetated area than if it were isolated; (3) juxtaposition with a remnant 

may allow native plant species to recolonise naturally; and (4) management of a single 

larger area (including its fencing) will be cheaper than the maintenance of two small 

areas. 

 

This research predicted a substantial increase in the number of bird species likely to 

recolonise revegetated areas, ranging from 14 (in mean revegetation patch) to 57 bird 

species (in the largest revegetation patch). Returning vegetation to the landscape 

generally does not closely mimic natural vegetation either in floristic composition or 

habitat structure, but it is statistically justifiable to predict that the number of species will 

increase (Bennett & Mac Nally, 2004). It would be safer in the present study to work 

with conservative mean estimates rather than to assume that the maximum predicted 

number of bird species will recolonise revegetated sites in the Gwydir catchment. 

However, empirical research has established that planting trees in cleared riparian areas, 

increases bird species richness and relative abundance and result in changed composition 

(Martin et al., 2006). Klomp & Grabham (2002) found that native hardwood plantations 

supported greater bird species diversity than pasture and concluded that native 

revegetation has the potential to significantly increase the conservation of avifauna 

diversity in agricultural landscapes.  

 

Kavanagh et al. (2005) found that in south-eastern Australia, birds made extensive use 

of plantings—particularly favouring the older (> 10 yrs) age class—and showed a strong 

response to patch size, with both larger eucalypt plantings and larger remnants having 

more species and more individuals than smaller patches of these vegetation types. In the 

present study, more bird species were predicted in the largest revegetated habitats, with 

the maximum number of bird species (57) predicted in the largest native vegetation 

patch (5593 ha). Larger vegetation patches contain greater habitat diversity than smaller 

remnants, and species that have large area requirements, or that require combinations of 

different habitats, are likely to survive only in large areas that meet their needs (Grover 

& Slater, 1994). Grazing by livestock in riparian zone has negative impacts on riparian 
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birds through degradation of habitat quality (Jansen & Robertson, 2001b), and stock 

exclusion by fencing where grazing occurs, is necessary to safeguard such species 

(Jansen & Robertson, 2001a; 2005). Moreover, livestock-induced sediment loss is one of 

the potential detrimental impacts of grazing grasslands. Owens et al. (1996) reported 

that excluding livestock from streams decreased annual sediment concentration by more 

than 50% and the amount of soil lost by 40%. McKergow et al. (2001) reported a 94% 

reduction in sediment and a 37% decrease in average total nitrogen after fencing a 

riparian zone. Fencing is therefore recommended for the 2023-km length of riparian 

zone identified for revegetation in the Gwydir catchment. 

 

The current modelling predicts the impact of native revegetation on water quality 

(salinity changes) over 30 years and does not provide any information on changes in 

salinity within that time. It is noteworthy that there may be short-term increases in 

stream salt concentrations after tree planting (Heaney et al., 2000; Herron et al., 2003a). 

In this current study, we used LUOS to predict the effects of strategic tree planting on 

flows and salt loads in the Gwydir catchment. Such planting is likely to be effective in 

reducing salt exports. Often the effective treatment of salinity will require a catchment-

scale approach, and co-operative projects embracing several adjoining properties are 

appropriate (Cremer, 1990). Herron et al. (2003a) established that substantial reductions 

in salt exports are possible through targeting management actions in hot-spot areas such 

as identified recharge and discharge areas. Although only a small part of the Gwydir 

catchment (8922 ha) may be affected by salinity, it is important that salinity mitigation is 

initiated to avoid its further spread. Without intervention, salinity in the catchment is 

expected to rise by 0.1 μs/cm by 2015 (MDBCMC, 2000). Positive outcomes were 

found from the proposed salinity management interventions, with results showing a 

reduction in salinity between 20 μs/cm and 25 μs/cm where salinity was treated using 

trees and lucerne, respectively. Salinisation is believed to be causing a decline in aquatic 

biodiversity (Hart et al., 1991), suggesting that freshwater taxa may be lost and 

communities will become dominated by salt-tolerant taxa (Nielson et al., 2003). 

Wetlands, floodplains and riparian zones are the systems at most risk from salinisation 

since they occupy lowest points in the landscape where saline-rich water tends to 

accumulate via groundwater intrusion and surface runoff from surrounding saline 
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landscapes (James et al., 2003). It is therefore safe to assume that a reduction in salinity 

as modelled in this study would be likely to safeguard freshwater aquatic biodiversity.  

 

This study also predicted reductions in salt loads in line with BRGCMA’s aim of 

reducing salt loads in the Gwydir River system. The salt load reduction was greater 

under the tree planting scenario (1400 t) than under lucerne planting (1100 t), but this 

result was reversed for overall salinity reduction. This can be attributed to the large 

reduction in water yield under tree planting (6000 ML), whereas water reduction under 

lucerne is only predicted to be a third of that (2100 ML). The results indicated that care 

should be taken in mitigating salinity using trees in sub-catchments such as Moredun, 

Georges, and Laura, where results show an increase in salinity. It would be predicted 

more practical to mitigate salinity in those sub-catchments using lucerne.  

 

There was a marked reduction in water yield arising from all the modelled revegetation 

scenarios in the current study, with a maximum reduction of 265 GL under integrated 

native revegetation, and a minimum reduction of 6 GL under riparian zone revegetation 

(20 m buffer). This was to be expected, since trees increase evapotranspiration and 

reduce water yield (Bradford & Zhang, 2002). Reduction in water yield resulting from 

native revegetation has been documented in other catchments in Australia. Zhang et al. 

(2003) showed that the maximum reduction in mean annual flow was 113 GL/yr at Lake 

Eildon and 400 GL/yr at Goulburn Weir, Victoria, Australia. Globally, plantations 

decrease stream flow by 52% per year, with 13% of streams drying out completely for at 

least 1 yr (Jackson et al., 2005). In Western Australia, deep groundwater level increased 

by 1.3 m/yr in a cleared catchment, while it declined by 0.25 m/yr in a forested 

catchment (Sharma et al., 1982). Pine and eucalypt forest types cause, on average a 40 

mm change in water yield per 10% change in cover (Bosch & Hewlett, 1982). Bradford 

and Zhang (2002) predicted that native revegetation in the Murray–Darling Basin may 

reduce mean annual water yield by up to 40 mm/yr. 

 

The water yield from forests decreases for the first 30 years and then slowly increases as 

water use starts to decline in association with reduced growth rate (Robins, 2004; van 

Lill et al., 1980; Zhang et al., 2007). Zhang et al. (2007) and Keenan et al. (2004a) 

contended that stream-flow reductions tend to peak within 10-20 years of establishment. 
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Zhang et al. (2003) asserted that the time of maximum impact on water yield coincides 

with maximum vegetation leaf area index (LAI), concluding that it will take 8 to 16 yrs 

for plantations to reach maximum water use and hence maximum reduction in water 

yield.  

 

The major impacts of erosion is the amount of soil currently lost, averaging 4 million 

t/yr in the Gwydir catchment. Evidence indicates that the concept of tolerable soil loss is 

not appropriate under Australian conditions, and too much soil is lost from the Gwydir 

catchment. The rate of formation of soil from parent materials in Australia is so low that 

it can be regarded as zero, with a natural rate of soil formation estimated at 0.4 t/ha/yr 

(Edwards, 1988; George, 2006). Rates of erosion under relatively undisturbed conditions 

may be of the same order of magnitude as rates of soil formation, while rates of erosion 

under more intensive forms of land-use exceed this level by at least one or two orders of 

magnitude. Given this situation, commonly utilised levels of tolerable soil loss are not 

acceptable in Australia and efforts must be redoubled to conserve soil (Edwards, 1988). 

 

Lu et al. (2003b) cautioned that with such slow soil formation rates in Australia, the 

current soil loss rate from agricultural lands will decrease the productivity of soil and 

eventually reduce the availability of arable soil for future generations. Soil productivity, 

which refers to the long-term potential for crop production, is the main direct cost of soil 

erosion. However, erosion rates may tell us little about productivity loss (Dregne, 1995). 

Water erosion reduces soil fertility and productivity by removing fine clay and organic 

material (Hunt & Patterson, 2004; Lal, 1998, 2001; Pimentel et al., 1993). Although it is 

difficult to assess the loss of agronomic productivity due to soil erosion, because of the 

confounding effects of rainfall and other climatic factors during the growing season and 

that of management (Lal, 2001; Rose, 1992). Empirical research has demonstrated that 

there is a negative impact of soil erosion on crop productivity (Aveyard, 1983; Barr, 

1957; Hamilton, 1970). In this study, I estimated that current soil loss in the Gwydir 

catchment is causing a decline in crop and livestock productivity. The available GIS 

information on soil erosion in the Gwydir catchment is based on a survey conducted by 

Graham et al. (1988), and it is possible that the extent and severity of soil erosion has 

increased since then. The impact of soil erosion on crop and livestock productivity may 

seem small, but the impact could be higher if current soil erosion rates were established.  
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Water erosion results in sedimentation of floodplains, dams and waterways (Hunt & 

Patterson, 2004). Of the 4 million t/yr of soil moved by soil erosion in the Gwydir 

catchment, on average 1.4 million t/yr is deposited in riverbeds, 1.8 million t/yr is 

deposited elsewhere either in the floodplain or on other land, and 0.8 million t/yr is 

exported out of the catchment. Surface-contact cover is effective in reducing soil loss 

and such cover provides the basis for so-called agronomic methods of soil conservation. 

Surface-contact cover provides two kinds of protection against soil erosion. Firstly, the 

infiltration rate of soil with contact cover is usually higher, and sometimes considerably 

higher, than bare soil, which results in reduced runoff and thus less erosion. Secondly, 

surface-contact cover reduces the concentration of sediment in overland flow—a cover 

of only 10% can halve the sediment concentration and the loss of soil (Rose, 1992). 

Results reported in Table 4.15 showed that areas designated for integrated revegetation 

would reduce average soil loss by up to 20% or 0.9 million t/yr (translating to reductions 

in riverbed deposition of 0.3 million t/yr, floodplain deposition of 0.4 million t/yr and 

sediment exports from the catchment of 0.2 million t/yr). This would greatly reduce the 

high turbidity levels recorded in the Gwydir River system (Foster et al., 2001) and 

prevent large amounts of sediment from being exported from the catchment (Derose et 

al., 2003).  

 

Some additional benefits from native revegetation include carbon sequestration of 

approximately 1 million t/yr. Carbon sequestration is one of the ecosystem services 

considered under the NSW Environmental Services Scheme—a scheme introduced to 

reward rural landholders who help the environment by improving land management 

(Grieve & Uebel, 2003). Farmers involved in native revegetation in the Gwydir 

catchment could benefit from such a scheme, or from deals with other agencies that are 

prepared to reward the provision of ecosystem services such as carbon sequestration. 

 

However, native revegetation has opportunity costs since the land could otherwise be 

used for commercial purposes (Lockwood et al., 2002; Pannell, 2004; Scanlan et al., 

1992). These opportunity costs are likely to vary widely from farm to farm based on 

their size, history and position in the landscape (Lefroy & Smith, 2004). The extent of 

agricultural land lost from production was reported in Table 4.15, and approaches 
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250 000 ha. In addition to lost agricultural land, reduction in water yield would impact 

on economic activities dependent on water, chief among them cotton production. On the 

other hand, rehabilitating the salinity outbreak area (8922 ha) with lucerne would 

support 71 376 DSE, enhancing livestock production in the Gwydir catchment.  

4.5 Conclusion 

The BRGCMA foresees native revegetation in strategic areas where it will link existing 

vegetation (riparian, floodplain, wetlands and remnants in the catchment) or increase the 

area and therefore viability of existing remnants (GCMB, 2003). The current research 

has identified key strategic areas where such revegetation should be undertaken in an 

integrated manner. Such an integrated approach to land and water management is likely 

to maximise agricultural production on a sustainable basis, while at the same time 

enhancing the conservation value of the landscape (Hobbs, 1992). 

 

Focusing on a single ecosystem service is unlikely to provide returns sufficient to secure 

large-scale investment in native revegetation, and therefore, there is a need for a mix of 

ecosystem services (Binning et al., 2000). It has been demonstrated here how strategic 

planning in native revegetation in the Gwydir catchment can be conducted to effectively 

deal with the various NRM issues in the catchment through the modelling of a mix of 

ecosystem services, including carbon sequestration, water quality, biodiversity and 

salinity mitigation. Further, it has been demonstrated how these strategic native 

revegetation interventions can contribute to the achievement of targets set in the Gwydir 

Catchment Blueprint. This process of accounting for environmental benefits and 

providing clear strategic planning has allowed the articulation of a clear set of catchment 

outcomes. Such figures as tonnages of carbon sequestered, areas of native vegetation 

established, salinity reduction magnitudes, levels of reduction in sedimentation etc., 

could be used to guide the effective interventions catchment planning.  

 

Using GIS, this study has demonstrated not only ecosystem goods and services 

outcomes, but also points where trade-offs are likely to occur from interventions. One 

such trade-off is the reduction in catchment water yield. The water yield model is a 

practical tool that can be used to readily assess the long-term average effect of 
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vegetation changes on catchment evapotranspiration and is scientifically justifiable. The 

model is a practical tool that can be readily used to predict the long-term consequences 

of native revegetation and it has potential uses in other catchment-scale studies of land-

use change. A key feature of this study is the suite of GIS operations involved which 

constitutes the core functionalities of GIS software, and hence provides a modelling 

approach which is replicable and can easily be updated as new information is developed. 

Future research studies should try to link the modelled changes in water yield to the 

Integrated Quantity and Quality Model (IQQM) for the Gwydir River system that was 

described and used in Chapter 3. Linking the two models would allow the impact of 

potential native revegetation to be assessed at various points throughout the river system, 

allowing changes in streamflow in upland areas to be converted into impacts on 

allocations and diversions for downstream water users.  

 

This Chapter has focused on modelling native revegetation to deal with issues that are 

appropriately dealt with at catchment scale. However, other issues such as spray drift 

mitigation, shade and shelter provision, natural pest control, and impacts on crop 

production, are best dealt with at district and farm levels and will be covered in Chapters 

5 and 6, respectively. Outputs from this study can be used in conjunction with relevant 

economic and social information for strategic planning to identify and prioritise regions 

for native revegetation. Economic assessment of the ecosystem goods and services 

modelled in this Chapter will be presented in Chapter 7. 



5 CHAPTER 5: MAPPING AND QUANTIFYING ECOSYSTEM 
SERVICES FROM MULTIFUNCTIONAL AGRICULTURE IN 
COTTON-GROWING DISTRICT OF GWYDIR CATCHMENT 

5.1 Introduction  

Until recently, most of the research on ecosystem services has focussed on natural 

ecosystems, such as forests (Krieger, 2001; Myers, 1997a; Nasi et al., 2002; Pearce, 

2001), wetlands and water resources (Barbier, 1994; Baron et al., 2003; Bennett & 

Whitten, 2002; Mitsch & Gosselink, 2000a; Postel & Carpenter, 1997; Schuyt & 

Brander, 2004; Wilson & Carpenter, 1999; Woodward & Wui, 2001), and marine 

resources (Chen & Zhang, 2000; Daily, 1997b; Turpie et al., 2003). While the 

ecosystem services approach has not been applied widely to agroecosystems, recent 

studies indicate that agricultural landscapes also provide important ecosystem services 

(Antle & Valdivia, 2006; Binning et al., 2001; Farber et al., 2006; MEA, 2005b; 

Molden, 2007; Swift et al., 2004; Tomich et al., 2004).   

 

It has been argued that agricultural ecosystems are critical in maintaining biodiversity 

(Landis et al., 2000; Margules & Pressey, 2000), leading to a new focus on enhancing 

agricultural ecosystem function and associated ecosystem services. This focus is 

influenced by a number of factors. First, the sheer size of agricultural landscapes’ 

(human-dominated and agriculturally productive landscapes globally cover 95% of the 

terrestrial environment) in comparison to protected areas (which cover only 3% of the 

terrestrial environment), is crucial to complementing and safeguarding the characteristic 

biodiversity of regions in national parks and equivalent reserves (Foley et al., 2005; 

Pimentel et al., 1992b). For instance, gazetted formal protected areas total 7.8% of the 

Australian continent (NLWRA, 2001b) and 6.2% of NSW (Benson, 1999). Second, the 

budget allocated to protecting the protected areas (PA) network globally is low and 

dwindling (Balmford et al., 2002), complicating conservation efforts. Third, there is 

growing recognition that besides being economically important for food and fibre 

production, agricultural systems can also provide additional ecosystem services (Altieri, 

1999; Boody et al., 2005; Daily, 1997a; Pimentel et al., 1992b; Tilman, 1997).  
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Although, agriculture has been the dominant force behind the loss of some ecosystem 

services globally (Bennett & Balvanera, 2007; MEA, 2005a; Tilman et al., 2002), a 

change in focus and management of, agroecosystems can provide opportunities for 

restoring some of these degraded ecosystem services (Foley et al., 2005). There is a 

growing body of effort and thinking aimed at concepts relating to the redesigning of 

agriculture (Boody & DeVore, 2006; Smith & Sivertsen, 2001), to more fully utilise and 

protect basic ecological services and functions through the adoption of multifunctional 

agriculture (Boody et al., 2005; Pretty et al., 2000; Tilman et al., 2001). 

Multifunctionality implies that agriculture, besides satisfying basic demands for food 

and fibre, can simultaneously partake in a variety of ecosystem services such as 

biodiversity, amenity values, pollution control, soil erosion control, and many others 

(Jordan et al., 2005; OECD, 2001). The OECD (2001) articulated the key elements of 

multifunctionality as: (1) the existence of multiple commodity (food and fibre) and non-

commodity (ecosystem services) outputs that are jointly produced by agriculture; (2) 

some of the non-commodity outputs exhibit the characteristics of externalities or public 

goods, with the result that markets for these goods do not exist or function properly. 

Multifunctional agriculture offers the opportunity to protect natural resources and 

maintain biodiversity, while at the same time sustaining rural livelihoods (Altieri, 2001; 

Boody et al., 2005; Hall et al., 2004).  

 

This concept of multifunctionality, as it relates to ecosystem services provided by 

agricultural landscapes, was introduced at the 1992 Earth Summit (Zander & Groot, 

2007). Currently, too little is known about important ecological interactions in major 

agricultural systems and landscapes, and about the economic value of ecosystem 

services both associated with and replaced by agriculture (Robertson & Swinton, 2005). 

Modern cropping systems focus on a single ecosystem service: the production of a 

marketable commodity; yet many other services are possible (Clay, 2004; Foley et al., 

2005). The single-minded focus on a single ecosystem service often comes at the 

expense of other ecosystem services (Figure 5.1), and perhaps at the expense of the 

long-term sustainability of the agricultural system itself (Jordan et al., 2005; Tilman et 

al., 2002). 
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Note: The provisioning of multiple ecosystem services under different land-use regimes can be illustrated 
with these simple ‘flower’ diagrams, in which the condition of each ecosystem service is indicated along each 
axis. In this qualitative illustration, the axes are not labelled of normalised with common units. For purposes 
of illustration, three hypothetical landscapes are compared: a natural ecosystem (left), an intensively managed 
cropland (middle) and a cropland with restored ecosystem services (right). The natural ecosystems are able to 
support many ecosystem services at high levels, but not food production. The intensively managed cropland, 
however, is able to produce food in abundance (at least in the short run), at the cost of diminishing other 
ecosystem services. However, a middle ground—a cropland that is explicitly managed to maintain other 
ecosystem services—may be able to support a broader portfolio of ecosystem services (Foley et al., 2005).

Figure 5.1. Conceptual framework for analysing trade-offs among bundles of 
ecosystem services (source:(Foley et al., 2005)  
 

Native revegetation in agricultural landscapes is being promoted as one way of dealing 

with widespread natural resource management issues such as salinity, land degradation, 

while simultaneously enhancing agricultural productivity in Australia (MacDonald & 

Morrison, 2005). This growing interest in the native revegetation of farms is largely 

driven by the idea that trees and other native vegetation can be (re-)established or 

managed to provide a wide range of ecosystem services (Wilson et al., 1995). This 

concept has been embraced by farming industries such as the cotton industry through its 

BMP program (Reid et al., 2003).  

 

With over two-thirds of Australia’s agricultural land privately managed (Tyson-Doneley 

et al., 2005), on-farm environmental management systems (EMS) could, if adopted 

widely, markedly benefit the natural resource base (Bellamy & Johnson, 2000; Seymour 

& Ridley, 2005). Chapter 5 documented the extensive native revegetation required in the 

Gwydir catchment to redress NRM issues. The recommendation that there should be a 
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minimum of 30% woodland or forest cover on agricultural properties (McIntyre et al., 

2002), with at least 10% of the property managed as core conservation areas (Martin & 

Green, 2002), implies that any native revegetation plans will require close collaboration 

with farmers. The Border Rivers Gwydir Catchment Management Authority’s 

(BRGCMA) decision to allocate 90% of available funding for on-ground work on 

private land (BRGCMA, 2005) demonstrates that agricultural property owners are 

indispensable to achieving Gwydir Catchment Blueprint targets.   

 

The cotton industry is promoting multifunctional agriculture through its BMP program 

and is currently exploring EMS pathways to develop branded cotton produced under 

good environmental stewardship (Williams, 2006). The vision of BRGCMA to redress 

pervasive NRM issues across the catchment, and the ambition of the cotton industry to 

develop an EMS through improved environmental stewardship, present a rare 

opportunity and synergy for joint work in implementing NRM interventions in the 

Gwydir catchment. The cotton industry could contribute towards the achievement of 

catchment targets such as increasing native vegetation cover in the catchment by using 

financial incentives provided by the BRGCMA to pursue its environmental stewardship 

agenda. Similarly, given the low adoption of NRM such as tree planting in Australia 

(only 35% of farmers responded that they had planted trees in a study by Wilson et al. 

(1995), the BRGCMA could use the cotton BMP program as an entry point and vehicle 

for its NRM interventions in the Gwydir catchment.  

 

While the ecosystem services important for cotton production in eastern Australia were 

listed by Reid et al. (2003), quantification of the trade-offs and synergies of 

multifunctional agriculture in the cotton growing areas is required to establish the 

magnitude of its potential impact on ecosystem services. Modelling, these trade-offs and 

synergies, will help demonstrate the potential of multifunctional agriculture to enhance 

multiple ecosystem services rather than the conventional approach of optimising 

production of one or a small number of crops and livestock outputs (Bennett & 

Balvanera, 2007; Jordan et al., 2005; MacDonald & Morrison, 2005). There has been, 

for example, growing interest in the integration of native vegetation with existing land-

uses through the establishment of windbreaks (Bird et al., 1992; Hajek, 2004; Tyson-

Doneley et al., 2005; Ucar & Hall, 2001). Ecosystem service benefits derived from 
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windbreaks include: spray drift mitigation (Burn, 2003), nature conservation (Hobbs, 

1993; Zhang et al., 2007), natural pest control (Altieri, 1999; Altieri & Letourneau, 

1982; Hajek, 2004), shade and shelter provision increasing crop and pasture production 

(Marcar & Crawford, 2004), reduction of wind erosion (Ucar & Hall, 2001), wildlife 

corridors (Bennett, 2003) and enhanced aesthetics (Ucar & Hall, 2001).  

 

Cotton growers may establish or maintain native vegetation in, or adjacent to, fields in 

anticipation of ecosystem services such as natural pest control, in addition to their duty 

of care in addressing riparian zone degradation, rehabilitation of degraded land, and so 

on. This chapter focuses on predicting the impact of windbreak establishment for cotton-

growing properties on ecosystem services. Of particular interest are natural pest control, 

spray drift mitigation, biodiversity benefits, improved crop productivity, improved 

pasture productivity and carbon sequestration. The aim of this chapter is to use GIS 

modelling approach to evaluate how the integration of native vegetation in the form of 

windbreaks in cotton farming in the Gwydir catchment influences the provision of 

ecosystem services at district and farm scales. The specific objectives are: (1) to identify 

potential areas for windbreak establishment through native revegetation in cotton-

growing properties in Moree Plains Shire, Gwydir catchment; (2) to map and quantify 

the impact of native revegetation on the flow of ecosystem services; and (3) to quantify 

the trade-offs involved in providing these ecosystem services (for instance, foregone 

agricultural production and competition from trees).  

5.2 Methods 

Cotton farms in Australia are typically 500 to 2000 ha, highly mechanised, capital 

intensive, technologically sophisticated, and require high levels of management 

expertise (CRDC, 2005). Irrigated cotton covers only 4% of the Gwydir catchment in 

years of moderate to high irrigation water availability, yet forms 94% of irrigated 

agriculture, utilising 96% of the water available for irrigation (Bryan & Marvanek, 

2004) (Table 5.1). Cotton accounted for 99% of the irrigated agricultural gross revenues 

in both 1996–97 and 2000-01 (Bryan & Marvanek, 2004). The average per hectare gross 

revenues for 1996–97 ($3809 per ha) and for 2000-01 ($2561 per ha), when compared to 
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the Gwydir catchment’s overall average agricultural gross revenue of $265 per 

ha (Bryan & Marvanek, 2004). 

 

Table 5.1. Summary of cotton area, water use and gross revenues from cotton in 
the Gwydir catchment for the periods 1996–97 and 2000-01 (source: Bryan & 
Marvanek, 2004) 
 

 Variable 
Year 

1996–97 2000-01 
Total area of under cotton (ha) 84 216 114 952 
Cotton growing area in the catchment (%)                      3                  4 
Area of irrigated cotton (ha) 76 900 94 101 
Total cotton water requirements (ML) 561 371  686 937 
Gross revenue from cotton ($’000)            320 745       294 372 
Average gross revenue from cotton ($/ha)                3809          2561 
Average gross revenue from irrigated cotton ($/ha)                 3649           2561 
Returns to water for cotton ($/ML)                  514              359 
Irrigated cotton area compared to total irrigated area (%)                    94                94 
Total water requirements by cotton (%)                    96                96 
Cotton gross revenue to overall agricultural gross revenue (%)                    47                53 
Irrigated cotton gross revenue to overall irrigated agriculture 
revenue (%)                    99                99 

 

The total cotton production in the Gwydir catchment in 2005–06 was 595 000 bales 

harvested from 77 000 ha comprising 60 000 ha of irrigated cotton yielding 9.1 bales/ha 

(545 000 bales in total), and 17 000 ha of dryland cotton yielding 2.9 bales/ha 

(50 000 bales) (Dowling, 2006). The total cotton production in Gwydir in the 2005–06 

season represented 20% of all irrigated cotton and 30% of all dryland cotton produced in 

Australia (Dowling, 2006). Most cotton growers in eastern NSW (over 60%) have 

undertaken limited tree planting around farms, particularly along farm borders, and some 

along watercourses for bank stabilisation (GHD, 2003), while approximately 20% of 

cotton farms have retained and manage over 100 ha of native vegetation (MacArthur 

Agribusiness, 2004).  
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Table 5.2. Assumptions for windbreak establishment in the Gwydir Valley 

 
Variable Value Unit Source 
Planted tree spacing within and 
between rows 4 m (Cremer, 1990; Reid & Bird, 1990; 

Ritchie, 1988; Voller, 1999) 
Number of trees per ha based 
on a 4 m spacing 625 Absolute 

value  

Tree height (mature) denoted 
‘H’ 15 m (Lindenmayer et al., 2005; Marcar & 

Crawford, 2004; Pitman, 2002) 

Windbreak width 10, 20, 30 m (Abel et al., 1997; Lovett et al., 2003; 
Voller, 1999) 

Competition width 2 Tree 
heights 

(Abadi et al., 2006; Cleugh et al., 
2002) and section 2.8.11 

Competition factor 10, 20, 40 % (Abadi et al., 2006; Cleugh et al., 
2002) and section 2.8.11 

Shelter width 20 Tree 
heights 

(Abadi et al., 2006; Cleugh et al., 
2002) and section 2.8.11 

Shelter factor 2, 10, 20, 40 % (Abadi et al., 2006) and section 2.8.11 
Spray drift mitigation distance 
(downwind of the windbreak) 310 m (APVMA, 2006) and section 2.8.10 

Helicoverpa larvae density Low = 20 000 
High = 350 000 Larvae/ha 

Low density (Farrell, 2006) 
High density (Hoque et al., 2000b; 
Scholz, 2002; Stanley, 1997) 

District livestock production 1 DSE/ha (Pitman, 2002; Scott et al., 2004) 

District average wheat yield 2.5 t/ha (Scott & Manning, 2007; Scott et al., 
2004). 

 

Table 5.2 lists assumptions used in this study that relate interactions between trees, 

annual herbaceous crops and annual pastures, and livestock production parameters (see 

discussion in section 2.8.11 summarising empirical research findings related to these 

parameters). Section 2.8.10 highlighted the relationship between windbreaks and spray 

drift, reporting the different downwind distances documented for spray drift deposition. 

Competition width, expressed in tree heights (H), is the amount of land adjacent to 

herbaceous crops or pasture that is subject to competition from trees. It is used to 

calculate the reduction in crop yield, and livestock carrying capacity of pastures, due to 

competition for water, light and nutrients (Abadi et al., 2006; Sudmeyer et al., 2002). 

Competition factor defines the proportion of crop yield and stocking rate lost due to 

competition within the competition zone (Abadi et al., 2006; Cleugh et al., 2002). 

Shelter width is the width of herbaceous crops or pasture adjacent to trees that is subject 

to shelter from the trees, expressed in tree heights. In the shelter zone, there is an 

increase in crop yield or pasture carrying capacity due to reduced wind speed, stock 

protection and reduced soil erosion (Abadi et al., 2006; Lynch & Donnelly, 1980). 

Shelter factor defines the proportion of yield and stocking rate gained due to shelter 
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benefits conferred on crops and pastures by trees within the width specified for that 

shelter (Abadi et al., 2006; Bird et al., 2002; Voller, 1999).  

 

The potential tree height was assumed to be 15 m (Table 5.2). Woodland tree species 

height range between 10 and 30 m (Lindenmayer et al., 2005). The Gwydir cotton 

growing area falls in the Moree Plains Shire. The Moree Plains Shire Regional 

Vegetation Management Plan identified myall Acacia pendula, river cooba, belah 

Casuarina cristata, river red gum Eucalyptus camuldulensis, coolabah, and poplar box 

Eucalyptus populnea as the dominant native vegetation types in the region (Pitman, 

2002). These trees attain heights ranging from 12–20 m for Acacias, 20 m for 

Casuarina, and 15–45 m for Eucalyptus (Cremer, 1990; Marcar & Crawford, 2004; 

Race, 1993). Additionally, most woodland species heights range between 15–30 m 

(Lindenmayer et al., 2005). However, considering that most of the native vegetation in 

the study area is semi-arid open woodland (Pitman, 2002), a conservative tree height of 

15 m was assumed for the windbreak trees planted in the study area. 

 

Other pests include red spider mite (Tetranychus urticae), thrips (Thrips tabaci), aphids 

(Aphis gossyppi), jassids (Austroasca viridgrisea) and whitefly (Bemesia tabaci) 

(Farrell, 2006). Very high Helicoverpa pressure was experienced in the 2005–06 season 

(Holmes, 2006). Conventional cotton received 14–22 sprays for the season for 

Helicoverpa spp. (Holmes, 2006). The suppression of outbreaks of Helicoverpa by 

beneficial insects depends on Helicoverpa population densities. Threshold counts of 

beneficial arthropods and pests in cotton crops are used to make rational, consistent 

decisions about pest management. For example, the threshold for Helicoverpa is 2 larvae 

per row-meter of cotton crop, beyond which pesticide application is recommended 

(Deutscher et al., 2004; Farrell, 2006). This threshold density is low. Hoque et al. 

(2000b) contended that 1998–99 was a heavy Helicoverpa infestation year with an 

average of 4.25 eggs per row-meter of cotton, while 1999–2000 was a light pest pressure 

season with an egg density of 1.9. Helicoverpa egg densities of up to 40 eggs per row-

meter have been recorded in Moree, and up to 19 eggs per row-meter in Boggabilla, 

NSW (Stanley, 1997). Scholz’s (2002) report of Helicoverpa egg densities of 87 eggs 

per row-meter of cotton is the highest reported in the literature and is assumed to 

represent high Helicoverpa density. Farrell (2006) cautioned against using eggs as the 
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basis for spraying thresholds, as they can be very misleading. Of greater relevance is the 

amount of successful egg hatching and thus larvae density per row-meter. Maximum 

successful egg hatch is 40% (Farrell, 2006). Therefore, 40% of the high Helicoverpa egg 

density (87 eggs/m) was assumed to represent a high Helicoverpa larva density in this 

study. This was equivalent to 35 Helicoverpa larvae per row-meter of cotton crop. The 

low Helicoverpa larva density (2 Helicoverpa larvae per row-meter) and high 

Helicoverpa larva density (35 Helicoverpa larvae per row-meter) were converted to 

densities on a per hectare basis by multiplying by a factor of 10 000 (assuming 

10 000 row-meters per ha). These Helicoverpa densities translated to 20 000 larvae/ha 

and 350 000 larvae/ha (Table 5.2) for low and high Helicoverpa larva infestations, 

respectively. 

 

Several datasets were used to model the ecosystem service benefits of native 

revegetation on Gwydir cotton farms (Table 5.3). A layer showing cotton growing areas 

(COTTON) in the Gwydir catchment was extracted from the Gwydir land-use and land 

cover dataset (LULC, Table 5.3 and Figure 2.2). The COTTON layer was intersected 

with the cadastral layer (PROP) to generate all the cotton-growing properties 

(PROP_COTTON) in the Gwydir catchment.  

 

Using ArcGIS©, buffers of 10 m, 20 m and 30 m on all the interior boundary fencelines 

of cotton-growing properties (PROP_COTTON) were generated to determine the 

potential areas for windbreak establishment, producing 10 m_BUFFER, 20 m_BUFFER, 

and 30 m_BUFFER windbreak layers (Table 5.3). Existing native closed and open forest 

areas (FOREST; Table 5.3) were removed from the buffers to provide the final dataset 

showing potential areas for windbreak establishment (10m_WINDBREAK, 

20m_WINDBREAK, 30m_WINDBREAK; Table 5.3). The three WINDBREAK layers 

formed the base maps for assessing the impact of establishing windbreaks on the 

provision of ecosystem service in the cotton-growing areas of the Gwydir catchment. 
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Table 5.3. Spatial data used to model windbreak establishment in the cotton-
growing areas of the Gwydir catchment 
 
Dataset Description Source* Abbreviation 
Digital 
cadastral 

Digital database of cadastral features of Gwydir 
catchment containing property boundaries DNR PROP 

Land-use and 
land cover 

Broad land-uses and land covers in Gwydir catchment 
(Figure 2.2) 

DNR & 
BRS LULC 

Native forest 
and open 
forest 

Existing native forest cover and native open 
forest/woodland extracted from LULC and merged to 
form forest layer 

DNR & 
BRS FOREST 

Cropped area Cropping land-use extracted from LULC and stored as  
separate layer 

DNR & 
BRS CROP 

Pasture 
Highly modified pasture and native grassland and 
minimally modified pasture extracted from LULC and 
merged to form pasture layer 

DNR & 
BRS PASTURE 

Cotton crop 
area 

Extracted from CROP layer, showing cotton crop extent 
in 1996 DNR COTTON 

Cotton 
growing 
properties 

Generated by intersecting cotton crop area (COTTON) 
with Gwydir cadastral map (PROP) Generated PROP_COTTON 

Cotton 
properties 
buffers: 10, 
20 and 30 m 

10, 20 and 30 m Buffers (generated using buffer 
command in ArcGIS) on all interior sides of each cotton 
growing property (PROP_COTTON) 

This study 

10m_BUFFER 
20m_BUFFER 
30m_BUFFER 
 

Potential 
windbreaks 

Dataset generated using ArcGIS erase command to 
exclude all existing native vegetation and woodland 
(FOREST) areas in 10m_ BUFFER, 20m_ BUFFER and 
30m_BUFFER. This gave final areas where potential 
windbreaks could be established. 

This study 
10m_WINDBREAK 
20m_WINDBREAK 
30m_WINDBREAK 

Plantation 
potential 

Hardwood plantation potential classified by mean annual 
increment (MAI) in Gwydir catchment (Appendix A4.1) BRS PLANT_POT 

*DNR, NSW Department of Natural Resources; BRS, Bureau of Rural Sciences; DEC, NSW Department 
of Environment and Conservation; Generated = new GIS data extracted from original datasets or through 
GIS processing of the datasets. 

5.2.1 Natural pest control 

Computing the benefits of biological control is a difficult task (Gutierrez et al., 1999; 

Huffaker et al., 1976). Nevertheless, even crude measures of the impact or the benefit of 

biological control may be better than no measures at all (Tisdell, 1990). These include 

indicators such as a reduction in the population size of the target pest, an increase in 

production, and an increase in total farm revenue or receipts (Hoque et al., 2000a; 

Tisdell, 1990). The role of native vegetation in the conservation of beneficial insect 

predators and its contribution to natural pest control was discussed in section 2.8.9. 

Beneficial insect predator levels in agroecosystems can be enhanced through habitat 

management (Landis et al., 2000; Mensah & Sequeira, 2004; Thomas et al., 1991). 

Habitat management to increase beneficial populations can involve planting windbreaks 

 

 

137



(Abel et al., 1997; Dix et al., 1995; Voller, 1999). Plantings of native vegetation in non-

cotton fields can act as refugia and become potential nursery areas for beneficial species 

with distinct habitat preferences (Johnson et al., 2000); and native windbreaks bordering 

cotton are habitat for beneficial species (Rencken, 2006; Smith, 2005). In Australian 

cotton crops, most control measures are directed at Helicoverpa (Fitt et al., 2004), but 

other pests can also be targeted (Farrell, 2006).  

 

Although the abundance of predators can generally be estimated in the field, their impact 

on pests is harder to quantify (Johnson et al., 2000). For instance, where beneficials 

reduce pest densities, the need for pesticide inputs may be lessened, but linking 

increased beneficials to higher yields through pest suppression is difficult to demonstrate 

(Gurr et al., 2003; Pimentel et al., 1992a). Establishing the benefits of natural pest 

control is also difficult due to the dynamic nature of predator-prey relationships and a 

lack of information about these relationships (Duelli & Obrist, 2003). The practical way 

of demonstrating the importance of natural pest control is to calculate the reduction in 

pesticide inputs due to increased numbers of beneficials (Gurr et al., 2003; Gutierrez et 

al., 1999; Huffaker et al., 1976); this is the approach employed in the present study. The 

steps below summarise how the natural pest control benefits provided by native 

revegetation were estimated in this study.  

1. The area of new windbreaks (ha) (10m_WINDBREAK, 20m_WINDBREAK, 

30m_WINDBREAK; Table 5.3) was calculated using GIS analysis, providing the 

extent of new native vegetation that would host beneficials. Planted windbreaks are 

characterised by two main plant growth forms: (a) trees, and (b) an herbaceous (grass 

and forb) layer beneath the woody stratum. The total number of trees planted in each 

windbreak width was calculated by multiplying the number of trees per hectare (625; 

Table 5.3) by the respective windbreak area. The total area of grass sub-habitat 

beneath trees in newly established windbreaks was calculated by assuming that 10% 

of windbreak surface was occupied by tree bases, and therefore that the grass sub-

habitat would be 90% of the total area of windbreak. 

2. The range of mean beneficial densities in cotton-growing areas in eastern Australia 

was collated from the literature (Table 5.4).  
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Table 5.4. Summary of mean and ranges of arthropod predators in different 
habitats in cotton-growing areas 
 

Habitat  Sub-habitat Unit Mean Source 

Grass sub-
habitat under 
trees 

Grasses with trees Per 10 m 3–22 Smith (2005) 

Grassland with remnant bush Per 10 m 14.1 Hardwick 
(2004) 

Forest grass Per 10 m 2.58 O’Brien (1978) 
Overall range Per 10 m 2.58–22  
Overall range Per ha 2580-22 000  

Trees (genus) 

Acacia Per tree 1–48 Smith (2005) 
Acacia Per tree 2.97 Rencken (2006) 
Callistemon Per tree 2–9 Smith (2005) 
Casuarina Per tree 3.33 Rencken (2006) 
Casuarina Per tree 2–17 Smith (2005) 
Eucalyptus Per tree 1–36 Smith (2005) 
Eucalyptus Per tree 1.77 Rencken (2006) 
Melaleuca Per tree 1–7 Smith (2005) 
Melaleuca Per tree 3.8 Rencken (2006) 
Overall range Per tree 1–48  

 

The range of mean predator species in the grass layer among trees was 2.58–22.00 

per 10-m row (10-m row is equivalent to 10 m2). The mean number of beneficials 

was 1 to 48 per tree. To be able to extrapolate to ecosystem service provision, the 

linear measurements of insects (numbers per 10 m) in grass habitat were transformed 

to densities (numbers per hectare) by multiplying by a factor of 1000, giving estimate 

of between 2580 and 22 000 beneficials/ha. 

3. Multiplying the area of newly established native vegetation in windbreaks (1) by 

mean beneficial density (2) gave the increase in total number of predators that would 

be available to provide natural pest control after native revegetation with windbreaks.  

4. The simultaneous presence of beneficial insects and pests is thought to imply that 

predation will occur (Johnson et al., 2000). Therefore, the modelled increase in 

beneficial numbers as a result of native revegetation adjacent to cotton crops was 

assumed to lead to an increase in the attack on Helicoverpa larvae in nearby cotton 

crops. The number of Helicoverpa larvae predated by the beneficials estimated in (3) 

was calculated using Helicoverpa predator–pest ratios (Equation 5.1) (Farrell, 2006). 

When the predator–pest ratio is 0.5 or higher, the Helicoverpa population should 

remain below the threshold of 2 larvae/m and no pesticide spraying is required 

(Deutscher et al., 2004; Farrell, 2006). Equation 5.1 implies that 2 beneficials per 
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Helicoverpa larva are required, if this threshold is to be maintained to completely 

suppress Helicoverpa. Using this relationship, it was estimated that 

40 000 beneficials/ha and 700 000 beneficials/ha would be required to suppress 

20 000 larvae/ha (low Helicoverpa density) and 350 000 larvae/ha (high Helicoverpa 

density) (Table 5.2), respectively. 

 

5.0=
sppaHelicoverp

predatorsTotal             Equation 5.1 

 

5. Dividing the total number of beneficials estimated in (3) by the 40 000 beneficials/ha 

and 700 000 beneficials/ha estimated in (4), determined the cotton area where 

Helicoverpa would be suppressed and where there would be no need to spray under 

low and high Helicoverpa density. The area of cotton crop protected by beneficials 

represented ecosystem service benefit of natural pest control from windbreak 

establishment on cotton-growing properties.  

5.2.2 Spray drift mitigation 

Data on crop losses due to pesticides are difficult to obtain (Pimentel, 2005). In 2006, 

APVMA published operating principles in relation to spray drift risk (APVMA, 2006). 

The APVMA uses these principles to determine spray drift risk before registering 

pesticides. These principles provide the deposition values (expressed as a fraction of the 

applied field rate) for each downwind distance at 2 m intervals up to a downwind 

distance of 300 m. Using the APVMA data, a relationship between downwind distance 

and deposition values (APVMA, 2006) was formulated (Equation 5.2), representing zero 

spray drift mitigation in the absence of windbreaks. Reductions in spray drift deposition 

due to the effect of planted windbreaks were calculated by assuming that windbreaks 

screened between 50% and 90% of drifting pesticide and therefore reduced the 

deposition values by those percentages. These reductions in spray drift were based on 

literature (Bird et al., 1992; Cremer, 1990; Hewitt, 2001; Raupach et al., 2000; Voller, 

1999) as detailed in section 2.8.10. The derived deposition values were used to fit a 

relationship for 50% spray drift mitigation (Equation 5.3) and 90% spray drift mitigation 

(Equation 5.4), respectively:  
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y = 0.1615 – 0.0272ln(x)        Equation 5.2 

 

y = 0.0807 – 0.0136ln(x)          Equation 5.3 

 

y = 0.0161 – 0.0027ln(x)         Equation 5.4 

where y was the deposition fraction of the field application intensity, x was downwind 

distance (m) and ln was the natural logarithm.  

 

The spray drift reduction was assumed to be the same for the three windbreak buffer 

widths since the row and tree spacing was assumed to be the same for each windbreak 

width. The potential extent of the spray drift was estimated using GIS by creating 

multiple 10-m-wide interval buffers up to a distance of 300 m from the interior of 

10m_WINDBREAK, generating a 10m_SPRAYDRIFT layer (Table 5.3). The 

deposition values at each buffer distance were computed in GIS for the three scenarios: 

no spray drift reduction, 50% spray drift reduction, and 90% spray drift reduction, using 

Equation 5.2, Equation 5.3 and Equation 5.4, respectively.  

 

Reduction of spray drift by windbreaks protects crops from spray drift damage. The two 

widely grown crops in the study area, wheat and cotton, were separately used to model 

the impacts of spray drift mitigation. The impact of glyphosate spray drift on wheat yield 

reduction (%) was computed using a relationship (Equation 5.5) developed by Deeds et 

al. (2006) that established the response of wheat crop to simulated drift rates of 

glyphosate by measuring grain yield after spraying wheat plants with different 

concentrations of glyphosate:  

 

y = 305.4x – 2.2        Equation 5.5 

where y was the wheat yield reduction (%) and x was the fraction of the field application 

rate. 

 

This relationship was entered into the 10m_SPRAYDRIFT layer to calculate percentage 

wheat yield reduction and transformed to quantitative yield reduction (t/ha) to 

demonstrate the likely impacts of spray drift, using the average district wheat production 
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yield of 2.5 t/ha (Table 5.2). Total wheat yield reduction was derived by multiplying the 

reduced yield by the total area affected by spray drift. Comparisons between wheat yield 

reductions from spray drift mitigation, with and without spray drift, demonstrated the 

spray drift reduction benefit of windbreaks under the three spray drift mitigation 

scenarios.  

 

The impact of glyphosate spray drift on cotton crop was performed using a relationship 

developed by Thomas et al. (2005) that determined the relationship between cotton yield 

and simulated glyphosate spray drift (Equation 5.6). 

 

))))214.0log()(log(*81.9exp(1(2034 −+= ratey     Equation 5.6 

where y was cotton lint yield (kg/ha) and rate was glyphosate application rate (kg/ha). 

 

Each of the deposition values calculated using Equations 6.2–6.4 were multiplied by the 

average glyphosate (Roundup Ready®) application rate of 0.9 kg/ha recommended for 

cotton crops (Farrell, 2006), to derive the actual glyphosate application rate (kg/ha) for 

each buffer interval. The derived glyphosate application rate was then used to calculate 

the cotton lint yield (kg/ha) under the three scenarios of spray drift mitigation. Equation 

5.6 was incorporated into the 10m_SPRAYDRIFT GIS layer to calculate the impact of 

glyphosate spray drift on cotton yield. The cotton lint yield (kg/ha) at each distance was 

multiplied by the buffer areas to give the total cotton production (kg) under the three 

spray drift mitigation scenarios. The difference between total cotton yield with 50% 

spray drift mitigation, and no spray drift mitigation, represented the ecosystem service 

benefits of spray drift mitigation from windbreaks for the 50% spray drift reduction 

scenario. Similarly, the difference between total cotton yield with 90% mitigation and no 

spray drift reduction represented ecosystem service benefits from windbreaks for the 

90% scenario.  

 

The nature and frequency of spray drift in the study area was established by analysing all 

of the spray drift complaints reported from Moree Plains Shire from 1998 to 2006 to the 

from NSW Department of Environment and Climate Change (DECC). The date was 

obtained under the NSW Freedom of Information (FOI) Act 1989.  
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5.2.3 Biodiversity benefits 

The native vegetation established in the windbreaks was considered to be surrogate for 

biodiversity. A second surrogate for biodiversity was the woodland birds likely to 

recolonise the windbreaks, and predicted using species-area relationships. Species-area 

relationships predict an increase in the number of species as the area of habitat increases 

(Hilty et al., 2006; MacArthur & Wilson, 1967). The potential increase in woodland 

birds was estimated using the power function relating bird species number (S) and 

habitat area (A) (Equation 5.6) Ford & Howe (1980): 

 

S = 13.64 * A0.166         Equation 5.7 

 

This relationship was entered into the windbreak GIS layers (10m_WINDBREAK, 

20m_WINDBREAK, and 30m_WINDBREAK) to predict the number of bird species 

that would eventually colonise the newly established native windbreak plantings.  

5.2.4 Carbon sequestration benefits 

The GIS layer showing the mean annual increment of hardwood trees in the Gwydir 

catchment was obtained from ABARE & BRS (2001) (PLANT_POT; Table 5.2). The 

PLANT_POT layer (Appendix A4.1) was overlayed with the different windbreak layers 

(10m_WINDBREAK, 20m_WINDBREAK, and 30m_WINDBREAK) to determine 

respective hardwood production capabilities in these areas. The area of each intervention 

and its respective hardwood capability class was multiplied by the respective carbon 

sequestration rate (Table 4.4) to estimate above-ground carbon sequestration from 

revegetating windbreaks with hardwoods.  

5.2.5 Shelter effects on crop and animal productivity 

Estimation of the extent to which windbreaks augment crop production was based on the 

wind protection from planted rows of trees and shrubs and amelioration of crop 

microclimate downwind (Abel et al., 1997; Bird et al., 1992; Carberry et al., 2002; 

Sudmeyer et al., 2002; Voller, 1999; section 2.8.11). A shelter width of 20 tree heights 

and a mature tree height (H) of 15 m was assumed (Table 5.2), giving a total shelter 

width of 300 m beyond the competition zone (assumed to be 2 tree heights or 30 m 
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width, adjacent to the windbreak). Planting windbreaks of trees along all property 

boundaries is the most common method of providing wind shelter for livestock and 

crops, and for spray drift capture (Fitzpatrick, 1994; Marcar & Crawford, 2004; Voller, 

1999). A 300 m buffer was created on all the interior sides of revegetated windbreaks 

layer (10m_WINDBREAK, 20m_WINDBREAK and 30m_WINDBREAK) and 

intersected with the cropped area layer (CROP) to delineate the crop area that would 

benefit from windbreak shelter. Multiplying the cropped area with the average district 

wheat yield (the cropped area was assumed to be wheat) of 2.5 t/ha gave the expected 

total wheat yield from the sheltered zone. The total wheat yield was then multiplied by 

the four shelter factors (2%, 10%, 20% and 40%; Table 5.2) to give the overall crop 

productivity improvement, for each scenario. The four factors recognised that the 

productivity improvement can be quite variable (Bird et al., 1992; Bird et al., 2002; 

Carberry et al., 2002; Lynch & Donnelly, 1980; Reid & Bird, 1990; section 2.8.11). 

 

Animal productivity improvement due to the shade and shelter from windbreaks is due 

to: (1) enhanced pasture production in the sheltered pasture zone, and (2) at the level of 

the individual animal, the increased proportion of metabolic energy allocated to growth 

or reproduction because of the reduction in energy required for heating or cooling during 

stressful weather (Lynch & Donnelly, 1980; Voller, 1999; section 2.8.11). These two 

aspects were combined in a net estimate of animal production improvement. Following 

the assumptions in Table 5.2, the width of the sheltered zone around native revegetation 

was 300 m beyond the competition zone (30 m wide). A 300 m buffer, created on the 

interior of all sides of the windbreaks map layers (10m_WINDBREAK, 

20m_WINDBREAK, and 30m_WINDBREAK), intersected with pasture layer 

(PASTURE) delineated the livestock production areas that would benefit from shelter. 

This area was multiplied with the average district livestock production yield (1 DSE/ha; 

Table 5.2) to provide the total livestock production in the sheltered zone. Multiplying the 

total livestock production by shelter factors (2%, 10%, 20% and 40%; Table 5.2) gave 

the overall stock improvement for each scenario.  
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5.2.6 Competition effects on crop and animal productivity 

Planted trees reduce crop and pasture production in adjacent paddocks through 

competition (Abel et al., 1997; Cleugh et al., 2002; Cremer, 1990; section 2.8.11). The 

decrease in yield of crops growing close to windbreaks due to competition was estimated 

using assumptions in Table 5.2. A competition zone extending 30 m (2 tree heights) in 

width was created on all the interior sides of the windbreak layers (10m_WINDBREAK, 

20m_WINDBREAK and 30m_WINDBREAK) and intersected with the crops layer 

(CROP) to delineate the crop areas that would suffer reduced production due to 

windbreak competition. The total wheat yield in the competition zone was calculated by 

multiplying the crop area by the average district yield (2.5 t/ha). The wheat yield loss 

from windbreak competition was established by multiplying the total wheat yield by 

competition factors of 10%, 20% and 40% (Table 5.2). A similar approach was used in 

establishing the pasture area in the competition zone: the 30 m buffer, created on all 

interior sides of the windbreak layers (10m_WINDBREAK, 20m_WINDBREAK, and 

30m_WINDBREAK) was intersected with the pasture layer (PASTURE) to delineate 

the pasture areas that would be less productive because of windbreak establishment. The 

pasture area was multiplied by the average district livestock carrying capacity 

(1 DSE/ha) to establish the total livestock production in the pasture area in the 

competition zone. The total livestock production was multiplied by competition factor of 

10%, 20% and 40% (Table 5.2) to estimate the reduction in livestock production due to 

windbreak competition.  

5.2.7 Foregone agricultural production 

Establishing new native vegetation as windbreaks also carries an opportunity cost of the 

foregone crop and pasture production from land devoted to revegetation (Davidson et 

al., 2006; Lockwood et al., 2002; Pannell, 2004). The extent of both cropped and pasture 

areas taken up for native revegetation was estimated using GIS by intersecting the 

windbreaks layers (10m_WINDBREAK, 20m_WINDBREAK, and 

30m_WINDBREAK) with the cropped area (CROP) and pasture (PASTURE) layers. 

The cropped area was multiplied by the average district wheat yield (2.5 t/ha) to estimate 

the total wheat yield foregone. Total foregone livestock production was estimated by 
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multiplying the revegetated pasture area by the average district livestock carrying 

capacity (1 DSE/ha).  

5.3 Results 

The 1483 properties with cotton crops (Figure 5.2) covered an area of 344 435 ha (12% 

of the Gwydir catchment). Approximately 37% (126 525 ha) of these properties was 

under cotton crop. Irrigated cotton occupied 104 980 ha (83% of cotton) and 21 545 ha 

(17% of cotton) were under dryland cotton. The 10-m, 20-m, and 30-m-width 

windbreaks on all the interior sides of each property covered 9900 ha, 19 239 ha and 27 

989 ha, respectively (Table 5.5).  

 
Figure 5.2. Location of cotton-growing properties in the Gwydir catchment 

 

Figure 5.3 shows an example of one property’s 20-m-width windbreak and its 

competition zone, improved productivity, spray drift mitigation and foregone 

agricultural production zones. 
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5.3.1 Natural pest control 

The impact of natural pest control would be manifested in Helicoverpa suppression or 

eradication in some parts of cotton crops across the study area. The three rows by 

tree/4 m specification would require 6 million trees, 12 million trees and 17 million 

trees, planted in 10-m, 20-m, and 30-m-width windbreaks, respectively (Table 5.5). The 

total grassed habitat beneath trees ranged between 9000 ha (10-m-width windbreak) and 

25 000 ha (30-m width). The trees and grassed habitat beneath trees supported between 

29 million beneficial arthropods (low beneficials density in 10-m wide windbreak) and 

1.4 billion beneficial (high beneficials density in 30-m wide windbreak) (Table 5.5). 

Under low Helicoverpa larva density, these beneficials were sufficient to suppress or 

eradicate Helicoverpa larvae in a cotton area of between 729 ha (assuming low 

beneficial density in 10-m-wide windbreaks) and 34 846 ha (assuming high beneficial 

density in 30-m-wide windbreaks). In the case of high Helicoverpa larva density, 

beneficials would suppress or eradicate Helicoverpa larvae in a cotton area of between 

42 ha (assuming low beneficial density in 10-m-wide windbreaks) and 1991 ha 

(assuming high beneficial density in 30-m-wide windbreaks) (Table 5.5). The highest 

ecosystem service benefit from natural pest control in terms of total area (ha) of 

complete suppression of Helicoverpa larvae for every hectare of windbreak established 

ranged between 0.004 (10-m windbreak, high Helicoverpa density and low beneficial 

density) and 1.245 (30-m windbreak, low Helicoverpa density and high beneficial 

density) (Table 5.5). 

5.3.2 Spray drift mitigation 

The spray drift zone (310 m on all the interior sides of properties in the study area) was 

219 153 ha. Figure 5.4 shows an example of the spray drift zone for one property and the 

downwind distances at 10-m intervals from the windbreak. With no windbreaks and 

therefore no spray drift reduction, deposition of glyphosate extended up to a distance of 

310 m on all the interior sides of property. The glyphosate deposition extended up to a 

distance of 260 m from the windbreak edge in the case of 50% spray drift reduction, and 

up to 60 m in the case of 90% spray drift reduction. Figure 5.5 shows glyphosate 

deposition for 0%, 50% and 90% spray drift reduction scenarios, at 10-m intervals.  



 

 
Figure 5.3. Improved productivity, competition zones and affected agricultural area associated with the 20-m-wide windbreak 

development scenario 
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Table 5.5. Extent of established windbreaks, potential numbers of beneficials and their impacts on bollworm (Helicoverpa spp.) 
larvae 
 

Attribute Windbreak 
10 m width 20 m width 30 m width 

Newly established windbreaks total area (ha) (a) 9900 19 239 27 989 
No. of trees per ha based on a 4 m spacing 625 625 625 
Total no. of planted trees in newly established windbreaks 
(b) 6 187 500 12 024 375 17 493 125 

Total grassed area (ha) beneath trees in newly established 
windbreaks (c) 8910 17 315 25 190 

 Low High Low High Low High 
Range of mean beneficials/tree (d) 1 48 1 48 1 48 
Range of total number of beneficials in windbreak trees 
(e = (b * d)) 6 187 500 297 000 000 12 024 375 577 170 000 17 493 125 839 670 000 

Range of mean beneficials/ha in grasses beneath windbreak 
trees (f) 2580 22 000 2580 22 000 2580 22 000 

Range of total number of beneficials in grasses beneath 
trees (g = (f * c)) 22 987 800 19 6020 000 44 672 958 380 932 200 64 990 458 554 182 200 

Total number of beneficials (in trees and grasses beneath 
trees) (h = g + e) 29 175 300 493 020 000 56 697 333 958 102 200 82 483 583 1 393 852 200 

Total number of beneficials per ha required to suppress 
Helicoverpa (i) at two Helicoverpa densities       

Low density 40 000 40 000 40 000 40 000 40 000 40 000 
High density 700 000 700 000 700 000 700 000 700 000 700 000 

Total area (ha) of complete suppression of Helicoverpa at 
different Helicoverpa population densities (j = h/i)       

Low density 729 12 326 1417 23 953 2062 34 846 
High density 42 705 81 1369 118 1991 

Natural pest control benefit (ha) (total area of complete 
suppression of Helicoverpa at different Helicoverpa 
population densities) per 1 ha of windbreak (k = j/a) 

      

Low density 0.073 1.245 0.074 1.245 0.074 1.245 
High density 0.004 0.712 0.004 0.712 0.004 0.071 
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In the absence of windbreaks, spray drift caused a 47 648 t reduction in wheat yield 

(Table 5.6). The establishment of windbreaks greatly reduced the yield losses. Wheat 

yield reduction under the 90% spray drift reduction scenario was 1234 t while the wheat 

yield reduction under the 50% spray drift reduction was 21 302 t (Table 5.6). The spray 

drift mitigation benefit (represented by the difference between wheat reduction with 

spray drift mitigation and wheat yield reduction without windbreaks and therefore no 

spray drift mitigation) was 26 346 t under the 50% spray drift mitigation scenario and 

46 414 t under the 90% spray drift mitigation scenario. This translated to a spray drift 

mitigation benefit of between 0.94 t (assuming 30-m-wide windbreaks and 50% spray 

drift reduction) and 4.69 t (assuming 10-m-wide windbreaks and 90% spray drift 

reduction) of wheat for every hectare of windbreak established (Table 5.6). 

 

The second series of simulations, which modelled impacts of spray drift on cotton crop 

instead of wheat in the spray drift zone, also showed a higher crop yield where spray 

drift was mitigated in comparison to no spray drift mitigation (no windbreaks). Cotton 

yield was 4487 bales higher under the 50% spray drift reduction scenario compared to 

no spray drift reduction. Similarly, modelled cotton yield was 4496 bales higher under 

the 90% spray drift reduction scenario compared to no spray drift reduction (Table 5.6). 

The net ecosystem service benefit from spray drift mitigation ranged from 0.16 bales 

(assuming 30-m-wide windbreaks) and 0.45 bales (assuming 10-m-wide windbreaks) 

(Table 5.6) for each hectare of windbreak established. 
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Table 5.6. Potential benefits of spray drift mitigation on wheat and cotton yield in study 
area 
 

 

No 
windbreaks: 

no spray drift 
reduction 

With windbreaks and assuming: 

50% Spray 
drift reduction 

90% Spray drift 
reduction 

Option 1: wheat yield     
Wheat yield reduction (t) 47 648 21 302 1234 
Spray drift benefit from the windbreak (yield 
reduction in absence of windbreak minus yield 
reduction with windbreaks present) (a) 

 26 346 46 414 

Option 2: cotton yield    
Cotton yield (kg)    444 738 007 445 756 497    445 758 625 
Cotton yield (bales)        1 959 198       1 963 685        1 963 694 
Spray drift benefit from the windbreak (cotton 
yield with windbreak present minus cotton 
yield  without windbreaks) (b) 

              4487                4496 

Spray drift benefit per ha of windbreak    
10-m-wide windbreak area (ha) (c)  9900 9900 
Wheat yield per ha of windbreak (t/ha)  
(d = a/c)  2.66 4.69 

Cotton yield per ha of windbreak (bales/ha)  
(e = b/c)                 0.45                  0.45 

    
20-m-wide windbreak area (ha) (f)  19 239 19 239 
Wheat yield per ha of windbreak (t/ha)  
(g = a/f)  1.37 2.41 

Cotton yield per ha of windbreak (bales/ha) 
(h = b/f)                 0.23                  0.23 

    
30-m-wide windbreak area (ha)(i)  27 989 27 989 
Wheat yield per ha of windbreak (t/ha)  
(j = a/i)  0.94 1.66 

Cotton yield per ha of windbreak (bales/ha) (k 
= b/i)                 0.16                  0.16 



 
Figure 5.4. Spray drift zone across part of a property and downwind distance (at 10-m intervals) from the 10-m-wide windbreak
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Figure 5.5. Modelled glyphosate deposition (kg/ha) for three scenarios for each downwind distance (at 10-m intervals as shown in 
Figure 5.4) 
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Analysis of the NSW DECC register of spray drift complaints from 1998 to 2006 in 

Moree Plains Shire established that complaints were reported in each year (Figure 5.6), 

totalling 93 complaints over the period. Spray drift complaints peaked in 2001 when 37 

complaints were recorded, and a downward trend since then with only four complaints 

recorded in 2006.  
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Figure 5.6. Summary of spray drift complaints in Moree Plains Shire (source: NSW 

DECC, 2007) 

5.3.3 Enhanced biodiversity benefits and carbon sequestration 

The native vegetation planted in windbreaks in the simulations reported in this chapter 

was considered a surrogate for biodiversity as it would provide habitat for wildlife. The 

additional native vegetation established that would become biodiversity habitat was 

9900 ha, 19 239 ha and 27 989 ha, under the 10-m, 20-m and 30-m wide windbreak 

scenarios, respectively (Table 5.7). The size of native vegetation patches in the 

established windbreaks ranged from 1 ha (10-m-wide windbreaks) to 4006 ha (30-m-

wide windbreaks).  
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Table 5.7. Impact of windbreak establishment on ecosystem services in the cotton-
growing district of the Gwydir catchment  
 

 

Ecosystem services 
benefit/dis-benefit Variable Windbreak width 

10 m 20 m 30 m 

Biodiversity—native 
vegetation 

Total windbreak area (ha) 9900 19 239 27 989 
Smallest windbreak patch size (ha) 1 2 3 
Mean windbreak patch size (ha) 52 101 147 
Largest windbreak patch size (ha) 1440 2761 4006 

Biodiversity—bird 
species 

Number of bird species predicted in the:    
Smallest windbreak patch size 13 15 16 
Mean windbreak patch size 23 26 28 
Largest windbreak patch size 46 51 54 

Carbon sequestration  Carbon sequestered (t C/yr) 64 494 125 064 181 935 

Improved grain and 
livestock yield 

Total sheltered area (ha) 190 462 185 103 179 878 
Area of crops sheltered (ha) 113 859 111 006 108 214 

Total grain yield improvement (t) at 
different shelter factors: 

2% 5693 5550 5411 
10% 28 465 27 752 27 053 
20% 55 515 54 130 52 776 
40% 104 622 101 987 99 414 

Area of pasture sheltered (ha) 37 842 36 515 35 224 

Total stock productivity improvement 
(DSE) at different shelter factors: 

2% 757 730 705 
10% 3784 3652 3522 
20% 7568 7303 7045 
40% 15 137 14 606 14 090 

Reduced grain and 
livestock yield 

Total potential competition zone (ha) 30 133 28 714 27 707 
Competition zone under crops (ha) 17 314 16 424 15 866 

Total grain yield reduction (t) at 
different competition factors: 

10% 4329 4106 3967 
20% 8657 8211 7933 
40% 17 314 16 424 15 866 

Competition zone under pasture (ha) 6521 6268 6056 

Total livestock production yield 
reduction (DSE) at different 
competition factors: 

10% 652 627 606 
20% 1304 1254 1211 
40% 2609 2507 2423 

Foregone agricultural 
production 

Established windbreak area currently under 
cropping (ha) 6599 12 772 18 508 

District grain yield (t/ha) 2.5 2.5 2.5 
Foregone annual crop production (t) 16 498 31 930 46 270 
Established windbreak area currently under 
pasture (ha) 2382 4662 6833 

District stocking rate (DSE/ha) 1 1 1 
Foregone annual livestock production (DSE) 2382 4662 6833 

The predicted number of bird species likely to colonise these native vegetation 

windbreaks was estimated to range between 13 bird species in the smallest native 

vegetation patch (1 ha in the 10-m-wide windbreak scenario) and 54 bird species in the 
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largest native vegetation patch (4006 ha with 30-m-wide windbreaks). The mean number 

of bird species predicted to occur in native vegetation patches averaging 52 ha (10-m 

windbreaks), 101 ha (20-m windbreaks), and 147 ha (30-m windbreaks) was 23, 26 and 

28, respectively (Table 5.7). Planted windbreaks would provide an additional ecosystem 

service—carbon sequestration. The carbon sequestration modelling predicted that 

64 494, 125 064 and 181 935 t C/yr would be sequestered under the 10-m, 20-m and 30-

m-wide windbreak scenarios, respectively, across the study area (Table 5.7). 

5.3.4 Shelter and competition effects of windbreaks on crop and livestock 

productivity 

The average total sheltered area was predicted to be 185 000 ha under the 20-m-wide 

windbreak scenario (Figure 5.3a). Approximately 60% (or 111 000 ha) of the sheltered 

area was occupied by crops and 20% (or 36 500 ha) was under pasture (Table 5.7; 

Figure 5.3b). Shelter from windbreaks was predicted to improve wheat yield production 

by between 27 053 t (assuming a 10% shelter factor across the total sheltered area 

afforded by 30-m windbreaks) and 104 622 t (assuming a 40% shelter factor and 10-m 

windbreaks). Livestock production was predicted to increase by between 3522 DSE 

(assuming a 10% shelter factor across total sheltered area afforded by 30-m windbreaks) 

and 7564 DSE (assuming a 40% shelter factor and 10-m windbreaks) across the study 

area from pasture shelter (Table 5.7; Figure 5.3b).  

 

The average total potential competition zone was 29 000 ha (Table 5.7; Figure 5.3c), 

16 000 ha under crop (55% of the competition zone) and 6000 ha under pasture (20% of 

the competition zone) (Table 5.7; Figure 5.3d). The lowest predicted wheat yield loss 

was approximately 4000 t in the competition zone with 30-m windbreaks and 

competition factor of 10%. The highest projected wheat yield loss was 17 000 t with 10-

m windbreaks and competition factor of 40% (Table 5.7).  

 

Similarly, competition from 10-m windbreaks (assuming a competition factor of 40%) 

was projected to cause the highest reduction in livestock production of 2609 DSE and 

the lowest reduction was established to be 606 DSE in the competition zone with 30-m 

windbreaks and a 10% competition factor (Table 5.7).   

 156



 

Most of the areas earmarked for windbreak establishment in this study were under crops 

or pasture (Table 5.7; Figure 5.3d). Approximately 7000-19 000 ha of the area modelled 

for windbreak establishment was under crop, while 2382–6633 ha was pasture. The 

foregone annual crop production from this area ranged from 16 498 t to 46 270 t of grain 

(wheat) in the 10-m and 30-m-wide windbreak scenarios, respectively. The annual 

foregone livestock production was 2382 to 6830 DSE in the 10-m and 30-m windbreaks 

scenarios, respectively.  

5.4 Discussion 

Most farmland in Australia has been extensively cleared and the most economical and 

practical option for revegetation, particularly in cropping country, is to plant trees in 

windbreaks (Bird et al., 1992). Windbreak establishment is being promoted as a 

mechanism for enhancing agricultural production as well as providing a wide range of 

ecosystem services (Abel et al., 1997; Cleugh et al., 2002; Ucar & Hall, 2001). The 

simulations in this study evaluated approximately 10% coverage (27 989 ha of the total 

study area of 344 435 ha) of native revegetation in the form of windbreaks. This scale of 

native revegetation is suggested to improve existing agricultural production, protect 

natural resources such as soil and water, and enhance flow of ecosystem goods and 

services (Abel et al., 1997). 

 

Natural pest control, as was established by this present study (Table 5.5), and 

documented elsewhere (Altieri & Letourneau, 1982; Dix et al., 1995), is one of the main 

ecosystem services for cotton-growers derived from windbreak establishment using 

native vegetation. Native vegetation bordering agricultural lands has been found to 

support an elevated number of beneficial arthropods with beneficial species richness and 

diversity increasing as the native vegetation increases (Baines et al., 1998; Bedford & 

Usher, 1994; Dennis & Fry, 1992). The native vegetation established under windbreaks 

was predicted to boost the number of beneficials in the study area by millions. This is in 

line with past research which has showed that trees in eastern Australia support huge 

numbers of arthropods. For instance, a chemical knockdown study on canopy arthropods 

on narrow-leaved ironbark Eucalyptus crebra and greybox E. moluccana by Majer et al. 
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(2000) in an eastern Australia forest found 976 arthropod species in 173 families. Recent 

research showed that 20% of the variation in generalist predatory insect abundance in a 

cotton-growing district in north-west NSW, was attributable to native vegetation 

(Rencken, 2006), suggesting that improved vegetation management should enhance 

predator populations and lead to increased pest control. Over 250 species of potentially 

beneficial insects, spiders, and other creatures have been identified in Australian cotton 

crops (Voller, 1999), of which 123 species have been identified as generalist predators 

within cotton agroecosystems (Johnson et al., 2000). The present study predicts that the 

ecosystem service of natural pest control would suppress or eradicate Helicoverpa spp. 

in up to 1.3 ha of cotton crop for every 1 ha of windbreak established. This is a positive 

outcome that is likely to encourage uptake of native revegetation by cotton farmers in 

the region, as pest control implies reduced spraying costs and therefore reduced 

production costs resulting in increased profitability. 

 

Increased management intensity of agricultural fields is one of the main causes of the 

decline of beneficial arthropod diversity and abundance. Total species richness of 

arthropods in agricultural landscapes has been shown to decrease with increasing 

management intensity of agricultural fields and an altered landscape structure 

(Hendrickx et al., 2007). On the other hand, crops grown under multifunctional 

agriculture support fewer herbivorous pests than monocultures (Altieri & Letourneau, 

1982). Having high beneficial insect numbers maintained within the cotton crop prior to 

pest immigration may lessen surges in pest numbers and crop damage (Johnson et al., 

2000). In addition to hosting beneficials, windbreaks are used by arthropod predators as 

over-wintering sites if appropriate vegetation is available (Dix et al., 1995; Rencken, 

2006), which would enable beneficials to reach cotton fields early in the season. High 

numbers of predators reaching 31 insects/m (equivalent to 31 000 predators/ha) in cotton 

fields have been recorded in unsprayed INGARD© cotton in Australia (Scholz, 2002). 

Scholz (2002) demonstrated that sufficiently high densities of beneficials can control 

Helicoverpa larvae. The results summarised in Table 5.5 predict that beneficials in the 

established windbreaks would be sufficient to manage Helicoverpa spp. larvae in up to 

35 000 ha of nearby cotton. Suppression of Helicoverpa larvae over such an area is 

significant, considering that cotton yield losses caused by pests worldwide have been 

estimated to average 37% of the potential crop (Pimentel, 2005). In Australia, Brook et 
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al. (1992) demonstrated that for every Helicoverpa larva present on each occasion when 

cotton was monitored for pest management, cotton yield was reduced by 0.012 bales/ha. 

The advocated threshold of two predators per Helicoverpa larva would therefore imply 

that for every two predators that predate a Helicoverpa larva, 0.012 bales/ha of cotton is 

saved.  

 

It is widely acknowledged that it is difficult to assess how many predators are needed to 

prevent economically significant damage by pests (Gurr et al., 2003; Hartstack et al., 

1975; Johnson et al., 2000), Sterling et al. (1989) suggested that 90 000 to 125 000 

predators are required per hectare daily to control Helicoverpa spp. This estimation lies 

well within the range of 40 000 to 700 000 beneficials/ha that was used in the present 

study. For a farmer to take advantage of non-chemical means of controlling cotton insect 

pests, some cotton agroecosystems will require revegetation (Sterling et al., 1989), as 

modelled in this study. It may also take 3 years for beneficial populations to recover 

completely following multiple applications of broad-spectrum insecticides (Sterling et 

al., 1989). To aid them in decision-making, growers take periodic samples of pests and 

natural enemies in cotton fields to determine if sufficient natural enemies are available to 

prevent unacceptable losses to pests (Farrell, 2006; Ridgway et al., 1993; Sterling et al., 

1989). Visual checking of total predators per row-meter of cotton crop is conducted to 

calculate the predator-to-pest ratio (Equation 5.1), and to be confident that at least three 

insects of the most common predators (ladybird beetles Coccinella transversalis, 

Micraspis frenata, Harmonia octomaculata, Diomus notescens; red and blue beetle 

Dicranolaius belulus; damsel bug Nabis kinbergii; big–eyed bug Geocoris lubra; 

assassin bug Pristhesancus sp.; shield bug Cermatulus nasalis; and lacewings Micromus 

tasmanie and Mallada spp. are be present (Farrell, 2006).  

 

The advantage of using natural enemies over complete reliance on chemicals is that 

natural enemies voluntarily colonise cotton fields, are self-multiplying and effective, do 

not pollute the environment or affect human health, and cost the farmer nothing, except 

for the loss of land to revegetation—an opportunity cost (Ables et al., 1983; Sterling et 

al., 1989). In years with high infestation levels or where beneficials are inadequate, 

augmentation could be considered. Grundy & Maelzer (2002) demonstrated that 

inundative release of assassin bugs Pristhesancus plagipennis, with an effective release 
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rate of 1.38 nymphs per row-meter, provided equivalent yields as insecticide-treated 

plots and had the capacity to reduce Helicoverpa larvae densities in cotton crops. 

However, while the ecosystem service of natural pest control is attractive in its own 

right, other (non-pest management related) benefits may simultaneously result. These 

range from short-term benefits in crop yield or quality, longer-term benefits for 

sustainability of the farming system and, ultimately, broad societal benefits including 

enhanced aesthetics and consequent recreational potential, and, of course, the desirable 

conservation of flora and fauna. 

 

Analysis of the spray drift complaints reported to DECC showed that even though there 

have been close to 100 incidents reported during the period 1998–2006, complaints have 

decreased in Moree Plains Shire over the last 5 years. GHD (2003) analysed the number 

of spray drift complaints between the 1998–99 and 2001–02 seasons in the Gunnedah, 

Moree and Narrabri areas and also found a decline in the number of spray drift 

complaints. Over the four seasons considered by GHD (2003), there were 318 

complaints—over 95% of which were concerned with spray drift issues. The decline in 

spray drift incidents has been attributed to improved environmental management on 

cotton farms as a result of the implementation of a Best Management Practices (BMP) 

approach to cotton farming (CRDC, 2005; GHD, 2003). The BMP program indicates 

higher than broad-acre dryland farmers at any rate level of environmental stewardship 

by the cotton industry (GHD, 2003), indicating a willingness on the part of growers to 

adopt strategies that hold the potential for enhanced production and environmental 

outcomes such as those presented here. 

 

The reduction in spray drift as modelled in the present study is crucial to building and 

maintaining the populations of beneficials in the study area since it has been 

demonstrated that spray drift reduces the abundance of beneficials (Baines et al., 1998; 

Marrs et al., 1989). Schofield & Agtrans Research (2005) asserted that this reduction in 

spray drift has reduced community anxiety about the use of pesticides in the cotton 

industry and their impact on the riverine and neighbouring environment, and perhaps 

also the reduced stress on growers and their staff arising from community criticism. 

Establishing windbreaks is likely to reduce community anxiety further, considering the 

predicted reduction in spray drift by planted windbreaks modelled in this present study. 
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Equally significant are modelled agricultural yield benefits from spray drift mitigation 

which ranged between 26 000 and 46 000 t in the case of wheat and 4500 bales in the 

case of cotton crop. The present study predicted that the spray drift mitigation ecosystem 

service would save up to 1.37 t of wheat or 0.45 bales of cotton for every 1 ha of 

windbreak established. This is another positive outcome, which when combined with the 

ecosystem service benefit of natural pest control underscores the large potential benefits 

from multifunctional agriculture at both the farm and community levels.  

 

Even if off-site, non-target herbicide exposure occurs at extremely low rates, these rates 

may cause injury to susceptible crops. Injury from low rates of glyphosate drift has been 

reported in many crops, including sorghum, cotton, corn, soy-bean and pea (Deeds et al., 

2006; Ellis & Griffin, 2002; Gove et al., 2007; Hurst, 1982; Thomas et al., 2005). 

Although the phenomenon of pesticide spray drift and its impact on agricultural crops is 

documented rather well (Deeds et al., 2006; Thomas et al., 2005), the effect of such drift 

on adjoining non-crop habitats has been poorly investigated (Kleijn & Snoeijing, 1997; 

Longley et al., 1997). Spray drift has severe impacts on non-target beneficial arthropods 

(de Snoo & de Wit, 1998; Gove et al., 2007; Marrs et al., 1989), which obviously 

compromises their role in natural pest control. Thus, although windbreaks may reduce 

spray drift, every precaution to minimise the risk of causing or suffering spray drift 

damage should still be taken. Precautions include, avoiding spraying sensitive areas such 

as waterways, following manufacturers’ directions, paying particular attention to 

weather conditions (Farrell & O'Halloran, 2006), and following the pesticide 

management guidelines as stipulated in the pesticide application management plan 

(PAMP) of the cotton BMP program (Hughes & Farrell, 2006). 

 

Farmers recognise the potential benefits from planting trees. In a national survey, 

farmers responded that they were planting trees to provide shade and shelter (81%), to 

rehabilitate degraded land or protect land from degradation (58%), and to conserve 

native vegetation and wildlife (29%) (Wilson et al., 1995). While it is unlikely that 

native revegetation will be carried out on any large scale specifically for nature 

conservation, it is possible that the revegetation being planned and carried out for other 

purposes can also serve a nature conservation objective (Hobbs, 1993). Windbreaks 

provide connectivity between remnant vegetation patches, allowing interactions between 
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sub-populations of species and enabling re-colonisation of habitats where individuals or 

sub-populations have become extinct (Duelli & Obrist, 2003; Yunusa et al., 2002). 

Therefore, the native revegetation modelled in the present study is envisaged to improve 

biodiversity in the study area by providing native vegetation habitat of up to 28 000 ha, 

in part for up to 54 woodland bird species that are likely to colonise these native 

vegetation patches.  

 

However, the biodiversity value of the revegetated land, even if designed with 

biodiversity in mind, would presumably be less than that of native vegetation that has 

never been cleared (Pannell, 2004). Natural habitats are more heterogenous and studies 

have shown a positive correlation between habitat heterogeneity and diversity and 

animal species diversity (Tews et al., 2004). Bearing this in mind, revegetation can be 

carried out in such a way that agricultural benefits are maximised and conservation 

values are enhanced at the same time. Thus, for instance, windbreak plantings can be 

made wide enough to act as potential wildlife corridors, linking up otherwise isolated 

vegetation remnants (Hobbs, 1992; Tyson-Doneley et al., 2005). Corridors, even quite 

narrow ones, are effective in permitting dispersal of some birds between patches, 

thereby preventing or minimising faunal collapse (Grover & Slater, 1994; Soulé et al., 

1988). It is of course likely that the number of woodland bird species that would 

potentially colonise these native vegetation patches would not reach the maximum 

predicted in this study of between 46 and 54 species. Yet even the more conservative 

estimate of 23–28 woodland bird species predicted in the mean native vegetation patch 

sizes would be desirable and a successful outcome.  

  

There are emerging markets for ecosystem services (such as carbon sequestration) and 

growers providing these ecosystem services are likely to reap financial rewards from 

these markets (Binning et al., 2000; Ribon & Scott, 2007). The planted trees would 

provide an additional ecosystem service in form of carbon sequestration which was 

estimated to peak at 182 000 t in the 30-m-wide windbreaks. This ecosystem service will 

be of great interest to cotton growers due to the availability of markets where carbon can 

be traded and used as additional income. 
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Creating functional, economically feasible programs of diversification in modern 

agriculture is challenging because polycultures can reduce yields via plant competition 

(Landis et al., 2000). The integration of shelterbelts with farming is likely to increase 

crop yields, help control erosion by wind, and may assist with salinity control (Cleugh et 

al., 2002; Sudmeyer et al., 2002). Windbreaks may increase the growth of the crop 

further away because of a reduction in wind speed (Abel et al., 1997), and increase 

livestock production by reducing environmental stress and the amount of feed required 

per unit of meat produced (Carberry et al., 2002).  

 

Overall, although competition reduces crop yield in a confined area (2H) close to the 

windbreak, the increased yields in the sheltered zone more than compensate for lost 

production as predicted by this study. The maximum crop yield was estimated to be 

105 000 t while the maximum reduction in yield due to competition was 17 000 t. There 

were similar trends for livestock production with maximum livestock carrying capacity 

improvement reaching 15 000 DSE while the maximum reduction in livestock in the 

competition zone was 2609 DSE. However, planting non-crop vegetation requires 

removing agricultural land from production (Landis et al., 2000). The trees displace 

crops from part of the paddock and this represents a loss of income to the farmer (Abel 

et al., 1997). The foregone agricultural production was estimated to be a maximum of 

46 000 t of wheat and 6833 DSE. As argued by OECD (2001), multifunctional 

agriculture brings about environmental improvements that reduce commodity production 

in the short-run but is likely to increase the productive capacity of the natural resource 

base in the long-run, and therefore increase overall agricultural profitability.   

5.5 Conclusion 

Research has shown that multifunctional agriculture provides ecosystem services that 

limit degradation imposed by agriculture intensification (Jordan et al., 2005; 

Ryszkowski & Kedziora, 2006). Landholders have duty-of-care and stewardship 

obligations to the environment, and as part of the continuing adoption and 

implementation of BMP practices, Australian cotton growers are likely to benefit from 

the above ecosystem services that emanate from environmental stewardship of their 

properties. Using GIS modelling, priority intervention areas were identified in cotton-
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growing properties: areas where growers can focus their efforts for maximum flow of 

ecosystem services. This study has identified and quantified ecosystem services that are 

public in nature and that cotton growers could use to leverage funding from BRGCMA. 

The BRGCMA is currently supporting natural resource management interventions in the 

Gwydir catchment (BRGCMA, 2005) and is likely to support natural resource 

management interventions on-farm, if farms can demonstrate net societal benefits.  

 

With the current high interest in environmental stewardship, the role played by 

windbreaks in building numbers of beneficial insect populations has special appeal to 

cotton growers as it reduces the need for pesticides while maintaining agricultural 

profitability (Dix et al., 1995). Where beneficials from native vegetation can reduce pest 

densities, the need for pesticide inputs may be lessened (Gurr et al., 2003), thus reducing 

the 8–15 pesticide sprays applied each season (Fitt, 2000; Hoque et al., 2002). This 

reduction of reliance on pesticides due to the ecosystem service of natural pest control 

can reduce insecticide resistance and meet community expectations regarding 

minimisation or elimination of non-target impacts of pesticide use (Reid et al., 2003). 

The suppression and eradication of Helicoverpa larvae represents potentially substantial 

savings in terms of avoided spray costs which will be assessed and presented in Chapter 

7.  

 

While the ecosystem service of natural pest control is attractive in its own right, other 

(non-pest management-related) benefits may simultaneously apply. These range from 

short-term benefits in crop yield or quality, longer-term benefits for sustainability of the 

farming system and, ultimately, broad societal benefits including enhanced aesthetics 

and consequent recreational potential, as well as the conservation of flora and fauna 

(Gurr et al., 2003). It is difficult to compare the yield gain from shelter, and yield losses 

from competition, foregone production and windbreak establishment without performing 

an economic analysis; this will be conducted in Chapter 7. This is important, because as 

Cleugh et al. (2002) asserted, economic analyses that account for the costs of 

establishing windbreaks, losses due to competition, and yield gain as a result of shelter, 

found that windbreaks will either lead to a small financial gain or be cost neutral, and it 

is important to accurately determine these potentialities. However, consideration of a 
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sufficient range of ecosystem services beyond shelter and competition from trees may 

demonstrate a net societal benefit from windbreaks (Boody et al., 2005). 

 

Surveys consistently show that farmers are aware of the considerable environmental 

benefits that can accrue from trees, as well as the benefits of trees for their farming 

activities (Buffier & The Allen Consulting Group, 2002). The present study has 

successfully quantified some of these ecosystem goods and services resulting from 

windbreak establishment using GIS. Incorporation of biophysical data in the GIS 

framework has allowed modelling of the flow of ecosystem goods and services under 

different scenarios to provide a tool that can be further developed in EMS research in 

cotton-growing areas. Demonstration of the benefits of BMP could possibly be used for 

branding Australian cotton. The 2006 Australian State of the Environment report (DEH, 

2007) encourages Australian local, state and commonwealth governments, to promote 

environmental stewardship through appropriate investment, governance and regulation, 

through stewardship approaches including accreditation and certification. If farming 

systems that help the environment and provide other public goods are to thrive, farmers 

will increasingly need financial reinforcement from society (Boody & DeVore, 2006). 

There is a need to find more approaches to pay farmers for ecosystem services on the 

basis of actual performance (Boody & DeVore, 2006; Gerowitt et al., 2003). Developing 

a payment for ecosystem services scheme requires economic valuation of these services, 

and this undertaken in Chapter 7.  

 



6 CHAPTER 6: PILOTING ECOSYSTEM SERVICES APPROACH 
AT FARM-LEVEL 

6.1 Introduction 

Single trees or small patches of trees are a common feature of Australian agricultural 

landscapes (Gibbons & Lindenmayer, 2002; Oliver et al., 2006; Walpole, 1999). 

Paddock trees contribute as much as 34% of extant native vegetation cover (Carruthers 

& Paton, 2005). It is estimated that there are around 20 million ha of scattered trees on 

agricultural land in Australia (Reid & Landsberg, 1999). There is mounting community 

pressure on landholders to manage and preserve the remnant native vegetation on their 

properties in order to maintain or enhance their nature conservation values, and for 

salinity mitigation and carbon sequestration, as well as to undertake programmes for 

revegetation (Gibbons & Boak, 2002; Reid & Landsberg, 1999; Walpole, 1999). The 

conservation of remnant vegetation in the agricultural landscape has the potential to 

maintain and enhance ecosystem services, such as crop and livestock shade and shelter, 

spray drift mitigation, and carbon sequestration (Bird et al., 1992; Smith et al., 2000; 

Walpole, 1999). Scattered paddock trees also provide critical habitat resources for a 

range of wildlife species (Carruthers & Hodda, 2004; Law et al., 2000; Manning et al., 

2006; Oliver et al., 2006), in addition to their social and amenity value (Carruthers & 

Paton, 2005). 

 

Intensification of agricultural practices is an increasing threat to paddock trees as more 

cleared land is required to undertake new types of intensive production (Carruthers & 

Paton, 2005). The rate of decline in the density of isolated trees over the past 30 years is 

expected to increase in the future (Ozolins et al., 2001). Revegetation for biodiversity 

conservation should aim to reinstate some areas of woodland across the paddock tree 

landscape (Carruthers & Paton, 2005). Native vegetation regulations have been 

developed to safeguard extant remnant vegetation. For instance, the Moree Regional 

Vegetation Plan established an offset area of 0.5 ha (established 12 months prior to 

clearing) per tree cleared (Pitman, 2002) to be set aside and maintained for conservation 

outcomes, with a minimum size of 100 ha. However, it has been argued that protection 

of isolated trees in paddocks for conservation purposes imposes costs on broadacre 
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farms, preventing additional productivity gains (Davidson et al., 2005) by: (1) 

preventing the expansion of some agricultural activities; (2) preventing changes in land-

use (for example, from grazing to cropping); (3) inhibiting the adoption of, or limiting 

the full exploitation of, on-farm efficiency gains arising from the adoption of new 

technologies (such as precision agriculture using global positioning system guidance); 

(4) inhibiting the cost-effectiveness of routine management of vegetation regrowth and 

clearing of woodland thickening to maintain areas in production; (5) and inhibiting the 

cost-effective management of weeds and vermin (Haines & Burke, 1993). 

 

A major advance in nature conservation in rural areas will necessarily require the 

location of conservation measures on at least a portion of privately owned land. This 

requires either the involvement of landholders in implementing actions to restore what 

was there, or achieve alternative attractive conservation outcomes or acquisition of land 

by government for this purpose (Bennett & Mac Nally, 2004). Because they are the 

primary owners of land in agricultural regions, private landholders will clearly undertake 

the majority of revegetation and restoration activities. Research interest in paddock trees 

has resulted in using GIS to quantify paddock trees and demonstrate their conservation 

values (Gibbons & Boak, 2002; Ozolins et al., 2001). High-resolution imagery from the 

IKONOS satellite is increasingly being employed for many resource management 

applications including mapping of tree cover, impervious surface areas, and riparian 

buffer zone variables in relation to stream health ratings (Goetz et al., 2003). IKONOS is 

the first commercially owned satellite to provide 1-m resolution panchromatic image 

data and 4-m multispectral imagery (Goetz et al., 2003). 

 

This chapter aimed at piloting to investigate the application of the ecosystem service 

concept in a spatially explicit bio-economic modelling approach to land-use change at a 

farm scale in Moree Plains Shire. The specific objectives were, at farm level, to model 

the impact on ecosystem services of (1) clearing paddock trees on ecosystem services, 

and (2) native revegetation with rotational grazing and (3) conserving areas.  
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6.2 Methods 

Table 6.1 lists the assumptions used in this farm-scale study. The paddock trees 

proposed to be cleared on the case study located in Moree Plains Shire were indicated by 

the farm manager. The existing cropping land with scattered trees is to be cleared to 

leave only the larger clumps of tree. Some areas within the cropping land will be set 

aside as wildlife corridors and areas for movement of livestock .Therefore they will be 

fenced and allowed to re-vegetate naturally. In addition, two other GIS map layers were 

obtained showing areas on the farm that had been earmarked for native revegetation. 

This includes cropping land that is not suitable for cropping that will be fenced and 

planted to native grasses. These areas are already timbered and trees will be allowed to 

regenerate over time. These areas will be grazed rotationally in line with the balance of 

the native pasture areas. The aim is to have it regenerate in line with the existing native 

pasture areas. The proposed conservation areas are to be fenced and not cropped or 

grazed. There are two main vegetation types, box trees (White Box Eucalyptus albens, 

Yellow Box E. melliodora and Blakely’s Red Gum E. blakelyi) on sandy soil with a well 

developed under storey and some low lying areas with red river gum, black wattle 

Acacia mearnsii and lignum.  

 

Table 6.1. Values used in the farm-scale ecosystem services modelling 

 

Variable Units Value Source 
Farm wheat crop productivity t/ha            3.2 Farm manager 
Farm livestock production DSE/ha          2.8 Farm manager 
Livestock production in native revegetation area 
with rotational grazing DSE/ha 3.2 Farm manager 

Mean paddock tree diameter at breast height 
(DBH) cm          60 (Keith et al., 2000) 

Natural pest control modelling    
Low Helicoverpa density larvae/ha    20 000 Chapter 5, Table 5.2 
High Helicoverpa density larvae/ha  350 000 Chapter 5, Table 5.2 
Number of beneficials required to suppress 
Helicoverpa larvae of various densities:    

Low density     40 000 Chapter 5, Table 5.2 
High density   700 000 Chapter 5, Table 5.2 

 

Carbon sequestration, natural pest control and biodiversity, as well as impacts on 

agriculture, were modelled using the methods described in Chapter 5 for three scenarios: 

paddock tree clearance, conservation area, and native revegetation area. Carbon 
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sequestration by each of the paddock trees proposed for clearance was calculated using 

the tree carbon calculator (Greenhouse Accounting CRC, 2007) which automatically 

calculates the accumulated carbon in hardwoods (e.g. eucalypt) based on the tree’s 

circumference. The average circumference for trees in this study was calculated based 

on a mean paddock tree DBH of 60 cm (Keith et al., 2000). 

6.3 Results 

The farm (Figure 6.1) covered 16 152 ha, with cropping occupying 60% (9265 ha), 

grazing undertaken on 30% (4571 ha) and the rest dedicated to irrigated cotton (989 ha) 

and native vegetation (1327 ha) (Table 6.2; Figure 6.2). The three proposed natural 

resource management interventions (Figure 6.3) were: clearing of paddock trees from 

7762 ha of the property with most of this (7043 ha) under cropping; 265 ha set aside as a 

conservation area, and 753 ha earmarked for native revegetation and subsequent 

livestock production. The combined proposed interventions covered 8780 ha, which 

comprised 878 ha currently under grazing, 7570 ha under cropping and 332 ha currently 

under native vegetation (Table 6.2).  

 

Table 6.2. Proposed land-use and natural resource management interventions by 
current land-uses 
 

Current land-
use 

Area 
(ha) 

Area of proposed natural resource management interventions (ha) 
Total 

clearing of 
paddock 

trees 

Conservation – 
total exclusion of 

cropping and 
grazing 

Native 
revegetation 

with rotational 
grazing 

Total 

Grazing 4571 686 20 172 878 
Cropping 9265 7043 24 503 7570 
Native vegetation 1327 33 221 78 332 
Irrigation 989     
Total 16 152 7762 265 753 8780 
 

A total of 10 000 paddock trees were targeted for clearance over 7762 ha, to pave the 

way to more efficient dryland agriculture (Table 6.3). This equated to an average of 

1.3 trees/ha to be cleared. It was estimated that clearing the paddock trees would lead to 

a loss of 16 620 t of carbon (Table 6.3). The lost natural pest control benefits from 

clearing the paddock trees, calculated as the reduction in number of hectares of cotton 

crop where complete suppression of Helicoverpa larvae would be achieved, was 
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predicted to range from 0.01 to 12.00 ha (Table 6.3). The total negative effect of 

paddock trees on crop yield through competition was estimated to be a total reduction in 

wheat yield of between 904 t (assuming 10% competition) and 2713 t (assuming a 

competition factor of 40%) annually (Table 6.3). With paddock trees cleared this would 

become a benefit as the wheat production would increase by 904–2713 t over the farm. 

 

The Moree Regional Vegetation Plan prescribes an offset area of 0.5 ha (established 12 

months prior to clearing) per tree cleared (Pitman, 2002) to be set aside and maintained 

for conservation outcomes. At this offset ratio, the 10 000 paddock trees cleared would 

require a total offset area of 5000 ha. The total area covered by the proposed 

conservation area and native revegetation was 1018 ha which was less than 5000 ha. 

This led to a deficit of 3982 ha in terms of offset area (Table 6.3).  

 

The proposed native revegetation of 753 ha and the setting aside of 265 ha for 

conservation outcomes (1018 ha) was predicted to enhance the flow of ecosystem 

services. First, using native vegetation as a surrogate for biodiversity meant that these 

areas of native vegetation would lead to biodiversity enhancement. It was estimated that 

the 1018 ha would have carbon sequestration benefits estimated at 2443 t/yr (Table 6.4). 

The natural pest benefit ecosystem service from the 1018 ha was estimated at between 1 

and 764 ha of cotton crop where beneficials would completely suppress Helicoverpa 

larvae and therefore save on pesticide spray application (Table 6.4). The native 

vegetation area would also have ecosystem service benefits from spray drift mitigation 

which would result in savings from potential damage to wheat yield estimated at 957–

4682 t of wheat, or 163–458 bales of cotton for this farm alone (Table 6.4).  

 



Table 6.3. Impacts of clearing paddock trees on ecosystem goods and services 

 
Variable Value Source 
Total area earmarked for paddock trees clearance (ha) 7762  
Total number of trees earmarked for clearance (a) 10 000 Farm manager 
Number of trees to be cleared per ha 1.3  
1. Carbon sequestration   
Mean tree circumference (cm) based on a mean DBH of 60 cm 188  

Amount of carbon stored per tree (kg) with a circumference of 
188.40 cm (b) 1662 

(Greenhouse 
Accounting 
CRC, 2007) 

Total carbon released from trees proposed for clearance (t)  
(c = (a*b)/1000) 16 620  

2. Natural pest control Low High  

Range of mean beneficials/tree (low and high estimates) (e) 1 48 
(Rencken, 
2006; Smith, 
2005) 

Range of total number of beneficials from cleared trees (f = a × e) 10 000 480 000  
Total number of beneficials per ha required to suppress 
Helicoverpa at two Helicoverpa densities (g)    

Low density 40 000 40 000 Table 5.5 
High density 700 000 700 000 Table 5.5 
Total area (ha) of complete suppression of Helicoverpa at different 
Helicoverpa population densities (h = f/g)    

Low density 0.25 12.00  
High density 0.01 0.69  
3. Improved crop production due to elimination of competition 
from cleared trees   

Total number of paddock trees cleared 10 000  
Tree height (m) 15  
Competition zone – 2 tree heights around each tree (m) 30  
Competition zone per paddock tree (ha) 0.28  
Total competition area for the 10 000 paddock trees (ha) 2826.00  
Farm wheat yield (t/ha) 3.20  
Total wheat yield in the competed zone (t) 9043  
Total wheat yield loss due to competition in 7043 ha that had 
paddock trees (t) assuming:   

Competition factor of 10% 904  
Competition factor of 20% 1809  
Competition factor of 40% 2713  
4. Offset for clearing paddock trees   
Offset area per tree cleared (ha) 0.50 (Pitman, 2002) 
Total number of paddock trees cleared 10 000  
Total required offset area (ha) 5000  
Proposed area (conservation area + native revegetation area) (ha) 1018  
Deficit (ha) 3982  
 

Improved wheat yield production due to shelter from native revegetation was estimated 

to range between 39 t (assuming a 2% shelter factor) and 783 t (assuming a 40% shelter 

factor) in the conservation area; and 120 t (2% shelter factor) and 2405 t (40% shelter 
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factor) in the native revegetation area (Table 6.4). Improved livestock production due to 

shelter was estimated to range between 31 DSE (2% shelter factor) and 613 DSE (40% 

shelter factor) in the conservation area; and 44 DSE (10% shelter factor) and 875 DSE 

(40% shelter factor) in the native revegetation area (Figures 6.4 and 6.5). The wheat 

yield reduction due to competition with newly established trees in revegetation and 

conservation areas was estimated to range between 11.2 t (assuming a 10% competition 

factor) and 44.8 t (assuming a 40% competition factor) in the conservation area; and 

53.1 t (assuming a 10% competition factor) and 159.4 t (assuming 40% competition 

factor) in the native revegetation area (Table 6.4). Reduction in livestock production due 

to competition was estimated to range between 33 DSE (assuming a 10% competition 

factor) and 97 DSE (assuming a 40% competition factor) in the conservation area; and 

12 DSE (assuming 10% competition factor) and 46 DSE (assuming a 40% competition 

factor) in the native revegetation area (Figures 6.4 and 6.5). Foregone cropping 

production in conservation areas was estimated as 24 ha of cropping land whereas areas 

earmarked for native revegetation was 503 ha of land which would have to be retired 

from cropping to pave way for native revegetation. The lost cropping production from 

both conservation areas (77 t) and native revegetation areas (1610 t) was estimated as 

1687 t of wheat (Table 6.4).  

 
Figure 6.1. IKONOS satellite imagery of the farm 
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Figure 6.2. Current land-use on the farm 

 
Figure 6.3. Proposed natural resource management interventions on the farm 
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Figure 6.4. Proposed conservation areas and associated competition and improved 

productivity zones 

 
Figure 6.5. Proposed native revegetation areas and associated competition and 

improved productivity zones 
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Table 6.4. Impacts of native revegetation and setting aside conservation area on 
ecosystem services 

Variable 
Conservation – 

total exclusion of 
agriculture 

Native 
revegetation with 
rotational grazing 

Total area (ha) 265 753 
(1) Carbon sequestration   
Mean carbon sequestration in the area (t/ha/yr) (source:(ABARE & 
BRS, 2001) 2.4 2.4 

Total carbon sequestration (t/yr) 636 1807 
(2) Biodiversity benefits using native vegetation as a surrogate (ha) 265 753 
(3) Natural pest control   

Natural pest control benefit (ha) i.e. total area of complete 
suppression of Helicoverpa at different Helicoverpa population 

densities per ha of native vegetation (Chapter 5, Table 5.5) 
0.004–1.245 0.004–1.245 

Total natural pest control from the conservation and native 
revegetated areas in terms of cotton crop area with suppressed 

Helicoverpa spp. larvae (ha) 
1–330 3–938 

(4) Spray drift mitigation   
1 ha of native revegetation saves yield from spray drift damage in   

cotton (bales) (Chapter 5, Table 5.6) 0.2–0.5 0.2–0.5 
wheat (t) (Chapter 5, Table 5.6) 1–5 1–5 

Total benefit from conservation area and native revegetated area in:   
cotton (bales) 42–119 121–339 

wheat (t) 249–1219 708–3464 
(5) Foregone cropping production   

Cropping (ha) 24 503 
Cropping (t of wheat) 76.8 1609.6 

(6) Improved rotational grazing in native revegetated area (DSE)  2410 

(7) Improved 
agricultural 
production yield 

Crop area sheltered (ha) 612 1879 

Total grain yield improvement (t) at 
different shelter factors: 

2% 39 120 
10% 196 601 
20% 392 1203 
40% 783 2405 

Grazing area sheltered (ha) 547 781 

Total livestock yield improvement 
(DSE) at different shelter factors: 

2% 31 44 
10% 153 219 
20% 306 437 
40% 613 875 

(8) Lost 
agricultural 
production to 
competition 

Competition extent in cropping area (ha) 35 166 

Lost grain yield (t) to competition 
at different factors: 

10% 11 53 
20% 22 106 
40% 45 159 

Competition extent in grazing area (ha) 35 116 

Lost livestock yield (DSE) to 
competition at different factors: 

10% 10 32 
20% 20 65 
40% 39 97 
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6.4 Discussion 

There is mounting evidence that multifunctional agriculture can produce certain 

ecosystem services more efficiently and effectively than monocultures (Jordan et al., 

2005). As this study has demonstrated, more ecosystem services could be attained by 

diversifying agroecosystems through integrating native vegetation with annual crops. 

Native revegetation is widespread in rural areas and is primarily undertaken to achieve 

agricultural production and land management goals. More than 25% of farmers 

recognise that it also has benefits for nature conservation but little revegetation is 

undertaken directly for this purpose (Bennett et al., 2000; Wilson et al., 1995). This 

study found a mean density of paddock trees of 1.3 trees/ha. The density of paddock 

trees is generally low and has generally declined by 20% since the 1960s (Ozolins et al., 

2001). Isolated trees may have some direct agricultural production benefits through the 

provision of shade and shelter for livestock (Ozolins et al., 2001).  

 

The clearance of 10 000 paddock tress will to impact biodiversity on the farm. Paddock 

trees provide important habitats for hollow-dependant fauna (Law et al., 2000). Paddock 

trees provide stepping stones which facilitate bird and arboreal mammal movement and 

dispersal across the fragmented agricultural landscape (Fischer & Lindenmayer, 2002; 

Gibbons & Boak, 2002) and greatly enhances landscape connectivity (Fischer & 

Lindenmayer, 2002). In addition, paddock trees make an important contribution to the 

conservation of terrestrial invertebrate biodiversity in native plant-dominated grazing 

systems (Oliver et al., 2006). All these biodiversity benefits will be lost when the trees 

are cleared. There will also be a loss of carbon as a result of clearing the paddock trees, 

as well as some natural pest control services associated with beneficials supported by 

these trees. The clearance of paddock trees will also impact upon the other ecosystem 

services provided by this resource, such as the interception and use of groundwater and 

the cycling of nutrients (Gibbons & Boak, 2002).  

 

The clearance of paddock trees will lead to improved agricultural yield. The presence of 

isolated trees preventing the efficient use of cost-saving GPS technologies in many 

instances (Davidson et al., 2006). Davidson et al. (2006) found that, on average, 28% of 
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farmers reported that they wished to develop areas with paddock trees for higher 

livestock carrying capacity or for cropping, if all potential restrictions could be relaxed. 

Isolated trees impose a physical obstruction to cropping machinery which must be 

manoeuvred around such obstacles, resulting in some land being covered twice and other 

areas missed altogether. When using planting machinery, this leads to foregone 

production in unplanted areas, and plant densities that are double those considered 

optimal in areas covered twice (Bird et al., 1992; Davidson et al., 2006). Estimates of 

this for both Eucalyptus wandoo and E. marri near Arthur River in Western Australia, 

reduce production by 1.8–2.4% per tree per hectare due to competition with the crop 

within 20 m of the tree (Bird et al., 1992). 

 

Paddock trees are protected under the Native Vegetation Act 2003, restricting control 

options (Productivity Commission, 2004). Farmers are required to apply for permission 

to clear isolated paddock trees if they are not classified as regrowth or covered by some 

exemptions. In some instances, permission to clear single trees may be granted if 

sufficient environmental offset works are undertaken elsewhere to maintain or increase 

environmental outcomes. In this case study, we estimated that 3982 ha in excess of the 

area planned for revegetation and conservation would be required to offset the clearance 

of 10 000 paddock trees. This presents a very high opportunity cost to the farmer. 

Although, the farmer was willing to set aside 1018 ha as conservation and native 

revegetation area, this falls below the 5000 ha required by the Moree Plains Shire 

Regional Vegetation Management Plan. Although in some instances vegetation 

clearance is permitted, still significant offset plantings are required at a cost to the 

landholder of seedlings, labour fencing and upkeep, as well as the loss of land-used for 

revegetation (Productivity Commission, 2004). Those wishing to clear native vegetation 

have two options: submitting a development application to NSW Department of Natural 

Resources (DNR), or submitting a property vegetation plan (PVP) to the relevant CMA 

for certification. In certain situations, development consent is required for the removal of 

paddock trees. For example, in the Draft Western Riverina Regional Vegetation 

Management Plan, the clearing of certain paddock trees in areas of ‘high conservation 

value’ will, in instances where approval is granted, require the landholder to provide an 

offset ratio of 400 new trees for every paddock tree removed (NFF, 2003) 
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The farmer plans to set aside 265 ha as conservation area and 753 ha for native 

revegetation and rotational grazing. This is aimed to offset the ecosystem services lost 

from clearance of paddock trees. This combined area of 1018 ha, would sequester 

2443 t C/yr, which over time would compensate for the 16 620 t C lost from paddock 

trees. There are likely to be more biodiversity benefits from the 1018 ha of native 

vegetation. The natural pest control benefits from the conservation and native 

revegetation areas are large in comparison to those currently being provided by the 

paddock trees. An additional ecosystem benefit from the these areas would be spray drift 

mitigation which has the potential to save up to 458 bales of cotton or up to 4682 t of 

wheat.  

 

Of relevance to the farm’s production is the enhanced agricultural production from 

shelter accorded by the conservation and native vegetation areas. The net improved 

wheat yield due to shelter could be as high as 3188 t and improved livestock could go up 

by 1488 DSE. However, competition from planted trees would reduce wheat yield by up 

to 204 t and pasture by 136 DSE. Foregone agricultural production in areas set aside for 

conservation and native revegetation 1687 t of wheat. This modelling showed a net 

benefit from native revegetation when the benefits from the shelter are compared with 

the foregone agricultural production combined with lost production due to competition. 

6.5 Conclusion 

Landholders wishing to clear native vegetation have two options: submitting a 

development application to the DNR or submitting a Property Vegetation Plan (PVP) to 

the relevant CMA for certification (NSW DECC, 2007). The PVP Developer weighs up 

the positive and negative aspects of different management plans and activities, allowing 

farmers to make practical decisions based on the best scientific information available. 

Experts from the local CMA will use this tool and their professional judgment when 

assessing clearing proposals. Development consent is not to be granted by the Minister 

unless the clearing concerning ‘will improve to maintain environmental outcomes’ 

(Productivity Commission, 2004).  
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The Native Vegetation Amendment (Miscellaneous) Regulation 2008 under the Native 

Vegetation Act 2003 was gazetted in February 2008. However, the draft protocols for 

coolibah-black box (the main paddock tree species to be cleared in this farm) are 

currently being negotiated by government but have not yet been released. The current 

offset that would be required for clearance of 10 000 paddock trees would be known 

when these protocols are finalised.  

 



 

7 CHAPTER 7. ECONOMIC VALUATION OF ECOSYSTEM 
GOODS AND SERVICES FROM WATER AND LAND 
RESOURCE MANAGEMENT INTERVENTIONS AT 

CATCHMENT, DISTRICT AND FARM SCALES 

7.1 Introduction 

Natural resource management (NRM) interventions generate multidimensional 

biophysical outcomes in terms of resources, the environment and ecosystem services 

provision (Freeman et al., 2005). These include changes in the quality and movement of 

soil, quantity and quality of water, sustainability of natural resources, and conservation 

of biodiversity. The multidimensionality of outcomes from NRM interventions means 

that impact assessment often faces difficult measurement challenges, including different 

measurement units and, potentially, the integration of different natural resource outputs 

into some kind of uniform aggregate yardstick (Freeman et al., 2005).  

 

Diversion of water from rivers around the world incurs considerable environmental 

costs, particularly to floodplains and other downstream wetlands (Lemly et al., 2000). 

Pigram (2006) maintained that in north-west NSW, economic losses from reduced 

cotton production alone could amount to millions of dollars. The inclusion of an 

environmental contingency allowance in the Gwydir Water Sharing Plan confirms the 

determination of the state to manage water in storage to achieve downstream 

environmental benefits. However, irrigators are concerned that implementation of the 

Plan could lead to significant reductions in the availability of water for irrigation in the 

valley (Pigram, 2006). In particular, impacts on the cotton industry have been predicted 

to be severe, depending on the level of reductions in water allocation (Wolfenden & 

Gill, 2001).  

 

The first step towards evaluating the economic and environmental impacts of NRM 

interventions is an understanding of how such investments change ecosystem functions 

(Shiferaw et al., 2005). Economic valuation lies at the heart of the application of 

benefit–cost analysis (BCA), since BCA requires an estimate of the benefits and costs of 
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each alternative using a common method (economic valuation) and metric (dollars) so 

that the alternatives can be compared. The comparison of costs and benefits allows an 

explicit consideration of the trade-offs that are inevitably involved in most NRM policy 

decisions (NRC, 2005b; Pretty et al., 2000). 

 

Despite a growing recognition of the importance of ecosystem functions and services, 

they are often taken for granted and overlooked in environmental decision-making 

(Emerton & Elroy, 2004; NRC, 2005b). Governments in Australia have responded to the 

degradation of the natural resource base that underpins ecosystem goods and services 

with NRM programs aimed at sustaining productivity levels and environmental quality 

(Swinton et al., 2005). Resources are limited and natural resource managers are under 

pressure to allocate available resources efficiently and effectively. Economic valuation 

of NRM impacts helps to set priorities among competing interventions and informs 

policy decisions on the efficient allocation of resources (Freeman et al., 2005). What is 

required for policy purposes is a comparison of the extra benefits generated from such 

programs with the additional costs of supplying the ecosystem services that provide 

those benefits, to ascertain if more services will promote community welfare (Pagiola et 

al., 2004b). 

 

There are two fundamental steps in the valuation of impacts from NRM interventions: 

(1) understanding and predicting the changes in flow of ecosystem services attributable 

to the policy intervention, and (2) devising acceptable methods for valuing these 

changes. The former helps identify and quantify what is to be valued while the latter 

helps develop suitable methods for valuing the changes (Shiferaw et al., 2005). 

Ecosystem goods and services from NRM interventions in the Gwydir catchment were 

described in Chapters 3–6, while various economic valuation methods were described in 

Chapter 1. Sinden (1994) reviewed the Australian experience in environmental valuation 

and provided a list of milestones for the period 1955–1993. A recent study by 

Adamowicz (2004) found a dramatic global increase over the past 40 years in the 

number of publications using these techniques. Bennett (2005) reviewed achievements 

in Australasian environmental economics over the past two decades. Economic valuation 

techniques have been applied to a wide range of issues, including efforts to estimate the 
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benefits of entire ecosystem services such as forests (Krieger, 2001; Merlo & Croitoru, 

2005; Pearce, 2001). 

 

Some of those methods have also been employed widely to assess the economic costs of 

natural resource degradation or economic benefits from NRM interventions. Topics 

reported in the literature include soil erosion (King & Sinden, 1988; Lal, 1998; Sinden, 

1987); remnant native vegetation conservation (Gillespie, 2000; Lockwood & Walpole, 

2000; Walpole & Lockwood, 1999); carbon sequestration (Fankhauser, 1995; Lockwood 

& Walpole, 2000); wetlands (Boyer & Polasky, 2004; Brouwer et al., 1999; Gren et al., 

1995; MacDonald & Morrison, 2005; Woodward & Wui, 2001) and water resources and 

watersheds (Aylward, 2004; Kaiser & Roumasset, 2002; Loomis, 1997; Wilson & 

Carpenter, 1999).; riparian vegetation restoration (Prosser et al., 2001); economic 

impacts of environmental flow provision (Qureshi et al., 2007; Wolfenden & Gill, 2001; 

Young et al., 2002); natural pest control (Cleveland et al., 2006; Losey & Vaughan, 

2006); salinity mitigation benefits (Heaney et al., 2000); native fish species (Morrison et 

al., 2002; Whitten & Bennett, 2001); improved river health (Morrison & Bennett, 2004); 

and waterbird breeding (Bennett et al., 2001). Others include specific ecosystem goods 

and services such as non-timber forest products (de Beer & McDermont, 1996; Godoy et 

al., 1993), landscape aesthetics (Bennett et al., 2004), biodiversity (Christie et al., 2006; 

Jakobsson & Dragun, 2001; Pimentel et al., 1997), and landscape restoration benefits 

(Bonnieux & Le Goff, 1997; Boody et al., 2005; Goulder & Kennedy, 1997; Loomis et 

al., 2000).  

 

Despite extensive work on environmental valuation and BCA, there is a dearth of 

literature on methods for valuation of ecosystem services from NRM interventions 

(Swinton et al., 2005). Translation of available physical data into an economic 

perspective adds a new dimension to the information available to decision-makers 

(Smyth & Young, 1998). Organisation of data in such a manner offers a significant 

opportunity to improve the cost-effectiveness of NRM. The objective of this chapter is 

to identify and describe an appropriate spatially-explicit methodology for conducting 

economic valuation of ecosystem services and goods derived from land and water 

resource management at catchment, district, and farm levels to aid in the natural 

resources management decision-making process in the Gwydir catchment. The specific 
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aims were, at catchment, district, and farm scales, to (1) estimate the net costs associated 

with water and land resource management interventions in the Gwydir catchment, (2) 

undertake economic valuation of ecosystem goods and services from the water and land 

resource management interventions, and (3) compare the benefits and costs of the 

interventions. 

7.2 Methods 

Economic studies addressing NRM tend to include timeframes of at least 30 years 

because the environmental benefits are realised in the longer term (Hill, 2004). Thus, a 

planning horizon of 30 years was used for this study. All prices and costs were 

expressed in 2006 (July 2006 to June 2007 financial year) Australian dollars. NRM 

programs require expenditure ‘up-front’, with benefits accruing many years into the 

future (Abadi et al., 2006). Thus, given that the benefits and costs are incurred at 

differing times, they are discounted over the planning horizon of the study so that they 

can be directly compared to present-day dollars. The NSW Treasury (1999) recommends 

a real discount rate of 7%, with sensitivity testing using discount rates of 4% and 10%; 

these were the discount rates used in the current study. Economic viability of natural 

resource programs is indicated when the discounted value of benefits is greater than the 

discounted value of costs over the study period (Hill, 2004; Pearce et al., 2006). The net 

present value (NPV) was calculated as the difference between the present value of 

benefits and present value of costs. The annual equivalent value (AEV) is the NPV 

expressed as an annuity calculated by spreading the NPV across the 30-year period at 

respective discount rates (Abadi et al., 2006; Commonwealth of Australia, 1991; Pearce 

et al., 2006), this was used as an alternative measure of net benefits.  

 

A net economic measure is recommended when measuring the impact of a policy change 

and this has been accomplished by using a net value of production (gross margin less 

fixed costs) for each commodity (ACIL Consulting, 2002; Smyth & Young, 1998; 

Young et al., 2002). Pagiola et al. (2004b) cautioned that failing to consider the costs 

involved in using resources results in an over-estimate of the value of ecosystem 

services, while omitting opportunity costs makes interventions seem much more 

attractive than they really are. Thus, economic analyses in the present study were based 
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on the concept of profit at full equity (PFE) as used by Bryan & Marvanek (2004). PFE 

from agriculture is an estimate of the net returns to the natural resource base and 

management skill, under the control of private individuals and under current farming 

conditions. PFE equals gross revenue from agricultural production less the variable costs 

and fixed costs of production.  

 

Gross revenue is the value of production from agricultural land-use and equals yield 

multiplied by price per unit of production. Variable costs include quantity-dependent 

costs (e.g. storage and handling costs) and area-dependent costs (e.g. fertiliser, fuel 

costs). Fixed costs include fixed operating costs, fixed depreciation costs, and fixed 

labour costs (Bryan & Marvanek, 2004). In this study the costs of agricultural 

production for each commodity were estimated from NSW Agriculture Farm Budget 

handbooks and a variety of other sources (Scott & Manning, 2007; Scott et al., 2004). 

The yields, water requirements and operating profit for irrigated cotton were all obtained 

from BCA (2007). It is acknowledged that an analysis which predicts future costs and 

benefits will result in uncertain outcomes and therefore sensitivity analysis was 

performed on most of the parameters modelled. Table 7.1 summarises assumptions 

about commodity yields, production costs and prices.  

 

Economic valuation of ecosystem services in this study employed various willingness-

to-pay (WTP) values from various studies. WTP estimates are usually derived from a 

survey of a specific population. The size of the population selected should be carefully 

considered and the arguments for selecting the population articulated (Schofield & 

Agtrans Research, 2005). Choice modelling studies that have been conducted in the 

Gwydir catchment have shown that 45% of households in the catchment are willing to 

pay for environmental improvement (Bennett & Morrison, 2001; van Bueren & Bennett, 

2000). This is equivalent to 4333 households (Table 7.1). Unless otherwise stated, this 

was the number of households used for all the WTP measures employed in this study. It 

is indicated, where necessary, where a WTP estimate relates to ‘individuals’ or to 

‘households’. All the WTP values were applied only to the Gwydir catchment and were 

not extrapolated to localities outside the catchment that would potentially benefit from 

the environmental benefits arising from the suggested NRM interventions in the Gwydir 
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catchment. All costs and benefits, unless otherwise stated, are in Australian dollars using 

2006 as the base year and as indicated above.  

 

It has been established that increasing environmental flows would reduce the area of 

irrigated agriculture (Qureshi et al., 2007; Young et al., 2002). Conversely, use of water 

for extractive purposes carries with it an opportunity cost of foregone benefits associated 

with these alternative uses. For instance, the storage of water in dams and its later 

release to irrigate cotton crops may mean that waterbird-breeding events in downstream 

wetlands are either not triggered to begin or are prematurely terminated because water 

levels drop below the threshold necessary to keep breeding pairs at the nesting site 

(Bennett, 2002). Changes in ecosystem services associated with the provision of 

environmental flows were summarised in Table 3.6. The changes quantified there 

included an improvement in waterbird breeding by 2 years, increased wetland area by 

2038 ha, and the grazing pastures associated with improved wetlands, and the likely 

return of eight native fish species (MDBC cap scenario). The opportunity cost of 

providing environmental flows was a reduction of irrigation water by 40 GL/year.  

7.2.1 Economic valuation of ecosystem services derived from 

environmental flow provision 

The assumptions used in valuing ecosystem services from environmental flow provision 

are summarised in Table 7.2. Morrison et al. (2002) applied choice modelling to Gwydir 

households and estimated the WTP for an increase in the frequency of waterbird-

breeding events by 1 year to be $19.70 per household. This WTP value was multiplied 

by the 2-year improvement resulting from provision of environmental flows (Table 3.6) 

and the total number of households where this WTP was assumed representative (i.e., 

4333 in Gwydir, 1.1 million for NSW and 3.4 million for Australia from Table 7.1) to 

derive the total WTP for waterbird breeding in the Gwydir catchment. The valuation of 

three ecosystem services from environmental flow provision—waterbird breeding 

events, increased wetland area, and biodiversity benefits (native fish species)—was 

conducted for the Gwydir catchment households, NSW and Australia. Sections 2.5 and 

2.8.3 highlighted the importance of Gwydir Wetlands as a Ramsar site, giving it a 

national significance.  



Table 7.1. General assumptions, parameter descriptions and values for commodities yields, production costs, and prices 

 
Variable Unit Value Year Inflator $2006 Source 
Population in Gwydir catchment Absolute 25 038    ABS (2001) 
Average household size in NSW Absolute 2.60    ABS (2006) 
Number of households in Gwydir Absolute 9630    calculated 
Households where the WTP is assumed representative % 45    Van Bueren & Bennett (2000) 
Number of Gwydir households willing to pay Absolute 4333    calculated 
Number of households in NSW Absolute 2.5 million    ABS (2006) 
Number of NSW households willing to pay Absolute 1.1 million    calculated 
Number of households in Australia Absolute 7.6 million    ABS (2006) 
Number of Australian households willing to pay Absolute 3.4 million    calculated 
Irrigated cotton water usage and yields 
Megalitres per ha ML/ha 9.62 2006   BCA (2007) 
Irrigated cotton water usage ha/ML 0.10 2006    
Megalitres per bale ML/bale 0.97 2006   BCA (2007)  
Yield per hectare Bales/ha 9.92 2006   BCA (2007)  
Operating profit per bale $/bale 41.94 2006 1.000 41.94 BCA (2007)  
Operating profit per ha $/ha 416.04 2006 1.000 416.04 BCA (2007)  
Operating profit for cotton per ML $/ML 43.25 2006  43.25 calculated 
Wheat yield returns 
Average wheat yield t/ha 2.50    Table 5.2; Scott & Manning (2007) 
Gross margin  $/ha 148.83 2006   Scott & Manning (2007)  
Fixed costs $/ha 18.20 2004 1.088 19.80 Productivity Commission (2004) 
Profit at full equity $/ha    129.03 calculated 
Livestock production yield        
Average livestock production DSE/ha 1.00    Table 5.2; Pitman (2002) 
Livestock gross margin $/DSE 28.46    Scott & Manning (2007)  
Livestock gross margin $/ha 28.46    calculated 
Fixed costs $/ha 4.00 2004 1.088 4.35 Productivity Commission (2004) 
Profit at full equity $/ha    24.11 calculated 
Livestock production yield under lucerne 
Lucerne pasture establishment cost $/ha 87.00 2004 1.088 94.66 Thompson (2005) 
Average livestock production DSE/ha 8.00    Scott et al. (2004) 
Livestock gross margin $/DSE 28.46 NSW DPI (2005) 
Livestock gross margin $/ha 227.68    calculated 
Fixed costs $/ha 4.00 2004 1.088 4.35 Productivity Commission (2004) 
Profit at full equity $/ha    223.33 calculated 
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Some of the hundreds of birds that breed at Gwydir Wetlands are listed under 

international agreements (CAMBA and JAMBA), adding to the Wetland’s national 

importance. Similarly, the eight species of native fish that are likely to benefit from 

environmental flow provision are protected in NSW and nationally.  

 

The total WTP for an additional 2038 ha of wetland from provision of environmental 

flows was estimated from WTP values for the Murrumbidgee River floodplain (Whitten 

& Bennett, 2001). On average, respondents were willing to pay $12.10 (as a one-off 

payment per household) for an extra 1000 ha of healthy wetlands (Whitten & Bennett, 

2001). This value was multiplied by the increase in wetland area (divided by a 1000) and 

by the number of households willing to pay for environmental improvement in Gwydir, 

NSW and Australia to give the total WTP for wetland improvement in the catchment. It 

was highlighted in Chapter 4 that increased wetland area would provide improved 

flooded pastures. The total grazing benefits derived from increased wetland area were 

estimated by multiplying the increase in wetland area (2038 ha) by the stocking rate of 

1.8 DSE/ha in the Gwydir Wetlands (Table 7.2). Returns from improved livestock 

production were calculated by multiplying the livestock yield by the profit at full equity 

($24.11; Table 7.1) for the Gwydir catchment. The 2038-ha increase in wetland area is a 

long-term annual average and it was therefore assumed that the grazing benefits would 

be available every year for 30 years.  

 

Morrison & Bennett (2004) applied choice modelling to value improved river health in 

NSW including the Gwydir catchment. They estimated the WTP (within-catchment 

estimates for Gwydir) to be $2.25 per native fish species protected. Ecosystem services 

modelling in Chapter 3 revealed that eight native fish species would likely return to the 

catchment as a result of provision of environmental flows. The aggregate WTP for the 

increased number of native fish species was calculated by multiplying the mean WTP 

for native fish species by eight fish species by 4333, 1.1 million and 3.4 million 

households in the Gwydir, NSW and Australia, respectively, that would be willing to 

pay for this outcome. 
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Table 7.2. General assumptions, parameter descriptions, and values used in 
economic modelling of environmental flows provision 
 

a Payment vehicle was a one-off levy per household 

Variable Unit Value Year Inflator $2006 Source 
Waterbird breeding events 
improvement from MDBC cap 
scenario to environmental flow 
(EF) provision scenario 

yr 2    Table 3.2 

WTP for waterbird breeding in 
Gwydir 

$/yearly 
waterbird-
breeding 

event 

15.18 1998 1.298 19.70 Morrison et al. 
(2002)a 

Habitat function improvement 
(increased wetland area) ha 2038    Table 3.3 

Mean WTP (implicit price) for 
wetland area $/1000 ha 11.39 2004 1.062 12.10 Whitten & Bennett 

(2001)a 
Improved grazing in wetlands ha 2038    Table 3.3 
Gwydir Wetlands stocking rate DSE/ha 1.8    Keyte (1992) 
Biodiversity outcomes: native fish 
species recovered in Gwydir River Absolute 8    Table 3.6 

WTP for native fish species Per 
species 2.12 2004 1.062 2.25 Morrison & Bennett 

(2004) a 
Opportunity cost: reduced 
irrigation water ML 40 000    Table 3.5 

 

These ecosystem services come at a cost of reduced irrigation water, totalling 

approximately 40 000 ML/yr. Irrigated cotton is the dominant component of irrigated 

agriculture in the Gwydir catchment (Table 5.1) and it was selected as the basis to assess 

the impacts of reduced irrigation water. It was assumed that, in the absence of irrigation 

water for cotton, the land would be used for cereal cropping (typically wheat) as the next 

best alternative. The opportunity cost of reducing irrigation water (40 000 ML) was 

calculated as the difference between irrigated cotton and dryland agriculture total profits. 

Irrigated cotton profits were calculated by multiplying the irrigated cotton operating 

profit per ML (Table 7.1) by 40 000 ML. The cotton area that would have been irrigated 

with 40 000 ML was calculated by multiplying 40 000 ML by the irrigated cotton water 

use (0.10 ha/ML; Table 7.1). Dryland agriculture profits were calculated by multiplying 

this derived area by the profit at full equity for wheat (Table 7.1). The net opportunity 

cost of reduced irrigation water was established by subtracting the realised profits 

through dryland agriculture from profits that would have been realised through a cotton 

crops. The effect of possible increases in water-use efficiency as a result of 

improvements in irrigation technologies and management techniques on crop water 

requirements were beyond the scope of this study and were therefore not considered. 
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7.2.2 Economic valuation of ecosystem services from native revegetation 

As modelled and described in Chapters 4–6 the scale of revegetation necessary to meet 

the targets of riparian zone restoration and native revegetation set by the BRGCMA is 

extensive. Although native revegetation can be an effective measure for preventing land 

degradation it imposes large costs on landholders. These costs are associated with tree 

establishment, lost agricultural production and yield losses adjacent to revegetated areas 

(Pannell, 2004; Qureshi & Harrison, 2002; Tisdell, 1985; Ward et al., 2005). The 

economic costs assessed were: establishment, maintenance, and fencing based on 

parameters in Table 7.3 (Abadi et al., 2006; McLeod, 2002; Schirmer & Field, 2000).  

 

When native revegetation is established on previously cleared agricultural land, the 

opportunity cost of native revegetation can be considered in terms of the foregone return 

from using agricultural land for other activities (ABARE & BRS, 2001; Lockwood et 

al., 2002; Sudmeyer et al., 2002). Table 4.15 presented the area of foregone cropland 

and pasture under integrated, biodiversity, salinity and riparian zone revegetation. These 

areas were multiplied by the respective crop and livestock yields and their respective 

profits at full equity (Table 7.1) to give the total opportunity costs of native revegetation 

interventions.  

Table 7.3. Native and riparian revegetation cost variables and their values 
 

Note: a = Abadi et al. (2006); b = Schirmer & Field (2000); and c = McLeod (2002) 

Variable Unit Value Year Deflator $2006 Source 
Planning, site mapping and set-up 
including land preparation $/ha 443 2006 1.000 443 a 

Seedlings and machine planting—a one-
off operation in year 1 $/ha 504 2006 1.000 504 a 

Weed management and control—two 
applications at establishment $/ha 222 2006 1.000 222 a 

Weed management and control—one 
application in year 2 $/ha 56 2006 1.000 56 a 

Watering—once in year 1 $/ha 200 2006 1.000 200 a 
Fertiliser—once in year 1 $/ha 107 2006 1.000 107 a 
Maintenance and monitoring—every year 
after year 2 $/ha 110 2006 1.000 110 a 

Early growth monitoring—once in year 1 $/ha 10 2006 1.000 10 a 
Fencing materials and labour $/ha 310 1999 1.251 388 b 
Average fencing cost  $/km 2250 2002 1.148 2583 c 

 

Native revegetation also introduced competition between agricultural crops and planted 

trees, results of which were summarised in Table 4.15. The total costs of competition 
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were calculated as the product of the reductions in agricultural yields by the respective 

profits at full equity.  

 

The economic assessment undertaken in this section includes ecosystem goods and 

services modelled from integrated catchment management, district-wide native 

revegetation and farm-level modelling. The services assessed included: carbon 

sequestration; biodiversity; landscape aesthetics; recreation; increased agricultural 

production arising from mitigation of land degradation; shade and shelter; salinity 

reduction benefits; and economic benefits from soil erosion control (both on-farm and 

off-farm). Carbon prices of $10, $20 and $50 per t of C (Table 7.4) were used in this 

study based on the recent review of actual prices charged per tonne of carbon offset in 

Australia (Ribon & Scott, 2007). These carbon prices were multiplied by the carbon 

sequestration values from each of the native revegetation interventions to establish total 

carbon sequestration benefits. 

 

Odom et al. (2003) set the benefits of biodiversity protection in Australia at an absolute 

value of $111,400 to represent one species’ worth. Morrison & Bennett (2004) estimated 

the WTP (within-catchment estimates for Gwydir) at $1.92 per fauna species. Morrison 

et al. (2002) estimated the WTP for endangered species protection to be $4.43. Bennett 

et al. (2004) estimated the WTP for endangered species (measured by the number of 

species protected from extinction) to be $0.79 per species protected. Bennett et al. 

(2001) estimated the WTP of $5.24 for an additional endangered species present in the 

Macquarie Marshes. Rolfe et al. (2000) calculated the WTP to maintain endangered 

species in the Desert Upland region of Queensland to be $14.25 per species, the WTP to 

avoid each 1% loss in non-threatened species at $2.11, and the WTP to avoid each 1% 

loss in the area of unique ecosystems as $4.60. Schofield & Agtrans Research (2005) 

used the data from the BushTender auction trials in Victoria to derive a WTP ‘surrogate’ 

for improving biodiversity. They argued from the premise that the $125/ha spent by the 

Victorian government via an auction to protect biodiversity on private land, could be 

viewed as the actual payment for biodiversity benefits. The same approach was used 

here, by assuming that the first BushTender trial, which averaged $145.31/ha (Stoneham 

et al., 2003), represented the lower bound and the second BushTender trial, which 

averaged $529.15/ha (Latacz-Lohmann & Schilizzi, 2005), represented the upper bound 
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for biodiversity value. These values were multiplied by the area of native revegetation to 

derive total biodiversity benefits.  

 

Van Bueren & Bennett (2004) estimated the regional WTP for landscape aesthetics as 

$1.49 per 10 000 ha of countryside restored per household per annum, over the next 

20 years. This mean WTP was applied to the 4333 households in the Gwydir and the 

area of revegetation over a period of 20 years as per the original study and not the 30 

years covered in this study. Recreation was calculated for riparian zone restoration only. 

Van Bueren & Bennett (2004) estimated the regional WTP per household as $1.70 per 

10 km of waterway restored over the next 20 years. This mean WTP was multiplied by 

the projected total length of repaired Gwydir River (2023 km; Table 7.4) and the total 

number of households to calculate the aggregate WTP for recreation along restored 

sections of the Gwydir River.  

 

The total economic benefits of increased crop yield from shade and shelter were 

calculated by multiplying the improvement in crop production (Table 4.15, Table 5.7 

and Table 6.4) by the wheat PFE (Table 7.1). Trees were assumed to reach a mature 

height at 20 years of age (Fitzpatrick, 1994). The economic value of increased stock 

yield from shade and shelter from native revegetation (Table 4.15, Table 5.7 and Table 

6.4) was calculated as the product of increased livestock yield and livestock PFE (Table 

7.1). Fitzpatrick’s assumption that the shade and shelter benefit starts at year 2 and 

increases evenly by one-eighteenth of the final benefit each year, reaching a maximum 

in year 20 and remaining constant thereafter, was adopted for both crop production and 

livestock yield. Calculation of the increased livestock production owing to land 

degradation control was based on the assumption that the presence of a certain 

proportion of native vegetation can aid in mitigation of land degradation, and thus be 

beneficial to overall farm output (Walpole, 1999). Walpole calculated increases in 

pasture output attributable to combating land degradation given a particular level of 

native vegetation.  
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Table 7.4. General assumptions, parameter descriptions and values used in 
economic modelling of native revegetation 
 
Variable Unit Value Year Inflator $2006 Source 
Carbon sequestration price $/t C 10, 20, 50 2006 1.000 10, 20, 50 a 
Biodiversity value       

Value of biodiversity 
protected in 
revegetated area 

Lower 
bound $/ha 126.58 2001 1.148 145.31 b 

Upper 
bound $/ha 475.00 2003 1.114 529.15 c 

WTP for landscape aesthetics $/10 000 ha 
restored 1.40 2004 1.062 1.49 d 

Length of waterways restored and 
available for fishing or swimming km 2023    e 

Recreation: WTP for waterways 
health $/10 km restored 1.60 2004 1.062 1.70 d 

Increased agricultural production 
owing to land degradation control  

$/ha of native 
vegetation 9.54 1998 1.298 12.38 f 

Equilibrium response times for 
salinity mitigation years 10, 20, 30    g 

Avoided costs due to salinity 
mitigation beyond Gwydir 
catchment: impact cost of increase in 
salinity at Morgan by 1 μs/cm 

      

Lower limit $/μs/cm /yr 65 000 1999 1.251 81 315 h 
Upper limit $/μs/cm /yr 200 000 1999 1.251 250 200 h 
Total current annual impact costs of 
dryland salinity to key stakeholders 
within Gwydir catchment 

$/yr 5 579 053 2004 1.088 6 070 010 i 

Cost of treating sheet and rill erosion 
in NSW $/ha 325.00 1996 1.298 421.85 j 

Off-farm economic damage from 
eroded soil       

Lower limit $/t of eroded soil 4.30 2002 1.114 4.79 k 
Upper limit $/t of eroded soil 25.70 2002 1.114 28.63 k 
Natural pest control benefits: 
avoided insecticide and application 
costs 

$/ha 403.92 2006 1.000 403.92 l 

Spray-drift mitigation benefits 
Mean WTP for reduced anxiety $/person/yr 50.00    m 
Population in cotton-growing area in 
Gwydir Absolute 15 737    n 

Proportion anxious about pesticide % 30    m 
Population anxious about pesticide Absolute 4721     
Notes: a = Ribon & Scott (2007); b = Stoneham et al. (2003); c = Latacz-Lohmann & Schilizzi (2005); d = 
van Bueren & Bennett (2004); e = section 4.3.2; f = Lockwood et al. (2000); g = Hill (2004); h = MDBC 
(1999); i = Wilson (2004); j = Walpole (1996); k = Tegtmeier & Duffy (2004); l = Scott & Manning 
(2007); m = Schofield & Agtrans Research (2005); n = ABS (2006) 
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Based on the average proportion of native vegetation of 25% for Walpole’s study area at 

Gunnedah, north-western NSW, the total benefits of combating land degradation were 

$18.10/ha. This figure represented the benefits in terms of shade and shelter, plus land 

degradation control benefits. An average marginal benefit of $5.72/ha was determined as 

the shade and shelter benefit for native vegetation. Subtracting this from $18.10/ha, 

gives a $12.38/ha benefit attributable to land degradation alone (Lockwood et al., 2000). 

This benefit was assumed to occur on cleared parts of the farm, which have less run-off 

and erosion owing to the presence of native vegetation further up the slope. The 

assumptions made by Lockwood et al. (2000) were followed (based on Walpole’s 

(1999) findings); that all native vegetation is ‘upstream’ of the grazed area; that all 

production benefits from native vegetation are related to improved grazing; and that 

increasing native vegetation has a constant marginal effect on land-degradation control 

benefits. Using this information, Lockwood et al (2000) derived the contribution of 

native vegetation to productivity via land degradation control (LC), from the following 

equation     

 

 LC = (9.54/0.25)PrNV × CA       Equation 7.1 

where PrNV is the proportion of native vegetation, and CA is the cleared area under 

pasture. Equation 7.1 was used to calculate increased livestock production under each of 

the native revegetation interventions at all scales (catchment to farm).  

 

The total current annual costs of dryland salinity to key stakeholders in the Gwydir 

catchment is $6 million per year (Wilson, 2004). A 1999 study commissioned by the 

MDBC found that the cost of 1 μs/cm unit increase in river salinity at Morgan in South 

Australia lies in the range of $81,315 to $250,200 per μs/cm, depending on whether the 

increase occurred near Lock 3 in South Australia (downstream of major irrigation areas) 

or at Morgan (MDBC, 1999). The magnitude of salinity reduction from native 

revegetation was shown in Table 4.15. The within-catchment salinity mitigation benefits 

were calculated by assuming the native revegetation would completely mitigate salinity 

and therefore avert the current annual costs of salinity that were documented by Wilson 

(2004). The beyond-catchment benefits were calculated as the benefits that would occur 

within the Murray–Darling Basin at Morgan, by multiplying the estimated total cost of a 
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1 μs/cm rise in salinity by the modelled reduction in salinity in the Gwydir catchment. A 

lower bound of $81,315 per μs/cm and an upper bound of $250,200 per μs/cm (Table 

7.4) were used to calculate the total avoided costs brought about by the salinity 

mitigation intervention. Different equilibrium response times for salinity mitigation of 

10, 20 and 30 years were used for sensitivity analysis. The analysis did not examine the 

benefits and costs of rehabilitating discharge areas using engineering works, such as 

pumping and draining. 

 

Estimation of these benefits requires knowledge of the costs of soil erosion. Soil 

conservation results in higher future yields and less off-site damage, such as 

sedimentation, siltation, and pollution. Economic costs of soil erosion have been widely 

researched and reviewed (Clark, 1985; Gorlach et al., 2004; Larson et al., 1983; Lee et 

al., 1997; Pimentel et al., 1993; Walpole, 1994; Yapp, 1989). The benefits of soil 

erosion control are the increases in agricultural production that follow treatment of land 

degradation (Barbier, 1995; Gretton & Salma, 1996). Assuming that the impact of 

degradation on production is reversible, the potential benefits of treatment can be 

calculated by the estimated losses attributed to degradation which has already occurred 

(Walpole, 1994; Yapp, 1989). Several studies have estimated the on-site costs of soil 

erosion (Mallawaarachchi et al., 1996; Smyth & Young, 1998; Walker & Young, 1997; 

Walpole et al., 1996). These costs can be estimated using the change in productivity 

approach—the difference in crop yields with and without erosion, multiplied by the unit 

price of the crop, less the costs of production (Barbier, 1995; Gorlach et al., 2004; Lee et 

al., 1997). The impact of soil erosion on crop yield and livestock production was 

summarised in Table 5.9. The on-site economic benefits of soil erosion control were 

calculated by multiplying the modelled crop yield and livestock production 

improvements (Table 5.9) by their respective PFEs. 

 

The main objective in measuring off-site costs is to estimate the present value of any 

external costs arising from sedimentation and other downstream impacts (Barbier, 1995; 

Pretty et al., 2000; Tegtmeier & Duffy, 2004). The off-site impacts of soil erosion that 

result from water-borne run-off and sedimentation (Gorlach et al., 2004) include: 

reservoir sedimentation, losses to navigation, and effects on agriculture and fishing. The 

 

 

194



resulting economic costs of these impacts would normally be measured in terms of the 

present value of foregone net economic benefits from any loss of downstream economic 

activity, including loss or damage to property, or from any direct welfare effects 

(Barbier, 1995; Clark, 1985). Clark (1985) contended that whereas there are many 

studies documenting the damage that sediment, nutrients and other soil erosion-related 

pollutants cause in streams, lakes, reservoirs, and estuaries, there are few studies that 

attempt to calculate the off-site economic costs of these impacts. In Canada, Fox & 

Tegtmeier & Duffy (2004) estimated the off-site costs of the eroded soil from 

agricultural land at between $4.79 to $28.63 per tonne of eroded soil. The off-site 

economic benefits of soil erosion control were calculated by multiplying the combined 

average riverbed deposition and average sediment protected from export from the 

catchment (Table 4.10) by the Tegtmeier & Duffy (2004) range of $4.79 to $28.63, to 

give a lower and upper bound for these economic benefits. 

 

The combined benefits of reduced soil degradation need to be compared with the costs 

necessary to avoid or to repair the damage (Lee et al., 1997). The costs incurred through 

treating soil erosion may include installation of works, operations and maintenance, 

change in management practices, and technical assistance to the landholder (Crosson, 

1997; Walpole, 1994; Yapp, 1989). It is beyond the scope of this study to predict the 

future effects of technological change on the productivity of either conventional or 

conservation tillage production systems. Walpole (1996) estimated the present value of 

costs for treating sheet and rill erosion at $421.85/ha. This mean control cost was 

multiplied by the total area affected by rill and sheet erosion (Table 5.9) to give the total 

cost of treating erosion in the Gwydir catchment. 

 

Two more ecosystem services—natural pest control and spray-drift mitigation 

benefits—were modelled at district-wide and farm scales. Their economic valuation is 

described next. Cost savings as a result of biological control have been used to measure 

its economic benefits (Tisdell, 1990). The estimated areas of cotton crop that would 

experience total suppression of Helicoverpa larvae and therefore avoid spraying (Table 

5.5) were multiplied by the insecticide and application costs (Table 7.4) (Scott & 

Manning, 2007) to calculate total spraying costs saved. These avoided spraying costs 

represent the economic benefit of natural pest control. Table 5.6 summarised the benefits 
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of spray-drift mitigation in terms of extra wheat yield that would be generated through 

spray-drift reduction by planted trees (26 346 t assuming 50% spray-drift mitigation and 

46 414 t assuming 90% spray-drift mitigation). These yields were multiplied by the 

wheat PFE to derive the financial benefits of spray-drift mitigation.  

 

The social benefits of reduced anxiety over spray drift were also calculated. Adler 

(2004) argued that fear and anxiety are welfare setbacks and should be counted as costs 

for BCA purposes. The level of anxiety associated with use of water and waterways, and 

with general human health was assumed to be reduced amongst various stakeholder 

groups in Gwydir cotton-growing district because of spray-drift mitigation. This benefit 

can be valued in terms of WTP for anxiety reduction (Schofield & Agtrans Research, 

2005). Schofield & Agtrans Research (2005) indicated that 30% of the population in 

cotton-growing areas have high anxiety over spray drift and other pesticide issues, and 

that a mean WTP for anxiety reduction is $50 per person per year. The same approach 

was followed here, based on a population of 15 737 people (ABS, 2006) in Gwydir 

cotton-growing areas (Moree Plains Shire population), and assuming that 30% (4721) 

have high anxiety over spray drift and other pesticide issues, and that the mean WTP for 

anxiety reduction is $50 per year. Therefore, the aggregate WTP for anxiety reduction 

was calculated as 4721 × 50 every year over 30 years. 

7.2.3 Economic valuation of ecosystem goods and services at the farm 

scale 

The pilot farm manager had identified three interventions: clearance of paddock trees, 

conservation of remnant native vegetation, and native revegetation with rotational 

grazing. PFEs specific to this farm were used to calculate foregone agricultural 

production, shade and shelter benefits, competition from native vegetation, natural pest 

control benefits, and spray-drift mitigation benefits (Table 7.5). Economic valuation of 

these ecosystem services followed the methods described above. Costs of retaining 

native vegetation fall into three categories: (1) direct costs associated with managing 

remnant vegetation; (2) opportunity cost of land; and (3) reduced flexibility of farm 

management (Pannell, 2004; Scanlan et al., 1992; Sinden, 2004). The management costs 

include weed control, fencing, pest control, burning, and maintaining access tracks and 
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firebreaks (Lockwood & Walpole, 2000). The direct management costs associated with 

native vegetation in NSW, estimated at $20.50/ha by Miles et al. (1998), were used to 

calculate the total costs of the 265 ha that this particular farmer intends to set aside for 

conservation.  

 

Table 7.5. Gross margins and profit at full equity in the pilot farm 

 

Variable Units Value Source 
Farm wheat yield t/ha 3.20 Farm manager 
Wheat gross margin $/ha 378.59 Farm manager 
Fixed cost (wheat) $/ha 19.80 Farm manager 
Wheat profit at full equity $/ha 358.79 Farm manager 
Livestock production DSE/ha 2.80 Farm manager 
Livestock production in native revegetation 
area with rotational grazing DSE/ha 3.20 Farm manager 

Livestock profit at full equity $/ha 24.11 (Productivity Commission, 
2004) 

Cotton profit at full equity $/bale 41.94 (BCA, 2004) 

7.3 Results 

Unless otherwise stated, the present value (PV) of costs and benefits, net present values 

(NPVs), annual equivalent values (AEVs) and benefit–cost ratios (BCRs) presented 

below are based on benefits and costs discounted over 30 years at a 7% discount rate and 

in 2006 Australian dollars (A$2006).  

7.3.1 Economic value of ecosystem services from environmental flows  

The economic cost related to provision of environmental flows (40 GL), valued as the 

opportunity cost of foregone profits in the Gwydir catchment, were estimated at 

$14.81 million (Table 7.6). The total economic value of ecosystem services from 

environmental flow provision was $1.45 million, $94.13 million and 283.14 million for 

the Gwydir catchment, NSW and Australian households, respectively (Table 7.6). 

Aggregate WTP for improved waterbird-breeding events made the highest contribution 

towards the overall economic value of environmental flow provision at $0.17 million, 

$44.67 million and $135 million for the Gwydir catchment, NSW and Australian 

households, respectively (Table 7.6). Annual equivalent values followed the same 

pattern as NPVs. Net benefits of provision of environmental flows were negative for the 
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Gwydir catchment and positive for NSW and Australia (Table 7.6). The BCRs for 

environmental flow provision were much less than 1.0 for Gwydir households (0.098). 

The BCRs for provision for of environmental flows were greater than 1.0 for NSW 

(6.36) and Australian households (19.12) (Table 7.9). 

 

Table 7.6. Economic value (7% discount rate) of ecosystem services from 
environmental flow provision 
 
 PV ($million)  AEV ($/ML/yr) 

Gwydir NSW Australia  Gwydir NSW Australia 
Economic costs        
Opportunity cost 14.81 14.81 14.81  29.84 29.84 29.84 
Total economic costs 14.81 14.81 14.81  29.84 29.84 29.84 
Ecosystem services economic value
Waterbird breeding events 
improvement 0.17 44.67 135.41    0.34 89.97 272.81 

Habitat provision function: 
increased wetland area 0.11 27.95 84.72    0.22 56.30 170.69 

Improved grazing from 
increased wetland area 1.10 1.10 1.10    2.21 2.21 2.21 

Biodiversity benefits: 
native fish species 0.08 20.42 61.90    0.16 41.14 124.71 

Total economic benefits 1.45 94.13 283.14   2.93 189.63 570.43 
Net benefits –13.36 79.32 268.33  –26.91 159.80 540.59 
Benefit–cost ratio (BCR)  0.098 6.356 19.119   0.098 6.356 19.119 
 

7.3.2  Economic value of ecosystem services from integrated catchment 

management interventions 

There were several economic costs associated with the proposed integrated catchment 

management interventions in the Gwydir catchment. The riparian zone revegetation cost 

ranged from $39.50 million (20 m riparian buffer) to $84.25 million (50 m riparian 

buffer) (Table 7.7). Native revegetation costs to mitigate salinity were estimated to be 

$27.85 million compared to between $632.35 million and $662.21 million for integrated 

revegetation. Approximately, $245.38 million was required for rehabilitating degraded 

land (Table 7.7). Under the best-case scenario, the costs related to water yield reductions 

were estimated at between $0.35 million under salinity mitigation revegetation and 

$16.39 million for integrated revegetation (Table 7.7). These costs more than tripled 

under the worst-case scenario to $1.18 million and $55.50 million, respectively. Costs of 

foregone crop production ranged between $6.64 million for salinity mitigation and 

$542.88 million for integrated revegetation. Foregone livestock production costs were 
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lowest with 20 m riparian buffer revegetation at $1.78 million, in comparison to 

$27.53 million lost under integrated native revegetation (Table 7.7).  

 

Crop production losses due to competition from planted trees were lowest for salinity 

mitigation revegetation at $0.38 million (assuming a competition factor of 10%) and 

highest for integrated revegetation at $13.74 million (assuming a competition factor of 

40%) (Table 7.7). Economic livestock production losses due to competition from planted 

trees were lowest under salinity mitigation revegetation, estimated at $0.09 million 

assuming a competition factor of 10%, and highest under integrated revegetation at 

$1.74 million assuming a competition factor of 40% (Table 7.7). The total costs related 

to ICM interventions were highest under biodiversity ($1,207.28–$1,253.37 million) and 

integrated revegetation ($1,252.89–$1,303.60 million), and lowest under salinity 

mitigation revegetation ($37.25–$39.48 million) with a 20-m riparian buffer ($51.23–

$54.92 million) (Table 7.7).  



 

Table 7.7. Economic value (PV $ million, using a 7% discount rate) of ecosystem services from ICM interventions 

Ecosystem services and disbenefits 
ICM intervention* 

SM RZR buffer width  LDR  BR IR 20 m 30 m 50 m  Lower Upper 
Economic costs           
Riparian buffer revegetation    39.50  54.55   84.25     
Erosion control measures        245.38   245.38    
Native revegetation establishment   27.85         632.35   662.21  
Water yield reduction impact—agricultural losses           

Worst-case scenario—water yield reduction peaks in year 8  1.18   1.88   2.93    4.82    51.10  55.50  
Best-case scenario—water yield reduction peaks in year 20  0.35   0.56   0.87    1.42    15.09  16.39  

Foregone agricultural production in revegetated areas           
Crop production  6.64   8.62  13.02   22.28     532.80   542.88  

Livestock production  1.95   1.78   2.66    4.42    23.67  27.53  
Decreased crop production assuming:           

Competition factor of 10%  0.38   0.66   0.68    0.75    3.03  3.43  
Competition factor of 20%  0.76   1.32   1.37    1.49    6.07  6.87  
Competition factor of 40%  1.52   2.64   2.73    2.98    12.14  13.74  

Decreased livestock production assuming:           
Competition factor of 10%  0.09   0.13   0.13    0.13    0.33  0.44  
Competition factor of 20%  0.18   0.26   0.25    0.25    0.66  0.87  
Competition factor of 40%  0.35   0.51   0.50    0.50    1.31  1.74  

Total economic costs (lower bound)   37.25  51.23  71.91   113.25  245.38  245.38  1207.28  1252.89  
Total economic costs (upper bound)   39.48  54.92  76.40   119.26    1253.37  1303.60  
Economic value of ecosystem services           
Carbon sequestration           

Total carbon sequestration benefits @ $10/t C  6.63   5.01   7.53   12.57     127.53   138.90  
Total carbon sequestration benefits @ $20/t C  13.27  10.03  15.07   25.14     255.06   277.81  
Total carbon sequestration benefits @ $50/t C  33.17  25.07  37.67   62.85     637.65   694.52  

Recreation    15.78  15.78   15.78    15.78 
Landscape aesthetics  0.06   0.08   0.11    0.19    1.38  1.45  
Biodiversity conservation benefits           

Lower bound  1.21   1.49   2.24    3.70    27.51  28.81  
Upper bound  4.41   5.44   8.14   13.47     100.19   104.92  

Increased agricultural (livestock) production owing to land 
degradation control   1.90   2.34   8.46   14.00    43.07  45.10  
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Table 7.7. Continued 

Ecosystem services and disbenefits 
ICM intervention*

SM RZR buffer width  LDR BR IR 20 m 30 m 50 m Lower Upper 
On–farm soil erosion control economic benefits           

Crop returns        1.18  3.31    
Livestock returns        0.03  0.71    

Off–site erosion control economic benefits           
Lower bound  0.84   0.60   0.89    1.49  58.88  204.68  26.91  28.10  
Upper bound  5.05   3.56   5.33    8.88 351.92  1223.34   160.83   167.92  

Salinity reduction benefits           
Total avoided costs within Gwydir catchment assuming 

equilibrium response after year 10  35.78         35.78  

Total avoided costs within Gwydir catchment assuming 
equilibrium response after year 20  12.59         12.59  

Total avoided costs within Gwydir catchment assuming 
equilibrium response in year 30  0.80         0.80  

Beyond–Gwydir catchment salinity mitigation benefits           
Lower limit assuming equilibrium after year 10  9.54         9.54  
Lower limit assuming equilibrium after year 20  3.35         3.35  

Lower limit assuming equilibrium in year 30  0.21         0.21  
Beyond–Gwydir catchment salinity mitigation benefits           

Upper limit assuming equilibrium after year 10  29.34         29.34  
Upper limit assuming equilibrium after year 20  10.32         10.32  

Upper limit assuming equilibrium in year 30  0.65         0.65  
Shade and shelter benefits—increased crop returns:           

Shelter factor of 2%  0.78   1.90   1.96    2.09    5.77  6.36  
Shelter factor of 10%  3.89   9.49   9.78   10.43    28.84  31.80  
Shelter factor of 20%  7.79  18.98  19.56   20.85    57.68  63.59  
Shelter factor of 40%  15.58  37.97  39.12   41.70     115.36   127.18  

Shade and shelter benefits—increased livestock returns:           
Shelter factor of 2%  0.17   0.22   0.22    0.22    0.53  0.62  

Shelter factor of 10%  0.86   1.08   1.08    1.12    2.65  3.12  
Shelter factor of 20%  1.71   2.16   2.17    2.24    5.30  6.23  
Shelter factor of 40%  3.43   4.32   4.34    4.49    10.60  12.47  

Total present value benefits (lower bound)   12.61 27.42  37.19  50.03 60.10  208.71  232.70 250.36  
Total present value benefits (upper bound) 128.71  94.56 118.96  161.35 353.13  1227.36 1069.09  1218.68  
Net benefits (lower bound) –24.64 –23.82 –34.72  –63.22 –185.29  –36.68 –974.57 –1002.53  
Net benefits (upper bound)   89.22  39.63  42.55  42.09  107.75 981.98 –184.29 –84.93  
 *Note: SM = salinity mitigation; RZR = riparian zone revegetation; LDR = land degradation rehabilitation; BR = biodiversity revegetation; and IR = integrated revegetation.



The lowest carbon sequestration economic benefits ($5.01 million) were calculated for 

the 20 m riparian buffer assuming a $10/t C price, and the highest benefits resulted for 

integrated revegetation ($694.52 million) and assuming a $50/t C price. Recreation 

benefits were estimated for riparian zone revegetation at only $15.78 million for each of 

the three riparian buffer widths. The economic value of landscape aesthetics ranged 

between $0.06 million under salinity mitigation revegetation and $1.45 million under 

integrated revegetation. The biodiversity economic benefits were also lowest for salinity 

revegetation mitigation with the lower bound value for biodiversity at $1.21 million and 

highest under integrated revegetation and at the higher bound value of biodiversity 

($104.92 million) (Table 7.7). Economic benefits from increased livestock production 

amounted to $1.90 million in salinity mitigation area, and $45.10 million under 

integrated revegetation, closely followed by biodiversity revegetation at $43.07 million. 

Improved crop production because of degraded land rehabilitation ranged between 

$1.18 million and $3.31 million, while avoided livestock production losses were 

estimated at between $0.03 million and $0.71 million (Table 7.7). The off-site economic 

benefits far outweighed the on-farm economic costs and varied between $0.60 million 

(lower bound value for the 20 m riparian buffer scenario) and $1,223.34 million (upper 

bound value for degraded land rehabilitation).  

 

The avoided costs of salinity in the Gwydir catchment through planting trees in salinity-

affected areas varied between $0.80 million (assuming the equilibrium response is 

achieved in year 30), and $35.78 million (equilibrium response occurs after year 10) 

(Table 7.7). The avoided costs of salinity beyond the Gwydir catchment ranged between 

$0.21 million (equilibrium response in year 30, lower limit of salinity impact costs at 

Morgan) and $29.34 million (equilibrium response from year 10, upper limit of salinity 

impact costs at Morgan) (Table 7.7). All the economic benefits from salinity mitigation 

were also assumed to hold for the integrated revegetation intervention. Shade and shelter 

provided by planted trees improved crop production returns by between $0.78 million 

for salinity mitigation revegetation (assuming a shelter factor of 2%) and 

$127.18 million for integrated revegetation (assuming a shelter factor of 40%). 

Livestock returns also benefited from shade and shelter with economic benefits ranging 

from $0.17 million for salinity mitigation with a shelter factor of 2% and $12.47 million 

for integrated revegetation assuming a shelter factor of 40% (Table 7.7).
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Table 7.8. Economic value (AEV $/ha/yr, using a 7% discount rate) of ecosystem services from ICM interventions 

Ecosystem service and disbenefits 
NRM intervention 

SM RZR buffer width  LDR  BR IR 20 m 30 m 50 m  Lower Upper 
Economic costs          
Riparian buffer revegetation   289.16 267.01 249.35     
Erosion control measures      34.00 34.00   
Native revegetation establishment  251.54      251.54 251.54 
Water yield reduction impact—agricultural losses          

Worst-case scenario—water yield reduction peaks in year 8 10.63 13.80 14.35 14.26   20.33 21.08 
Best-case scenario—water yield reduction peaks in year 20 3.14 4.08 4.24 4.21   6.00 6.23 

Foregone agricultural production in revegetated areas          
Crop production 59.94 63.10 63.73 65.94   211.94 206.21 

Livestock production 17.57 13.01 13.03 13.09   9.42 10.46 
Decreased crop production assuming:         

Competition factor of 10% 3.44 4.83 3.35 2.21   1.21 1.31 
Competition factor of 20% 6.87 9.66 6.69 4.42   2.41 2.61 
Competition factor of 40% 13.74 19.31 13.38 8.83   4.83 5.22 

Decreased livestock production assuming:         
Competition factor of 10% 0.8 0.94 0.61 0.37   0.13 0.17 
Competition factor of 20% 1.59 1.88 1.23 0.74   0.26 0.33 
Competition factor of 40% 3.18 3.75 2.46 1.48   0.52 0.66 

Total economic costs (lower bound) 336.43 375.11 351.98 335.17 34 34 480.24 475.91 
Total economic costs (upper bound) 356.62 402.13 373.97 352.95   498.58 495.17 
Ecosystem services economic value         
Carbon sequestration         

Total carbon sequestration benefits @ $10/t C 59.91 36.7 36.88 37.2   50.73 52.76 
Total carbon sequestration benefits @ $20/t C 119.83 73.41 73.76 74.41   101.46 105.53 
Total carbon sequestration benefits @ $50/t C 299.57 183.52 184.39 186.01   253.65 263.81 

Recreation  115.55 77.25 46.71    77.25 
Landscape aesthetics 0.55 0.55 0.55 0.55   0.55 0.55 
Biodiversity conservation benefits         

Lower bound 10.94 10.94 10.94 10.94   10.94 10.94 
Upper bound 39.85 39.85 39.85 39.85   39.85 39.85 

Increased agricultural (livestock) production owing to land degradation 
control 17.13 17.13 41.42 41.42   17.13 17.13 

On–farm soil erosion control economic benefits         
Crop production     0.16 0.46   
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Table 7.8. Continued 

Ecosystem service and disbenefits 
NRM intervention

SM RZR buffer width  LDR BR IR 20 m 30 m 50 m Lower Upper 
Livestock production     0.00 0.1   

Off–site erosion control economic benefits         
Lower bound 7.63 4.36 4.37 4.40 8.16 42.00 10.70 10.67 
Upper bound 45.59 26.08 26.09 26.28 48.76 169.48 63.98 63.79 

Salinity reduction benefits         
Total avoided costs within Gwydir catchment assuming equilibrium 

response after year 10 323.14       323.14 

Total avoided costs within Gwydir catchment assuming equilibrium 
response after year 20 113.68       113.68 

Total avoided costs within Gwydir catchment assuming equilibrium 
response in year 30 7.20       7.20 

Beyond–Gwydir catchment salinity mitigation benefits         
Lower limit assuming equilibrium after year 10 86.13       86.13 
Lower limit assuming equilibrium after year 20 30.30       30.30 

Lower limit assuming equilibrium in year 30 1.92       1.92 
Beyond–Gwydir catchment salinity mitigation benefits          

Upper limit assuming equilibrium after year 10 265.00       265.00 
Upper limit assuming equilibrium after year 20 93.23       93.23 

Upper limit assuming equilibrium in year 30 5.91       5.91 
Shade and shelter benefits—increased crop returns:         

Shelter factor of 2% 7.04 13.90 9.57 6.17   2.29 2.42 
Shelter factor of 10% 35.18 69.49 47.87 30.86   11.47 12.08 
Shelter factor of 20% 70.36 138.98 95.74 61.71   22.95 24.16 
Shelter factor of 40% 140.72 277.97 191.48 123.43   45.89 48.31 

Shade and shelter benefits—increased livestock returns:         
Shelter factor of 2% 1.55 1.58 1.06 0.66   0.21 0.24 

Shelter factor of 10% 7.74 7.92 5.30 3.32   1.05 1.18 
Shelter factor of 20% 15.48 15.83 10.61 6.64   2.11 2.37 
Shelter factor of 40% 30.95 31.66 21.22 13.28   4.22 4.74 

Total present value benefits (lower bound) 113.88 200.72 182.04 148.06 8.32 28.91 92.57 95.10 
Total present value benefits (upper bound) 1162.51 692.31 582.26 477.53 48.92 170.04 425.27 462.91 
Net benefits (lower bound) –222.56 –174.38 –169.94 –187.11 –25.67 –5.08 –387.67 –380.81 
Net benefits (upper bound) 805.89 290.18 208.28 124.58 14.93 136.04 –73.31 –32.26 



The annual equivalent values ($/ha/yr) are presented in Table 7.8. The control of land 

degradation intervention had the lowest annual equivalent value of $34/ha/yr. The 

biodiversity revegetation had the highest cost ($480.24–$498.58/ha/yr), followed by 

integrated revegetation ($475.91–$498.58/ha/yr). For riparian buffer revegetation, the 

50 m scenario had the lowest AEV cost ($335.17–$352.95/ha/yr) and the 20 m riparian 

buffer scenario had the highest ($375.11–$402.13/ha/yr). All of the lower bound net 

annual equivalents were negative, whereas the upper bound net annual equivalents were 

positive for all ICM interventions except for biodiversity and integrated revegetation. 

Salinity mitigation had the highest upper bound net annual equivalent ($805.89/ha/yr), 

followed by 20 m riparian buffer revegetation ($290.18/ha/yr). The degraded land 

rehabilitation net annual equivalent was between $14.93 and 136.04/ha/yr.  

 
Table 7.9. Summary of benefit–cost ratios (BCR) from different water and land 
management interventions at different discount rates (DR) 
 

NRM intervention 
Lower bound BCR Upper bound BCR
Discount rate (%)  Discount rate (%) 

4 7 10 4 7 10
Environmental flow provision* 4.58 6.36 8.34 13.74 19.11 25.14
Salinity mitigation revegetation 0.39 0.34 0.30 4.01 3.26 2.66

Riparian zone 
revegetation 

20 m buffer 0.58 0.54 0.50 1.99 1.72 1.50
30 m buffer 0.52 0.52 0.51 1.74 1.56 1.41
50 m buffer 0.43 0.44 0.45 1.48 1.35 1.25

Land 
rehabilitation 

Lower 0.34 0.25 0.19 1.19 0.85 0.65
Upper 2.01 1.44 1.09 6.97 5.00 3.80

Biodiversity revegetation 0.20 0.19 0.18 0.91 0.85 0.80
Integrated revegetation 0.21 0.20 0.19 1.01 0.94 0.87

* The lower bound represents economic values derived for NSW households; upper bound represents 
economic values derived for Australian households. 
 
Table 7.9 summarises BCR results at three discount rates. The details for a 4% discount 

rate are presented in Appendices A7.1 and A7.2 and for a 10% discount rate in 

Appendices A7.3 and A7.4. At a 7% discount rate, all the upper bound ICM revegetation 

interventions and environmental flow provision had BCRs greater than one, except for 

degraded land rehabilitation at the lower limit (0.85)), biodiversity (0.85) and integrated 

revegetation (0.94). At the lower bound (using a 7% discount rate), only degraded land 

rehabilitation at the upper limit and environmental flow provision had BCRs greater than 

one at 1.44 and 6.36, respectively. The lower bound BCRs for degraded land 

rehabilitation and environmental flow provision were also greater than one at 4% (2.01 

and 4.58, respectively) and 10% (1.09 and 8.34, respectively) discount rates (Table 7.9). 
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At a discount rate of 4%, the upper bound BCRs for environmental flow provision and 

all the revegetation interventions were greater than one, except for biodiversity 

revegetation (0.91). At a 10% discount rate, only the upper bound for degraded land 

rehabilitation at the lower limit (0.65), biodiversity (0.80) and integrated revegetation 

(0.87) had BCRs less than one (Table 7.9).  

7.3.3 Economic valuation of ecosystem goods and services from district-

wide native revegetation 

Table 7.10 presents the economic costs and benefits associated with native revegetation 

in the cotton-growing district of the Gwydir catchment. Tree establishment costs ranged 

from $31 million for the 10-m windbreaks to $87 million for the 30-m windbreaks. 

Decreased crop production due to competition from planted trees was lowest under 30 m 

windbreaks assuming a competition factor of 10% ($3.14 million) and highest with the 

10-m windbreaks assuming a competition factor of 40% ($13.71 million). Competition 

from planted trees decreased livestock returns by between $0.09 million (30-m 

windbreaks, competition factor of 10%) and $0.39 million (10-m windbreaks, 

competition factor of 40%). The cost of foregone crop production in areas taken up by 

planted trees varied between $26.42 million (10-m windbreaks) and $74.08 million (30-

m windbreaks). Similarly, foregone livestock returns were lowest in the 10-m windbreak 

scenario ($0.71 million) and highest in the 30-m windbreaks scenario ($2.04 million). 

The AEV of all economic costs was lowest for the 30-m windbreaks ($480.03–

507.92/ha/yr) and highest for 10-m windbreaks ($501.04–587.06/ha/yr) (Table 7.10). 

 

The economic benefits from carbon sequestration were lowest ($8 million) for the 10-m- 

windbreak with a $10/t C price of carbon and highest ($112.88 million) for the 30-m 

windbreaks with $50/t C. The economic value of the natural pest control varied between 

$0.21 million, assuming high Helicoverpa density and low beneficial numbers in the 10-

m windbreak, and $174.66 million, assuming low Helicoverpa density and high 

beneficial numbers in 30-m windbreaks. The economic benefits from spray-drift 

mitigation ranged between $42.18 million and $74.31 million in terms of total wheat 

yield saved from spray-drift damage.  



Table 7.10. Economic values of ecosystem services from district–wide native 
revegetation  
 

Ecosystem service/disbenefits 
PV ($ million)  AEV ($/ha/yr) 

Windbreak width  Windbreak width 
10 m 20 m 30 m  10 m 20 m 30 m 

Native revegetation establishment costs  30.90  60.05  87.36    251.54    251.54   251.54 
Decreased crop production assuming:        

Competition factor of 10%   3.43   3.25   3.14   27.89   13.61  9.04 
Competition factor of 20%   6.85   6.50   6.28   55.78   27.22  18.08 
Competition factor of 40%  13.71  13.00  12.56    111.56   54.46  36.16 

Decreased livestock production assuming:        
Competition factor of 10%   0.10   0.09   0.09   0.78   0.39  0.26 
Competition factor of 20%   0.19   0.19   0.18   1.57   0.78  0.52 
Competition factor of 40%   0.39   0.37   0.36   3.14   1.55  1.03 

Foregone agricultural production        
Crop production  26.42  51.12  74.08    215.02    214.14   213.30 

Livestock production   0.71   1.39   2.04   5.80   5.84  5.89 
Total economic costs (lower bound)  61.55  115.91  166.72   501.04    485.53   480.03 
Total economic costs (upper bound)  72.12  125.94  176.41   587.06    527.53   507.92 
Ecosystem services economic value 
Carbon sequestration        
Total carbon sequestration benefits @ $10/t C   8.00  15.52  22.58   65.15   65.01  65.00 
Total carbon sequestration benefits @ $20/t C  16.01  31.04  45.15    130.29    130.01   130.00 
Total carbon sequestration benefits @ $50/t C  40.02  77.60  112.88    325.73    325.03   325.01 

Natural pest control benefits: saved spraying costs assuming: 
Low Helicoverpa density & high beneficial 

numbers  61.78  120.06  174.66    502.90    502.89   502.88 

High Helicoverpa density & low beneficial 
numbers   0.21   0.41   0.59   1.71   1.70  1.70 

Spray-drift mitigation–total wheat yield returns saved assuming: 
50% spray-drift mitigation  42.18  42.18  42.18    343.37    176.69   121.45 
90% spray-drift mitigation  74.31  74.31  74.31    604.92    311.28   213.97 

Spray-drift mitigation—reduced anxiety   2.93   2.93   2.93   23.84   12.27  8.43 
Landscape aesthetics   0.07   0.13   0.19   0.55   0.55  0.55 
Shade and shelter: increased crop returns        

Shelter factor of 2%   4.51   4.39   4.28   36.68   18.40  12.33 
Shelter factor of 10%  22.53  21.97  21.41    183.41   92.02  61.66 
Shelter factor of 20%  43.94  42.85  41.78    357.70    179.48   120.28 
Shelter factor of 40%  82.82  80.73  78.69    674.12    338.15   226.57 

Shade and shelter: increased livestock returns        
Shelter factor of 2%   0.11   0.11   0.10   0.91   0.45  0.30 

Shelter factor of 10%   0.56   0.54   0.52   4.56   2.26  1.50 
Shelter factor of 20%   1.12   1.08   1.04   9.11   4.52  3.00 
Shelter factor of 40%   2.24   2.16   2.08   18.22   9.05  6.00 

Increased agricultural (livestock) production 
owing to land degradation control    1.19   2.32   3.38   9.72   9.72  9.72 

Biodiversity conservation benefits        
Lower bound   1.34   2.61   3.80   10.94   10.94  10.94 
Upper bound   4.90   9.51  13.84   39.85   39.85  39.85 

Total PV of benefits (lower bound) 60.55  70.60  80.04   492.88   295.74  230.44 
Total PV of benefits (upper bound)  270.25  369.75  462.974    2199.86   1548.79  1332.99 
Net benefits (lower bound) –1.00 –45.31 –86.67  –8.16  –189.79 –249.59 
Net benefits (upper bound)  198.13  243.81  286.56    1612.79   1021.26  825.06 
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Additional spray-drift mitigation economic benefits included $2.93 million for reduction 

in anxiety. Landscape aesthetics represented only a small fraction of the economic 

benefits, ranging between $0.07 million (10-m windbreaks) and $0.19 million (30-m 

windbreaks). The economic benefits of shade and shelter for improved crop returns were 

between $4.51 million (10-m windbreaks, shelter factor of 2%) and $82.82 million (10-

m windbreak, shelter factor of 40%), and for improved livestock returns were between 

$0.11 million (10-m windbreaks, shelter factor of 2%) and $2.08 million (30-m 

windbreak, shelter factor of 40%) (Table 7.10). Economic benefits from increased 

livestock production due to control of land degradation were between $1.19 million (10-

m windbreaks) and $3.38 million (30-m windbreaks). The economic benefits of 

biodiversity were estimated to be between $1.34 million (lower bound, 10-m 

windbreaks) and $13.84 million (higher bound, 30-m windbreaks).  

 

Table 7.11. Summary of NPV, AEV and BCRs for district–wide native revegetation 

 

 

 

 

Windbreak 
width (m) 

Lower bound BCR Upper bound BCR 
Discount rate (%) Discount rate (%) 

4 7 10 4 7 10 
10 1.06 0.98 0.91 4.05 3.75 3.46 
20 0.66 0.61 0.57 3.19 2.94 2.70 
30 0.52 0.48 0.45 2.85 2.62 2.42 

 

Table 7.11 compares the results discounted at 7% with those discounted at 4% and 10% 

for the three windbreak widths. The detailed results for the 4% discount rate are 

presented in Appendix A7.5 and for the 10% discount rate in Appendix A7.6. Only the 

10-m lower bound had BCR greater than 1, under a 4% discount rate (Table 7.11). The 

upper bound BCRs were positive for the three windbreak widths at all the discount rates 

considered. The 10-m-width windbreaks had the highest upper bound BCRs at 4% 

(4.05), 7% (3.75) and 10% (3.46) while 30-m-width windbreaks had the lowest at 4% 

(2.85), 7% (2.62) and 10% (2.42) (Table 7.11). 

7.3.4 Economic valuation of ecosystem services from NRM interventions 

at farm scale 

Tables 7.12 and 7.13 show the economic costs and benefits (PV and AEV at various 

discount rates) associated with the conservation intervention proposed for the case study 
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farm in the Gwydir catchment. At a 7% discount rate, the decline in crop returns varied 

between $25,000 (assuming a competition factor of 10%) and $100,000 (assuming a 

competition factor of 40%). The decline in livestock returns was smaller, varying 

between $1,450 and $6,000, with competition factors of 10% and 40% respectively. The 

foregone crop returns totalled $361,000. The conservation intervention resulted in 

combined total economic costs in the range of $387,000-$465,000 and economic 

benefits in the range of $1.3 million–9.5 million. The contributions to economic benefits 

were from (1) carbon sequestration ($78,000-$395,000); (2) natural pest control ($5,300-

$1.6 million); (3) spray-drift mitigation ($1 million–$5 million); (4) shade and shelter—

increased crop returns ($86,000-$1.7 million); (5) shade and shelter—increased 

livestock returns ($5,000-$91,000); (6) increased livestock yields due to land 

rehabilitation ($46,000) and (7) biodiversity benefits ($36,000-$131,000). The BCR for 

the conservation intervention ranged from 3.41 to 20.35. 

 

The total PV of economic costs of native revegetation with rotational grazing ranged 

between $7.7 million–$7.9 million (at a 7% discount rate), with a large proportion of 

these costs caused by foregone crop returns ($7.6 million) (Table 7.12). The remaining 

economic costs arose from reduced crop and livestock returns due to competition from 

planted trees. The total economic benefits from native revegetation ranged between 

$4.6 million and $28 million. These benefits comprised of (1) carbon sequestration 

($224,000-$1.1 million); (2) natural pest control ($15,000-$4.7 million); (3) spray-drift 

mitigation ($3 million–15 million); (4) shade and shelter—increased crop returns 

($265,000-$5.3 million); (5) shade and shelter—increased livestock returns ($6,000-

$129,000); (6) increased livestock yields due to land rehabilitation ($131,000) and (7) 

biodiversity benefits ($102,000-$372,000). There were additional economic benefits 

from rotational grazing estimated at $721,000 (Table 7.12). The BCR for the native 

revegetation intervention ranged from 0.61 to 3.52. Under the conservation intervention 

NPVs were positive and their corresponding BCRs greater than 1.0 for all the discount 

rates (Table 7.12). Under the native revegetation intervention lower bound NPVs were 

negative and their corresponding BCRs less than 1.0 for all the discounting rates, 

whereas at the upper bound, NPVs were positive and their corresponding BCRs greater 

than 1.0 at all discount rates.  



Table 7.12. Economic values (PV, $) of ecosystem services from conservation and native revegetation at farm level 

Ecosystem services and disbenefits 
4% Discount rate 7% Discount rate 10% Discount rate

Conservation Native 
revegetation Conservation Native 

revegetation Conservation Native 
revegetation 

Decreased crop 
production due to 

Competition factor of 10% 39 842 188 964  24 652 116 923 16 087  76 299  
Competition factor of 20% 79 683 377 927  49 305 233 846 32 174 152 598  
Competition factor of 40% 159 367 566 891  98 610 350 769 64 348 228 896  

Decreased livestock 
production due to 

Competition factor of 10% 2343  7764   1450  4804  946   3135  
Competition factor of 20% 4685  15 528   2899  9608  1892   6270  
Competition factor of 40% 9371  23 292   5798  14 412  3784   9405  

Foregone crop production  502 778 10 537 393  360 802  7 561 802 274 094  5 744 559  
Total economic costs  Lower bound          544 963           10 734          386 904   7 683 530   291 127   5 823 992   
Total economic costs Upper bound 671 516   11 127 576      465 210   7 926 984   342 226   5 982 860   
Ecosystem services economic value 

Total carbon sequestration 
benefits @:  

$10/t C 109 977 312 467 78 922 224 231 59 955 170 344 
$20/t C 219 955 624 934 157 843 448 463 119 910 340 689 
$50/t C 549 887 1 562 335 394 608 1 121 157 299 776 851 722 

Natural pest control 
benefits—saved spraying 
costs assuming: 
 

Low Helicoverpa density and high 
beneficial numbers 2 304 394 6 547 956 1 653 670 4 698 918 1 256 262 3 569 680 

High Helicoverpa density and low 
beneficial numbers 7 404 21 038 5313 15 097 4036 11 469 

Spray-drift mitigation—
saved wheat returns 

50% spray-drift mitigation 1 545 468 4 391 463 1 109 053 3 151 384 842 527 2 394 047 
90% spray-drift mitigation 7 562 930 21 490 138 5 427 280 15 421 669 4 123 003 11 715 551 

Shade and shelter—
increased crop returns 

Shelter factor of 2% 139 332 427 787 86 213 264 697 56 259 172 729 
Shelter factor of 10% 696 661 2 138 933 431 066 1 323 484 281 294 863 647 
Shelter factor of 20% 1 393 323 4 277 866 862 131 2 646 968 562 589 1 727 295 
Shelter factor of 40% 2 786 646 8 555 731 1 724 262 5 293 936 1 125 178 3 454 589 

Shade and shelter— 
increased livestock 
returns 

Shelter factor of 2% 7322 10 455 4531 6469 2957 4221 
Shelter factor of 10% 36 612 52 274 22 654 32 345 14 783 21 107 
Shelter factor of 20% 73 224 104 548 45 308 64 690 29 566 42 214 
Shelter factor of 40% 146 448 209 096 90 616 129 380 59 132 84 428 

Increased agricultural (livestock) production owing to land 64 233 182 519 46 095 130 979 35 017 99 502 
Improved rotational grazing  1 004 589 720 909 547 661 
Biodiversity conservation 
benefits 

Lower bound 37 027 105 213 35 989 102 263 35 007 99 474 
Upper bound 134 831 383 125 131 051 372 383 127 477 362 227 

Total PV benefits  Lower bound 1 846 531   6 455 530   1 320 020   4 616 029   1 000 741   3 499 448   
Total PV benefits  Upper bound 13 549 369        39 935 489            9 467 582   27 889 331        7 025 844             20 685 359  
NPV Lower bound   1 301 569           –4 278 591               933 117 –3 067 500           709 614            –2 324 544  
NPV  Upper bound 12 877 853          28 807 913            9 002 372   19 962 347        6 683 618            14 702 499  
BCR Lower bound          3.388                  0.601                   3.412            0.601              3.437                     0.601  
BCR  Upper bound        20.177                  3.589                 20.351           3.518             20.530                     3.457  
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Table 7.13. Economic values (AEV, $/ha/yr) of ecosystem services from conservation and native revegetation at farm level 

Ecosystem services and disbenefits 
4% Discount rate 7% Discount rate 10% Discount rate 

Conservation Native 
revegetation 

Conservation Native 
revegetation

Conservation Native 
revegetation 

Decreased crop 
production due to 

Competition factor of 10% 150  15 93 13 61  11  
Competition factor of 20% 301  29 186 25 121  21  
Competition factor of 40% 601  44 372 38 243  32  

Decreased livestock 
production due to 

Competition factor of 10%  9  1  5 1  4  0  
Competition factor of 20% 18  1 11 1  7  1  
Competition factor of 40% 35  2 22 2 14  1  
Foregone crop production 1897 809  1362  809  1034   809  

Total economic costs  Lower bound                  2056 824 1460   822   1099   820   
Total economic costs Upper bound 2534   855 1756   848   1291   843   
Ecosystem services economic value 
Total carbon 
sequestration benefits 
@:  

$10/t C 415 24 298 24 226 24 
$20/t C 830 47.99 596 47.99 452 47.99 
$50/t C 2075 120 1489 120 1131 120 

Natural pest control 
benefits—saved 
spraying costs 
assuming: 

Low Helicoverpa density and high 
beneficial numbers

8696 503 6240 503 4741 503 

High Helicoverpa density and low 
beneficial numbers 

28 2 20 2 15 2 

Spray-drift 
mitigation—saved 

50% spray-drift mitigation 5832 337 4185 337 3179 337 
90% spray-drift mitigation 28539 1650 20480 1650 15559 1650 

Shade and shelter—
increased crop returns 

Shelter factor of 2% 526 33 325 28 212 24 
Shelter factor of 10% 2629 164 1627 142 1061 122 
Shelter factor of 20% 5258 329 3253 283 2123 243 
Shelter factor of 40% 10 516 657 6507 567 4246 487 

Shade and shelter— 
increased livestock 
returns 

Shelter factor of 2% 28 1 17 1 11 1 
Shelter factor of 10% 138 4 85 3 56 3 
Shelter factor of 20% 276 8 171 7 112 6 
Shelter factor of 40% 553 16 342 14 223 12 

Increased agricultural (livestock) production owing to land 242 14 174 14 132 14 
Improved rotational grazing   77 77 77 
Biodiversity 
conservation benefits 

Lower bound 140 8 136 11 132 14 
Upper bound 509 29 495 40 481 51 

Total PV benefits  Lower bound 6968                    496 4981   494   3776   493   
Total PV benefits  Upper bound 51 130                3067 35 727   2985   26 513   2914   
NPV Lower bound 4912                    –329           3521       –328           2,678       –327   
NPV  Upper bound 48 596               2212 33 971   2136   25 221   2071   
BCR Lower bound 3.388                   0.601 3.412   0.601   3.437   0.601   
BCR  Upper bound 20.177            3.589 20.351   3.518   20.530   3.457   
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At 7%, the annuity (AEV) at the lower bound for the conservation intervention was 

$3,500/ha/yr whereas it was –$329/ha/yr (Table 7.13) for the native revegetation 

intervention. At the upper bound, the corresponding results were $33,971/ha/yr and 

$2,136/ha/yr for conservation and native revegetation interventions, respectively. The 

clearance of 10 000 paddock trees resulted in economic costs of lost carbon of between 

$166,000 and $831,000 (Table 7.14) and loss of natural pest control of between $70 and 

$84,000. The economic benefit of clearing paddock trees was due to improved crop 

returns estimated at between $6 million and $17 million The BCRs for clearance of 

paddock trees ranged between 18.4 and 33.7 (Table 7.14).   

 

Table 7.14. Economic impacts of paddock–tree clearance 

 

 

Costs PV ($)  AEV ($/ha/yr)
Carbon sequestration

Total carbon sequestration benefits @ $10/t C        166 1.238
Total carbon sequestration benefits @ $20/t C            332 2.477
Total carbon sequestration benefits @ $50/t C   6.191

Lost natural pest control benefits calculated as spraying costs 
that would have been saved assuming:   

Low Helicoverpa density and high beneficial numbers  83 815 1.145
High Helicoverpa density and low beneficial numbers  70 0.001

Total present value costs (lower bound) 166 270   1.239
Total present value costs (upper bound) 914 815   6.816
Ecosystem services economic value
Agricultural productivity improvement due to removal of 
paddock trees assuming wheat crop and   

Competition factor of 10% 5 610 590 76.677
Competition factor of 20%  11 221 180 153.354
Competition factor of 40%  16 831 770 230.031

  
Total present value benefits (lower bound)              5 42   
Total present value benefits (upper bound)            16 125  
Net benefits (upper bound)              5 41   
Net benefits (lower bound)            15 119   
BCR (lower bound)   33.744   
BCR (upper bound)   18.399   

It was estimated in section 6.3 that clearing 10 000 paddock trees would require an 

additional 3982 ha, in addition to conservation and native revegetation areas discussed 

above, to be set aside in accordance with Moree Regional Vegetation Management Plan. 

Setting aside 3982 ha of agricultural land would have an opportunity cost of 

$1.19 million (assuming the land is currently used for livestock production) or 

$17.73 million (assuming the land is currently used for crop production). 
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Table 7.15. Distribution of economic benefits and costs (using a 7% discount rate) 
 EF ICM DWE Farm-level

Winners Sources  IR LDR CON NRRG CP
Ecosystem services Average (PV $ million) (PV $ thousand)
Waterbird breeding events 68 Public Table 7.6
Habitat provision (wetlands) 42 Public Table 7.6
Grazing benefits 1 721 Private Tables 7.6, 7.12
Carbon sequestration 417 24 237 673 Public Tables 7.7, 7.10, 7.12
Recreation 16 Public Table 7.7
Landscape aesthetics 2 0 Public Tables 7.7, 7.10

Biodiversity benefits Native fish species 31 Public Table 7.7
Terrestrial 67 3 84 237 Public Tables 7.7, 7.10, 7.12

Soil erosion control 
economic benefits: 

Increased agricultural yields 45 3 1 46 130 Private Tables 7.7, 7.10, 7.12
Off-site 98 460 Public Table 7.7

Salinity mitigation 
economic benefits 

Within-Gwydir catchment 18 Public Table 7.7
Beyond-Gwydir catchment 9 Public Table 7.7

Shade and shelter-increased 
agricultural yields 

Crops 67 43 905 2780 11 220 Private Tables 7.7, 7.10, 7.12, 
Livestock 7 1 47 69 Private Tables 7.7, 7.10, 7.12

Natural pest control 31 829 2357 Public Tables 7.10, 7.12

Spray drift mitigation Saved crops 58 3269 9287 Public Tables 7.10, 7.12
Reduced anxiety 3 Public Table 7.10

Sub-total private 1 119 3 45 998 3700 11 220
Sub-total public 141 627 460 119 4419 12 554 0
Total 142 746 463 164 5417 16 254 11 220
 
Trade-offs Losers
Decreased agricultural production due 
to competition from revegetation 

Crop 9 9 62 244 Private Tables 7.7, 7.10, 7.12
Livestock 1 0 4 10 Private Tables 7.7, 7.10, 7.12

Native revegetation establishment costs 662 31 Private Tables 7.7, 7.10
Erosion control costs 245 Table 7.7
Foregone agricultural 
production 

Crop 543 26 360 7561 Private Tables 7.7, 7.10, 7.12
Livestock 28 1 Private Tables 7.7, 7.10

Reduced 
water yield 

Diverted irrigation water for EF 15 Private Table 7.6
Due to native revegetation 36 Private Table 7.7

Off-set for clearing paddock trees 10 000 Private Table 7.14
Lost natural pest control services 42 Public Table 7.14
Lost carbon sequestration 499 Public Table 7.14
Sub-total private 15 1279 245 67 426 7815 10 000
Sub-total public 0 0 0 0 0 0 541
Total 15 1279 245 67 426 7815 10 541

Note: EF =  environmental flows; ICM = integrated catchment management mitigation; IR = integrated revegetation; LDR = land degradation rehabilitation; 
DWE = district-wide windbreak establishment;  CON = conservation; NRRG = native revegetation with rotational grazing; CP = clearing paddock 
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7.3.5 Distribution of economic benefits and costs from interventions at 

catchment, district and farm scales 

Table 7.15 summarises average economic costs and benefits and identifies potential 

winners and losers. Most of the economic benefits from ecosystem services accrued to 

the public and only the grazing benefits, increased agricultural yields from soil erosion 

control, shade and shelter were private. At the catchment scale, less than 1% ($1 million) 

of the $142 million total economic benefit from environmental flow provision was 

private. In contrast, economic costs ($15 million) from environmental flow provision 

were privately borne (Table 7.15). Integrated revegetation had total economic benefits 

amounting to $746 million, with 84% ($627 million) accruing to the public and 16% 

($119 million) to the private sector. Total costs of integrated revegetation ($1.28 billion) 

were entirely private.  

 

At the district scale, approximately 99% ($463 million) of the economic benefits from 

rehabilitation of degraded land were public, while all economic costs of rehabilitating 

degraded land ($245 million) were private (Table 7.15). Approximately 70% 

($119 million) of the economic benefits of establishing windbreaks in cotton-growing 

districts in the Gwydir catchment were public, contrasting with 100% ($67 million) of 

the economic costs borne by private landholders. At the farm scale, 80% ($4,419,000) of 

the economic benefits from setting aside agricultural land for conservation were 

public—against economic costs totalling $426,000—all of which were borne by the 

farmer (Table 7.15). Native revegetation plus rotational grazing had total costs 

($7,815,000) met by the farmer, while 77% of the economic benefits ($12,554,000) 

accrued to the public. Clearing paddock trees in the cropping areas had benefits of 

$11,220,000, all of which were private, at a cost of $10,541,000 of which 5% ($541,000) 

were public (Table 7.15). 

7.3.6 Spatial prioritisation of integrated revegetation and degraded land 

rehabilitation 

Figure 7.1 shows the economic benefits (NPV/ha/yr) of carbon sequestration arising 

from integrated revegetation. Higher returns from carbon sequestration were predicted 
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from the slopes and tablelands in comparison to the plains. Figure 7.2 shows the 

economic costs (NPV/ha/yr) associated with reduced water yield from integrated 

revegetation. Higher costs from reduced water yield were predicted from the tablelands 

and lowest on the plains. Figure 7.3 shows net economic values of integrated 

revegetation across the Gwydir catchment ranging from –$290 to $133/ha/yr. Figure 7.4 

shows net economic values from degraded land rehabilitation in the Gwydir catchment, 

with most areas showing positive net economic values. 

 

 
Figure 7.1. Economic benefits (NPV/ha/yr, using a 7% discount rate) of carbon 

sequestration associated with integrated revegetation 

 

 

215



 
Figure 7.2. Economic costs (NPV/ha/yr, using a 7% discount rate) of water yield 

reduction associated with integrated revegetation 

 
Figure 7.3. Net benefits (NPV/ha/yr, using a 7% discount rate) associated with 

integrated revegetation 
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Figure 7.4. Net benefits (NPV/ha/yr, using a 7% discount rate) associated with 

rehabilitation of degraded land 

7.4 Discussion 

In this chapter the following ecosystem goods and services have been valued from 

different NRM interventions and at different scales: (1) waterbird-breeding events, (2) 

habitat provision, (3) carbon sequestration, (4) recreation, (5) landscape aesthetics, (6) 

biodiversity benefits, (7) soil erosion control benefits, (8) water quality improvement, 

(9) shade and shelter, (10) natural pest control and (11) spray drift mitigation. Six trade-

offs from NRM interventions—(1) reduced agricultural production, (2) native 

revegetation costs, (3) erosion control costs, (4) foregone agricultural production, (5) 

reduced water yield and (6) lost carbon sequestration from cleared paddock trees at farm 

scale—were also valued. The net economic values calculated for these 10 ecosystem 

services are likely to be conservative considering that MEA (2005a) and Reid & 

Williams (2008) identified 24 and 56 possible ecosystem goods and services, 

respectively. 
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7.4.1 Economic value of ecosystem services from environmental flows  

Net revenue from irrigation would be expected to decline if water for environmental 

flows is acquired through reductions in irrigation water allocations (Qureshi et al., 

2007). In the Mooki sub-catchment of Namoi Valley in northern NSW, Aluwihare 

(2002) found that provision of environmental flows reduced the net farm income by up 

to 6%. Re-allocating water from agriculture to the environment in the Murray River 

Basin was predicted to reduce net irrigation revenue by $75 million (Qureshi et al., 

2007). In the present study, it was found that the total economic cost of environmental 

flows provision would be $14.81 million. This result is consistent with past economic 

assessments of the same area. ACIL Consulting (2002) predicted that the average 

extractive water loss following adoption of the surface water draft Water Sharing Plans 

(WSP) in Gwydir would be 7 GL/yr with an estimated costs of $2 million in lost annual 

gross agricultural earnings and $1 million in agricultural value added. Wolfenden & Gill 

(2001) indicated that net reductions in social benefit attributable to a 10% effective 

reduction in irrigation water of 34 GL (from 342 GL to 308 GL) could range between 

$3 million and $7 million per annum. The total loss in gross value of production of 

cotton for the same scenario would be around $20 million, with the potential for the loss 

of 300 jobs (Wolfenden & Gill, 2001). Pigram (2006) predicted that reduced cotton 

production due to the provision of environmental flows, could cause annual losses of 

$15 million in the local economy of the Gwydir catchment. This is very close to the 

economic costs of environmental flow provision $14.81 million estimated in this study.  

 

Unlike past studies that focused on evaluating only economic costs of environmental 

flow provision, the present analysis revealed that the economic benefits outweigh the 

economic costs when the aggregate WTP for ecosystem services are calculated for NSW 

and Australian households. Kingsford (1995) argued that approaches which translate 

loss of water to irrigation into direct economic impact and job loss are simplistic. The 

economic challenge for the irrigation community is to sustain growth using the same 

amount of water. Significant cost savings could be made by increasing water-use 

efficiency, such as by adopting drip irrigation (Kingsford, 1995; Reid et al., 2006)—this 

aspect is beyond the scope of the current study.  
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Table 7.6 showed that the BCRs for ecosystem services from environmental flow 

provision for NSW and Australian households were 6.36 and 19.12, respectively. These 

BCRs were for four ecosystem services only—waterbird-breeding events, habitat 

provision, improved grazing and biodiversity benefits. Wetlands provide many other 

ecosystem services that were not valued here (Barbier et al., 1996; Jansson et al., 1998; 

Schuyt & Brander, 2004; Wilson & Carpenter, 1999; Woodward & Wui, 2001)). Barbier 

et al. (1996) pointed out that a major difficulty facing valuation of complex 

environmental systems such as wetlands is insufficient information on important 

ecological and hydrological processes that underpin the various ecosystem services 

generated. Ecosystem services provided by the Gwydir Wetlands that were not part of 

this study but with potentially large economic benefits include nutrient retention, flood 

control, groundwater recharge, and micro-climatic stabilisation, among others (Loomis 

et al., 2000). If some of these additional ecosystem services were to be valued for the 

Gwydir Wetlands the BCRs obtained above would increase. Restricting economic 

analysis of ecosystem services to Gwydir households returned a negative NPV (–

$13.36 million) and a low BCR (0.098). However, as discussed in section 7.2.1, some of 

the ecosystem services modelled in this study such as waterbird breeding are of state, 

national, or international significance, and should therefore be valued for NSW and 

Australian households. The net returns ranging between $160 and $540/ML/yr (Table 

7.6) for NSW and Australian households provide economic justification for the 

continued provision of environmental flows in the Gwydir catchment.  

7.4.2 Economic value of ecosystem services from integrated catchment 

management interventions 

Native revegetation generally occurs at low rates, partly because it is not profitable due 

to high revegetation costs (Hill, 2004; Lockwood et al., 2002). With high establishment 

costs discouraging tree planting, Wilson et al. (1995) noted that around 27% of all 

broadacre and dairy farmers used some type of assistance scheme, such as establishment 

grants, to help fund tree establishment. In the Goulburn–Broken catchment, although 

approximately 65% of respondents had some intention to undertake revegetation on their 

properties, only 30% of respondents were certain that they would undertake works on 
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their properties in the subsequent 3 years (Lockwood et al., 2002). In the present study, 

integrated revegetation costs in the Gwydir catchment were estimated to total 

$662 million. The costs for salinity mitigation, biodiversity and integrated revegetation 

scenarios averaged $251/ha/yr, whereas the costs of riparian zone restoration were 

between $249/ha/yr and $289/ha/yr depending on the buffer width. 

 

In addition to the high establishment costs, revegetation causes other significant costs as 

a result of reduced surface water yield (Heaney et al., 2000), foregone agricultural 

production, and crop losses due to competition by trees (ABARE & BRS, 2001; 

Mallawaarachchi et al., 1996; Sudmeyer et al., 2002). The average economic costs of 

water yield reduction, which was highest for integrated revegetation ($13.66/ha/yr) and 

lowest for salinity mitigation revegetation ($6.90/ha/yr) (Table 7.8), would further 

complicate water resource management in the Gwydir catchment, considering that 

provision of environmental flows has reduced the amount of water available for 

irrigation. Foregone agricultural production was the next highest cost item with an 

average above $200/ha/yr for biodiversity and integrated native revegetation were very 

high averaging (Table 7.8). The lowest cost element was due to competition close to 

revegetated areas, with a maximum average of $2.40/ha/yr for integrated revegetation. It 

seems that large areas of native revegetation are not feasible in the current rural 

economic climate unless the broader community shares the cost (see discussion on 

distribution of benefits and costs in section 7.3.5). Landholder costs, as discussed above, 

can be significant. As noted by Heaney et al. (2000), even where plantation forestry may 

be economically viable in its own right, it may not be sufficiently profitable to compete 

with existing agricultural land-uses. These costs represent the trade-offs that need to be 

compared with economic benefits from ecosystem services when evaluating how to 

allocate funding for NRM interventions. 

 

Binning et al. (2000) argued that it is unlikely that the returns from any single 

commodity or ecosystem service will be sufficient to secure large-scale investment in 

native revegetation, considering its high economic cost. However, the economic value of 

the totality of ecosystem goods and services (e.g. biodiversity, water quality, aesthetic 

appeal, salinity mitigation, greenhouse abatement) may make up the financial shortfall 

(Robins, 2004). In economic terms, farmers value some of the on–farm benefits of 
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biodiversity and very few of the off–farm benefits, for the usual reason that costs and 

benefits outside of the manager’s domain (i.e. externalities) are generally not taken into 

account by individual decision-makers (Swift & Anderson, 1993). It is imperative that 

net benefits to agriculture from revegetation should be considered along with other costs 

and benefits, such as carbon sequestration, to determine an overall return to native 

revegetation (Heaney et al., 2000).  

 

Carbon offset schemes are on the rise in Australia (Ribon & Scott, 2007) and the trading 

of carbon sequestered from native revegetation is one way that landowners could benefit 

from ecosystem services generated on their farms. In this study, revegetation for salinity 

mitigation had the highest economic benefits from carbon sequestration, averaging 

$180/ha/yr, followed by integrated revegetation with an average of $157/ha/yr. 

Recreation is a key in-stream ecosystem service (Bonnieux & Le Goff, 1997; Postel & 

Carpenter, 1997) whose enhancement could be accomplished by restoring waterways to 

swimmable and fishable levels (Bennett & Morrison, 2001). The economic value of 

recreational benefits from restoration of the 2032 km of Gwydir River modelled was 

estimated at $16 million, which translated to between $46.71/ha/yr and $115.55/ha/yr 

depending on the width of the riparian buffer (Table 7.8). This is conservative as it is 

based only on a water quality improvement in the 2032 km restored section. 

Recreational benefits are likely to increase due to other ICM interventions such as soil-

erosion control, provision of environmental flows and catchment-wide native 

revegetation. The WTP used in the economic valuation related to restoring the Gwydir 

River to fishable and swimmable status; this value could rise if other recreational 

activities such as boating and camping were included.  

 

Landowners and the wider community appreciate landscape aesthetics (Binning et al., 

2001), and economic valuation has revealed a substantial value for aesthetics in 

agricultural landscapes (Fleischer & Tsur, 2000). Miles et al. (1998) reported that 89% 

and 95% of landowners in northeast Victoria and southern NSW, respectively, 

recognised aesthetics as one of the benefits of native vegetation. The economic value of 

landscape aesthetics was modest, ranging from $0.06–1.45 million, or equivalent to 

$0.55/ha/yr. Incorporation of the economic value of biodiversity benefits has been 

advocated as one way of improving the viability of native revegetation (Binning et al., 
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2000; Carberry et al., 2002). In this study, the total economic benefits of native 

revegetation were $1.21–104.92 million, and the average economic biodiversity benefit 

was $25/ha/yr (Table 7.8). Payments for biodiversity conservation are becoming a 

popular component in the payment for ecosystem services (PES) field, and are being 

trialled in many parts of the world (Landell-Mills, 2002). In Victoria, Australia, 

landowners can receive a one-off payment of between $145.31/ha and $529.15/ha to 

restore, maintain and protect native vegetation (Latacz-Lohmann & Schilizzi, 2005; 

Stoneham et al., 2003). 

 

Most studies of soil erosion in Australia have concentrated on mapping the extent of 

erosion and estimating the cost of rehabilitating or protecting eroded lands, rather than 

on investigating the costs associated with lost production as a result of erosion 

(Edwards, 1993). Soil conservation technologies help land retain water, nutrient, and soil 

organic matter, and generally increase crop yields. Implementing soil and water 

conservation technologies benefits both farmers and society as a whole. Previous 

research has shown that soil erosion can have large impacts on agricultural production 

and property values. In NSW, Walpole et al. (1996) estimated opportunity costs 

(calculated as the change in gross value of all agricultural production when degradation 

is reduced to negligible levels) for sheet and rill erosion at $11.80/ha. Using a hedonic 

approach, King & Sinden (1988) found that each dollar invested in soil conservation 

works resulted in increased land values of $4.10 in northern NSW. They further 

estimated that, in non-arid NSW, each extra hectare of land that becomes affected by 

sheet or gully erosion results in a reduced output of $32.60 at the margin, representing 

about 5% of gross annual production.   

 

The current study has demonstrated that soil-erosion control would be a major 

contributor to overall economic benefits. The on-farm economic benefits of degraded 

land rehabilitation were modest, at $1 million–$4 million, in comparison to $245 million 

incurred to rehabilitate degraded land in the Gwydir catchment. However, the off-site 

economic benefits outweighed the on-farm economic benefits many times, averaging 

between $206 million and $714 million, underscoring the large benefits associated with 

land rehabilitation. In Ontario, Canada, Fox & Dickson (1990) demonstrated that the 

off–farm gains from the use of conservation tillage generally exceed the on-farm costs of 
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erosion control, as found in the current study. Assessing the monetary costs of off-site 

impacts is important as it aids in fully identifying the consequences of a particular 

intervention. Such cost estimates can inform and guide policymakers, researchers, 

consumers, and agricultural producers, and may encourage closer investigation of the 

impacts of industrial agriculture (Tegtmeier & Duffy, 2004).    

 

Salinity mitigation at the catchment level contributed markedly to overall economic 

benefits from native revegetation. Salinity benefits from reduced discharge accrue to 

within-catchment and beyond-catchment downstream irrigators through reduced salt 

concentration in irrigation water (Heaney et al., 2001). Lockwood et al. (2000) 

estimated that the cost of salinity to NSW households was $0.67 annually per household 

for each 1 μs/cm increase in the salinity of mains water. The market value of land, 

including improvements, can decrease by $2,000/ha for farms reporting salinity (Nelson 

et al., 2004). Heaney et al. (2001) estimated that the downstream benefits of a reduction 

in salt discharge in the Gwydir catchment was $4/t/yr. The within-Gwydir catchment 

economic benefits were quite large when compared to those beyond Gwydir. The upper-

bound NPV of salinity mitigation was positive ($90 million). The average economic 

benefits of salinity mitigation through revegetation were $165/ha/yr for within-Gwydir 

catchment and $90/ha/yr for beyond-Gwydir catchment. This underscores the economic 

viability of implementing native revegetation in salinity-affected areas in the Gwydir, 

especially when the ecosystem services associated with native revegetation such as 

carbon sequestration and shade and shelter are added to the economic analysis. 

Nationally, approximately, 68% of farmers planted trees for shade and shelter (Wilson et 

al., 1995). Miles et al. (1998) reported that 73% and 84% of landowners in northeast 

Victoria and southern NSW, respectively, recognised stock shade and shelter as one of 

the benefits of native vegetation. In this study, the crop and livestock returns increased 

by an average of $74 million for integrated revegetation which translated to an average 

of $27/ha/yr.  
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7.4.3 Economic valuation of ecosystem goods and services from district-

wide native revegetation 

Economic analyses based on Australian data that have accounted for the costs of 

establishing windbreaks, the losses due to competition, and the yield gain as a result of 

shelter have found that windbreaks either lead to a small financial gain or are cost 

neutral (Cleugh et al., 2002). An economic assessment of windbreaks on the southern-

eastern coast of Western Australia found that establishing windbreaks reduced the NPV 

by $187/ha, attributed to the costs of establishment (Jones & Sudmeyer, 2002). 

However, windbreaks may become a more economically viable proposition if financial 

gains can be realised from the other multiple benefits of vegetative windbreaks (Cleugh 

et al., 2002).  

 

The findings of the present study indicate that establishment costs were a major 

component of windbreaks (more than 50%) of total costs, followed by foregone 

agricultural production (45%) and competition from planted trees (5%). Despite these 

costs, the incorporation of predicted economic benefits from ecosystem services 

indicated that establishing windbreaks could indeed be profitable at the upper bound of 

economic benefits. There were substantial economic benefits associated with natural 

pest control in the present study, estimated to be between $2/ha and $503/ha of 

windbreaks in terms of saved spraying costs. Brook et al. (1992) found that for every 

Helicoverpa larva present on each occasion when cotton was monitored for pest 

management, yield was reduced by 0.012 bales/ha, and calculated that this reduction 

amounted to $6/ha.  

 

Growing concern about environmental protection, human health and food safety has 

brought increased scrutiny of pesticide use in agriculture (Pimentel et al., 1991). Impacts 

on environmental and human health, increase the social cost of pesticides beyond the 

private cost facing the farmer (Sexton et al., 2007). In the USA an estimation of the full 

environmental and social costs could raise total annual costs to as much as $4 billion 

(Pimentel et al., 1991). The estimated economic benefits of reduced anxiety due to 

spray-drift mitigation by planted trees in the cotton growing area of the Gwydir 

catchment were between $8.43/ha and $23.84/ha depending in windbreak width. The 
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economic value of spray-drift mitigation calculated as the saving in wheat yield from 

damage from spray drift was substantial, ranging from $122/ha to $605/ha. These 

savings were calculated for within each property only and are therefore conservative 

considering that benefits could extend to neighbouring properties. The lower bound of 

the economic analysis, however, indicated that windbreaks were not economically 

viable. At the lower bound, the net AEVs for 10-m windbreaks were between –$8/ha/yr 

and –$250/ha/yr depending on windbreak width. At the upper bound, net AEVs were 

between $825/ha/yr and $1,612/ha/yr. The 10-m windbreaks resulted in higher net 

benefits in all cases and 50 m windbreaks resulted in the lowest benefits. 

7.4.4 Economic valuation of ecosystem services from NRM interventions 

at farm level 

At the farm level, results indicated that the conservation intervention on the case-study 

farm would be economically viable mainly because it does not incur the high costs 

associated with native revegetation. The NPV of the conservation intervention ranged 

between $0.92 million and $9 million, with corresponding BCRs of 3.412 and 20.351. 

The main economic benefits averaged $3.29 million for spray-drift mitigation, $905,000 

for shade and shelter and $829,000 for natural pest control. The main costs were 

foregone crop production ($360,000) and decreased crop returns because of competition 

from adjacent trees ($62,000).   

 

The native revegetation intervention had negative net returns at the lower bound and 

positive at the upper bound with BCR values ranging between 0.60 and 3.52. The main 

economic cost associated with this intervention was foregone crop production (average 

of $7.56 million). The main average economic benefits were spray drift mitigation 

($9.29 million), shade and shelter ($2.78 million) and natural pest control 

($2.36 million). 

 

 The clearance of paddock trees returned a positive NPV; mainly because the removal of 

competition by trees had economic benefits of $11.22 million in comparison to 

economic costs of $10.54 million. Costs included the agricultural opportunity cost of 

setting aside the offset area ($10 million), lost carbon sequestration ($0.50 million) and 
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lost natural pest control ($40,000). On average, the total economic benefits of the three 

interventions at the farm level were $33 million in comparison to economic costs of 

$22 million, leading to an NPV of $11 million which would make the three interventions 

as a group economically viable. The positive NPV was achieved even after including the 

offset area of 3900 ha into the economic analysis. At the farm level, selecting sites for 

native revegetation can lead to the use of land with lower opportunity costs from lost 

agricultural production (Asafu-Adjaye, 2003), enhancing the economic viability of 

native revegetation. 

 

Prohibitions on broad-scale clearing were predicted to reduce the present value of 

expected net returns in the Moree Plains Shire by between $27 million and $84 million 

(Productivity Commission, 2004). Sinden (2004) calculated that retaining 30% of each 

property in native vegetation in the area creates an average loss in land value of $121/ha, 

and a loss of $148.5 million to all farmers in the area. The present study shows that 

incorporating ecosystem services to economic analyses of native vegetation conservation 

at the farm level greatly improves economic viability. However, the final outcome of the 

economic analysis for the case study farm we have used would hinge on the offset used 

for the cleared paddock trees. For instance, the NFF (2003) reports of a case where a 

farm in NSW was required to offset the removal of every tree through the planting of 

400 new trees, would have involved planting 7600 trees. If such an offset was to be used 

for our case study farm, clearing 10 000 paddock trees would require planting 4 million 

trees. At a conservative planting cost of $10/tree, this would translate into a cost of 

$40 million which exceed the total economic benefits presented in Table 7.15.  

7.4.5 Distribution of benefits and costs 

An important aspect of economic valuation is identifying potential winners and losers 

(Pearce et al., 2006). Consideration of aggregate benefits and costs masks the fact that 

those benefits and costs can be distributed unevenly across groups (Pagiola et al., 

2004b). One important outcome of the analysis of distribution of benefits and costs was 

that all the costs (trade-offs) from all interventions were private, except for lost carbon 

sequestration and natural pest control services from cleared paddock trees. On the other 

hand, the economic benefits from all the interventions were public; except for grazing 
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benefits in wetlands and farms, increased agricultural yields due to soil erosion control, 

and shade and shelter. In all interventions, the economic benefits accruing to private 

landholders were less than the economic benefits accruing to the public.  

 

The total private economic benefits were inadequate to cover the total private economic 

costs for all interventions. For instance, the economic cost associated with 

environmental flow provision was $15 million accruing to irrigators in the Gwydir 

catchment, while the private economic benefit from environmental flow provision was 

$1 million, which accrued to graziers and not irrigators. Similarly, establishment of 

windbreaks district-wide would cost $67 million incurred by farmers, whose share of the 

economic benefits was only $45 million. The question of how society will pay for 

ecosystem restoration has been little discussed (Brown, 2005). Where a catchment is 

badly degraded, and repair would be expensive for landholders, then government may 

need to make a large public sector outlay to bring about improvement (Qureshi & 

Harrison, 2002). 

7.4.6 Spatial prioritisation of integrated revegetation and degraded land 

rehabilitation 

Walpole & Sinden (1997) noted that economic analyses that incorporate biophysical and 

spatial factors are likely to out-perform those that do not. Use of spatial BCAs is 

increasing since they highlight which areas have the greatest benefits per unit cost, thus 

allowing the most efficient targeting of efforts towards NRM interventions (Gret-

Regamey et al., in press; Naidoo & Ricketts, 2006; Wilson et al., 2004). Environmental 

and resource economics are, by their nature, concerned with space, and the questions 

asked by these disciplines implicitly or explicitly invoke a spatial dimension (Bateman 

et al., 2004; 2002b). Thus, it is not surprising that in recent years, spatial approaches to 

economic valuation of environmental attributes have also increased (Balram et al., 2004; 

Bateman & Lovett, 1998; Bateman et al., 2003; Breunig, 2003; Bryan & Marvanek, 

2004; Walpole & Sinden, 1997; Wilson et al., 2004). Figures 7.1 to 7.4 show how 

spatial BCA was applied in the present study, providing practical information that could 

be used by the BRGCMA and landholders interested in either maximising certain 

ecosystem services such as carbon sequestration or minimising tradeoffs such as the 
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water-yield reduction caused by native revegetation. Perhaps Figure 7.3 would be of 

interest to the BRGCMA as it shows the economic values associated with integrated 

revegetation across the Gwydir catchment. For example, areas with net economic 

benefits could be prioritised because of their economic viability. Areas where economic 

costs outweigh economic benefits would require public funding and again BRGCMA 

could develop criteria on how to apportion funding. Generally, Figure 7.3 provides a 

practical tool for strategic NRM interventions in the Gwydir catchment. Figure 7.4 

shows the net economic benefits of rehabilitating land degradation which suggests that it 

is economic viable to undertake erosion control measures. Combining information in 

Figures 7.3 and 7.4 could greatly improving strategic investments in the Gwydir.  

 

Given that many ecological benefits cannot be measured, estimates of values of 

ecosystem services are often under-estimates (Pagiola et al., 2004b). This is not a 

problem if the estimated benefits exceed the costs: measuring the additional benefits 

would simply reinforce the conclusion that undertaking the proposed NRM intervention 

is desirable. When the estimated benefits of conservation are less than the estimated 

costs, on the other hand, a mechanical application of BCA would suggest rejecting the 

NRM interventions. It is possible, however, that the interventions would have been 

accepted had all the ecosystem services been measured. By measuring at least some 

benefits, valuation can narrow the uncertainty over the net effect of the proposed 

intervention (Pagiola et al., 2004b). Some of the services not measured in this study 

could be enhanced by NRM interventions include genetic resources, natural 

biochemicals, groundwater eco-regulation and biotic pollination, among others (Reid & 

Williams, 2008). It is likely that adding more ecosystem services would increase the 

BCR values reported in this Chapter 7 to more profitable levels. On the other hand, it is 

unlikely that significant costs have been missed. 

7.5 Conclusion 

The economic valuation in this study went a step further than most, which have simply 

focused on the costs (Aluwihare, 2002; Qureshi et al., 2007; Wolfenden & Gill, 2001). 

This study incorporated economic valuation of ecosystem services such as waterbird-
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breeding events, increased wetlands and biodiversity benefits which are key arguments 

for the provision of environmental flows.  

 

Trade-offs and synergies with human wellbeing, ecosystems and ecosystem services are 

the rule rather than the exception, and this implies that informed choices must be made 

to achieve the best possible outcomes (Chopra et al., 2005; Kareiva et al., 2007). 

Advances in NRM will depend on better analysis of the trade-offs between immediate 

resource use and the longer-term flow of ecosystem services (Brauman et al., 2007; 

Brown, 2005; PMSEIC, 2002). The analytical framework advanced here has aimed at 

producing estimates of economic benefits and costs of NRM interventions at catchment, 

district and farm scales, relevant to policy implementation. The three scales of economic 

analysis reported in this Chapter focused on evaluating the economic costs associated 

with eight trade-offs from NRM interventions such as reduced water yield from 

environmental flow provision and native revegetation, foregone agricultural production, 

and costs related to NRM interventions such as erosion control measures and native 

revegetation. Economic valuation of twelve ecosystem services was also conducted. 

Economic valuation of trade-offs and ecosystem services was conducted using a spatial 

framework that estimated the net outcomes of NRM interventions and could enable the 

BRGCMA to focus on areas that have the highest net social benefits (Figure 7.3 and 

7.4). The main policy insight from spatial bio-economic modelling was the identification 

of areas where net returns (incorporating economic and environmental considerations) 

are likely to be greatest. 

 

Land ownership is an important factor in the implementation of revegetation programs 

to redress NRM issues (Apan et al., 2004). Because revegetation tasks involve costs that 

are usually (partially or fully) supported by land owners, it is necessary to characterise 

the land ownership patterns of the targeted area to aid revegetation planning and impact 

analysis. In the Gwydir catchment, it is anticipated that 90% of the funding for on-

ground work will be spent on private land with the remaining 10% on public land 

(BRGCMA, 2005). One application of the framework developed in this study would be 

for the BRGCMA to overlay Figures 7.3 and 7.4 with the NSW Lands Department’s 

digital cadastral database for the Gwydir catchment to identify properties which could be 

targeted for strategic NRM interventions. This will help BRGCMA identify farmers 
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worthy of incentive packages. For example, this framework can provide a basis for 

determining payment levels commensurate with the ecosystem services that meet the 

criteria for receiving incentive packages. 

 

Another important result of this chapter was analysis on the distribution of economic 

benefits and costs associated with the various ecosystem services and trade-offs arising 

from various NRM interventions. Analysis of distribution of economic costs and 

benefits is important in developing payment for ecosystem services mechanisms in the 

Gwydir and for developing incentive packages for landholders. 

 



 

8 CHAPTER 8: CONCLUSIONS 

8.1 Introduction  

The aim of this chapter is to summarise the major findings of the study and present the 

conclusions. The findings are discussed in the light of objectives stated in Chapter 1. 

Broad policy implications of the study will be discussed, as well as recommendations for 

further research. 

8.2 Overview of results and conclusions 

As the title of this thesis suggests, this research used bio-economic models to quantify 

and value ecosystem services from spatially-explicit NRM interventions and indicated 

where strategic investment in NRM would have the greatest economic and ecological 

impacts in safeguarding or enhancing ecosystem service provision at catchment, district 

and farm scales. Specifically, the research objectives were: 

1. to describe the relationship between wetland inundation and river flow and establish 

the resultant ecosystem goods and services from environmental flow provision, 

2. to pinpoint the most important changes in land and water use, restoration and 

conservation management at catchment, district and farm scales, to maintain or 

enhance the value of ecosystem service provision to society, and 

3. to assess the economic and ecological priorities for land and water resources 

management programs at catchment, district, and farm scales and recommend where 

investment will have the greatest net ecological and economic impact.  

 

The key results of the thesis summarised in this section with respect to the three research 

objectives: (a) spatial-hydrological modelling of ecosystem services from environmental 

flow provision, (b) spatial prioritisation of NRM intervention and biophysical modelling 

of ecosystem services at catchment, district and farm scales and (c) spatially-explicit 

economic valuation of ecosystem goods and services and trade-offs from the NRM 

interventions. This chapter addresses the research questions posed in Chapter 1. First, on 

how ecosystem services provision would change under the various land and water 

management interventions proposed by the BRGCMA; second, the interventions that 
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deliver the most benefits in terms of ecosystem service provision are identified; and third 

the areas where these interventions should be targeted, as well as the distribution of 

gains and losses under each management scenario, are addressed. 

8.2.1 Spatial-hydrological modelling of ecosystem services from 

environmental flow provision 

A general approach was developed to describe the relationship between wetland 

inundation and river flow and the resultant ecosystem goods and services from 

environmental flow (EF) provision were quantified (Chapter 3). The relationship 

between wetland inundation and river flow was developed by generating simulated data 

with the hydrological Integrated Quality and Quantity Model (IQQM) over 112 years 

(1890-2002) at Yarraman Bridge. The resulting data were regressed against wetland area 

(obtained using satellite images) for different floods and flow. The linear regression was 

used to analyse the impact of changes in river flow in the catchment. The extent and 

frequency of wetland inundation under each of the three scenarios: no development 

(ND), Murray–Darling Basin Commission (MDBC) ‘cap’ and EF provision were 

estimated. The predicted mean net annual flow at Yarraman Bridge was 168 GL and 

292 GL for the MDBC cap and EF scenarios, respectively (a 70% increase in in-stream 

flow attributable to proposed environmental flow provision). The results from spatial 

hydrological modelling were used to evaluate four ecosystem services: (1) waterbird-

breeding events; (2) habitat function; (3) improved grazing from flooded pastures; and 

(4) biodiversity benefits (i.e. the likely re-introduction of eight species of native fish 

with the potential to occur in the Gwydir catchment). The trade-off for EF provision was 

the diversion of 40 GL annually away from the irrigation industry.  

8.2.2 Spatial prioritisation of NRM intervention and biophysical modelling 

of ecosystem services at catchment, district and farm scales 

In this study the most important changes in land and water use, and restoration and 

conservation management that would maintain or enhance the value of ecosystem 

service provision to society at catchment, district and farm scales were pinpointed 

(Chapters 4–6). The research identified key areas where native revegetation—for 

enhancement of terrestrial biodiversity, salinity mitigation and riparian zone 
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restoration—should be undertaken in an integrated manner, and quantified the effect of 

this revegetation on several ecosystem services. Chapter 4 modelled native revegetation 

to address issues appropriately dealt with at catchment-scale, such as salinity mitigation, 

riparian zone restoration and terrestrial biodiversity enhancement. It also evaluated 

rehabilitation of degraded land and the resultant on-site and off-site ecosystem services. 

The Land-Use Options Simulator (LUOS) was used to model the impacts of salinity 

mitigation due to native revegetation and other land-use options. About 2023 km of the 

Gwydir River and tributaries on 8000 ha, 12 000 ha, and 20 000 ha, were identified as 

potential riparian restoration areas using 20, 30 and 50-m-wide riparian buffers. Thirty 

percent of the Gwydir catchment was affected by sheet and rill erosion. About 

212 233 ha was identified as requiring native revegetation to mitigate the erosion and 

achieve conservation outcomes.  

 

Binning et al. (2000) contended that one of the challenges of an ecosystem services 

framework relates to the ability to account for different services concurrently, and so 

make transparent the multiple benefits and trade-offs arising from NRM interventions, 

including contributions to on-farm productivity. In Chapter 4, the impacts of catchment 

scale interventions were quantified for ten ecosystem services (e.g. biodiversity benefits, 

carbon sequestration, salinity mitigation, shade and shelter, on-farm and off-farm soil 

erosion control benefits). Results indicated that native revegetation could reduce salinity 

by 20 μs/cm and salt load by 0.9% (1387 t) in the whole catchment. Carbon 

sequestration was estimated to range between 53 000 t/yr and 1 million t/yr under 

salinity and biodiversity revegetation, respectively. 

 

A combination GIS and biophysical modelling were used to assess the extent to which 

multifunctional agriculture can positively integrate agricultural production with native 

revegetation, and change the flow of ecosystem goods and services at district and farm 

scales (Chapters 5 and 6). Spatial analysis identified potential areas for establishment of 

windbreak of three planted widths (10 m, 20 m and 30 m) in the cotton-growing districts 

on the plains in the western Gwydir catchment. These potential windbreak areas were 

used to map and quantify the impact of native revegetation on the flow of ecosystem 

services and the trade-offs involved in establishing windbreaks. Seven ecosystem 

services (e.g. natural pest control, spray drift mitigation, shade and shelter, landscape 
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aesthetics) altered by windbreak establishment were quantified. The highest level of 

natural pest control of expected complete suppression of Helicoverpa larvae for every 

hectare of windbreak established) ranged between 0.004 and 1.245 ha. The spray drift 

mitigation benefit was 26 346 t and 46 414 t of wheat under the 50% and 90% spray-

drift mitigation scenarios, respectively.  

 

Analysis at farm scale also used spatially explicit bio-economic modelling to predict 

land-use change, modelling the impact of (1) clearing paddock trees, (2) native 

vegetation with rotational grazing and (3) conservation areas on ecosystem services. A 

total of 10 000 paddock trees were targeted for clearance, leading to a loss of 16 620 t of 

carbon, but improving farming efficiency with increased wheat yields by up to 2713 t. 

Conservation and native revegetation with rotational grazing had positive outcomes for 

biodiversity, natural pest control, shade and shelter and carbon sequestration. However, 

to do this, 24 ha and 503 ha were planned to be removed from cropping.  

 

The concept of ecosystem service value is a useful guide when identifying and 

measuring where trade-offs between society and the rest of nature occur, and where they 

can enhance human welfare in a sustainable manner (Farber et al., 2002). In addition to 

predicting the flow of ecosystem goods and services from NRM interventions, this study 

assessed several of the most obvious trade-offs associated with NRM interventions. 

Trade-offs (i.e. water yield reduction from native revegetation, foregone agricultural 

production in revegetation areas, decreased agricultural yields due to competition from 

planted trees) from the four NRM interventions at the catchment scale were quantified. 

At the district scale, the foregone annual crop production from windbreak establishment 

was one of the main trade-offs. Similarly, foregone crop production in conservation and 

native revegetation areas and grazing income from conservation areas at farm case was 

the main trade-off.  
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8.2.3 Economic valuation of ecosystem goods and services and trade-

offs from NRM interventions 

Most NRM investment decisions are strongly influenced by considerations of the 

monetary costs and benefits of alternative policy choices, and the efficacy of these 

decisions can be improved if they are informed by the total economic value of 

alternative NRM options. Having determined the ecosystem services and trade-offs 

associated with land and water resource management at the catchment, district and farm 

scale in Chapters 3–6, in Chapter 7 economic benefits and costs were compared using a 

spatially-explicit benefit–cost analysis framework. Economic valuation was conducted 

of all the ecosystem services and trade-offs evaluated in previous chapters based on a 

7% discount rate over 30 years. The estimates were converted to net present values 

(NPVs) and annual equivalent vales (AEVs)—allowing the calculation of benefit–cost 

ratios (BCRs).  

 

The NPV and BCR were calculated for the provision of environmental flows and 

associated ecosystem services (waterbird-breeding events, habitat provision, improved 

wetlands grazing and biodiversity benefits (native fish species) and trade-offs. The BCR 

was 6.356 (Table 7.6). Lower and upper bound BCRs were calculated for salinity 

mitigation (0.338–3.260), rehabilitation of degraded land (0.245–5.002) and integrated 

revegetation (combined revegetation for salinity mitigation, riparian zone restoration and 

biodiversity) (0.200-0.935) (Table 7.9). The lower and upper-bound BCRs for district-

wide windbreak establishment were 0.984–3.747, 0.609–2.936 and 0.480-2.624 for 10, 

20 and 30-m-wide windbreaks, respectively. The 10-m windbreak development scenario 

was more viable than 20-m or 30-m windbreak establishment. At the farm scale, 

economic valuation revealed that the conservation intervention on the case study farm 

would be economically viable, with BCRs of 3.412–20.351. The native revegetation 

intervention was negative when lower bound economic costs and benefits were 

considered, but had a high BCR of 3.518 for the upper bound. The clearance of paddock 

trees returned positive NPV. The combined economic valuation of the three 

interventions at the farm scale had a positive NPV, indicating the economic viability of 

these interventions.  
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8.2.3.1 Spatial-economic prioritisation of NRM interventions 

Ecosystem services are inherently spatial, so mapping exercises are likely to be 

important in the assessment of scale and understanding between ecosystem service 

suppliers and users (Brauman et al., 2007; Troy & Wilson, 2006). A key contribution of 

this study was addressing the failure of current sectorally-based approaches in NRM by 

collating and prioritising multiple NRM issues in the Gwydir catchment and presenting 

them in a common GIS framework, demonstrating catchment areas affected by multiple 

NRM issues (Chapter 4). Another contribution of the study was developing maps of the 

economic benefits (such as carbon sequestration in Figure 7.1) and costs (such as 

reduction in water yield in Figure 7.2) in ecosystem service terms from NRM 

interventions and going further to develop a single, catchment-wide map showing the net 

economic impacts of integrated revegetation (Figure 7.3) and rehabilitation of degraded 

land (Figure 7.4). The development of maps of net economic impacts from a suite of 

ecosystem services is useful, as it allows catchment managers to strategically focus 

investment based on the net economic benefits to society rather than dealing with NRM 

issues individually with only vague accounting of economic efficacy. This framework 

can be used to estimate the net outcomes of NRM interventions and enable the 

BRGCMA to focus on areas and actions that have the highest net returns to society. The 

main policy insight was the identification of areas where net returns (incorporating 

economic and environmental considerations) were greatest and therefore warrant 

investment prioritisation. The approach can be extended to the neighbouring catchment 

of Border Rivers, which is also concurrently managed by the BRGCMA, as well as to 

other catchments throughout Australia and beyond. 

8.2.3.2 Distribution of economic benefits and costs from interventions at 

catchment, district and farm scales 

This study valued ecosystem services and identified potential winners and losers (Table 

7.15) by apportioning the distribution of economic benefits and costs among the public 

and the private sectors for wide range of NRM interventions across a range of scales. All 

the costs (trade-offs) of all interventions were private, except the loss of carbon 

sequestration and possibly the loss of natural pest control services from clearing 
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paddock trees. On the other hand, the economic benefits from interventions were mostly 

public—except for grazing benefits in the wetlands and on the case-study farm, 

increased agricultural yields due to soil erosion control measures, and increased 

agricultural yields from shade and shelter. In all interventions, the economic benefits 

accruing to private landholders were lower than economic benefits accruing to the 

public. 

8.3 Policy implications 

This research revealed that the direct and opportunity costs related to ecosystem 

rehabilitation in the Gwydir catchment are indeed high. These high upfront costs of 

ecosystem restoration, coupled the imbalance in the distribution of private and public 

sectors’ benefits and costs, raises the important question of who should pay for 

ecosystem restoration in the Gwydir catchment. The policy options available to enhance 

sustainable NRM range from those reliant solely on the private sector (such as funding 

from conservation organisations) to options that can be implemented only by the 

governments (such as taxes or regulation) (Productivity Commission, 2004; Qureshi & 

Harrison, 2002; Reid & Williams, 2008). Environmental stewardship payments have a 

role to play where necessary NRM interventions are costly, for little private return, in 

order to retain ecosystem services, as was case in this study. The spatial economic 

modelling conducted in this research (see Figure 7.3 and 7.4; on net economic benefits 

of NRM interventions) might be used to solicit funding for NRM interventions from 

external conservation organisations interested in supporting NRM activities with 

positive ecosystem service outcomes. For example, hydrological modelling in Chapter 3 

established a loss of 40 GL because of environmental flow provision, the opportunity 

cost of which will be met by irrigators in the Gwydir catchment, although most of the 

benefits are public. A mechanism could have been set up that purchases water for 

environmental purposes from irrigators, although in this instance, government has not 

established a buy-back scheme. 

 

Again, in relation to efforts to integrate NRM with agriculture, because the costs are met 

by private landholders and most of the benefits enjoyed by the public, there is a case for 

public funding to landholders. In any case, the NRM interventions evaluated in this 
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research contribute towards achievement of the BRGCMA’s catchment targets discussed 

in Chapter 2. Financial assistance would normally be available to landholders for 

environmentally necessary activities that go beyond landholders’ duty of care. 

Efficiency considerations dictate that priority should be given to cases where the greatest 

gain in ecosystem services is achieved for a given investment (Young et al., 2003), 

unless there is a range of targets to be met irrespective of costs. Considering that the 

BRGCMA has a limited budget, it could prioritise funding of NRM interventions in the 

Gwydir catchment using information provided in Figure 7.3. It could commence by 

allocating funds to all types of interventions with positive economic benefits, and then 

continue to invest in other areas of decreasing net benefits, subject to availability of 

funds.  

 

The spatial bioeconomic framework developed in this study could help BRGCMA 

achieve environmental outcomes more efficiently. Presently, each CMA in NSW has a 

budget, a Catchment Action Plan, which incorporates natural resource management 

targets, and a timetable for expenditure and achieving the stated catchment targets. 

Generally, the current procedures are: (1) CMAs determine their environmental 

management targets in relation to soil, water and biodiversity actions and budget; (2) 

CMAs call for, or receive, proposals for on-ground works and their officers conduct 

field inspections and assessments, hold discussions with landholders, and provide input 

to project development; and (3) assessments of potential natural resource improvements 

use field measurements (including scoring of environmental attributes) and weighting 

processes to develop an Environmental Benefit Index (EBI), which is used as a proxy for 

the expected benefits from the proposal (Hill et al., 2007). The framework developed by 

this study provides an alternative comprehensive consistent framework for determining 

funding allocation. For instance, the BRGCMA could prioritise interventions by 

overlaying Figures 7.3 and 7.4 with the catchment cadastral map and targeting 

landholders where the greatest net social benefits accrue, and then proceed to other parts 

of the catchment with diminishing returns until the budget is exhausted. 

 

Landholders have a duty of care to the environment and may take on stewardship 

obligations voluntarily, as well (Young et al., 2003). As part of the continuing adoption 

and implementation of best management practices (BMP), cotton growers are likely to 
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benefit from the ecosystem services generated by environmental stewardship on their 

properties. Cotton growers may establish or maintain native vegetation in or adjacent to 

fields anticipating ecosystem services, such as natural pest control, in addition to their 

duty of care in addressing riparian zone degradation, rehabilitation of degraded land, and 

so on. Some of the ecosystem services from NRM interventions in cotton-growing areas 

in the Gwydir catchment, such as biodiversity and carbon sequestration, are public 

benefits. This would justify government support to growers to undertake the necessary 

NRM interventions. This is all the more necessary since not all landholders undertake 

voluntary stewardship in NRM at their own expense, because they are unwilling, 

financially unable or uncertain how to do so (Reid & Williams, 2008).  

 

Environmental certification and best management practices (BMP) that account for 

environmental benefits are potentially a critical element in the process of creating 

markets for ecosystem services (Binning et al., 2000; Qureshi & Harrison, 2002). The 

Australian cotton industry is investigating whether branding Australian cotton with its 

environmental and quality credentials can encourage the adoption of enhanced NRM 

practices (Williams, 2005a). The cotton BMP program forms the foundation for 

branding based on responsible environmental management (Williams, 2006). 

Opportunities to brand Australian cotton exist, as evidenced by the presence of 

campaigns in Japanese department stores focussing on both the Australian and 

environmental characteristics of cotton, and the involvement of large retailers in the 

Better Cotton Initiative, both pointing to a potential future demand for sustainable cotton 

(Cotton Australia, 2006; Williams, 2006). Chapter 6 quantified ecosystem services from 

native revegetation in cotton-growing districts in the Gwydir catchment, an activity that 

could be promoted through BMP. The Australia cotton industry could use the 

information on the seven ecosystem services that were quantified and valued in Chapter 

7 and use them in ongoing efforts to brand Australian cotton. This would also be 

attractive because in encourages responsibility for sound NRM outside a government-

mediated framework, financed by industry (Brauman et al., 2007).  
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8.4 Future research areas 

This research has highlighted gaps in our knowledge base and indicates new areas 

requiring further research.  

• The management of environmental flows is relatively new in Gwydir, only dating 

back to 1999 (Wolfenden & Gill, 2001). More studies are required, especially on the 

relationship between environmental flow and long-term biophysical outcomes, and 

the linking of these outcomes to additional ecosystem goods and services, such as 

water quality improvement, flood mitigation and abatement, water conservation, 

carbon accumulation, and denitrification. Further research is required to classify the 

Gwydir Wetlands according to the habitat requirements of different types of 

waterbirds. The flooding requirements of individual species and plant associations in 

the Gwydir Wetlands are currently not fully understood (Mawhinney, 2003) and 

require investigation. This extra information would allow a more comprehensive 

accounting of the costs and benefits to the public and private sector and a stronger 

decision-making base for policy intervention in this are in the future. 

• While provision of environmental flows and the impacts of native revegetation may 

mean less water is available for irrigation, further research on increasing the 

efficiency of water distribution and water use in irrigation may offset these impacts 

(Reid et al., 2006). Such research should include, more efficient techniques for flow 

application and irrigation benchmarking, and distribution system design and quality 

control. 

• The changes in streamflow in upland areas can cause major impacts on allocations 

and diversion for downstream water users (Brown et al., 2007). The land-use change 

model that established the impact of native revegetation on water yield (Chapter 4) 

could be linked to the Integrated Quantity and Quality Model (IQQM) for the 

Gwydir River system (Chapter 3) to allow the impact of native revegetation 

expansion to be assessed at various points throughout the river system. Linking the 

two models would allow the impact of potential native revegetation to be assessed at 

various points throughout the Gwydir River system, allowing changes in streamflow 

in upland and slopes areas to be converted into impacts on allocations and diversions 

for downstream water users.  
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• Land ownership is an important factor in the implementation of revegetation 

programmes to redress NRM issues (Apan et al., 2004). Because revegetation tasks 

involve costs that are usually supported (either partially or fully) by landowners, it is 

necessary to characterise the land ownership patterns of the targeted area to aid 

revegetation planning and impact analysis. One application of the framework 

developed by this study would entail the BRGCMA overlaying the ‘integrated 

revegetation map’ (Chapter 4) with information from the digital cadastral database 

from the NSW Lands Department to identify properties which fall within areas 

targeted for integrated revegetation. This would help BRGCMA target the 

appropriate farmers with incentive packages. For example, information gathered 

using such a framework could provide the basis for determining payments 

commensurate with the environmental benefits from different farming practices. 

• Determining the nature of ecosystem services from different types of native 

revegetation and their distribution across the landscape. 

8.5 Concluding remarks 

Previous sectoral approaches to NRM are considered inadequate because they focus on 

individual NRM issues and the inputs required to redress each particular issue, instead of 

taking an integrated approach that tackles multiple NRM issues and evaluates 

environmental benefits and trade-offs in terms of the ecosystem goods and services that 

society values. This study has endeavoured to provide environmental managers and 

policy-makers in the Gwydir catchment with information on biophysical cause-and-

effect relationships for a range of ‘what if’ scenarios. It sought to indicate the level of 

value that these outcomes have both in ecological and economic terms. This study 

developed a spatial framework showing the location of a range of NRM issues and 

quantified and valued changes in ecosystem services arising from interventions in 

affected areas across a range of scales. Potentially, this could improve the NRM 

investment decision-making process.  

 

This research provides a useful basis for a decision tool for catchment managers to 

provide information on resource allocation for NRM interventions. It has been 

demonstrated how strategic native revegetation interventions can contribute to the 
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achievement of targets set out by the Gwydir Catchment Blueprint in an economically 

efficient manner. This process of accounting for ecosystem services and providing clear 

strategic planning guidelines has allowed the articulation of a clear set of catchment 

outcomes. Quantitative realistic outputs in forms of tonnes of carbon sequestered, 

hectares of native vegetation established, salinity reduction magnitudes, reductions in 

sedimentation etc., could be used to focus catchment planners’ interventions and 

incentive packages.  

 

A major impediment in applying an ecosystem services approach to NRM is inadequate 

biophysical data. The valuation estimates are therefore lower bounds and might be 

higher if more ecosystem services were considered. However, the innovative use of 

spatial economic valuation of ecosystem services holds great promise for future effective 

NRM and policy development, and its effectiveness grows daily as the technology is 

refined and augmented. It is to be hoped that the use of sophisticated but essential tools 

of this kind will be encouraged, and that the growth in the implementation of the 

ecosystem services approach to sustainable NRM will continue. Ecologists will need to 

become more efficient at predicting biophysical information and models across a range 

of scales in catchments of society is to benefit from this approach in a timely manner. 
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APPENDICES 
Appendix A2.1. Rainfall distribution in the Gwydir catchment 
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Appendix A2.2. Bioregions of the Gwydir catchment and protected areas 
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Appendix A2.3. Summary of available information on the movement patterns and reproductive characteristics of 
freshwater fish known to occur or with potential distribution within the Gwydir catchment (source: McCosker et al., 
1999) 
 

 Species name Common 
name Movement Timing of 

reproduction 
Inducement 
to spawning 

Spawning habitat 
& strategy Comments 

Native fish recorded in the Gwydir River (Harris et al., 1996)  

1 Retropinna 
semoni 

Australian 
smelt 

? Juveniles may undertake mass 
upstream dispersal movements 
during low flows. Subadults 
disperse upstream flow elevated 
flows in autumn. Adults migrate 
under range of flow conditions 

Late winter–
early  summer 

? increasing 
water 
temperature 

Freshwater. 
Adhesive, demersal 
eggs attached to 
substrate or aquatic 
vegetation 

Stable low flows probably 
necessary for successful nesting 
and spawning. Recruitment success 
independent of flooding. May be 
sensitive to barriers caused by 
weirs and impoundments. May 
have difficulty ascending fishways. 

2 Nematalosa 
erebi Bony bream 

? Upstream movement of subadult 
and adults. Mobile, schooling and 
may move up or downstream 
following food resources 

Spring–early 
summer 

? increasing 
water 
temperature 

? Freshwater. 
Pelagic eggs 

Important food source for many 
higher order consumers such as 
predatory fish and aquatic birds. 

3 Melanoteania 
fluviatilis 

Crimson 
spotted 
rainbowfish 

Movement up and downstream 
during rising hydrographs and 
daily water level fluctuations.  

Spring–
summer 

?increasing 
water 
temperature 

Freshwater. 
Adhesive threads 
attach eggs to 
aquatic plants. 

Stable flows required for spawning 
and recruitment. Sensitive to 
prolonged exposure to low water 
temperature (e.g. several days at 
7oC) 

4 Tandanus 
tandanus 

Freshwater 
catfish 

? Generally localised only. 
Juveniles may undergo upstream 
dispersal movements. Adults 
observed ascending fishways. 

Spring–early 
summer 

Increasing 
water 
temperature 

Freshwater. Non-
adhesive, demersal 
eggs deposited in 
gravel nest 
constructed by male 
1-2 weeks prior to 
spawning 

Requires stable low flows for nest 
building, spawning and egg 
hatching. Flooding may provide 
foraging areas for juveniles by 
inundating floodplain and marginal 
vegetation. 

5 Macquaria 
ambigua 

Golden 
perch 

Migratory. Upstream movements 
on rising hydrographs to colonise 
ephemeral habitats. Juveniles 
disperse upstream on freshes and 
floods. 

Spring–
summer 

Increasing 
water levels 
and 
temperatures 

Freshwater. Non-
adhesive, semi-
buoyant eggs that 
float downstream. 
Pelagic 
development. 

Floods events required for 
successful spawning and 
recruitment. Sensitive to stream 
barriers that inhibit migrations. 
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6 Hypseleotris 
sp. 5 

Lake's carp 
gudgeon 

? Mass upstream dispersal 
movements of juveniles and sub-
adults associated with flooding 

?late spring– 
early summer 

?increasing 
water 
temperatures, 
possibly 
flooding 

Freshwater. Eggs 
deposited on 
submerged 
vegetation and 
woody debris in 
shallow waters 

Stable low flows probably 
necessary for successful nesting, 
spawning and recruitment. May be 
sensitive to barriers caused by 
weirs & impoundments 

7 Galaxias 
olidus 

Mountain 
galaxias 

?Upstream movement into 
preferred headwater habitats 
during elevated hydrographs 

spring–
summer 

?increasing 
water 
temperature 

Freshwater. Attaches 
adhesive eggs to 
rocky substrates 
within stream riffles 

Not seasonal migrators but 
sensitive to stream barriers 
interfering with upstream 
movements into small headwater 
streams  

8 Maccullochell
a peeli Murray cod ?Upstream movements during 

freshes and floods 
spring–early 
summer 

?increasing 
water 
temperature 

Freshwater. 
Adhesive eggs 
spawned onto solid 
substrates such as 
woody/rocky debris 
or clay banks.  

?Stable flows for successful 
spawning and recruitment. 

9 Gadopsis 
marmoratus 

River 
blackfish 

Low degree of movement and 
without apparent migration. Home 
ranges of about 20 metres 

spring–early 
summer 

?increasing 
water 
temperature  

Freshwater. Hollow 
logs and other 
protected areas with 
low flow velocity. 

Stable low flows and water 
temperature. Sedentary species 
without seasonal migrations. 
Sensitive to impacts of 
impoundments on water quality 
and flows. 

10 Bidyanus 
bidyanus (V) Silver perch 

Adults may undertake long 
distance upstream migrations for 
spawning. Sub-adults may move 
upstream on small diurnal rises in 
stream level  

spring–
summer 

Increasing 
water levels 

Freshwater. Free-
floating eggs that 
drift downstream  

Migratory species sensitive to 
stream barriers 

11 Leiopotherapo
n unicolor 

Spangled 
perch 

Potentially extensive movement 
during freshes and floods  

spring–
summer 

?water 
temperature 

Freshwater. Eggs 
randomly distributed 
over benthic 
substrates  

Known to breed in dams and 
probably throughout a wide range 
of environmental conditions. 

Native fish with potential distribution within the Gwydir catchment 

1 
Craterocephal
us amniculus 
(R) 

Darling 
River 
hardyhead 

? ? 
? increasing 
water 
temperature 

Freshwater. 
Adhesive, demersal 
eggs attached to 
submerged aquatic 
vegetation and 
substrate 

Stable low flows probably 
necessary for successful nesting, 
spawning and recruitment 
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2 Philypnodon 
grandiceps 

Flathead 
gudgeon 

? juvenile/sub-adult upstream 
movement associated with flooding 

spring–
summer 

?Increasing 
water 
temperature 

Freshwater. 
Demersal, adhesive 
eggs attached to 
submerged aquatic 
vegetation., woody 
debris and substrate 

Stable low flows may be necessary 
for successful nesting, spawning 
and recruitment 

3 

Craterocephal
us 
stercusmuscar
um fulvus 

Flyspecked 
hardyhead ? spring–early 

summer 

? increasing 
water 
temperature 

Freshwater. 
Adhesive, demersal 
eggs attached to 
submerged aquatic 
vegetation and 
substrate 

Stable low flows probably 
necessary for successful nesting, 
spawning and recruitment 

4 Hypseleotris 
sp. 4 

Midgley's 
carp 
gudgeon 

? Mass upstream dispersal 
movements of juveniles and sub-
adults associated with flooding 

?late spring– 
early summer 

?increasing 
water 
temperatures, 
possibly 
flooding 

Freshwater. Eggs 
deposited on 
submerged 
vegetation and 
woody debris in 
shallow waters 

Stable low flows probably 
necessary for successful nesting, 
spawning and recruitment. May be 
sensitive to barriers caused by 
weirs & impoundments 

5 Galaxias 
rostratus (R) 

Murray 
jollytail ? ? 

Water temps 
9-14 degrees 
Celsius 

Freshwater. Eggs 
randomly spawned 
onto benthic 
substrates   

Stable low flows in pools and 
backwaters for successful 
breeding/recruitment 

6 Ambassis 
agassizii 

Olive 
perchlet 

? May undertake upstream dispersal 
movements during spring and early 
summer 

spring–
summer 

? increasing 
water 
temperatures, 
possibly 
water level 
rises 

Freshwater. 
Adhesive, demersal 
eggs attached to 
submerged aquatic 
vegetation and 
substrate 

Stable low flows probably 
necessary for successful nesting, 
spawning and recruitment. May be 
sensitive to barriers caused by 
weirs & impoundments 

7 Hypseleotris 
klunzingeri 

Western 
carp 
gudgeon 

? Mass upstream dispersal 
movements of juveniles and sub-
adults associated with flooding 

late spring– 
early summer 

?increasing 
water 
temperatures, 
possibly 
flooding 

Freshwater. Eggs 
deposited on 
submerged 
vegetation and 
woody debris in 
shallow waters 

Stable low flows probably 
necessary for successful nesting, 
spawning and recruitment. May be 
sensitive to barriers caused by 
weirs & impoundments 

8 Mogurnda 
adspersa* (E) 

Southern 
purple-
spotted 
gudgeon 

          

Alien fish species in the Gwydir catchment 
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1 Salmo trutta 
(EX) 

Brown 
trout 

Upstream movements during 
floods/freshes for spawning over 
cobble/gravel bars 

autumn–winter 

Increasing 
stream flow 
and water 
temperature 

Freshwater/estuarine
. Eggs deposited in 
redds (gravel 
mounds interspersed 
with eggs) in the 
headwaters of 
freshwater streams 

?May be sensitive to barriers 
though likely to be able to 
successfully breed and recruit 
without upstream migrations. 

2 Cyprinus 
carpio (EX) 

Common 
carp  

Extension of range via movements 
during floods events  

spring–
summer 

water 
temperature 

Freshwater. Eggs 
laid amongst 
macrophytes 

Preference for slow/sluggish 
stream flows. Not sensitive to 
stream barriers 

3 Carassius 
aurantus (EX) Goldfish ? summer ?water 

temperature 

Freshwater. Eggs 
laid amongst 
macrophytes 

Preference for slow/sluggish 
stream flows. Not sensitive to 
stream barriers 

4 Gambusia 
holbrooki 

Mosquito 
fish 

Extension of range via movements 
during floods events  spring–autumn Little 

required Live-bearers 
Tolerance to a wide range of 
environmental conditions eg. temp, 
salinity.  

5 Oncorhynchus 
mykiss (EX) 

Rainbow 
trout 

Upstream movements during 
floods/freshes for spawning over 
cobble/gravel bars 

winter–early 
spring 

Increasing 
stream flow 
and water 
temperature 

Freshwater/estuarine
. Eggs deposited in 
redds (gravel 
mounds interspersed 
with eggs) in the 
headwaters of 
freshwater streams 

?May be sensitive to barriers 
though likely to be able to 
successfully breed and recruit 
without upstream migrations. 

6 
Perca 
fluviatilis 
(EX) 

Redfin 
perch 

?Opportunistic movements up and 
downstream on rising hydrograph to 
extend range but migration 
unnecessary for successful breeding. 

spring 
?Increasing 
water 
temperature 

Freshwater. Eggs 
laid in gelatinous 
ribbons that are 
attached to aquatic 
plants. Ribbons 
unpalatable to other 
fish. 

Not sensitive to stream barriers. 
Stable flows may be necessary for 
egg development and recruitment. 

(E) - indicates endangered populations; (V) - indicates a 'vulnerable' conservation status; (R) - indicates a 'rare' conservation status; (EX) - indicates an exotic species. 
* Listed in Copeland (2003) 
Species for which little or no data was available, or information was anecdotal or speculative are denoted by a question mark (?). 

 



Appendix A2.4. Key natural resource management issues, proposed intervention and targets (Source:(BRGCMA, 2005; 
GCMB, 2003) 
 

Asset class Key issues Catchment target/Goal Management target/Resource condition target 

Native 
terrestrial 
biodiversity 

Loss of 1.28 million ha of 
predominantly forest, woodland and 
grassland, resulting in reduced 
habitat for the threatened and other 
native species found in the Gwydir 
catchment (GCMB, 2003). Tree 
cover estimated at 12.1% of the 
Gwydir catchment, which is half the 
desired tree cover (25%) in the 
Gwydir catchment based on land 
capability assessments (Donaldson, 
2002). 

By 2015 retain at least the existing 
cover (53% on current knowledge) 
of indigenous vegetation across 
the catchment. Manage at least 
10% of this for conservation 
outcomes. Within this timeframe 
establish at least 150 000 ha of the 
catchment with new areas of 
indigenous vegetation that has a 
positive outcome for biodiversity.  

Existing native vegetation: This target adopts the no-net loss principle. 
10% of the catchment 266 133 ha of the catchment area is managed for 
conservation outcomes. In the Gwydir catchment an estimated 1.4 million 
ha (53%) of native vegetation remained in 2001. Future management 
targets aim to manage 20% of this vegetation for conservation purposes. 
Additional native vegetation: Establish an additional 135 000 ha of 
native vegetation in identified strategic locations to enhance biodiversity. 
The intent of this target is to reintroduce native vegetation to existing 
areas as required. It may be in the form of strategic plantings to join or 
increase the size of remnants or buffers may be added between areas of 
high conservation value native vegetation and areas of intensive land use. 
The target provides the CMA with an opportunity to invest in 
regeneration and/or establishment of areas of native vegetation. These 
areas can be used to provide benefits to landholders by creating 
windbreaks, reducing soil erosion, revegetating salt scalds and improving 
soil condition while at same time improving biodiversity of the 
catchment. 

Soils and 
land use 

Gully erosion affects a total length of 
5165 km. At least 829 720 ha of land 
in the Gwydir catchment is affected 
by sheet and rill erosion. Estimates in 
the Sediment delivery from gully 
erosion is 949 kt/yr, streambank 
erosion is 340 kt/yr, and hillslope 
(sheet and rill) is 899 kt/yr. 
Approximately 753 kt/yr of this 
sediment is deposited in the river bed 
and 1008 kt/yr in the floodplain, 
implying a sediment export of 427 
kt/yr (20%) (Derose et al., 2003).   

Rehabilitate 82,972 ha (10%) of 
the land affected by areal soil 
erosion (sheet, wind, rill and mass 
movement) in the next 10 years. 
The priority areas will be those 
areas that are still in a reason good 
condition, beginning with those 
easy to fix.  

Land capability: Increase the percentage of resource managers using 
land within its capability throughout the catchment from 65% to at least 
75% by 2010. 

Property plans: Increase the percentage of land managers 
implementing integrated property management plans on their property 
from 5% to at least 50% by 2010 

By 2014, use land within its 
capability and rehabilitate at least 
50 000 ha of land affected by areal 
erosion in strategic, priority 
locations  

Conservation farming: Increase the percentage of landholders using 
conservation farming practices from 60% to at lease 75% by 2010. 
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Riverine 
ecosystems 

A total of 1552 km of streambank is 
estimated to be affected by erosion 
with some sections more than 6 
metres deep (Donaldson, 2002). 
Excessive grazing in the riparian 
zone is a common feature on the 
Gwydir River and its tributary 
streams above Gravesend (McCosker 
et al., 1999), with 48% of cotton 
irrigators had fields within 100 
metres of a river or creek. (GHD, 
2003). Removal of large woody 
debris from rivers is widespread. A 
number of riparian fauna and flora 
species listed under the Threatened 
Species Conservation (TSC) Act 
(NSW) will likely increase. 11 native 
species and 6 alien species have been 
recorded in the Gwydir catchment, 
with an additional 8 native fish 
species with potential distribution in 
the Gwydir catchment (Appendix 
A2.3). No evidence at any of the sites 
surveyed of active riparian zone 
management to restrict livestock 
access to streams (McCosker et al., 
1999). 

  

River flow: Prepare water sharing plans consistent with the MDBC cap 
on diversions and the NSW flow objectives for all water sources in 
Gwydir by 2010. Water quality - same as the BRG management target. 

Geomorphological: Manage geomorphological processes and man-made 
structures to ensure that there is no net increase in the rate of streambank 
erosion, bed lowering and sedimentation in identified priority locations to 
improve water quality and instream stability by completing 40 km of 
works by 2010. 

Riparian vegetation: Maintain the condition and extent of all existing 
native vegetation within the riparian zone by 2010 and improve its 
condition where appropriate across all sub-catchments to improve riverine 
ecosystem health by 2010. 

Additional riparian vegetation: Establish and maintain at least an 
additional 5000 ha of native vegetation in strategic, priority locations. 
Vegetation should be established in strategic areas where it will link 
existing vegetation (riparian, floodplain, wetlands or remnants of the 
catchment). 

Aquatic biodiversity: The BRGCMA aims to conserve threatened and 
vulnerable species, populations and communities as listed in schedules 4 
and 5 of the Fisheries Management Act, 1994 including  silver perch 
(Bidyanus bidyanus) and Notopala sublineata (a  river snail) and western 
populations of the olive perchlet and purple-spotted gudgeon. 

River and 
dryland 
salinity 

he Gwydir Catchment Blueprint 
target to maintain the median riverine 
salinity levels in the Mehi River at 
Bronte below 390 μS/cm and levels 
should not exceed 730 μS/cm more 
than 20% of the time by 2010 
(Gwydir Catchment Management 
Board, 2003). By 2010, median salt 
loads in the Mehi River at Bronte 
should not exceed 6500 t/year and 
salt loads should not exceed 20 600 

River EC - by 2014, the median 
salinity concentration in the Mehi 
River at Bronte should not exceed 
390 us/cm EC and not exceed 730 
us/cm EC more than 20% of the 
time. The median salt loads in the 
Mehi River at Bronte should not 
exceed 6500 t/year and loads 
should not exceed 20 600 t/year 
more than 20% of the time.  

Recharge: Retain all deep-rooted perennial vegetation to minimise 
recharge in identified critical recharge areas across the catchment by 
2010.  

Groundwater: Establish and maintain at least 150 000 ha of deep rooted 
perennial vegetation in strategic locations across the catchment to 
intercept groundwater by 2010 
Point sources: Reduce median salt loads in the Mehi River at Bronte by 
at least 10% (650 tonnes) through the use of conservation and /or 
engineering options at significant point sources throughout the catchment 
by 2010. 
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t/year more than 20% of the time  Discharge areas: Prevent secondary degradation on all saline discharge 
areas by 2010. 
Wetlands: Ensure that salinity concentrations entering wetlands in the 
catchment do not exceed water quality and freshwater aquatic ecosystem 
standards more than 20% of the time by 2010. 

Improved farming practices: Increase the percentage of farmers located 
in the slopes area of the catchment converting to opportunity cropping to 
reduce deep drainage from 25% to at least 40% by 2010. 

 

 

 

 



Appendix A3.1. Elevational relationship between major land units, soil types, vegetation, and approximate flooding 
regime of the Gwydir wetlands (source:(Keyte, 1994)  
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Appendix A4.1. Mean annual increment (MAI) (plantation potential) in the 
Gwydir catchment (source: BRS, 2005) 
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Appendix A7.1. Economic value (NPV in $ million, 4% discount rate) of ecosystem services from NRM interventions 
 

Ecosystem service/disservice 
NRM intervention 

EF SM RZR buffer LDR BV IV 
20 m 30 m 50 m Lower Upper 

Costs          
Opportunity cost: lost agricultural production resulting from 

irrigation water reduction
       20.64                 

Total riparian buffer revegetation costs            46.37     64.57       100.47         
Erosion control measures cost                  245.38        245.38     
Fencing and planting trees costs          33.08                 751.15       786.62  
Water yield reduction impact costs on agriculture                   
Worst case scenario – assumes water yield reduction peaks in            1.89         3.03       4.72          7.75            82.19        89.26  

Best case scenario – assumes water yield reduction peaks in            0.70         1.12       1.74          2.85            30.27        32.88  
Foregone agricultural production in revegetated areas                   

Crop production            9.25        12.01     18.14         31.05           742.46       756.50  
Livestock production            2.71         2.48       3.71          6.16            32.99        38.37  

Decreased crop production due to competition                   
Competition factor of 10%            0.61         1.07       1.10          1.21              4.90          5.55  
Competition factor of 20%            1.23         2.13       2.21          2.41              9.81        11.10  
Competition factor of 40%            2.46         4.26       4.42          4.82            19.62        22.20  

Decreased pasture production due to competition                   
Competition factor of 10%            0.14         0.21       0.20          0.20              0.53          0.70  
Competition factor of 20%            0.28         0.41       0.41          0.41              1.06          1.41  
Competition factor of 40%            0.57         0.83       0.81          0.81              2.12          2.81  

Total present value of costs (lower bound)       20.64       46.49       63.24    89.47      141.94       245.38       245.38  1,562.29  1,620.62  
Total present value of costs upper bound)         49.96       68.98    96.37      151.06      1,630.52  1,695.77  
Benefits                   
Carbon sequestration                   

Total carbon sequestration benefits @$10/t C            9.24         6.99     10.50         17.52           177.71       193.56  
Total carbon sequestration benefits @$20/t C          18.49        13.97     21.00         35.03           355.43       387.13  
Total carbon sequestration benefits @$50/t C          46.22        34.93     52.50         87.58           888.57       967.81  

Recreation               –          20.25     20.25         20.25         
Landscape aesthetics            0.08         0.10       0.14          0.24              1.77          1.86  
Biodiversity conservation benefits                   

Lower bound            1.25         1.54       2.30          3.80            28.31        29.64  
Upper bound            4.54         5.60       8.38         13.85           103.08       107.94  

Increased agricultural (livestock) production owing to land            2.64         3.26       8.46         14.00            60.02        62.85  
On–farm soil erosion control benefits                   
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Crop production                      1.64            4.61     
Livestock production                      0.04            0.99     

Off–site erosion control benefits                   
Lower bound            1.18         0.83       1.24          2.07       82.05       285.23        37.50        39.15  
Upper bound            7.03         4.96       7.43         12.37        490.40    1704.73       224.12       234.00  

Salinity reduction benefits                   
Total avoided costs within Gwydir catchment assuming          59.83                    59.83  
Total avoided costs within Gwydir catchment assuming          25.24                    25.24  
Total avoided costs within Gwydir catchment assuming            1.87                      1.87  

Off–Gwydir catchment salinity mitigation benefits                   
Lower limit assuming equilibrium after year 10          15.95                    15.95  
Lower limit assuming equilibrium after year 20            6.73                      6.73  

Lower limit assuming equilibrium in year 30            0.50                      0.50  
Off–Gwydir catchment salinity mitigation benefits                   

Upper limit assuming equilibrium after year 10          49.07                    49.07  
Upper limit assuming equilibrium after year 20          20.70                    20.70  

Upper limit assuming equilibrium in year 30            1.53                      1.53  
Shade and shelter benefits: increased crop production                   

Shelter factor of 2%            1.26         3.07       3.16          3.37              9.32        10.28  
Shelter factor of 10%            6.29        15.34     15.81         16.85            46.61        51.39  
Shelter factor of 20%          12.59        30.68     31.61         33.70            93.22       102.77  
Shelter factor of 40%          25.18        61.36     63.22         67.40           186.44       205.55  

Shade and shelter benefits: increased livestock production                   
Shelter factor of 2%            0.28         0.35       0.35          0.36              0.86          1.01  

Shelter factor of 10%            1.38         1.75       1.75          1.81              4.28          5.04  
Shelter factor of 20%            2.77         3.49       3.50          3.63              8.56        10.07  
Shelter factor of 40%            5.54         6.99       7.01          7.25            17.13        20.15  

Waterbird breeding events improvement         44.67                 
Habitat provision function: increased wetland area         27.95                 
Improved grazing in wetlands from increased wetland area         1.53                 
Biodiversity benefits native fish species        20.42                 
Total present value benefits (lower bound)       94.56       18.29       36.38    46.41        61.60      83.74       290.83    315.49    340.72  
Net benefits (lower bound) 73.92 –28.20 –26.87 –43.06 –80.34 –161.65       45.46 –1246.80 –1279.89  
BCR (lower bound)      4.582       0.393       0.575    0.519        0.434         0341         1.185       0.202       0.210 
Total present value benefits (upper bound)      200.13     137.46  167.38     222.94       492.09    1710.33  1481.13  1709.06  
Net benefits (upper bound)       15016       68.47    71.01        71.88       246.71   1464.95 –149.38       13.29  
BCR (upper bound)          4.006     1.993    1.737        1.476        2.005      6.970       0.908       1.008  
 

 

 A-13



Appendix A7.2. Annual equivalent of NPV ($/ha/yr, 4% discount rate) of ecosystem services from NRM interventions 
 

Ecosystem service/disservice 
NRM intervention 

EF SM RZR buffer LDR BV IV 
20 m  30 m 50 m Lower Upper 

Costs      24.40 24.40   
Opportunity cost: lost agricultural production resulting 

from irrigation water reduction
       29.84                 

Total riparian buffer revegetation costs          243.62     226.80        213.38          
Erosion control measures cost                   
Fencing and planting trees costs         214.42                  214.42        214.42  
Water yield reduction impact costs on agriculture                             –    

Worst case scenario – assumes water yield reduction          12.27         15.93      16.56          16.45             23.46         24.33  
Best case scenario – assumes water yield reduction            4.52          5.87        6.10           6.06               8.64           8.96  

Foregone agricultural production in revegetated areas                         –    
Crop production          59.94         63.10      63.73          65.94            211.94        206.21  

Livestock production          17.57         13.01      13.03          13.09               9.42         10.46  
Decreased crop production due to competition                         –    

Competition factor of 10%            3.98          5.60        3.88           2.56               1.40           1.51  
Competition factor of 20%            7.97         11.20        7.76           5.12               2.80           3.03  
Competition factor of 40%          15.94         22.40      15.52          10.24               5.60           6.05  

Decreased livestock production due to competition                         –    
Competition factor of 10%            0.92          1.09        0.71           0.43               0.15           0.19  
Competition factor of 20%            1.84          2.17        1.43           0.86               0.30           0.38  
Competition factor of 40%            3.69          4.35        2.85           1.72               0.61           0.77  

Total present value of costs (lower bound)      29.84      301.37      332.28   314.26       301.46          24.40          24.40      445.97      441.76  
Total present value of costs upper bound)       323.84      362.40   338.50       320.83          465.45      462.24  
Benefits                   
Carbon sequestration                   

Total carbon sequestration benefits @$10/t C          59.91        36.70     36.88          37.20              52.76  
Total carbon sequestration benefits @$20/t C         119.83        73.41     73.76          74.41             105.53  
Total carbon sequestration benefits @$50/t C         299.57      183.52    184.39        186.01             263.81  

Recreation          106.37     71.12          43.00         
Landscape aesthetics            0.51                   0.51  
Biodiversity conservation benefits                 

Lower bound            8.08         8.08       8.08           8.08                8.08  
Upper bound          29.42        29.42     29.42          29.42              29.42  

Increased agricultural (livestock) production owing to          17.13        17.13     29.72          29.72              17.13  
On–farm soil erosion control benefits                   
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Crop production                      0.16            0.46     
Livestock production                      0.00            0.10     

Off–site erosion control benefits               
Lower bound            7.63         4.36       4.37           4.40          8.16          28.36        10.70        10.67  
Upper bound          45.59        26.08     26.09          26.28          48.76        169.48        63.98        63.79  

Salinity reduction benefits                    
Total avoided costs within Gwydir catchment         387.80                    16.31  
Total avoided costs within Gwydir catchment         163.60                      6.88  
Total avoided costs within Gwydir catchment          12.13                      0.51  

Off–Gwydir catchment salinity mitigation benefits                   
Lower limit assuming equilibrium after year 10         103.36                      4.35  
Lower limit assuming equilibrium after year 20          43.60                      1.83  

Lower limit assuming equilibrium in year 30            3.23                      0.14  
Off–Gwydir catchment salinity mitigation benefits                   

Upper limit assuming equilibrium after year 10         318.04                    13.37  
Upper limit assuming equilibrium after year 20         134.16                      5.64  

Upper limit assuming equilibrium in year 30            9.95                      0.42  
Shade and shelter benefits: increased crop production                   

Shelter factor of 2%            8.16        16.12     11.10           7.16              2.66          2.80  
Shelter factor of 10%          40.80        80.59     55.52          35.79            13.31        14.01  
Shelter factor of 20%          81.60      161.19    111.04          71.57            26.61        28.01  
Shelter factor of 40%         163.20      322.38    222.08        143.14            53.22        56.03  

Shade and shelter benefits: increased livestock               
Shelter factor of 2%            1.79         1.84       1.23           0.77              0.24          0.27  

Shelter factor of 10%            8.97         9.18       6.15           3.85              1.22          1.37  
Shelter factor of 20%          17.95        18.36     12.30           7.70              2.44          2.75  
Shelter factor of 40%          35.90        36.72     24.61          15.41              4.89          5.49  

Waterbird breeding events improvement        64.58                 
Habitat provision function: increased wetland area        40.40                 
Improved grazing in wetlands from increased wetland         2.21                 
Biodiversity benefits native fish species        29.52                 
Total present value benefits (lower bound)      136.71   118.58     191.11  163.00       130.84        8.32        28.91       95.07       97.89  
Net benefits (lower bound) 106.87 –182.79 –141.16 –151.16  –170.62 –16.07         4.52 –350.90 –343.87  
BCR (lower bound)       4.582       0.393       0.575    0.519         0.434         0.341         1.185       0.213       0.222  
Total present value benefits (upper bound)    1297.17     722.13  587.94       473.50         48.92       170.04     427.82     470.88  
Net benefits (upper bound)       973.33     359.73  249.44       152.67        24.53       145.64 –37.63         8.64  
BCR (upper bound)          4.006       1.993    1.737        1.476         2.005       6.970       0.919       1.019  
 



Appendix A7.3. Economic value (NPV in $ million, 10% discount rate) of ecosystem services from NRM interventions 
 

Ecosystem service/disservice 
NRM intervention 
EF SM RZR buffer width LDR BV IV 

20 m  30 m  50 m  Lower Upper 
Costs                   
Opportunity cost: lost agricultural production resulting 

from irrigation water reduction
  11.25                 

Total riparian buffer revegetation costs         34.99     48.05      73.83         
Erosion control measures cost              245.38      245.38   
Fencing and planting trees costs          24.51                556.44      582.72  
Water yield reduction impact costs on agriculture                   
Worst case scenario – assumes water yield reduction peaks            0.76       1.22       1.90        3.13            33.19        36.04  

Best case scenario – assumes water yield reduction peaks            0.18       0.29       0.44        0.73              7.73          8.40  
Foregone agricultural production in revegetated areas                   

Crop production            5.04       6.55       9.89      16.93          404.76      412.42  
Livestock production            1.48       1.35       2.02        3.36            17.98        20.92  

Decreased agricultural production due to competition                   
Decreased crop production due to competition                   

Competition factor of 10%            0.25       0.43       0.45        0.49              1.98          2.24  
Competition factor of 20%            0.50       0.86       0.89        0.97              3.96          4.48  
Competition factor of 40%            0.99       1.72       1.78        1.95              7.92          8.96  

Decreased livestock production due to competition                   
Competition factor of 10%            0.06       0.08       0.08        0.08              0.21          0.28  
Competition factor of 20%            0.11       0.17       0.16        0.16              0.43          0.57  
Competition factor of 40%            0.23       0.33       0.33        0.33              0.86          1.14  

Total present value of costs (lower bound)  11.25       31.51    43.68    60.94     95.41  245.38     245.38     989.11  1,026.97  
Total present value of costs upper bound)         33.01    46.17    63.98     99.52      1,021.15  1,062.20  
Benefits                   
Carbon sequestration                   

Total carbon sequestration benefits @$10/tC            5.04       3.81       5.72        9.55            96.88      105.52  
Total carbon sequestration benefits @$20/tC          10.08       7.62     11.45      19.10          193.76      211.04  
Total carbon sequestration benefits @$50/tC          25.20     19.04     28.62      47.75          484.41      527.61  

Recreation               –       12.68     12.68      12.68                 –               –   
Landscape aesthetics            0.05       0.06       0.09        0.15              1.11          1.16  
Biodiversity conservation benefits                   

Lower bound            1.18       1.45       2.17        3.60            26.76        28.03  
Upper bound            4.29       5.29       7.92      13.10            97.45      102.06  

Increased agricultural (livestock) production owing to land            1.44       1.78       8.46      14.00            32.72        34.26  
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On–farm soil erosion control benefits                   
Crop production                 0.90          2.51     
Livestock production                 0.02          0.54     
Off–site erosion control benefits                   

Lower bound            0.64       0.45       0.68        1.13     44.73     155.50        20.44        21.34  
Upper bound            3.83       2.71       4.05        6.75    267.35    929.35      122.18      127.57  

Salinity reduction benefits                   
Total avoided costs within Gwydir catchment assuming          22.26                    22.26  
Total avoided costs within Gwydir catchment assuming            6.45                      6.45  
Total avoided costs within Gwydir catchment assuming            0.35                      0.35  

Off–Gwydir catchment salinity mitigation benefits                   
Lower limit assuming equilibrium after year 10            5.93                      5.93  
Lower limit assuming equilibrium after year 20            1.72                      1.72  

Lower limit assuming equilibrium in year 30            0.09                      0.09  
Off–Gwydir catchment salinity mitigation benefits                   

Upper limit assuming equilibrium after year 10          18.26                    18.26  
Upper limit assuming equilibrium after year 20            5.29                      5.29  

Upper limit assuming equilibrium in year 30            0.29                      0.29  
Shade and shelter benefits: increased crop                   

Shelter factor of 2%            0.51       1.24       1.28        1.36              3.76          4.15  
Shelter factor of 10%            2.54       6.19       6.38        6.80            18.82        20.75  
Shelter factor of 20%            5.08     12.39     12.76      13.61            37.64        41.50  
Shelter factor of 40%          10.17     24.78     25.53      27.21            75.28        83.00  

Shade and shelter benefits: increased livestock                   
Shelter factor of 2%            0.11       0.14       0.14        0.15              0.35          0.41  

Shelter factor of 10%            0.56       0.71       0.71        0.73              1.73          2.03  
Shelter factor of 20%            1.12       1.41       1.41        1.46              3.46          4.07  
Shelter factor of 40%            2.24       2.82       2.83        2.93              6.92          8.13  

Waterbird breeding events improvement    44.67                 
Habitat provision function: increased wetland area     27.95                 
Improved grazing in wetlands from increased wetland area     0.83                 
Biodiversity benefits native fish species    20.42                 
Total present value benefits (lower bound)   93.86        9.41    21.62    31.23     42.61   45.65     158.547    182.03   195.32  
Net benefits (lower bound) 82.61 –22.10 –22.07 –29.71  –52.80 –199.73 –86.83 –807.08 –831.66  
BCR (lower bound)   8.343       0.299    0.495    0.512     0.447    0.186      0.646       0.184       0.190  
Total present value benefits (upper bound)         87.74    69.16    90.18   124.56  268.27  932.40     820.08    924.32  
Net benefits (upper bound)        54.72    23.00    26.20     25.05 22.884 687.02 –201.07 –137.88  
BCR (upper bound)          2.658    1.498    1.409     1.253    1.093       3.800       0.803       0.870  



Appendix A7.4. Annual equivalent of NPV ($/ha/yr, 10% discount rate) of ecosystem services from NRM interventions 
 

Ecosystem service/disservice 
NRM intervention 

EF SM RZR LDR BV IV 
20 m 30 m 50 m Lower Upper 

Costs                   
Opportunity cost: lost agricultural production resulting 

from irrigation water reduction 
  29.84                 

Total riparian buffer revegetation costs        337.21    309.62    287.62         
Erosion control measures cost               44.75        44.75     
Fencing and planting trees costs        291.37                291.37      291.37 
Water yield reduction impact costs on agriculture                 

Worst case scenario – assumes water yield reduction            9.09     11.80     12.27     12.19            17.38        18.02 
Best case scenario – assumes water yield reduction            2.12       2.75       2.86       2.84              4.05          4.20 

Foregone agricultural production in revegetated areas                         –   
Crop production          59.94     63.10     63.73     65.94          211.94      206.21 

Livestock production          17.57     13.01     13.03     13.09              9.42        10.46 
Decreased crop production due to competition                             –   

Competition factor of 10%            2.95       4.15       2.87       1.90              1.04          1.12 
Competition factor of 20%            5.90       8.29       5.75       3.79              2.07          2.24 
Competition factor of 40%          11.80     16.59     11.50       7.59              4.15          4.48 

Decreased livestock production due to competition                         –   
Competition factor of 10%            0.68       0.81       0.53       0.32              0.11          0.14 
Competition factor of 20%            1.37       1.61       1.06       0.64              0.22          0.28 
Competition factor of 40%            2.73       3.22       2.11       1.27              0.45          0.57 

Total present value of costs (lower bound)  29.84     374.64  421.01  392.65  371.70    44.75       44.75     517.92     513.50 
Total present value of costs upper bound)       392.51  444.92  412.26  387.70         534.70     531.11 
Benefits                   
Carbon sequestration                   

Total carbon sequestration benefits @$10/tC          59.91     36.70     36.88     37.20            50.73        52.76 
Total carbon sequestration benefits @$20/tC        119.83     73.41     73.76     74.41          101.46      105.53 
Total carbon sequestration benefits @$50/tC        299.57    183.52    184.39    186.01          253.65      263.81 

Recreation        122.23     81.72     49.41         
Landscape aesthetics            0.58       0.58       0.58       0.58              0.58          0.58 
Biodiversity conservation benefits            

Lower bound          14.01     14.01     14.01     14.01            14.01        14.01 
Upper bound          51.03     51.03     51.03     51.03            51.03        51.03 

Increased agricultural (livestock) production owing to          17.13     17.13     54.52     54.52            17.13        17.13 
On–farm soil erosion control benefits                   
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Crop production                 0.16          0.46     
Livestock production                 0.00          0.10     

Off–site erosion control benefits               
Lower bound            7.63       4.36       4.37       4.40     8.18        28.36        10.70        10.67 
Upper bound          45.59     26.08     26.09     26.28     48.74     169.48        63.98        63.79 

Salinity reduction benefits                             –   
Total avoided costs within Gwydir catchment assuming        264.71                  264.71 
Total avoided costs within Gwydir catchment assuming          76.64                    76.64 
Total avoided costs within Gwydir catchment assuming            4.14                      4.14 

Off–Gwydir catchment salinity mitigation benefits                   
Lower limit assuming equilibrium after year 10          70.55                    70.55 
Lower limit assuming equilibrium after year 20          20.43                    20.43 

Lower limit assuming equilibrium in year 30            1.10                      1.10 
Off–Gwydir catchment salinity mitigation benefits                             –   

Upper limit assuming equilibrium after year 10        217.09                  217.09 
Upper limit assuming equilibrium after year 20          62.86                    62.86 

Upper limit assuming equilibrium in year 30            3.39                      3.39 
Shade and shelter benefits                  
Increased crop production                  

Shelter factor of 2%            6.04     11.94       8.22       5.30              1.97          2.07 
Shelter factor of 10%          30.22     59.69     41.12     26.51              9.85        10.37 
Shelter factor of 20%          60.44    119.39     82.24     53.01            19.71        20.75 
Shelter factor of 40%        120.88    238.77    164.48    106.02            39.42        41.50 

Increased livestock production           
Shelter factor of 2%            1.33       1.36       0.91       0.57              0.18          0.20 

Shelter factor of 10%            6.65       6.80       4.56       2.85              0.91          1.02 
Shelter factor of 20%          13.29     13.60       9.11       5.71              1.81          2.03 
Shelter factor of 40%          26.59     27.20     18.23     11.41              3.62          4.07 

Waterbird breeding events improvement    118.45                 
Habitat provision function: increased wetland area     74.11                 
Improved grazing in wetlands from increased wetland     2.21                 
Biodiversity benefits native fish species     54.15                 
Total present value benefits (lower bound)   248.92     111.88  208.33 201.22  166.00    8.32    28.91   95.31    97.66 
Net benefits (lower bound) 219.09 –262.76 –212.68 –191.43 –205.70  –36.42 –15.84 –422.61 –415.84 
BCR (lower bound)   8.343       0.299    0.495    0.512    0.447    0.186       0.646       0.184       0.190 
Total present value benefits (upper bound)    1043.17 666.54  581.04  485.27    48.92     170.04     429.41     462.17 
Net benefits (upper bound)       650.66  221.62  168.78  97.57    4.17     125.29 –105.29 – 68.94 
BCR (upper bound)          2.658    1.498    1.409    1.252    1.093       3.800       0.803       0.870 
 



Appendix A7.5. Economic values of ecosystem services from district-wide 
native revegetation using 4% discount rate  
 

Costs 
PV ($ million)  Annuities ($/ha/yr) 

Windbreak width  Windbreak width 
10 m 20 m 30m  10 m 20 m 30m 

Fencing and planting trees costs     36.71     71.33   103.78       214.42        214.42      214.42 
Decreased crop production due to         

Competition factor of 10%       5.54       5.25       5.07         32.35          15.79        10.49 
Competition factor of 20%     11.07     10.50     10.15         64.69          31.57        20.97 
Competition factor of 40%     22.15     21.01     20.30       129.38          63.16        41.94 

Decreased livestock production due to        
Competition factor of 10%       0.16       0.15       0.14           0.91           0.45          0.30 
Competition factor of 20%       0.31       0.30       0.29           1.82           0.90          0.60 
Competition factor of 40%       0.62       0.60       0.58           3.64           1.80          1.20 

Foregone agricultural production        
Crop production     36.81     71.24   103.24       215.02        214.14      213.30 

Livestock production        0.99       1.94       2.85           5.80           5.84          5.89 
Total present value of costs (lower bound)    80.20  149.92  215.08      468.50       450.64     444.40 
Total present value of costs upper bound)    97.28  166.13  230.74      568.27       499.36     476.74 
Benefits        
Carbon sequestration        

Total carbon sequestration benefits @$10/tC     11.15     21.63     31.46         65.15          65.01        65.00 
Total carbon sequestration benefits @$20/tC     22.30     43.25     62.92       130.29        130.01      130.00 
Total carbon sequestration benefits @$50/tC     55.76   108.13   157.30       325.73        325.03      325.01 

Natural pest control benefits: saved spraying costs assuming: 
Low Helicoverpa density and high beneficial 

numbers
    86.09   167.30   243.39       502.90        502.89      502.88 

High Helicoverpa density and low beneficial 

numbers 
      0.29       0.57       0.82           1.71           1.70          1.70 

Spray drift mitigation-total wheat yield saved assuming: 
50% spray drift mitigation     58.78     58.78     58.78       343.37        176.69      121.45 
90% spray drift mitigation   103.56   103.56   103.56       604.92        311.28      213.97 

Spray drift mitigation benefits - reduced 

anxiety
      4.08       4.08       4.08         23.84          12.27          8.43 

Landscape aesthetics       0.09       0.17       0.25           0.51           0.51          0.51 
Shade and shelter benefits: increased crop        

Shelter factor of 2%       7.28       7.10       6.92         42.54          21.34        14.30 
Shelter factor of 10%     36.41     35.50     34.61       212.71        106.72        71.51 
Shelter factor of 20%     71.02     69.25     67.52       414.85        208.15      139.50 
Shelter factor of 40%   133.84   130.47   127.18       781.82        392.18      262.77 

Shade and shelter benefits: increased livestock        
Shelter factor of 2%       0.18       0.17       0.17           1.06           0.52          0.35 

Shelter factor of 10%       0.90       0.87       0.84           5.28           2.62          1.74 
Shelter factor of 20%       1.81       1.75       1.68         10.57           5.25          3.48 
Shelter factor of 40%       3.62       3.49       3.37         21.13          10.49          6.96 

Increased agricultural (livestock) production 

owing to land degradation control  
      1.66       3.23       4.70           9.72           9.72          9.72 

Biodiversity conservation benefits        
Lower bound       1.38       2.69       3.91           8.08           8.08          8.08 
Upper bound       5.04       9.79     14.24         29.42          29.42        29.42 

Total present value benefits (lower bound)    84.91  98.42  111.10        495.98          295.84         229.55 
Net benefits (lower bound)     4.70 –51.50 –103.98           27.48  –154.80 –214.84 
BCR (lower bound)     1.059    0.656    0.517     1.059     0.656    0.517 
Total present value benefits (upper bound)  393.74  530.22  658.06        2300.00      1593.79       1359.67 
Net benefits (upper bound)  296.46  364.10  427.32     1731.73     1094.43     882.93 
BCR (upper bound)     4.047    3.192    2.852     4.047     3.192    2.852 
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Appendix A7.6. Economic values of ecosystem services from district-wide 
native revegetation using 10% discount rate  

Costs 
PV ($ million)  Annuities ($/ha/yr) 

Windbreak width  Windbreak width 
10 m 20 m 30m  10 m 20 m 30m 

Fencing and planting trees costs     27.19     52.84     76.88        291.37        291.37       291.37 
Decreased crop production due to         

Competition factor of 10%       2.24       2.12       2.05          23.96          11.69          7.77 
Competition factor of 20%       4.47       4.24       4.10        47.91        23.39       15.53 
Competition factor of 40%       8.94       8.48       8.20          95.83          46.78         31.06 

Decreased livestock production due to        
Competition factor of 10%       0.06       0.06       0.06           0.67           0.33          0.22 
Competition factor of 20%       0.13       0.12       0.12           1.35           0.67          0.44 
Competition factor of 40%       0.25       0.24       0.23           2.70           1.33          0.89 

Foregone agricultural production        
Crop production     20.07     38.84     56.28        215.02        214.14       213.30 

Livestock production        0.54       1.06       1.55           5.80           5.84          5.89 
Total present value of costs (lower bound)    50.10    94.92  136.82       536.82       523.38      518.55 
Total present value of costs upper bound)    57.00  101.47  143.14       610.72       559.46      542.50 
Benefits        
Carbon sequestration        
Total carbon sequestration benefits @$10/tC       6.08     11.79     17.15          65.15          65.01         65.00 
Total carbon sequestration benefits @$20/tC     12.16     23.58     34.30        130.29        130.01       130.00 
Total carbon sequestration benefits @$50/tC     30.40     58.95     85.75        325.73        325.03       325.01 
Natural pest control benefits: saved spraying 

costs assuming: 
       

Low Helicoverpa density and high beneficial 

numbers 
    46.93     91.21   132.68        502.90        502.89       502.88 

High Helicoverpa density and low beneficial 

numbers 
      0.16       0.31       0.45           1.71           1.70          1.70 

Spray drift mitigation-total wheat yield saved        
50% spray drift mitigation     32.05     32.05     32.05        343.37        176.69       121.45 
90% spray drift mitigation     56.46     56.46     56.46        604.92        311.28       213.97 

Spray drift mitigation benefits - reduced anxiety      2.23      2.23      2.23        23.84          12.27         8.43 
Landscape aesthetics       0.05       0.11       0.15           0.58           0.58          0.58 
Shade and shelter benefits: increased crop        

Shelter factor of 2%       2.94       2.87       2.80          31.51          15.81         10.59 
Shelter factor of 10%     14.70     14.34     13.97        157.55          79.04         52.96 
Shelter factor of 20%     28.68     27.96     27.26        307.26        154.17       103.32 
Shelter factor of 40%     54.04     52.68     51.35        579.06        290.47       194.62 

Shade and shelter benefits: increased livestock        
Shelter factor of 2%       0.07       0.07       0.07           0.78           0.39          0.26 

Shelter factor of 10%       0.37       0.35       0.34           3.91           1.94          1.29 
Shelter factor of 20%       0.73       0.70       0.68           7.83           3.89          2.58 
Shelter factor of 40%       1.46       1.41       1.36          15.65           7.77          5.15 

Increased agricultural (livestock) production 

owing to land degradation control  
      0.91       1.76       2.56           9.72           9.72          9.72 

Biodiversity conservation benefits        
Lower bound       1.31       2.54       3.70          14.01          14.01         14.01 
Upper bound       4.76       9.25     13.46          51.03          51.03         51.03 

Total present value benefits (lower bound)     45.79   53.72     61.15           490.68           296.18          231.76 
Net benefits (lower bound) –4.31 –41.21 –75.67  –46.14  –227.20 –286.78 
BCR (lower bound)      0.914     0.566     0.447      0.914      0.566     0.447 
Total present value benefits (upper bound)   197.24   274.05   346.01        2113.44         1511.04        1311.40 
Net benefits (upper bound)   140.24   172.58  202.872   1502.72      951.58   768.89 
BCR (upper bound)      3.461     2.701     2.417      3.461      2.701     2.417 
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