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Providing nationwide assessments 

The Nacional Land and \'V'ater Resources Aud ir 

(Audit) is facilitating improved natural resource 

management decisio n making by: 

Providing a clear understanding of rhe srarus of, 

and changes in , the nation's land, 
vegetation and warer resources and 
implications for cheir sustainable use. 

Providing an interpretation of the costs and 
benefits (economic, envi ronmental and 

social) of la nd and wacer resource change 
and any remedial actions. 

Developing a national information system of 
compatible and readily accessible land and 
water data. 

Producing national land and water (surface and 
groundwater) assessments as integrated 

components o f the Audit. 

Ensuring integration wirh, and collaboration 

between, orher relevant ini tiatives. 

Providing a framework for monitoring 

Australia's land and water resources in an 
ongoing and scrucru red way. 

In partnership with Commo nweal th, and Stare 
and Territory agencies, and rh rough irs rhemc 

activities- Warer Availability, Dryland Salinity, 
Vegetation, Rangelands Monitoring, 
Agricultural Productivity and Susta inability, 
Australians and Natural Resource Managemcnr, 
Catchmenr, River and Estuary Condition and 

Information Management- the Audir has 

prepared: 

Assessments of rhe status of and, where possible, 
recenr changes in Ausrralia's land, 
vegetaria n and water resources ro ass isr 

decision makers achieve ecological 
sustainability. T hese assessmenrs set a 
baseline or benchmark for monitoring 

change. 

Integrated reports o n the economic, 

environmental and social dimensions of 
land and water resource management, 

including recommendatio ns for 
management action . 

Australian Natu ral Resources Atlas ro provide 
internet-based access to integrated 
national, State and regio nal data a nd 

information o n key natural resource issues. 
It is underpinned by the Australian 
Natural Resources Data Library. 

Guidelines and protocols for assess ing and 
monitoring the condition and 
management of Auscralia's land, vegecation 
and wacer resources co meec rhe 

in formatio n needs of decision makers at 
regional to Australia wide scales. 

T h is report presents rhe key findings for the Audie's 'Capacity of and opporcunities for nacu ral 
resource managers to implemenc change' cheme as: 

A 11stmlim1s 1111d Natural Resource Management 2002: Social and eco11omic dimemiom of 
nrttrmtl resource management based 011 11rttuml resource rtcco1111ting rtnd rt socirtl profile of rum/ 
Australia. 
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Parliament House 

T he Hon Dr David Kemp 
Minister for the Envi ronment and Heritage 

Parliament House 
Canberra ACT 2600 Canberra ACT 2600 

Dear Ministers 

I have pleasure in presenting to you Australians and Natuml Resource Management 2002-a report of 
the National Land and Water Resources Audit (Audit). 

Australians and Natuml Resource Management 2002 presencs the key findings of the first Australia-wide 
assessment of the physical condition and use of our natural resources in tcgraced with social and 
economic informacion. It is an imporranc step forward in the construction of natural resource 
accounts. 

To demonstrate the value of narural resource accouncs, the report includes an assessment of the 
economic consequences of C\vo key types of resource degradation-dryland salinity with its 
predominantly public and off-farm costs, and soi l acidity with major costs to soil healch and 
production. Soil sodicity, an inherent and important limicing factor to agricultural production, is also 
assessed to com piece the assessmenc and to place so il acidity and dryland salinity in context. 

T he report details the rype and severi ty of downstream impacts of dryland salinity on infrastructu re 
and water resources and the importance of public investmenc in mitigating these impacts through 
major initiatives such as the National Action Plan for Salinity and Water Quality. It illustrates the 
differing approaches to dealing with salini ty in catchments with particular groundwater flow systems, 
land use patterns and land use change opportunities. 

Soil acidity is a major impediment co agricultural production with up to 25% of intensive agricultu ral 
lands affected to some degree. In economic terms, soil acidi ty is more significant to on-farm 
profitabili ty than dryland salinity. Approaches based on good science, collation of on-farm soil fertility 
daca to crack progress, extension through government and agribusiness programs, and a focus on 
practice can all contribute to meecing che soil acidi ty challenge. 

T his report presents a socioeconomic profi le of Australians engaged in agriculrure. Some insight inco 
current and future opportunities for scruccural adjuscmenr in agriculcure is provided. An assessmenc of 
che willingness of the Auscralian community to support nacural resource management iniciacives 
suggescs that che communi ty is willing to pay $4 billion over 20 years, in addition to existing 
investmencs, to achieve enhanced nacural resource outcomes. Th is could cake the form of 50 
additional species procected, 2 million hectares of bushland restored and 1500 km of river and esruary 
rehabilicated to a condicion chac supporcs fishing and swimming. 

T he Audie Advisory Council views this report as a subscancial contribution to the nacural resource 
managemenc debace. We commend rhis reporc and the more derailed information on the Australian 
Nacural Resources Arias co you. Togecher chey provide an information base for improved nacural 
resource management, particularly wichin Australia's agriculrural landscapes. 

I am pleased to presenc this report to the Nacural Hericage Trust Ministerial Board. 

Yours sincerely 

~ 
Roy Green 
Chair - National Land and Water Resources Audie Advisory Council 

Lt vel 2 Unisys Building. 9 1 Nonhbourne Avenue, Turner ACT 2612 

Posral Address: G PO Box 2 182, Canberra ACT 2601 Phone: (02 6257 95 16 Fax: (02) 6257 9518 
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SUMMARY 

Ausrralia is a developed economy in which 
agriculrure, as rhe main user in both extent and 
impact on our natural resources, is an important 
but now (ar 2.7% of gross domestic product) a 
relatively small part of the overall economy. 
Agriculture continues co be an imporranc 
contributor co national, Seate and regional 
economies; ocher sectors remain highly 
dependent on the farm sector. For example, 
approximately 60% of manufacturing turnover 
in rhe Murray-Darling Basin is derived from 
food processing industries. Australia's 
agricultural industries are also strongly export­
oriented and account for 30% of merchandise 
export and 20% of coral export trade. 

Increasingly, our land and water resources are 
being valued for more than their productive 
capaciry. People now value nacural resources nor 
only for cropping, grazing, forestry and fish 
production, but also for their aesthetic and 
intrinsic values, biodiversiry, and ecosystem 
services such as sinks for greenhouse gases and 
water filtration. T he natural resource base 
supports tourism, recreation, and communi ry 
lifestyles. 

Environmental costs have also been associared 
with the benefits derived from natu ral resource 
use. 

Historically, natu ral resource use has often 
not been sustainable. 

Agricultural systems have largely been 
adapted from European ways of farming 
that are not suited to Australia's di mare 
variabi liry. 

• Extensive tree clearing was necessary co 
prepare land for cropping and led to 
changes in water balance and dryland 
sal ini ry. 

• Overgrazing of native pastures led to soil 
erosion, increased sediment and nutrient 
loads in rivers and deteriorated water 
qual ity. 

Many other forms of degradation have 
occurred as a result of commercial use of 
natural resources. 

Other Audit reports deal in detai l with the 
biophysical state of natural resources, 
degradation processes and management 
opportunities co maintain the natural resource 
base for maximum public benefit and 
producciviry. 

Over time our knowledge of degradation 
processes and land use practices has increased 
and significant improvements have been made 
in the way we use our land and water resources. 
T his improvement in practice has been 
underpinned by better institutional 
arrangements and legal frameworks govern ing 
natural resource use as well as extension and 
support ro foster improved land use practices. 
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But the question remains-have we clone 

enough to ensure a sustainable future fo r the 

management and use of our natural resources 

and the people who depend o n them ? This 

raises specific questions: 

are we managing our natural resources 

responsibly and sustainably? 

if we are not managing our natu ral 

resources sustainably, why not? and 

• what are the steps towards sustainable use 

of natural resources and how do we prevent 

fu rther degradation? 

This report contri butes context and some 

answers to these questions. It is a national 

assessment of the economic and social 

dimensions of our land and water resources and 

the way they are managed. 

The report focuses on people- those who 

manage and depend on our land and water 

resources and their capacity, motivation and 
opportunities co implement changes that bring 

about improved social, economic and 

environmental outcomes consistent with 

sustainabi lity objectives. Social and economic 

profiles of Australia's fa rming communi ty 

provide valuable contextual information relevant 

co natural resource management and planning at 

all levels. Structural adjustment trends are 

presented and analysed , and future acljuscmenc 

pressures and trends projected. 

T he report focuses o n the value of land 

resources used in agriculcure, future profits 

foregone due co some forms of land degradation 

and off-farm coses of land degradation. This 

includes esci maces of coses of damage co 

infrastructure and coses relati ng co reduced 

water quality. Estimates of unpriced assets such 

as loss of endangered species, landscape 

aestheti cs, waterway recreation and the viabil ity 

of rural communities com piece chis analysis. 
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Nacura l resource issues are used to examine coses 

and benefits of agriculcural use. 

Dryland salini ty, caused by rising saline 

water cables, has costs on-farm and 

substantial impacts on water resources, 

biodiversity and infrastructu re off farm. 

Soil acidity is caused by increased acid 

inputs co che soil from che farm operations 
such as nitrogenous fertiliser use. Impacts 

are o n-farm through reduced plane 

productivity and changed soil condition. 

• Soil sodicity is a nacural constraint co 

productivity with potential off-farm 

impacts including increased sediment loads 

co rivers by soil erosion. 

T he main challenge presented by soil acidity 

and sodicity is to balance the costs of soil 
amelio rants against benefits of agricultural 

production . T hese three issues are used to 

demonstrate the role of resource accounting for 

Australian agricultu re as an inpur co planning 

and management activities. Resource accounting 

approaches will be invaluable when applied as 

pare of regional natural resource management 
planning under initiatives such as che Natural 

Heritage Trust and National Actio n Plan fo r 

Salin ity and Water Q ual ity. 

T he results of the economic analysis provide the 

first layer of information needed for priority 

setting, both from che perspective of addressing 

different forms of degradation and resource use 

constraints, and targeting different geographic 

locations. However, the analysis does not 

provide a means for establ ishing priorities per se 

or determ ining che appropriate level of 

investment in natural resource management. To 

demonstrate how the method can be taken 

further and applied co curren t planning, data on 

che impacts and cost effectiveness of alcernacive 

management options were invescigaced by 

several case studies of salinity. 



Estimates of costs are based on a range of 

assumptions and represent 'best bets'. Varying 
degrees of confidence in the estimates mainly 
depend on the completeness and precision of 

the biophysical and economic input data (upper 
and lower range estimates are reported on the 
Australian Natural Resources Atlas). Estimates 
of foregone returns have been based on the 
concept of 'yield gap', providing an upper 

bound to the level of benefit that could be 
generated if factors limiting yield were removed. 

T hey provide insight to the ceiling on 
investment for cost effective natu ral resource 
remediation and does not necessarily reflect an 
optimal economic solu tion. T he complexities of 
modelling the optimal decision require farm 

level analysis and therefore such modelling was 
not part of this Australia-wide context setting 
analysis. Therefore, estimates should be read as 
indicative and relative rather than absolute 
measures. 

Australians and Natural Resource M anagement 
2002 provides insight into the social and 

economic dimensions of natural resource 
management. T hese insights, the collated 

information and the methods developed for 
application at regional scale are key to meeting 
the challenges of natural resource management 
and the triple bottom line. 

Key findings 

Defining the issues 

• 

Australia has significant natural resource 
degradation problems. Although the 
biophysical causes of these problems are 

well understood, they persist because of 
complex interactions between physical, 
biological, econom ic and social processes. 

The extended timeframe over which the 

environment responds to changes 
~highlighted in the case of sal inity and 
acidity) is an important consideration in 
natural resource management decision 
making. 

• Sixty percent of the Australian continent is 
used for agricu lture-cropping and 

grazing. Land managers have a crucial 
'front line' influence on biophysical 

processes and resource degradation. T hey 
operate in complex communities and 
respond to a plethora of cultural, legal and 
institutional agenda. Clearly, natural 
resource management is just one of many 

priorities fo r agricultural land managers. 

Economic returns 

• Agriculture contribu tes about 2.7% to 
Australia's gross domestic prod uct. 

Approximately: 

80% of the profits come from less 

than I% of the area used; 

50% of the profits are derived from 

irrigated agriculture; and 

I 0% of farm establishments produce 

between 40 and 50% of gross 
agricultural income. 

• Resource degradation, from an economic 
point of view, should be regarded as a 'sunk 
cost'- what is done is history. T he focus 

should be on assessing priorities and taking 
actions that give the greatest net present 
value of benefits. 
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A five-step assessment approach is 
presented in this report- providing the 

framework for assessing public and private 
net benefits. 

Attitudes and resource management practice 

Australian fa rmers generally have a positive 

and pragmatic attitude cowards 
environmental issues. Many factors 
determine adoption and motivation and 
capacity co change to sustainable namral 
resource management practices. Adoption 

is enhanced by confidence in future 
income stabil ity and low debt, 
management ski lls, technical knowledge, 
partic ipation in training courses, Landcare 
or similar membership and involvement 

wich industry development. 
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Sustainable resource management practices 

are more likely to be adopted if they 
provide economic and other advancages, 

are low risk and simple to manage. Few 
natural reso urce management practices 
have these characteristics. One of the roles 

of government is co determine and 
promote the public and private benefits of 

changed practice, recognising that with 
public benefits comes some level of 
obligation by the community to support 

private land managers. 

Rural Australia is in a period of significant 

structural change thac migh t lead to some 
regions remaining clearly agriculcural in 

character while ochers move cowards 
amenity landscapes with less emphasis on 
agriculmre. 

Costs of resource use on agriculture 

Dryland salinity adversely affects 

agricultural or pastoral yields on 
approximately 3.3 million hectares­
compared wich 5.7 million hectares judged 
co be 'at risk'. The area where yield is 
affected represents I% of agricul mral land 

in Australia. N inety percent of dryland 
salinity occurs in areas of sheep, beef and 

cereals production. 

Soil acidity affects approximately 5% of 
agricultural land-a much higher area than 
affected by dryland salini ty. Putting both 
dryland salinity and soil acidity in context, 

sodicity affects approximately 23% of 
agricultural land. 

To assess che economic significance of soil 
health problems affecti ng agriculture the 

values of the yield gaps were calculated. 
Yield gaps are the di fference between 
profits with and without soil health 

problems. The value of yield gaps for 
salini ty for all agriculture is estimated at 

approximately $200 m illion for 2000, 
increasing to $300 million by 2020 . This 
represents less than 3% of profits from 
agriculture. For the year 2000, the value of 
yield gaps for acidity is estimated at $ 1. 5 

billion representing 24% of profits from 
agriculture. Impacts from the inherent 

factor of soil sodicity for 2000 is $ 1 billion 
and 18% of profits fro m agriculture. These 
estimates give indications of the relative 
extent of problems. Based on estimates of 
input costs for application and resulting 

changes in production, it would be 
economical to treat about 4% of areas 
affected by acidity and sod icity with lime 

and gypsum, respectively. 



Costs of resource use-off-farm impacts 

• 

Land degradation causes signi ficant off­
farm effec ts including physical damage to 
local in frastructure through dryland 
salini ry, costs to water users (e.g. water 

treatment) through decreases in water 
quali ry, reduced q ualiry of natural 
ecosystems. C urrent damage to local 
infrastructure (roads and public bui ldings) 
caused by rising water rabies and salini ry, is 

estimated at about $90 million a year. T his 
could rise by around $60 million o r 70% 
by 2020. On the conservative assumption 
that average water quali ry decreases by 5% 
over the next 20 years, the present nature 
of increases in costs would be abou t $ 1.3 
bi llion comprising salinity (-$500 
mi llio n), turbidi ry (-$700 m ill ion) and 
sed imentation (- $80 million). T his 

assumes a 5% discount rate. 

Resource degradation has a range of 
adverse consequences fo r the environment 
and rural communities. T he results of a 
'choice modelling' (stared preference) study 

indicate rhar the communi ry is willing ro 
pay a significant amount for programs that 
would deliver major environmental 
benefits. Over rhe next 20 years the 
communiry appears willing to pay 
approximately $4 billio n add itional ro 
existing investment. T his additional 

investment was nominally to ensure 50 
additional species were protected, 2 mi llio n 
hectares of bushland was restored and 1500 
km of river and estuary were rehabilitated 
to sufficient condition to support fishing 

and swimming. 

Ways forward 

Actions to address resource degradation 
problems need to be evaluated in an investment, 

benefit- cost framework. Four case study regions 
were selected for deta iled evaluation of dryland 
salin iry. Key insights from these case studies are 
summarised below. 

• 

Each catchment is different. T here are no 

simple and universally applicable solutions 
or recommended responses to ameliorating 

the cause or symptoms of dryland saliniry. 

Broadscale re-afforestation of wide areas of 

recharge zones will mostly prove to be a 
poor investment from an economic and 
social viewpoint. 

Relying solely on farmers ro implement 
farming p ractices that will ameliorate 
salin ity and achieve socially acceptable 
results is expecting too much. 

A lack of profitable and technically feasible 
options is a major constraint on farmers' 

capacity to contribute to salini ry 
management. 

W here significant public assets are at risk, 
solutions such as engineering works­

drainage or pumping-may need to be 
implemented and publicly funded. 

This first Australia-wide attempt at resource 
accounting has demo nstrated the complexities 
of natural resource management and the need to 
build strong links between social, economic and 
biophysical assessments as part of regional 

planning and management activit ies. 
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Australian Natural Resources Atlas 

Access co informacion on nacural resources 
provides opporcunicies for increased awareness 
and informed debace. T his access has been 
improved chrough incernec and dacabase 
cechnology. The inceraccive web-based 
Auscralian Nacural Resources Arias (Arias) 
presencs Audie produces ac scales from local co 
regional co nacional. 

1
·1- - - ... ~ .. . .. ·Ott o et.J111 tt;;1 1).o •·~ 

T he Arias provides informarion co aid decision 
making across all aspecrs of nacural resource 
managemenc. Jc covers che broad copies of warer, 
land, agriculcure, people and ecosyscems. The 
Aclas presencs informacion by geographic region 
(nacional, Scace, regional) and by informacion 
topic. Users of che Aclas can prepare a map­
using che 'make a map facilicy'-or search 
hundreds of reporcs. 

The Auscralian Nacural Resources Dara Library 
supporcs che Aclas wich links to 
Commonwealch, Scace and Terricory daca 
managemenc syscems. 

Oucpucs of A11stmlia11s and Natuml Resource 
Management 2002 have been reporced in che 
'People' (social profi le and economic recurns 
and cosc) and ' Land' (salinicy) copies of rhe 
Arias. 

....... ,_ __ ,.. 
I., t"" •O.t~ l'l\'ll.Q l~ ··U 

www.environment.gov.au/atlas 
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AUSTRALIANS AND NATURAL RESOURCE MANAGEMENT 2002 

Austmlians and Nat11ml Resource Management 
2002 reporrs an Ausrralia-wide assessmenr of rhe 
economic and social dimensions of our land and 
warer resources and rhe way chey are managed. 

T his reporr focuses on people-rhose who 
manage and depend on our nacural resources, 
and rhei r capaciry, morivarion and opporruni ries 
ro implemenc changes ro bring abour improved 
social, economic and environmencal outcomes. 

A11stmlia11s and Natuml Resource Management 
2002 has drawn on many of other Audi t 
acrivicies. This reporc should be read in 
conjunction wirh the fo llowing assessments. 

Dryland salinity 

Resource procecrion across Australia is an 
increasingly imporranc policy issue. Resource 
protection' (used separately here from 
conservation) is concerned with rhe proreccion 
of natural resources as rhey are used co sustain 
our economic and social development. To 
address dryland saliniry Australia needs co make 
major changes in water balance in many 
catchments. T his will require changes in 
agricultural land use patterns and land 
managemenc activities so char targets for 
proreccion of downstream land and water 
resources are met. Assessment of the excenc of, 
and managemenc options for, dryland saliniry 
are presenred in A11stmlia11 D1yla11d Salinity 
Assessment 2000. 

Water resource management 

Major opporcuniries ro increase economic 
acciviry wirh social benefirs are generared by 
water resource developmenc and improved water 
use efficiency. The status of Australia's water 
resources, surface and groundwater, is detailed 
in Australian \.%rer Resource Assessment 2000. 

Resource challenges faced by 
agriculture 

Assessmenr of resource challenges facing 
agriculcure and practice issues on-farm 
(acidification, nucrienc management, soil 
erosion) and off-farm (sediment, nutrients 
transported through waterways co escuaries) are 
presenred as pan of the Austmlian Agriculture 
Assessment 2001 reporr. T hese biophysical 
assessments provide much of rhe information 
for chis report. 

Vegetation and biodiversity 

Aligning agricultu ral developmenr and practice 
ro also meet native vegetation and biodiversity 
managemenc objecrives is part of communiry 
demands on Australian agriculture. The Audie's 
landscape Health in A11stmlia, A11stmlian Native 
Vegetation Assessment 2001 and Austmlian 
Biodiversity Assessment (due for release in 2002) 
provide important basel ine information on the 
exrenr, threats and condition of Australia's 
nacural assers. T his information will help 
governmenc and industry co ser priorities for 
prevenrive management and remedial works 
cowards achieving ecologically sustainable 
development. 



Catchment, river and estuary impacts 

Sedimenr and nurrienr loads reporred as pare of 
Austmlir111 Agriculture Assessment 200 I are inpurs 
co rhe assessmenr of rhe ecological impacc of che 
changes ro hydrology, habirar, sedimenr and 
nurricnr regimes wirhin rivers and esruaries. 
These assessmencs are pare of rhe A11stmlin11 
Cntchment, River n11d Estumy Assessment 2002 
reporr. T hese commo n propercy resources and 
chcir condicion are good integrated indicarors of 
chc suscainabi li cy of our land use patterns and 
are key un-priced values that rhe community 
aspires ro rccain and use. 
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Access to data and information 

Governmenr and public alike seek improved, 
solutions-orientated and more accessible 
information on our natural resources. Access ro 
information increases opportun ities for 
informed dcbare and cosr effccrivc and efflcienr 
investmenr in narural resource managemenr 
accivities. Audie acrivities have improved access 
ro nacural resources informat ion through 
inrernet and darabase tech nology. The Audie's 
Ausrralian Natural Resources Arias 
(www.environmenr.gov.au/aclas) and Dara 
Library (http//adl.brs.gov.au/) provides access ro 
summary daca and informarion at nat ional, 
Seate and regional scales as wel l as an access 
poinr ro projccr documenrarion underpin ning 
chis summary reporc. 
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LAND USE AND CLIMATE 

Ausrra lia has a land area of 769 mill ion hecrares. 
In 1996/97, rhe lasr Ausrralian Bureau of 
Srarisrics agriculcural census year, nearly 60% of 
Ausrralia was classified as 'agriculrural land' . 
Over 90 % of agriculrural land is land used for 

Figure I . I Australia's climate zones. 

Climat e classes 

Equatorial 

- rainforest (monsoonal) 

- savanna 

Tropical 

- rainforest (persistently wet) 

- rainforest (monsoonal) 

- savanna 

Subtro pical 

- no dry season 

distinctly dry summer 

distinctly dry winter 

moderately dry winter 

Desert 

- hot (persistently dry) 

- hot (summer drought) 

- hot (winter drought) 

warm (persistently dry) 

Grassland 

- hot (persistently dry) 

hot (summer drought) 

hot (winter drought) 

warm (persistently dry) 

warm (summer drought) 

Te mperate 

no dry season (hot summer) 

- moderately dry winter (hot summer) 

- distinctly dry (and hot) summer 

- no dry season (warm summer) 

- moderately dry winter (warm summer) 

- distinctly dry (and warm) summer 

- no dry season (mild summer) 

6 

distinctly dry (and mild) summer 

no dry season (cool summer) 

exrensive livesrock grazing and is mai nly under 
leasehold cenure. Australian agriculture operares 
wirhin a diverse and variable climare (Figures 
I. I, 1.2). Table I. I and Figure 1.3 show rhe 
exrenr and geographic locarions of broad land 
use groups. 

Source: Bureau of Meteorology 

© Commonwealth of Australia 2002 



Figure 1.2 Mean annual rainfall fo r Austra lia. 
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Figure 1.3 Broad land use by category across Australia. 

- nature conservation 

- other protected areas including Indigenous uses 

- minimal use 

c==J livestock grazing 

- forestry 
dryland agrkulture 

- irrigated agriculcure 

- built environment 

- water bodies not elsewhere classified 

Dat a source: 

Austra lian Agriculture Assessment 2001 NLW RA (200 1e) 

© Commonwealth of Australia 2002 

Table I . I Broad land use in Austra lia. 

Broad land use 

Agricultural land 

Forestry 

livestock grazing 

dryland agriculture 

irr igated agriculture 

Nature conservation 

Other protected areas (including Indigenous uses) 

Minimal use 

Built environment 

Water bodies not elsewhere classified 

No data 

Total 

So urce: N ational Land Use Map V2 (Stewart et al. 200 I) 

8 

Area 

(million ha) 

472.6 

430.1 

40.3 

2.2 

15.2 

49.9 

102.6 

120.8 

2.4 

5.0 

0.2 

768.7 

Proportion of t ot a l 

(%) 

6 1.5 

56.0 

5.2 

0.3 

2.0 

6.5 

13.4 

15.7 

0.3 

0.6 

100.0 



T he area of agricultural land reached a peak of 
500 mi ll ion hectares in the mid- I 970s but has 
decl ined since then- in 1998/99 the area of 
agriculrural land was 453.7 million hectares. In 
the same year 22.5 million hectares were sown 
ro pasrure and grasses and 23.3 mill ion hectares 
of land were under crops (ABS 2000). Less than 
6% of Australia is under cul tivation or intensive 
graz111g. 

Figure 1.4 Vegetation clearance since 1788. 

~ Presem vegetation extent 

- Rainforest and vine thickets 

- Eucalypt tall open forests 

- Eucalypt open forests and low open forests 

- Acacia forests and woodlands 

- Callitris, casuarina and other forests and woodlands 

Melaleuca forests and woodlands 

Eucalypt woodlands 

Eucalypt open woodlands 

Tropical eucalypt woodlands/grasslands 

- Low closed forests, closed shrublands and other shrublands 

- Mallee woodlands and shrublands 

Acacia open woodlands 

Acacia shrublands 

Chenopod shrubs, samphire shrubs and forblands 

- Heath 
- Tussock grasslands 

Other grasslands, herblands, sedgelands and rushlands 

Hummock grasslands 

- Mangroves. samphires, sand. rock, salt lakes, freshwater lakes 

Our use of land has sign ificantly changed the 
landscape since European settlement. These 
changes have occurred mostly in the eastern, 
south-eastern and south-western parts of the 
continent. Most of the land clearing occurred 
prior to 1980 (Figure 1.4). Whereas in the 
1950s, 1960s and early 1970s tax concessions 
were given ro fa rmers who cleared land, now 
there are legislative restrictions and management 
controls on land clearing in all States and 
Terri tories. 

o~ 

\!fl 

So urce: Australian Native Vegetation Assessment 200 I (NLWRA 
2001c) 

© Commonwealth of Australia 2002 
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The area under improved pasture increased 
rapidly during rhe rwo decades ro 1970 bur 
since rhen, fu rther increases have been marginal. 
Over rhe pasr 20 years rhe area under cropping 
has flu cruared around a slighrly upward rrend 
(Figure 1.5). 

Parrerns of land use on agricultural land are 
shown in Figure 1.6 and are dera iled in the 
Audit's report on land use change, diversiry and 
sustainability of agricultural enterprises 
(NLWRA 200 1e) . 

Figure 1.5 Trends in areas under improved pasture and crops. 

35 
crops 

~ 
30 

fl 
v .. 

.r: 25 

0 
~ 20 c 

~ 
l 15 .. 
~ 

<( 
10 

5 
1951 1955 1960 1995 1970 1975 1980 1985 

Year of reporting 

Difference due to change in basis of data collection by ABS 

Data source: Australian Bureau of Statistics Catalogue number 71 17.0 (various years) 

Figure 1.6 Agricultural land use in Australia. 

Land uses 

beef 

sheep 

grains 

- dairy 
sugar cane* 

cotton* 

- horticulcure and fruit trees* 

- rice* 

The land use has been scale exaggerated to be made visible. 

Data source: Australians and Natural Resource Management 2002 database 

© Commonwealth of Australia 2002 
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Significant changes in commodities- largely 
reflecti ng changes in relative proflcabiliry of 
alternative enterprises- have occu rred over the 
past three decades. They include: 

in the early 1970s during the boom in beef 
prices, beef cattle enterprises expanded 

rapid ly in southern regio ns replacing 
cropping and sheep enterprises; 

since 1996, cropping has expanded in 
response to favourable grain prices relative 
to wool and beef, and areas under 
horticulture (such as wine grapes, bananas 
and t ropical fruit) have increased ; 

deregulation of acreage controls in the 
sugar industry has led to a signi ficant 

expa nsion of the area under sugar cane. 

T he area of land irrigated in 1997 was around 
2 . I million hectares, or 5% of the total area 

under c rops o r sown pascures and grasses. 
Derails are shown in Table 1.2. T he area of land 
irrigated increased to 2.3 million hectares in 
1998 and 1999. Substan tial increases in the 
areas of irrigated horticulture, sugar cane and 
rice, and especially cotton have occu rred over 

the past 30 years. Irrigated cot ton, fo r example, 
has increased from around 50 000 hectares in 
1980 co 375 000 hectares in 1999. 

Privately managed land, including urban land, 

in Australia makes up nearly 63% of the area of 
Australia. Abo ut 2 1 % is freeho ld and 42% is 
c rown leasehold , the latter normally being held 
o n long-term lease or licence (AUSLIG 200 1). 
Leasehold tenure ranges from perpecual lease to 

the occasio nal annual lease (see N LW RA 200 1 b 
for greater detail). 

Table 1.2 Areas under irrigatio n and quantities of water used ( 1996/97). 

Irrigation sector NSW NT QLD SA TAS VIC W A Australia Percent 
Areas under Irrigation ('000 ha) of Aus total 

Pastures 246. I 0 . 1 47.7 SO. I 24.8 454.7 10.6 834. 1 42 .6 

Cereal crops• 279.5 0 .1 30.7 2.9 2.2 18.6 1.9 335.9 17.2 

Vegetables 14.5 0.3 2 3.4 8 15.3 19.9 7.3 88.7 4.5 

Sugar cane 172.3 0.9 173.2 8 .9 

Fruit 19 I.I 22.5 13.8 2.4 18.6 4.8 82.2 4.2 

Grapes 15.2 0.1 0.8 3Q.4 0.2 20.8 2.6 70. I 3.6 

Other crops 232.5 0.1 106.3 10.2 6.8 13.4 2.3 371.6 19.0 

Tota l 806.8 1.8 403.7 115.4 51.7 546 30.4 1955.8 100.0 

Quantity o f water use db (Gl) 

Pastures I 049.5 1.2 102.0 105.7 38.5 I 766.8 57.4 3 121.0 37.6 

Cereal crops> I 406.7 53.7 1.4 0.9 38.6 3.8 I 505.1 18.1 

Vegetables 38.7 15.1 43.0 37.4 14.9 39.5 18.2 206.9 2.5 

Sugar cane 6S9.5 6.1 665.6 7.9 

Fruit 11 8.7 3.3 46.4 250.8 0.9 81.4 10. I 5 11.8 6.2 

Grapes 56.0 0.3 1.9 225.2 0.8 89.7 2.8 376.8 4.5 

Other crops I 329.3 0.3 407.0 66.7 8.2 105.9 5.3 I 922.7 23.1 

Tota l 3 998.9 20.2 I 3 13.5 687.2 64.2 2 121.9 103.7 8 309.9 100.0 

Includes rice 

b Derived from ABS agricultural survey data 

Source: Australian Bureau of Statistics Oune 1999) 
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Figure 1.7 Distr ibution of land tenure types in Australia. 

- forest/conservation/water 

- private freehold 

- private leasehold 

- Indigenous private freehold 

- Indigenous private leasehold 

Indigenous reserve 

- reserved crown land 

assigned land 

Data source : AUSLIG (1993) 

© Commonwealth of Australia 2002 

Table I .3 Land tenure in Aust ralia. 

Land t enure cate gory• 

Private land 

• freehold 

• crown leasehold 

Public land 

assigned land 

nature conservation reserve 

forest reserve 

other crown land 

other 

Indigenous land 

freehold 

leasehold 

reserve 

Tota l 

Area 
(million ha) 

482.0 

158.5 

323.5 

176.8 

96. I 

52.4 

14.8 

8.1 

5.4 

109.5 

72.7 

16.6 

20.2 

769.0 

* Excludes State/Territory and Commonwealth waters. and seabed. 

Source: AUSLIG Land Tenure database ( 1993) 
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Propo rtion o f total 
(%) 

62.7 

20.6 

42.1 

23 .0 

12.S 

6.8 

1.9 

I. I 

0 .7 

14 .3 

9.5 

2.2 

2.6 

100.0 



Likewise, Indigenous land may be freehold , 
leasehold or reserve and can be broadly defined 
as those areas under a range of title available fo r 
the use, benefit and residence by Aboriginal and 
Torres Strait Islander people. A considerable 
proportion of these lands are used for 
agricultural (mainly pastoral) purposes. 

Public land includes land that is reserved or 
owned for public purposes or is vacant and 
under government administration. It includes 
reserves for nature conservation, forestry, water 
conservation, mining, defence, and vacant and 
other crown land (Table 1.3 and Figure 1.7). 
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Productivity in agriculture 

Broadacre agriculrural industries in Ausrralia 
have shown subsranrial increases in producri vity, 
especially rhe croppi ng industries (Figure 1.8). 
Producriviry ga ins come from increasing ourpurs 
for a given scr of inputs or reducing inpurs 
relative to ourpurs. Overall, total factor 
producrivity* growrh in rhese industries has 
been approximately 2.6% each year over the 
past 20 years. 

Agricultural productivity in rhe decade to rhe 
mid- I 980s was subsranrially greater rhan 
producriviry growrh in rhe rest of the Australian 
economy bur, since then, productiviry growth in 
the economy generally has rendecl to march or 
exceed that in agriculrure (Parham 1999). 
Measures of productivity growth in agricul ture 
are influenced by seasonal flucruarions and 
commodity prices. 

Over rhe pasr 140 years rhe area under crops has 
expanded substantially, especially since 1960 
(Figure 1.9). Increases in crop producrion over 
rhe past two decades have come primarily from 
increases in yield rarher rhan in area sown (see 
Figure I. I 0 fo r wheat}. 

Figure 1.8 Productivity growth in Australian broadacre agriculture ( 1977/78 to 1998/99). 

Crops specialised 

Mixed crop li'lestock 

Beef 

Sheep beef 

Sheep 

All crops 

All broadacre 

0.0 o.s 1.0 l.S 2.0 2.S J.O 3.S 4.0 

Percent per year 

Data source: ABARE (2000) 

• 
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Toto/ (actor productivity for an industry or sector is a measure of total o utputs to total inpulS. Diverse outputs and inpulS a re expressed 
in terms of indices. In this case, so-called Tornquist indices are used. Total factor productivi ty for a year is derived by dividing the index 
of total outpuu by the index of total inputs.Annual growth rates of total factor productivity are then derived by filling a logarithmic 
trend line, with the annual index data being regressed against a time variable. 



Figure I . 9 Area of winter grains in Australia since 1860. 
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Figure I . I 0 Wheat yield and area. 
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WATER RESOURCES AND USE 

Australia has less than I% of the total available 
renewable fresh water resources of the world. 
Key features of Australia's water resource 
avai lability and use are listed. 
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O nly 12% of rainfall runs off to collect in 
rivers. 

Australia's northern drainage divisions­
Timor Sea, Gulf of Carpenta ria and 
Norrh-Easr Coasr- accounr for about 60% 
of divertible fresh surface water resources 
but the volume of water actually diverted 
and used in these drainage divisions is 
qui te low (Figure I. I I). 

In contrast, the Murray-Darling drainage 
division accounts for only about 12% of 
rhe potentially divertible fresh surface 
water bur nearly all of th is is diverted and 
used (Table 1.4). 

In several drainage divisions in southern 
Australia, development of water resources 
is approaching or in some cases has 
exceeded sustainable ex traction limits 
(NLWRA 200 la). 

26% of Australia's 325 surface water 
management areas are either fully used or 
overused when compared with sustainable 
Aow regime requirements. These account 
for 55% or I 3 200 G L of water use in 
Australia. 

Australia has an estimated 25 780 G L of 
groundwater rhat could be sustainably 
extracted each year for livestock and 
domestic use and for irrigation. About 
I 0% is currently used. However, 16 I or 
30% of Australia's 535 ground water 
management units are close to or overused 
compared wi th their estimated sustainable 
yield. 

Water use increased by nearly 60% in the 
13 years to I 996/97 ro 24 000 G L. 75% of 
rhe water used in Australia is for irrigation 
with an increase of 70% over the same 
period. Urban or industrial uses account 
for 20% of total water use and this has 
increased by 53% over this 13-year period . 
Water for ru ral domestic use accounts for 
only 5% of total water use. 

While data on water quality is lacking at a 
national scale, some 65 basins assessed for 
water quality were found to have major 
exceedances of guidel ines for nutrients, 
salinity or turbid ity (NLWRA 2001 a). 
Major exceedances of salini ty were most 
prominent in the Murray- Darling and the 
South-West Coast drainage d ivisions. 

Australia has a combined large dam storage 
capacity of 79 000 GL and an estimated 
9% of total water stored is accounted for 
by private clams on farms. 



Figure I. I I Percent run-off from each drainage division. 
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D ata sou rce: 
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Ta ble 1.4 Summary of Australia's surface water resources. 

' 

24.5 

2.2% , 

Drainage division Mean annual run-off' D ivertible fresh surface water• 
(GL) (GL) 

TimorSea 83 320 22 000 

Gulf of Carpentaria 9S 61 s 13 200 

North-East Coast 73 411 22 900 

Indian Ocean 4 609 23S 

Western Plateau I 486 102 

Lake Eyre 8 638 204 

Bulloo-Bancannia S46 4 1 

Murray- Darling 23 sso 12 300 

South-East Coast 42 390 14 700 

South-West Coast 6 78S 390 

South Australian Gulf 9S2 160 

Tasmania 4S S82 10 900 

Australia 387 184 98 100 

So urces: 

Australian Water Resources Assessment 2000 (NLWRA 200 I a) 

b Water Review ·as Department of Primory lndllstries and Energy ( 1987) 

18.80%./ 

Volume diverted' 
(GL) 

48 

S2 

3 I 8S 

12 

< I 

12 OSI 

I 8S2 

373 

144 

4SI 

18 147 
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RETURNS FROM AGRICULTURE 

The Ausrralian Bureau of Statistics and Austral ian 
Bureau of Agriculcural and Resource Economics 
report on a range of measures rhat rrack rhe 
performance of rhe agricultural sector. 

Australian Bureau of Statistics 

Repores several measures as pare of rhe 
national accounts and also measures rhe 
financial performance of farms from irs 
Agricul tural f-inance Survey-of 
management units undertaking agricultural 
acriviry having an estimated value of 
11grim/111ml output of $22 500 or more. 

Every five years, conduces a census of all 
agriculcural enrerprises with an economic 
value of agriculcural output in excess of 
$5000. 

Australian Bureau of Agricultural and 
Resource Economics 

Reports annually on the financial 
performance of broadacre and dairy fa rms 
from its annual farm survey program based 
on agriculrural operacions wich a similar 
minimum estimated value of agricultural 
output. 

• Occasionally reports financial estimaces for 
some ocher agriculcural indusrries. 

Presents aggregate esrimaces of gross value 
of farm production, farm costs and net 
value of farm produccion (ABARE 2000) 
derived from Austral ian Bureau of Starisrics 
data. 

Each measure of performance is designed for a 
speci fic purpose bur none is avai lable ac a very 
fine scale. Consequenrly the performance 
measures fa ll shore of what is required for some 
resource management planning and assessment 
purposes. 
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A major projecr commissioned by the Audit 
esti mated the net recurns to the agriculcural 
resource base on a reasonably fine scale (I: I 000 
000) for the base year 1996/97 and the average 
of fi ve years ending 1996/97 (CS I RO Pol icy and 
Econom ic Research Uni t 200 I). Ner returns are 
calculaced based on the concept of profit at /11/l 
equity (see Box 1.1 ). For each I square kilometre 
of agriculcural land in Australia nee returns were 
calculated and mapped based on dominanr land 
use, the local gross value of production, and 
coses of production including costs of capical 
and managerial labour. The net return escimaces 
presented here are average profit ac full equiry­
effecrively the profit or ner recurn to che natural 
resource base and managerial ski ll under currenr 
farm ing conditions. From the avai lable data sets 
ic is noc possible co separate the return to the 
nacural resource base from che retu rn to 

managerial skill. T he escimate does not include 
income received fro m off-farm sources. As a 
consequence of the fu ll equity assumption, 
cransfers in che form of inreresr payments are 
noc deducted. 

A spacial representation of profit ar full equity 
across rhe Austral ian agricultural landscape 
provides a usefu l basis on which to evaluate 
coses and benefits of land use. Land degradation 
coses and investmenr in remedial management 
can be combined wirh chis profitabili ty 
perspective to guide decisions on land use 
change and further investment. 



BOX I. I THE CONCEPT AND METHOD OF ESTIMATING PROFIT AT 
FULL EQUITY 

Profit at full equity is a measure of the net returns to land and water resources used for agriculture and the 

managerial skill ofland managers. The concept is based on the assumption that the land is fu lly owned (I 00% 

equi ty) and that all income is derived from fa rming. The definition of profit at fu ll equity used in this report is 
similar to that used by the Australian Bureau of Agricultu ral and Resource Economics in its fa rm surveys and 
the Australian Bureau of Statistics, with some minor d ifferences. W hereas the Agricultu ral and Resource 

Economics, and Australian Bureau of Statistics estimate profit at full equity for a fa rm un it chat includes 

income earned by contracting and all members of the farm family. H owever, the measure presented here is 
derived with reference co a square kilometre of agricu ltural land classified by ind ustry/commodity type as 
represented in the national land use map. Off-farm income (net revenue derived off farm from the use of farm 

resources, such as for carting grain or contracting to help repair a shire road) is also included in the Australian 

Bureau of Agricultural and Resource Economics and Auscral ian Bureau of Sratistics estimaces but there is no 
allowance for chis here. In this reporr, profit ac fu ll equity is defined as: 

Profit at full equity 
($/ha/yr) 

= 
1 

price x quantity produced 
1 

Revenue 

Revenue [ unit price 
x 

quantity 
x turn ] 

off rate + 
($/t or $/DSE) (t/ha or DSE/ha) 

Variable costs [ quantity-dependent quantity 
+ x costs 

($/tor $DSE) 

variable costs fixed costs 

[ price of 
secondary product x 

yield of 
secondary product x quantity ] 

$/Lor $/kg) (UDSE or kg/DSE) 

area-dependent ] + [ water wa_ter] x costs requirement price 
($/ha) (Uha) ($/L) 

Fixed costs fixed operating costs 
($/ha) 

+ fixed depreciation costs 
($/ha) 

+ fixed labour costs 
($/ha) 

Revenue is derived from: 

information abouc yields for rhe area in question; 

derived local prices; and 

price and production data for agri cultural 

commodities recorded by the Australian Bureau 
of Statistics at the statistical local area level. 

Data on fixed and variable coses were derived from 
Agric ultural and Resource Economics data ac a 
regiona l level. Interest or re nt payments, and 

depreciation on leased items were excluded in line 

with the fu ll equity assumpcion. 

Net economic return is defined as: 

Use was also made of State government gross marg in 
information handbooks which give quanrity and area­

dependent variable costs of agricultu ral p roduction 

fo r various enterprises. Informacion on land uses was 
derived from the Aud it's land use maps representing 
67 land use types. Using sacellice imagery, measures 

of vegetation vigou r referred to as the normalised 

difference vegetation index or 'greenness' are used to 

distribure production in proportion to yield variation 
across each statistical local area. 

Net economic return = profit at full equity - net government support 

Information on government support to agriculture was derived from Productivity Commission report ( 1998). 
State and industry aggregace estimates were converted to a value per hectare or percentage of gross product 

value. 

Such spacially explicit data sets relating economic returns co agricultural land uses and the natural resource 

base provide a critical link between land management strategies and thei r economic consequences. Further 
information on the method used in estimating profit at full equity and net economic returns to land and water 
resources can be found in Appendix I of CSIRO Policy and Economic Research Unit p roject report (2002). 
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NETVALUE OF AGRICULTURAL PRODUCTION 

How much profit is derived from agriculture in 
Ausrralia? Table 1.5 presents esrimarcs of rhe nee 
value of agriculcural producrion. T hey were 
derived from chis Audie assessment using 
Australian Bureau of Statistics and the 
Australian Bureau of Agricultural and Resource 
Economics data in association with maps of 
land ten ure and information on value of 
production fro m local sources when rhis 
info rmation was nor available from Agriculcural 
and Resource Economics o r che Australian 
Bureau of Scaciscics. For the three estimates, 
rhere arc slight differences in definition and 

differences in derivation al though the basic 
source for most components is Australian 
Bureau of Scarisrics agriculrural surveys. 
Esrimates of agricultural income from 
Australian Bureau of Statistics and the 
Australian Bureau of Agricultural and Resource 
Economics arc shown for comparison (Figure 
1.12). Despite differences in derivation and 
definition, che estimates are reasonably 
comparable and indicate that for 1996/97 
profits from agriculture were in the order of 
$4.2 billion ro $6.5 bill ion. One of the reasons 
for the difference is that the Audit's estimate 
includes all agricultural land. 

Table 1.5 Comparison of data sets estimating net value of agricultural production ( 1996/97). 

ABS" A u di tb A BARE' 
($ m) ($m) ($m) 

Revenue 24 694 28 419 28 086 

Costs 18 317 21 865 23 808 

Net value of agricultural production 6 377d 6 555 4 279 

Agricultural income• 5 962 

(million ha) (million ha) (million ha) 

Area o f agricultural land 453.7 472.7 466. I 

Derived from: ASS 1998, 7507.0 Agricultural Industries, Financial Statistics. Australia, Final Issue ( 1996197). Australian Bureau of Statistics. 
Canberra. These values are only for indust ries that are also represented in th is project. 

b Prepared by CSIRO. Policy and Economic Research Unit. 

Derived from ABARE 2000. I 999 Australian Commodity Statistics. Australian Bureau of Agr iculture and Resource Economics. Canberr a. 

d Determined by subtracting Australian Bureau of Statistics costs from Australian Bureau of Statistics revenue. 

e ABS 1999. Australian System of Nationol Accounts 1997198. Cat. no. 5204.0. Canberra. 
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Figure 1.12 Movements in net value of rural productiona and agr icultural incomeb. 
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ABARE 2000, Australian Commodity Statistics. Canberra. 

b ABS 1999, Australian System o( Notional Accounts 1997198, Cat. no. 5204.0, Canberra. 
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SPATIAL ESTIMATES OF PROFIT AT FULL EQUITY 

Over the five years to 1996/97, the net returns 
per hectare co che land resource in the arid or 
semi-arid interior where extensive grazing 
predominates, have been negative or very low. 
O nly relatively small areas of Australia have high 
returns per hectare and these are confined 
largely to che irrigated southern regions and 
pares of southwest Q ueensland (Figures 1.13, 
1.14) . 

Over che five years to 1996/97 total profit at full 
equity from agriculture averaged $7.5 bill ion, 
with the land use groups of dairy, cereals and 
coccon accouncing for over 50% of profit. The 
depressed scare of che sheep industry over chis 
period is readily apparenc {Table 1.6). 

Since 1996/97 wool, sheep meac and beef prices 
and profits have recovered signiflcancly (Figure 
1.15). Undertaking a re-analysis of profit ac fu ll 
equi ty using che 200 I Agriculcural Census once 
ic becomes ava ilable should reAecc these more 
recenc changes in agriculture. 

A very small proportion of che Australian 
agricultural landscape produces mosc of the nee 
return to land, water, capital and management. 
Eighty percent of profit ac fu ll equi ty comes 
from 4 million hectares-less than 1 % of che 
area used for agriculcure. T his is highlighted in 
Figure I . 16 which shows che location of che 
most profi table areas of agriculture on a per 
hectare basis. Similarly, 14 river basins in 
Australia, ouc of a coral of 246, account for 50% 
of coral profits from agriculcure in Austra lia. 
Many of chese are major irrigation regions 
{Table 1.7). Estimates of profi t ac fu ll equity are 
dependent on commodity prices and will vary 
from year co year. More derailed est imates of 
profit at fu ll equi ty are presented in Appendix I. 
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Table 1.6 Profi t at full equity by dominant land use 
type. 

Land use• Five-ye ar m ean 1996/97 
($m) ($m) 

Dairy I 649 I 590 

Cereals I 305 I 836 

Cotton I 089 I 213 

Fruit 95 1 889 

Coarse grains 649 560 

Vegetables 593 508 

Beef 578 -718 

Grapes 482 468 

Sugar cane 264 167 

Tree nuts 68 71 

Oilseeds 63 93 

Rice 48 52 

Legumes 19 85 

Peanuts 17 23 

To bacco 15 13 

Hay 9 II 

Sheep -270 -306 

Total 7 530 6 55 5 

Figures are Australia-wide including extensive and intensive 
agriculture;. They have not segmented industry sectors. such 
as intensive beer o r feedlots. Profit from production from 
mixed farming enterprises (e.g. a wheat-sheep farm) are 
reported within each 'land use' class. 



Figure 1. 13 Agricultural I 
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Figure 1. 14 Agricultural profit at full equity: 1996/97. 
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Figure I . IS Price movements for major agricultural commodities. 
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Table I . 7 Contribution of river basins to total profit at full equity. 

Basin Total profit at full equity 
($'000) 

Cumu lative contribution to total for a ll agricu lture 
(%) 

Condamine-Culgoa Rivers 

Murrumbidgee River 

Namoi River 

Avon River 

Lower Murray River 

Hallee 

Border Rivers 

Gwydir· River 

Broken River 

Fitzroy River (Qld) 

Goulburn River 

Br isbane River 

Broughton River 

Macquarie-Bogan Rivers 

Subtotal 

Rest of Australia 

Total 

424 572 

418 392 

380 857 

303 668 

302 864 

283 720 

266 110 

225 494 

197 455 

196 296 

193 330 

191 824 

168 094 

159 375 

3 7 12 05 1 

3 817 938 

7 529 989 

5.6 

5.6 

5.1 

4.0 

4.0 

3.8 

3.5 

3.0 

2.6 

2.6 

2.6 

2.5 

2.3 

2.1 

49.J 

50.7 

100.0 
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Figure 1. 16 Areas in Australia accounting for 80% of profit at full equity ( 1996/97). 

- area generating 80% of PFE 

Data source: 

Australians and Natural Resource Management 2002 database 

© Commonwealth of Australia 2002 
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RETURNS TO WATER RESOURCES 

Over 50% of the total pro fi ts generated fro m use 
of agricultural and pasro ral land come from 

irrigation (Table 1.8) . Est imates of average 

p rofit at full equi ty per megalit re of wate r used 

per year (Table 1 .9) show the relative inrensi ry 

of water use. Land uses such as vegetables and 

fruit have h igh returns per unit of water used. In 

contrast, a high propo rtion of irrigation water is 

used fo r intensive pasture grazing, particularly 

dairying, where the returns per megalitre o f 

water are an order of magni tude less. 

For the major irrigation industries, the costs of 

water as a proportion of total input costs range 

fro m about 14-16% for dairy, sugar cane and 

rice; 3- 4% for grapes and cotton; and only 

1- 2% fo r fruit and vegetables. 

Table 1.8 Total profit at full equity generated from dryland and irrigated agriculture. 

Land use 

Dryland cropping and grazing 

Irrigation 

1996/97 
($m) 

2888 

3667 

N e t re turns 

Average of five years t o 1996/97 
($m) 

3691 

3839 

Based on a reclassification of the National Land Use Map (Stewart et a l. 2001 to ident ify irrigation areas). 

Table 1.9 Annual retu rns to water and intensity of water use (profit at fu ll equity, I 996/97)a. 

Land use Watey returns Total w a t e r use Percent of total water ose 
($/ML) (GL) (%) 

Beef J4 1080 7,2 

Cereals .9 87 0.6 

Coarse grains 116 518 3.5 

Cotton ~52 2 314 IS.S 

Dairy 94' 5 902 39.S 

Fruit 1276 665 4.4 

Grapes 600 781 5.2 

Hay 54 20 0.1 

Legumes 24 33 0.2 

Oilseeds 10 85 0.6 

Peanuts 90 25 0.2 

Rice 31 I 696 11.3 

Sheep 23 13 0.1 

Sugar cane 21 I 195 8 .0 

Tobacco 985 13 0.1 

Tree nuts 507 140 0.9 

Vegetables 1295 392 2.6 

All irrigated land uses 193 14 959 100.0 

Derived from estimates of mean water use per land use type in each region. 

Area"' 

(million ha) 

469.7 

2.3 

Water use 
(ML/ha) 

4 

3 

3 

7 

7 

7 

8 

4 

3 

3 

3 

II 

4 

7 

4 

6 

3 

7 

' 
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NET ECONOMIC RETURNS 

To fac ilitate imernarional debate about degrees of 
protection, rhe Organisation for Economic 
Cooperation and Developmem has developed a 
method for convening estimates of the coses of 
all fo rms of assiscance to agriculcural production 
into a producer subsidy equivalenc. T his is char 
amoum of money which, if paid in lieu of all 
governmem programs and arrangemencs such as 
research and extension that tend to increase che 
value of agricultural production, would result in 
farmers receiving the same net income beneflr. 
Arguably, if chis esci mace is deducted from profi t 
at full equi ry, the result is an estimate of the net 

economic return to the resource base and 
managemenr skill from agriculmral production 

in Australia (see Box 1.1) . Cricics of chis 
measure argue char the most appropriate 
measure is one chat effectively compares 
Auscralian agriculru re with the average degree of 
supporr for all agriculcure across che world. 

Profit at fu ll equiry is a measure of recurns co 
land resources and managemenr ski ll under 
control of private individuals. This results in 
esri mare of the net economic retum per hectare 
(see Box I. I). As explained above, estimates of 
the net value of supporr to agriculcure were 
de rived from data supplied to the Organisation 
for Economic Cooperation and Development 
and also data published by the Productivity 
Commission. T he total value of support co 

Figure I. I 7 Reporting regions used for the economic assessment. 

Moreton 

© Commonwealth or Aust ralia 2002 
0 . 

' ·% 
~Tasmania 
\_;,11 
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agriculrure, using rhe inrernario nally agreed 

measure of support was $2.2 b illio n in 1996/97 

or 34% of profl r ar full eq ui ry. Ir is apprecia red 

rhar all O rganisation for Economic Cooperation 

and D evelopmenr counr ries provide some 

support ro agriculrure and rhar on an 

inrernarional scale rhe level of support supplied 

by Ausrralia is relarively low. Moreover, under a 

scenario where rhere was global free rrade in 

agriculrural producrs, rhe narure of Ausrra lian 

Table I. I 0 Net economic returns by region. 

agriculru re would be q uire different. The measure 

does nor include rhe cost of environmenral 

programs such as rhe Na rural Heri tage Trust and 

rhe National Action P lan for Sal inity and Water 

Q ualiry. Net economic returns by reporting region 
are presented in Table I . I 0 . Esrimates of net 

economic retu rn by river basins are also presented 
in Append ix I . 

Region Support as portion 
of profit at full equity 

(%)2 

Net economic returns 
In 1996/97 

($m)l 

Burde kin 

Carpentaria 

Darling 

Far North Queensland 

Fi tzroy 

Goldfields 

Gulf 

Indian North 

Indian South 

Inland 

Moreton 

Murray 

NSW North 

NSW South & Central 

North Queensland 

Queensland South & Central 

SA Gulf 

South East Corner 

Southern 

Tasmania 

Timor Sea 

W A South 

W estern Eyre Peninsula 

Australian 2239 

-23 

.32 

16 

9 1 

S3 

I IS 

.44 

-20 

36 

-IS 

34 

34 

43 

100 

34 

41 

17 

90 

74 

7S 

21 

21 

3S 

34 

-78 

-83 

I S07 

36 

0 

-S 

- 10 

23 

- ISO 

189 

I 287 

78 

0 

131 

123 

364 

18 

62 

29 

47 

723 

23 

4 316 

This includes Commonwealth, State. Territory and local government support to agriculture. It has been dete rmined from nominal rates 
of Commonwealr.h assistance on outputs and State government outlays calculated as a por tion of farm gate value. D ata on nominal 
rates of assistance are assembled and published by the Productivity Commission. 

2 Negative percentages are given in regions where the tota l 1996/97 profit at full equity is also negative. 

3 Net economic return is equal to profit at full equity less government support. 
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LAND VALUES 

The marker value of agricultu ral land should 
reflect irs expected money earning capacity. In 
most cases rhis is generally so bur near large 
cities and towns and on rhe coast, land values 
are often more a reflection of demand for non­
agriculru ral uses and values. T hese include 
ameniry and li fesryle values. 

The value of land used for agriculrure may also 
be affecred by rhe perceived degree of 
degradation on rhar land (see Chapter 4). 

Estimates ofbroadacre farm land values generally 
increase as one moves from rhe arid imerior regions 
to rhe more settled higher rain fa ll regions in rhe 
eastern , southern and south-western coasrs, as 
shown in Figure 1.1 S(A) (for 1996/97) and 
Figure 1.1 S(B) (five-year average 1992/93 ro 
1996/97). 

Figure 1. 18 Land va lues of broadacre farms- as estimated by the Australian Bureau of Agricultural and 
Resource Economics survey respondents. 

Land va lues 
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- > 1000 

Data source: ABARE (2000) 

© Commonwealth of Australia 2002 
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SOME LONG-TERM TRENDS AND DRIVING FORCES 

Continuous change in the structu re and social 

characteristics of agriculture in Australia mirrors 

sim ilar trends in nearly all developed countries. 

The nee value of agricu ltural production in 

Australi a has grown in absolute te rms but other 

seccors of the economy have grown much faster. 

Because of increases in cechnological efficiencies 

in agricultural productivity as well as demand 
fo r labour in ocher sectors, there has been a 

movement of labour out of agricu lrnre into 

other sectors of the economy. Consequently 

agriculture has steadi ly declined as a contributor 

to total economic growth as measu red by gross 
domestic produce (GDP) and coral value of 

exporcs. The number of agricu ltural 

establishments (farming businesses) has decl ined 

bur rhe average size of farms has increased 

(Figure 1.1 9). Farmers' terms of trade and the 
real net value of agricultural production have 

both show n strong downwa rd trends (Figure 

1. 20). Fa rmers, however, have responded to 

these changing conditions by adopting more 

efficient technologies. Strucmral changes are the 
inevitable consequence of economic maturity as 

a nation moves away from a heavy rel iance on 

the p rimary industry sector. In Australia's case, 

the economy's dependence on agricu lture has 

declined markedly over the past rhi rry years 
(Figu re 1. 2 1). 

Figure 1.19 Change in farm number and area ( 1960--2000). 
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Figure 1.20 Farmers' terms of trade and the real net value o f agricultural production. 
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Figure 1.21 Contributio n of agricu lture to economic growth (GDP), employment and exports. 
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MANAGING NATURAL RESOURCES 

Awareness of Australia's natural 

resource management challenges 

T here a rc many goals and stakeholders in 

managing natu ral resources. Goals of private 

la nd owners include: 

main ta in ing sustainable profit Aows from 
enrcrprises that uril ise che landscape such 

as agricu lcure and rourism; and 

main ta ining and im proving aeschecics and 

landscape urili ry on sire for che benefi c of 

the land owner or manager. 

Public goals include: 

aeschecics; and 

maintaining landscape uciliry rhar provides 

services such as clean water. 

D riven by the precau tionary principle, concerns 

abou t inter-generat ional equi ry or fo r ethical o r 

other reasons, they also include protect ion and 

resro rarion of rhe environment for ics own sake. 

Public and private goals a re nor always 

consiscenc although in some a reas and 
indust ries, productio n and conservacion 

objectives can be del ivered by rhe same natural 

resource management approach. In addition, 

private management decisions o n sire can have 

off-s ire impacts on both production and 
co nserva cion in orher areas. Divergence in goals 

and rhe off-sire impacts present rhe main 

problems fo r nacural resource management. 

Governmenrs, as agents of sociery, are 

increasingly concerned about percept io ns of 

worsening resource condi tion. T his is driven, in 

part, by rhe values char sociery as a whole places 

o n che natu ral enviro nment, not only due ro 

greater recognitio n of rhc services provided by 
che environment, bur also its inrrinsic value. 

Th is is reAecred in the increasing controls 
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placed by Stare and 'fe rrirory legislat ion on the 

use of resources on private land (e.g. restrict ions 
on land clearing and rainfall harvest ing) . Wi th 

sociery increasingly demanding the susta inable 

use of natu ral resou rces, private resource 

managers are coming under pressure ro take 

accounr of rhe public benefits and costs and the 
off-sire impacts of their management decisio ns 

as well as their own benefits and costs. 

Deterioration in the q uality of the resource base 

occurs fo r many reasons. Natu ra l processes such 

as erosion are often accelerated by human 

discurbance, bu t some occur regardless of the 

actio ns of humans (e.g. soil acidiry and sodiciry 
are an inherent part of rhe resource base) . 

Deterioration due ro human interference can 

also be due ro a lack of knowledge, delivering 

shorr-rerm needs at the cost of longer-term 

returns, or del ivering private returns at the cost 

of public retu rns. W h ile addressing lack of 

knowledge can lead ro a win-win outcome, an 

explicit consideratio n of the public and pri vate 

benefi ts and costs is required fo r sensible 

resource management where private and public 

interests do nor align. 

The scale and scope of problems with rhe 

nacura l resource base a re described in C hapters 

4 and 5, which bring rogerher biophysical 

information o n landscape change and economic 

info rmat ion on the value derived fro m using rhe 

resource base. \X/hile econo mic data on fucure 

coses or profics fo regone provide in formation 

abou t potential gains by add ress ing natu ral 
resou rce management (and so me inherent) 

problems, ir does nor rel! us anything about 

optimal management of che resource as ir does 

nor add ress che cost of correcting the problem. 

In many cases damage may nor be reversible or 

che cosc of addressing che problem may greatly 

outweigh rhe benefits-both private and public. 



T he cosr of change in resource managemenr 
pracrices is nor jusr rhe financial cosr. Ir includes 
rhe personal cosr of making decisions, increased 
perceived risk and having ro acquire rhe skills 
and knowledge ro implemenr change. \X!here 
rhese cosrs arc h igh for individual resource 
managers, even 'no regrers' solurions may nor be 
implemenred. Some of rhe characrerisrics of 
farmers rhar impacr on rhcse cosrs arc discussed 
in Chaprer 3. 

T he risks associared wirh change in resource 
managcmenr pracrices involve a complex 
inreracrion of agriculrural pracrices and sysrems, 
inpurs, ourpurs, prices, unconrrollable 
consrrainrs (e.g. wearhcr) and resource and 
social prioriries. Ulrimarely all rhese issues musr 
be incorporared inro any narural resource 
managemenr framework rhar rakes inro accounr 
varying response rime frames. 

The cosrs and bencfirs from narural resource 
managemenr are nor sra ric. The social cosrs and 
benefirs do nor necessarily equal rhe su rn of 
privare cosrs and benefirs. T he public benefirs of 
successful narural resource managemenr depend 
on rhe values placed on social rerurns­
recrearion opporruniries, ecosysrem services and 
exisrence values- rhar are rising wi rh rhe 
growing urban popularion and rhe change in 
social norms rhat favou r a high qualiry natural 
environmenr. Falling commodity prices in real 
rerms are reducing the private reru rns ro narural 
resource managemenr rhar aim ro preserve rhe 
resource base for agriculrural use. Private land 
owners wi ll have lirrle inccnrive ro invesr in 
narural resource managcmenr fo r society's well 
being if rhe p rivate returns from rhe investmenr 
fa ll shorr of rhe costs. 

The role of government in natural 
resource management 

\X!here all cosrs and benefirs of narural resource 
managcmenr arc borne by rhe individual (no 
public costs or benefi rs), the landholder needs ro 
make oprimal decisions in regard ro natura l 
resource managemcnr. In rhese cases rhe 
governmcnr has li rrle role in dirccring natural 
resource managcmenr as, even if managers are 
poorly info rmed about rhe rrue cosrs and 
benefir, rheir decisions im pacr only on 
themselves. However, ir is rarely rhe case rhar 
poor decisions will nor impact beyond rhe 'farm 
gate'. Even where off-sire physical impacrs such 
as dusr srorms and increased rurbidity in 
waterways mighr be minimal, rhe 
socioeconomic impacrs of poor longer-term 
proflrabiliry of rhe enrerprises provide a role for 
governmenr, indusrry, rhe communi ty and even 
neighbours, in providing informarion and 
decision-making supporr. 

Government has a more active role in 
prevenring or mi rigaring exrernaliries or off-sire 
effects of poor management as rhe cosrs are 
widespread and degradation is often difficulr ro 
identify. Salinity is a clear example of acrions in 
one area affecting many resource users 
downstream, albei r with a considerable rime lag 
(e.g. the costs of sal ini ty incl ude reduced 
agricultural producrivity for downsrream 
farmers, loss of fishery resources, damage ro 
wetlands and the environmenr, and higher warer 
rrearmenr costs) . A berrer undersranding of rhe 
services provided by rhe naru ral environment, 
from cleaner air and water ro rhe services of 
generic diversity, has widened rhe concepr of 
exrernali ries. The potenrial benefits from 
prorecring some of rhe services provided by rhe 
narural environmenr are discussed in Chaprer 5. 
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T he challenges ro achieving susrainable narural 
resou rce managemenr srem mainly from: 

What are the challenges to greater 
investment in natural resource 
management? a b ck of knowledge abour rhe causes and 

consequences of resource use :rnd 
dereriorarion, and hence privare decision 
makers nor being fully informed in rhcir 
choices; 

some issues being inrer-generarional and 
requiring a long rerm view and srraregy; 

exrernaliries or spillovers where privare 
actions impact on rhe qualiry of rhe natural 
resources available to ochers; and 

differences becween private and publ ic 
objeccives, rime horizons, and the public 
good narure of many of the 'services' 
provided by rhe resource base. T hese 
services include existence services such as 
biodiversity and landscape aeschecics. 

T his Audie cheme has focused on che capaciry of 
individuals and rural communities ro change­
rhar is ro invest more and/or more wisely in 
resource managemenr. Capaciry ro change 
presupposes an awareness of currenr or future 
problems and a desire for change based on 
assessmenrs of benefi ts and costs. Yee che four 
challenges discussed above as being at rhe hearr 
of resource management problems explain why 
some desire change and why ochers do nor. 

Figure 2. 1 explains how an invesrmenc decision 
process might work with many feedback points. 

Figure 2. 1 A conceptual framework for decisions on natural resource management investment. 
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Awareness 

The fi rst challenge is understanding that there is 
a problem. A problem is nor jusr perceived or 
defined in biophysical terms. Ir imposes costs 
(e.g. loss of agricultural productivity, loss of 
ecosystem services and threa ts to ecosystem 
existence). These costs depend respectively on 
rhc market prices of fa rm production, rhc costs 
of services to replace those of the environment, 
and the values placed on the existence of natural 
ecosystems. But even recognising costs, and 
hence porential benefits, is nor sufficient- rhere 
musr also be recognised solutions. Lack of 
information on not only which management 
practices to undertake, bur also on rhe 
consequences of any management practice is 
perhaps the biggest challenge to investment in 
narural resource management. 

Motivation 

Challenges arise from confl icts between natural 
resource management for private and public 
returns and from competing uses of investment 
resources. T he motivation to address a resource 
managemenc problem comes from expected 
benefits exceeding expccred cosrs. These benefits 
and cosrs include rime and effort as well as 
financial returns, social impacts and changes in 
risk exposures. The discount rate rhar 
individuals and organisations apply impacts on 
their assessment of li fetime costs and benefi ts 
(e.g. farmers who are nearing the end of their 
working life and do nor wish to leave rhe farm 
to the nexr generarion may place a lower value 
on rhe longer-term benefit flow from such 
inves tments). 

Overcoming barriers 

The challenge to investment is to overcome 
barriers caused by lack of capacity rather rhan 
lack of understanding or motivarion. Capacity is 
defined here to mean physical and financial 
resources, skills, and institutions to implement a 
desired policy, program or action (e.g. 
investments that require large up-front cash 
injecrions, face fi nancial constraints and/or arc 
complex may be beyond the capacity of many 
landowners). Chapter 3 looks at the 
characteristics of individual fa rmers to sec how 
they interact with the characterisrics of practices 
and the impact on adoption. 

Investment can be a reorganisa tion of 
production systems, change in land use, as well 
as change in land managemenc practices. The 
challenge for policy makers is: 

to fu lly understand the narure of the 
problems and identify the barriers to 
adoption; 

to assess whether the gains from change 
will exceed the costs; and 

if this is the case, to design policies to 

reduce the barriers and promorc adoption. 

Natural resource management is all about 
invesrmenr in protecting and remediating the 
natural resource base and about encouragi ng 
people and communities ro acquire the 
necessary resources to do rhis. And like all 
investments, hard decisions have to be made 
about how much to invest relarive to orher 
invesrments, and what types and levels of 
invesrmenr yield satisfactory rerurns. Th is 
chapter develops a framework to address these 
issues. The overwhelming conclusion of the 
research for this work is that there arc no easy 
answers-but the work presented here should 
help guide decision-making processes as well as 
providing critical information to inform 
choices. 
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The institutional framework for 

natural resource management policy 

The 1992 I nrergovern menral Agreement on the 
Environmenr between the Commonwealth, 
States and Territories and the National Strategy 
for Ecologically Sustainable Development 
provided a framework for a cooperati ve 
approach to environmental decision making, 
policy development and program 
implementation. T he Council of Australian 
Governments and its Ministerial Councils and 
rhe working groups reporting co these bodies 
have rhe task of coordinating natural resource 
management policy. 

The Intergovernmental Agreement on the 
Environment also provided for the 
establishment of rhe National Environmenral 
Prorecrion Council. T his statutory body is able 
co make law and is made up of Ministers from 
State, Terri to ry and Commonwealth 
governmenrs. lt has responsibili ty for making 
environmental protection measures. 

Constitutionally rhe Scares and Territories are 
responsible for land and water management. 
Conseq uently in a federal system of 
governmenr, collaborative and consulrarive 
arrangements have been developed, regionally 
and local ly, ro deliver focused, acrion-orienred 
programs such as the National Landcare 
Program and Narural Heritage Trust. 

The National Strategy for Ecologically 
Sustainable Development commits Australian 
governments to ensure rhar land use decision­
making processes and land use allocations meer 
rhe overall goal of ecologically sustainable 
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development and are based on a consideration 
of all land va lues, uses and flow-on effects. 
Under rhe National Strategy for Ecologically 
Sustainable Development, govern ments are 
working to: 

clarify and publicise policies and legislation 
for land access (including the conservation 
and heritage estate); 

promote mul tiple and sequential land and 
marine area use, while recognising char 
rhere are areas of exceptional 
environmental or culrural value char are 
not compatible with economic 
development; 

develop cooperative and consultative 
arrangements between jurisdictions; and 

continue efforts to improve understanding 
of Australia's natural resource base and 
work towards land use planning and 
decision making processes which cake these 
values into accoun t. 

/11 recent years the Co1111110111Uert!th and the 
States have developed rt 1111111ber of strategies 
and plans designed to 111ove Australia fonvard 
in relation to 11rttio11ally important issues and 
to redress specific proble111s that are limiting to 
the productive ertprtcity of agriculture or 
posing risks to the enviro11111ent. 

Within the fim11e1Uork of the National 
Stmtegy for Ecologically Sustainable 
Development rt 1111111ber of strategies and plans 
provide rt focus for particular resource issues, 
i11d11di11g the Nrttio11rt! Greenhouse Strategy. 
National Strategy for the Co11servatio11 of 
Awtralirt's Biologiml Diversity. the Nrttio11ril 
Forest Poliq Strtte111e111, the National Weeds 
StmtegJ\ the Nrttio11rtl Strategy for 
Agric11lt11ral and Veteri11rtl)' Chemicals, the 
National Principles and Guidelines for 
Ra11gelf//1d Mrt11rtge111ent. 

SCA RM 1999 



Ini t ia tives also include the rev ised Nat io nal 

Overview for the D ecade of L1ndcare Plan (the 

main strategic plan fo r rhe Natio nal L1ndcare 

Program), the Natio nal Water Q uality 

M anagement Strategy and the Council of 

Australian G overnments \Xfate r Refo rm 

Fram ewo rk. 

Additional st rategies and plans are being 

developed berween rhe three levels of Australi an 

governments and regional and co mmu nity 
inrcresr groups. These include rhe National 

Acrio n Plan fo r Salin iry and \Xfarer Q uality, a 

Salini ty M anagement Srraregy fo r rhe Murray­

D arl ing Basin and a rehabi litation srraregy for 

rhe G rear Artesian Basin groundwater resource. 

T he Aud it has provided benchmark information 

fo r rhese and other in iriarives. 

The complex narure of rhe causes of lack of 

sustainab ility wirhin Australia and rhe range of 
pa rticipants requ ire a mix of instruments to 

provide effect ive solu tio ns. T herefore Aust ralian 

governments arc u ndertaking a ra nge of 

measures to add ress sustainab il iry issues. T hese 

measures incl ude: 

• developi ng pa rtnerships across Stare, 

Territory and local govern ments and 
communi ty gro ups rhat coo rdinate policies 

and act ivities to more effectively add ress 

resource degradat io n concerns that a re 

natio nall y significant. Examples incl ude 

agreements such as Regional Forestry 

Agreements for rhe management o f specific 

types of fo rests and srraregic management 

plans developed fo r specific regions. 

Iniriari ves such as rhe arural H e ritage 

Trust and rhe National Actio n Plan fo r 

Salinity and \Xfarer Q uali ty are funding a 

w ide range of acriviries ro add ress high 

prio riry natural resource degradatio n 

issues; 

supporti ng resea rch and enhanced access to 

in format ion by land holders and 

community groups, such as rhc National 

Land and \Xfarer Resources Aud it 

(information) and National Dryland 

Salinity Program (research); 

in troducing regulato ry approaches, such as 

restrictio ns on land clearing and capping 

water allocations in rhe Murray-Darli ng 

Basin ; 

creating marker-based mechanisms to 

encou rage sustainable and economically 
viable natural resou rce management such 

as water p ricing; 

co nd uct ing comprehensive environmental 

im pact assessments by C ommonwealth and 

State/le rrirory agencies o f proposals 

(e.g. for m ining developments in 

envi ronmentally significant areas) that 

ensure rhar possible impacts on 

biodiversity, water resources and fragile 
ecosystems a re taken into account; 

seeki ng, in accordance w ith the Council of 
Australian Governments (COAG) Water 

Reform Framework, to ensure the 
provision of enviro nmental water 

allocations necessa ry to mainta in 

biod iversiry and ecosystem services; and 

supporting trad it io nal owners in 

sustainable land use methods in national 

pa rks (Agenda 2 1- Aust ralia). 
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Aus tralia-wide legislat ion also provides rooJ, for 
facilitating and implementing a \ll\tainable 
approach to natural rewurce management. Tl11.: 
E1111im11111e11111/ Protectio11 r111d 1Jiodi111'1'si~J' 

Co11srrm1io11 / lrt 1999 (Cwl th) ha\ six 
objec tives. 

To provide for the protection of the 
environment , especi.1lly those a\pecrs of 
national environ mental sign i llcrnce. 

'lo promote ecologically sustainable 
de,·elopment through the comervation .111d 
ecologically sustai nable use of natural 
resources. 

To promote the conservation of 
biodiversity. 

To promote a cooperative approach ro the 
protection and management of the 
environment involving governments, the 
community, landholders and lndigenoll\ 
people. 

To recognise rhe role of Indigenous people 
in the conscn·ation and ecologically 
wsrainablc use of Austral ia's biodiversity. 

To promote rhe use of I nd igcnous people's 
knowledge of biodiversity with rhe 
irwolvemem of and in cooperation with 
rhe owners of rhar knowledge. 

This Act also includes m.mdamry reporting 
req uirements on cnvironmcnra lly w srainable 
development for Aw.rralian government 
agencies, including the extent co which 
environmenrally susrainable development 
principles arc applied in decision making. 
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Returns to natural resource 
management and how they might be 
assessed 

The narur.11 resource lx1se: 

prioritises din.:ct inputs into industries 
which deliver income and employment 
benefits; 

delivers supporting services For industries 
and household, (e.g. cle.1n air and water); 
and 

provides opport un it ies for recrea tion and 
enjoyment. 

By its very existence it infers benefits. These 
benefits arc enhanced by management to protect 
and restore the narural resource. Some of these 
benefits arc discussed below to provide a 
perspect ive o n how they might be assessed . 

Agricul ture uses about 60% of the land 
b;1se and approxi mately 80% ol the water 
used in Australia. Ir contributes about 3% 
to gross domestic product. l\ lanagement 
rhat protects rhe inherent productivity of 
the resource base (e.g. mainta ining so il 
nutrients and strucmre and providing high 
qual ity water for irrigation and stock) 
delivers higher yields ;rnd/or lower input 
costs than would otherwise be the case. 
T he net value of the resource base to 
agriculture is esti mated to be between $6 
and $7 bi ll ion (Chapter I). Chapter 4 
provides a basel ine estimate of the 
porcntial bendl r if a specific set of resource 
problems- inherent, induced and off­
farm- werc corrected. 



• 

Fisheri es and forestry rely mainly on 
harvescing nacive scocks although 
aquaculcure and cimber from plancacions 
are increasing. T hese industries currently 
conrribuce around 0.2% of gross domestic 
product. Although increasingly these 
produces are farmed, sustainable harvesti ng 
of naturally occurring scocks has been a 
major resource management issue fo r some 
cime. Despite managemenc policies, mosc 
native forescs and fisheries resources have 
been decl ining, parcly from: 

conscious decisions such as land 
clearing for agriculcure; 

fai lure co control excraccion races; and 

lack of knowledge of che size and 
vulnerabi licy of che resource co nacural 
and human-induced changes. 

Socially optimal races of harvest rend ro be 
below economically optimal rares as society 
places greater value on existence and has a 
lower discount rare (i.e. a lower rare of 
trading off future consumption for 
consumption now). Esrimares of 
sustainable harvest rares also vary 
depending on uncertainty about scocks and 
replacement races. 

The landscape and ecosystems play a major 
role in supporting tourism both direccly, 
th rough the provision of natura l 
acrracrions, and indirectly, th rough the 
provision of viable country cowns with 
cultural heritage. Visicors co Australia are 
amacred by pristine beaches, coral reefs 
and 'wilderness', as well as ecocourism. Yer 
rhe benefit co rhe tourism industry of good 
resource management is rarely considered 
as ir is hard co establ ish how many courisrs 
would visit and what rheir rare of spending 
would be wi th and without good resource 
management. 

• Viable, prosperous country commun ities 
are a valued asset. Estimates of these values, 
based on a 'choice modell ing' study, are 
given in Chapter 5. 

Recreation, from bushwalking co 
swimmi ng, fishing and sai ling, benefi ts 
from good resource managemenr as little of 
chis activity is conducced in the marker 
economy. Establishi ng the value of 
management is difficult. Some of rhe non­
marker use value of the environment was 
captured in rhe choice modell ing escimaces 
of environ mental values in Chapter 5. 
Ocher approaches to estimating these 
values are travel cost methods and 
contingent valuation surveys. 

The values of the services provided by 
ecosystems, including clean water and ai r, 
are starring co be recognised, but are nor 
easy to establish. One approach is ro look 
ar rhe cost of fixing the problems caused by 
less rhan clean air and water- used co 
assess rhe cost of poor water quality for 
urban infrascrucrure in Chapter 5. Another 
approach is co estimate rhe value of rhe 
service as rhe price of preventing problems 
by using alcernarive technology- used 
where rhere is a prevencive mechanism 
such as water rrearmenr syscems for urban 
water. 

Preserving the narural envi ronment for 
inrer-generarional equity, for rhe option co 
use lacer and for precautionary principles 
forms an addicional sec of benefics from 
nacural resource managemenc. T hese values 
can only be revealed indireccly as chere is 
no marker co establish a 'price' and chey are 
essentially public goods- they are available 
co all and noc excl udable. The value placed 
by rhe public on chese benefits can be 
estimated through revealed-preference 
rechniques such as choice model ling, 
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contingent valuation and hedonic pricing 
methods. The choice modelling technique 
is used in Chapter 5 ro estimate values fo r 
native species protection. 

deri ved also depend on the success of resource 
management in achieving restoration and 
protection outcomes. There is st ill much to 
learn abour effecri ve management options. 

The benefits referred ro in Figure 2.2 are gross 
benefits. Against these must be set the costs of 
maintaining or enhancing our naru ral 
resources- i 111 plemen ting resource 
management- which include di rect costs of 
purring the practice in place and indirect costs 
in terms of foregone benefi ts if use of resources 
is resrricred as a result of the practi ce. Benefits 

Figure 2.2 Examples of benefits from natural capital. 

Private returns 

Public returns 
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Source of minerals and metals 
mining industry employment and flow-on economic activity value add to GDP and wealth 

in future GPO 

Fisheries and forestry, harvesting the production of natural capital and farming 
employment and flow-on economic activity and managing the resource 

Agriculture using soils and water 
• employment and now-on activity and supporting the rural communities that manage much 

o ( the resource base 

Water and land for industry 
employment and now-on economic activity 

Amenity and recreational opportunities 
tour ism and rec reational industries adding employment and flow-on effect plus an 
individual's willingness to pay for such activities 

Clean water and other environmental services such as oxygen, carbon dioxide 
sequestration 

• costs saved in addressing problems and be tte r health levels 

Biodiversity options- value contribution of flora and fauna to food sources, 
pharmaceuticals 

industries based on these and values fo r cost savings of better health outcomes 

Biodiversity and ecosystem integrity 
rights to exist and people's willingness to pay 



A DECISION FRAMEWORK FOR POLICY MAKERS 

Who has responsibility for resource 
management? 

Resource managers fa ll inro a hierarchy: 

managers who underrakc invesrmenr on 
rheir own or on orhers' behalf. 

groups who provide guidance or ser ru les ar 
an indusrry, carchmenr or regional level , 

• managers ar Srare and narional levels 
providing guidance, serring rules and 
allocaring resources ro rhe middle level 
(Figure 2.3). 

Figure 2.3 Decision making and doing. 

priorities 

Consrirurionally, rhe Srares and Terrirories are 
responsible for land and warer management. 
Consequenrly in a federal sysrem of 
governmenr, collaborarivc and consul rarive 
arrangemenrs have been developed rh rough 
programs such as rhe Narional Landcare 
Program, Narural Herirage Trusr and Narional 
Acrion Plan fo r Salini ty and Warer Q uality. 

Figure 2.2 ill usrrares some of rhe sources of 
beneflrs which accrue from our narural 
resources. 

priorities 

State governments 

Public managers 

• public land 

Consultation 

Regional, catchment, community and 
industry groups 

Consultation ' 

-----~t------
Resource managers 

Private managers 

• public land 

(leasehold) 

Private managers 

• public land 

(freehold) 

Public managers 

• private land 
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What are the problems facing policy 
makers? 

Policy makers need to know- what to do, how 
to do it and how to fund it. Given limited 
resources policy makers must establish priori ties. 
They need to determine: 

• 
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size and location of the problem and 
economic, environ mental and social costs 
if it is not addressed- th is will depend on 
the number of people impacted, the 
economic importance of the activi ty 
affected, rhe nature of environmental 
damage and rhe vulnerability of the group 
to a shock and, hence, the social costs; 

riming and type of actions imperative for 
addressing rhe problem- will the situation 
deteriorate quickly if not addressed? and 

who is, or should be, addressing rhe 
problem- is rhere a role for government 
due to marker fa ilure, lack of information 
or divergence between private and social 
goals and objectives? 

These three issues seek to establish a base Ii ne 
showing what will happen under an operating 
envi ronment of 'business as usual'. However, 
where baseline trends suggest priori ty the most 
important piece of information for the policy 
maker is whether there is a feasible alternative 
outcome. In particular the: 

availabil ity of solutions and benefits that 
will Aow from successful implementation ; 
and 

cost of successfully implementing options, 
relative to the benefits. 

Figure 2.4 sets our rhe four phases in natural 
resource management decision making and 
some of rhe key issues facing the policy maker. 

Business as usual 

Business as usual is a continuation of currenr policies, 
on-farm and off-farm managemenr practices, similar 
levels of adoption and adaptation, access ro knowledge 
and informat ion; current t rends in markers or 
environmenral variability assumed consistent wirh 
currenr agricultural producri viry trends. 



A RAPID ASSESSMENT FRAMEWORK 

A rapid assessment framework, that combines 

environmental, social and econom ic aspects of 

nacural resource assessment inco che nacural 

rcsou rce managem ent decis ion-making process 

(Figure 2 .4), was established . T he five-step rapid 

assessment framework described in chis section 

primari ly suppo rts the Priorities Phase (Phase I) 

in the decision making process. 

Figure 2.4 Phases in natural resource management decision making. 

I Priorities phase 

Establish priority 

.----~ problems, regions, 
industries and decide 
on objectives 

II De sign phase 

t----~ Identify the 'best ' 
option and design 
policy/program/action 

Ill Imple m e ntation 
phase 

t----~ Act to implement 
action to the timetable 
in the design 

IV Monitoring a nd 
evaluation st age 

r....---~ Identify and 
communicate lessons 
learned 

Ke y issues 

5-step rapid assessment process 

Public and off-site costs of 'business as 
usual' approach 

Other linked social objectives 

Availability of feasible options 

Likely costs and benefits of options 

Ke y issues 

Detailed benefit- cost of options 

Assumptions about adoption at 'on­
ground' level 

Level of risks and uncertainties about 
costs, benefits, t iming 

Ke y issues 

Timetable fo r actions 

Responsibilities for actions 

Designing a monito ring system for 
accountabi li ty 

Resource implementation 

Key issues 

Ex post benefit-cost evaluation 

Impact of external events that were not 
foreseen 

Success of policy/program/action in 
achieving on-ground outcomes 

Net benefits to various stakeholders 
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Steps to assessment 

T he five basic steps to assessing priorities for 
action {Phase I in Figure 2.4) are applicable at 
rhe level of the pol icy maker, carch men r 
committee, communiry group and individual 
land manager. They aim to set our a process for 
estimati ng rhe total 11et benefit of undertaking 
any policy or practice. T hose with rhe highest 
ner benefits should rake priori ty. Measurement 
of cosrs and benefi ts in dollar terms is a 
convenience as it allows for easy comparison 
across space and ri me. W hile environmenral and 
social impacts are difficu lt to quantify, fai lure to 

do so may lead ro rheir being lefr our of the 
assessment. Hence even if dollar assessments are 
nor made, comparable quantification of the 
physical outcomes is advised. T hese can then be 
included in decision rules {e.g. establishing 
minimum acceptable change levels as one 
criterion). 
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Step 1-estnblish n bnseli11e- whar will 
happen if nothing is done beyond current 
measures to address deterioration in the 
resource base? 

Step 2-identiJY potential sol11tions (optio11s) 
n11d their expected outcome-what are the 
benefits rhar flow from an action? These 
outcomes need to be described in terms of 
thei r economic, environmental and social 
impacts. An estimate of the uncertainty 
over rhese outcomes is also required . The 
pocenrial benefit esci mare should reflecc 
expecced adopcion and/or effecci vcness 
races and nor assume I 00% adoption or 
effectiveness. 

Step 3-ideutiJY the direct n11d indirect costs 
of the potential solutiom or options- what 
are che financial coses, rhe costs of foregone 
produccion (less any reduction in inpuc 
coses) and che unin tended cnvironmencal 
coses (if any) and social coses of rhe 
change? 

Step 4- 11et benefit nssessmeut- nec bcneflcs 
are realised when che discounted benefits 
char were cscimared in idenciflcacion of 
pocenrial solutions (Seep 2) relaci ve co che 
baseline coses {Seep I ) are grcacer chan che 
discounted direct and indirect coses of che 
pocencial solucions escimaced in Seep 3. 
Key issues arc: 

che appropriate discount rare co use 
will vary between private and public 
decisions; 

private net returns where benefits flow 
on co ochers; and 

fo r che public decision maker, the 
comparison of che recurn on che 
nacural resource management 
investment relacive co other 
investments. 

Step 5- nssess111e11t of other comtrni11ts n11d 
policy effectiveness-are chere ocher 
constraints co che invescmenc in resource 
management? How effeccive are che policy 
cools available ac overcoming these 
conscraincs? T hese assessments need co feed 
back in co Step 2-rhe likel ihood of 
achieving the desired outcomes, and inco 
Seep 3-che cost of rhe option . The reason 
chis srep comes lasr is rhar there need co be 
ac least rwo rounds from Steps 2 co 5. The 
flrsc round establishes priorities-which 
requires an assessment of Feasibility, rhe 
second round pays more attention co 
design, marker cosc and effecti veness 
esrimares. Figure 2.5 summarises rhe 
framework wich regard co public and 
privace cosrs and benefits. 

Discount rates 

In rhis report, an appropriate discount rare for public 
long-rerm investments is assumed ro be 2-5%. This 
is an acceptable rare of rime preference for evaluating 
porenrially large benefits and coses rhar accrue across 
mulriple generations. \Xfhere private investments are 
referred ro, rhe discount rare chosen is I 0% reflecting 
a more realistic opporruniry cosr for privare investor 
funds over a shorter rime period. 



Step 2 Identify options and 
their outcomes 

Are there solutions! What are 
their potential benefits! 

When will they arise! 

How certain are theyl 

Step J Fully cost ed options 

What are the costs of these 
solutions! 

• financial cost 

• foregone production 

social cost of change 

St ep 4 Assess net benefits 

Are total benefits greater than 
total costs! 

Icy makers in a catchment. 

-

• 

replacement 

1nd 

replacement 

Private benefits 

Agricultural land ----~ 
• will yields be restored! -

- what are other limiting 
factors! 

Infrastructure 

• how will replacement rates 
change I 

Private costs 

• additional Investment 
required 

• production foregone (less 
costs saved) 

• personal costs of change 

Private decisions _ N O 

Does the discounted net benefit 
exceed the discounted net cost 
for the private land manager! 

YES 

'
" 

Public cost/benefit 

Impacts on 

• economic activity and social goals 

• water treatment 

• other public Infrastructure 

• environmental Impacts-value on 
these 

Public benefits 

Contribution to economic activity and 
social goals 

• Infrastructure costs 

- what Is the reduction In costs! 

• environmental benefits 

- what Is the change from the no 
action easel 

• environmental Impacts- value on 
these 

Public costs 

• cost of administering program 

• cost of Implementing program 

• cost of monitoring program 

• social costs of change 

Polley decisions: 

Does the public return on this 
Investment exceed the return on 
alternative uses of public funds! 

YES 

Step 5 Assess constraints and policy e ffectiveness 

Are there other constraints to adoption? 

How effective is policy at 
YES addressing these constraints! 
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A rapid assessment process 

Undertaking a full benefit-cost analysis of 
options to address resource management 
problems is expensive. The Audit's fou r salinity 
case studies (Chapter 6) rook several years to do, 
wirh much of rhe rime taken up in 
characterising rhe biophysical outcomes of rhe 
various options. Clearly such a derailed level of 
analysis should only be undertaken in areas 
identified as priori!)' areas. Yer rhe b road scale 
data avai lable will only provide rhe first layer of 
information needed for priori!)' setting. We 
need an assessmenr of rhe costs and likely 
benefits of options on a case by case basis. 

While the Aud it work does nor claim to do rhis 
beyond a few case srudies, rhe projects 
undertaken provide some guidance on how to 
proceed. A rapid assessment process is one 
approach. 

T he options canvassed in the four salinity case 
studies were planting trees, switching from 
ann ual to perennial pasrure, planting deep­
rooted perennials such as lucerne and ' living 
with the salt' . T hese case studies showed that 
local information was criti cal for assessment­
and this is as true with a rapid assessment as 
wirh a detailed assessment process. This is 
because a critical piece of informat ion in ar least 
one of the case studies was only available at the 
local level- lucerne did not grow in the local 
soi l l)'pe in rhe area, eliminating the option that 
looked viable on a salinity impact and economic 
return basis. Rapid assessment must be done at 
the relevam scale for the problem and the 
proposed solution. 
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An example of a set of guidelines fo r a rapid 
assessment process is given in Table 2. l . As a 
general guide a large number of answers in rhe 
first column would imply char there is more 
benefit to addressing these potential problems 
than if most answers were in the last column. 
There is considerable interaction between the 
answers and a simple evaluation of them can 
provide a guide on rhe most fru itful way to 
proceed. 

Such guidelines requi re further development 
and must be tailored for different siruarions. 
Developmenr of guides and ground-rruthing 
using existing derai led case studies is suggested 
as a follow-up activity to support regional 
planning such as rhar under way as part of the 
National Action Plan for Salini ty and Water 
Qual ity. 

Widening the scope of benefit-cost 
assessment to include environmental 
and social costs and benefits 

Many rexrs outl ine how to undertake a benefit­
cost assessment (e.g. CIE 1997). The methods 
for applying discount rares, estimating net 
present values and calculating internal rares of 
rerurn are srraighrforward. So too, are methods 
for estimating rhe sensitivity of rhe rerurn 
estimates to variations in key parameters. \Xlhat 
is difficult is the clear identification of option 
cos ts (including unintended coses), changes 
resulting from them and an estimation of rhe 
often complex impact of these changes. Here, 
the changes from an option are relative ro what 
would have happened without the option and 
excluding rhe impact of any ocher sources of 
change. Much progress has been achieved in 
ensuring char rhe feedback effects of changes in 
demand and supply on prices, and quantities of 
goods and services produced and consumed, are 
taken in to account in esrimaring benefits and 
coses. 



T he focus o f most assessments has largely been 

on the economic impacts. Social impacts are 

usuall y included only ro the ex tent that the 

change in consumer and producer welfare is 

separately identified. Non-market 

enviro nmental im pacts arc rarely incl uded. The 

Table 2.1 Guidelines for a rapid assessment. 

Question 

Biophysical change anticipated 

What is the area impacted or likely to be impacted by 
deterioration in the resource base? 

What is the time profile of the biophysical change anticipated! 

Current resource use values 

What is the land use(s)! And their gross margin per hectare! 

How much water is used per hectare! 

What is the gross value of production per ML of water! 

Ant icipated impact on land use 

What proportion of current land use will be able to continue! 

W hat is the anticipated reduction in gross margin due to 
declining yields/increased inputs on continued current use? 

What is the gross margin of the next best alternative 
land use given the problem! 

Off-site effects 

What is the estimated cost of repairs/additional depreciation 
on publ ic infrastructure affected in the local area! 

W hat is the change in salt and sediment loads in major 
downstream r iver flows? 

Are there wetlands or other sensitive areas impacted? 

Costs and e ffectiveness o f option s 

Are the current problems reversible! 

What is the cost of achieving this per hectare! 

What is the time profil e for these outcomes! 

Is further deterioration preventable! 

What is the cost of achieving this per hectare' 

What is the time profile for these outcomes? 

framework for estimating benefits and costs 

allows for incorporation of enviro nmental and 

social benefits and costs wherever a sensible 

value can be estimated. This is a signi ficant 

challenge for social assessmen t- in terms of 

method and avai lable data. 

Low Medium High 

< 1000 ha I m < > 1000 ha > I million ha 

>25 years 10 < > 25 years < 10 years 

< $500 $5000 < > $500 > $5000 

< 0.5 ML 0.5 ML <> 3 ML > 3 ML 

< $50 $500 < > $50 > $500 

> 90% 90% < > 50% < 50% 

< 2% 20%<>2% > 20% 

> $5000 $500 < > $5000 < $500 

< $50 000 $ Im < > $50 000 >$ Im 

< 1% 5% < > 1% > 5% increase 

No Yes- minor Yes- extensive 

< 10% 50% < > 10% > 50% 

< $ 10 $ 100 < > $1 0 > $100 

> 25 years 10 < > 25 years < I 0 years 

< 40% 90% < > 40% > 90% 

> $ 100 $ 100 <> $10 < $10 

> 25 years 10 < > 25 years < I 0 years 
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How does the work in the Audit's 
assessment support this process? 

The Audir work has rhe greatesr applicabiliry ro 
Phase I of the natural resource managemenr 
decision making process (Figure 2.4) le provides 
inpur to esrabl ishing prioriti es for public 
expenditure on natu ral resource managemenr. 

Chapters 4 and 5 help establish a baseline 
trend in 'coses' of decl ine in resource 
condirion for agriculture and 
infras tructure- Seep I in Phase I. T he 
informarion can also be used co establish 
gross benefl rs of reversing rrends- Srep 2 
in Phase I. 

The secrion in Chaprer 5 on impacrs of 
land and warer degradarion on 
environmental values can be used ro 
esrablish rhe porenrial benefirs from natu ral 
resource managemenr options - Srep 2 in 
Phase I, bur also Phase l I. 

Chapter 3 provides information on rhe 
problems, coses and issues of implementing 
options and rhe adoption of susrainablc 
managemenr pracrices- Srep 3 in Phase I. 
This informarion is also relevanr ro likely 
constraints and policy effecriveness- Srep 
5 in Phase I. 

The examples in Chapter 6 demonstrate 
use of benefir- cosc analysis to assess 
options- Phases I and 11. 

Chapter 7 d raws on regional case studies co 
inform Seep 5 in Phase I. 

Figure 2.6 summarises the five-seep approach of 
Phase I. 

Figure 2.6 Summary of the five-step process for assessing priorities in natural resource management. 

Step I 
Establish baseline 

Chapters I, 4 , 5 

I 

I I 

Step 2 Step 3 
Identify options and Identify costs of options 

the ir outcomes 
Chapter 6 Chapters 3, 6 

I I 1 I I 

I 
Step 4 

Ne t benefit assessment 
C hapter 6 

I 
Step 5 

~ Assess other constraints and policy effectiveness ,...._ 
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How can the Audit information be 

used to develop priorities? 

The Audir has provided considerable 
information on rhc biophysical srarus and rrends 
of the natural resource base. This informarion 
cannor be rurned in ro policy priorities per se, 
bur forms a starring poinr. Policy priori ry areas 
arc those where economic, environmenta l and 
social ner benefits of changing landscapes are 
high and rhere is insufficient morivarion for 
and/or capaciry among privare land managers ro 
address rhe problem. These are usually problems 
wirh subsranrial public spillovers. 

This reporr is of considerable value in crearing a 
basel ine- where we are now and where we are 
heading under a 'business as usual ' scenario 
(Phase I in Figure 2.4). T he benefits of 
addressing problems in agricul ture accrue largely 
ro fa rmers and wi ll largely be undertaken by 
farmers. A basel ine can also be developed rhar 
provides a ceiling on rhe porenrial public 
benefits from farmers' and other land managers' 
acnons. 

Some information presented in rhe reporr is 
relevant ro rhe orher three phases in Figure 2.4 
bur dera iled benefit- cost assessments arc mostly 
appl icable ro particular regions, carchmcnrs or 
even smaller areas. This requires derailed 
information ar chose levels. 

.. 
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ASSESSMENT FRAMEWORK CONTEXT 

With 60% of the Australian continent under 
leasehold o r freehold tenure for agricultu re or 
grazing (Chapter I) farmers and pastoralists are 
responsible for much of the land management 
in Australia. This chapter examines the 
cha racteri stics of farms :ind fa rmers that may 
influence natural resource management. 

Estimates of the number of fa rm establishments 
vary with the definition* of :i farm one uses. In 
1996 there were I 04 400 farm establishments 
that earned more than $5000 gross value of 
production. In the same year 196 000 persons 
described farming as their mai n occupation. 
T here were 98 600 farm families. 

Step I 
Establish baseline 

Chapters I, 4, 5 

Step 2 
Ident ify opt io ns and 

their o utcom es 
Chapter 6 

Step 4 
Net be nefit assessm e nt 

Chapter 6 

The Australian Farm Census darn set has had an inconsistem structure over the period 1983- 1997. Farm 
businesses (escablishmems) are included in data aggregation if the value of their production exceeds a 
minimum Estimated Value of Agricultu ral Operations. T he minimum Estimated Value of Agricultural 
Operations required for inclusion with in the census has varied inconsistently from 52500 to 522 500 
measured in nominal dollars. T his report is based upon a darn set with an Estimated Value of Agricultural 
Operations cut-offof $30 000 (measured in 1996 dollar terms). T he definition of a fa rmer is also problematic. 
The catego risation of a person's occupation as far mer is based upon a sel f-description question used in the 
Australian Population and Housing Census. Respondents arc asked to identi~· their major occupation 
within the preceding week. T he self-description offarmer is open to ambiguiry. Any fa mi ly with at least one 
member who describes his or her major occupation as farm ing is defined here as a fa rm family. For further 
discussion refer ro Barr (200 I). 
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Australian agriculrure is characterised by a large 
number of small farms and a small number of 
large farms. In 1996 the median gross farm 
establishment (farm business) income was 
esrimared at $96 400 (using 1996 dollars and 
farms wirh ar least $5000 gross income). T he 
fi nancially smallest 50% of farm establishments 
(incomes lower than $96 000) produced 
approximately I 0% of coral va lue of agriculcural 
producrion. T he financially largest I 0% of farm 
esrablishmenrs (incomes greater than $400 000) 
produced between 40% and 50% of rhe gross 
value of Australian agriculrural oucpur. T hese 
larger farms managed over 60% of Australian 
agriculru ral land- over a rh ird of rhe coral land 
area of Australia. 

For furrher information see Audit project 
reports on structural adjusrmenr and capacity 
for resource managers co implement sustainable 
practice by Barr (200 I) and Cary er al. (200 I). 
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RESPONSES TO PRESSURES FOR CHANGE 

Australian agricultural development in the last 
(\VO hundred years has been generally driven by 
a production-focused ethos. Nacural resource 
protection was often a reaction to unanticipated 
major threats to the productive resource. 
Australian agricultural development has 
consequently been described as a continuing 
unplanned experiment (Barr & Cary I 992). In 
more recent times the focus of the Australian 
communiry has shi fted from a production­
focused ethos towards a balance of concern for 
both the protect ion of nacural values such as 
biodiversity and landscapes and the 
maintenance of food safc ry and quality. 
Agriculcural landholders have not been immune 
from this shift in concerns- landholders 
generally now recognise significant land or water 
degradation problems. A quarter of the fa rms in 
most of the major fa rming regions of Australia 
reported one or more signi ficant land or water 
degradation problems in I 998/99. T here was 
also a widespread awareness amongst fa rmers of 
the importance of environmental impacts 
beyond the farm boundary (Reeve et al. 200 I). 

T he translation of these changes in awareness of 
environmental impacts and attitudes to changes 
in land management practice has been mixed. 
T here are some significant success stories where 
the methods of production have undergone 
major change with consequent real 
improvements in nacural resource protection. 
The widespread adoption of minimum tillage 
and direct drilling in many parts of the cropping 
zone is a good example of this. However, other 
aspects of land management have been relatively 
unchanged despite clear deleterious impacts on 
natural resource management. T he continued 
use of cultivated fallow and stubble burning in 
other parts of the cropping zone is an example 
of this latter situation (Karunarame & Barr 
200l a, 200 1b). 

Recognition of a resource degradation problem 
is a necessary, bur ra rely sufficient, condition for 
the adoption of sustainable natural resource 
management practices. Whether farmers change 
their land management in response to this 
recognition depends on many interrelated 
factors including: 

characteristics of the natural resource 
management practices; 

farmers' beliefs about the environment and 
practices to protect the environment; 

financial capacity of farm businesses to 
invest in natural resource protection; 

management ski lls and knowledge of land 
managers; 

support for environmentally friendly 
behaviour from peers and social ne(\vorks; 

individual differences bmveen landholders; 
and 

regulatory and legal pressures. 
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THE NATURE OF NATURAL RESOURCE MANAGEMENT PRACTICES 

Inherent characreriscics of narural resource 
management pracrices largely derermine rhe rare 
of rheir adoprion by producers. Sustainable 
pracrices chac provide econom ic and ocher 
advantages chat can be captured by rhe adopting 
landholder wi ll generally be adopred more 
rapid ly. In most cases such advantages will 
depend on prevailing com modicy prices. 

Landholders generally seek to reduce rhe risk of 
adopring a new practice. Sustainable pracrices 
rhar are observable, rrialable and less complex 
are generally more quickly adopted than 
practices chat are not (Table 3. I). The 
characteristics of a practice vary in different 
locations. We cannor assume chat a pracricc 
wich advantages in o ne locarion wi ll yield che 
same advancages elsewhere. 

CHARACTERISTICS OF AGRICULTURAL PRACTICES 

Relative advantage 

Relarive advanrage is normally inrerpreted in rerms 
of financial advantage to che farm business or the 
adopcer. The perceived financial advancages co rhe 
adopting landholder of environmental innovations 
have consistently been shown co be one of che besr 
indicarors of rheir subsequenr adoprion. 

Many environmenral innovarions offer advanrages 
which cannot be captured by rhe adopter of the 
technology, bur are instead of beneflr ro ochers in the 
comm uni ty. These are not considered in our 
assessmenr of relarive advanrage. 

Geographic applicability- locality differences in 
relative advantage 

Appropriateness and relar ive advanrage of given 
practices wi ll vary in geographic space. 

Risk avoidance 

The motivation behind human behaviour is more 
complex than a simple drive for financial proflr. \'V'hile 
considerable research demonsrraces relacionships 
between beliefs abouc profitability and adoption 
behaviour this is mediated by a great variation in 
attitudes towards business proflc and a consideration 
of che risks chac characrerise Ausrralian agriculture. 
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Complexity 

Somerimes innovarions that appear simple may in face 
imply signi flcanc and complex changes to the farm 
production sysrem. Such innovarions are less likely 
to be adopred. Complexiry increases the risk offailure 
and inrroduces increased costs in gaining knowledge. 

Compatibility 

Comparibiliry refers to the exrenr to which a new 
idea firs in with existing knowledge and exisring social 
practice. If a new idea firs easily inro an existing sys rem 
it wi ll be adopted more quickly. There are usually 
nvo 'systems' against which rhe comparibiliry of a 
pracrice will be judged-the currenr system of farming 
on a given propercy and rhe socin/ system embracing a 
farming communiry or broader culrural beliefs and 
values. 

Trialability 

Innovarions which can be crialed on a small scale prior 
co full implemenrarion are more likely ro be adopted. 
Trialing enables decisions about rhe uciliry of an 
innovarion wirh minimal risk. Trialabiliry is dependenr 
upon observabiliry. 

Observability 

Nawral resource management practices whose 
advantages are observable are more likely co be 
adopted. Tradirionally, new varieties or crops are ofren 
quire visible to passing observers and chis visibiliry 
has been used to advanrage. 



Table 3. 1 C haracteristics of some agricultural practices with beneficial impacts on natural resources. 

Sustainable practice Geographic Re lative Risk Simplicity C ompatibility Tria lability Observability 
app licability advantage avoidance 

Ide al ra ting (high) (high) (high) (high) (high) (high) (high) 

Maintaining soil cover high high high med-low med med med- low 
(temporal) (locality) 

Establishing and monitoring groundcover 
targets (monitoring of pasture and vegetation 
condition)• high med high med-low med med med- low 

Nutrient balance accounting (soil and 
plant sampling) low low high low med low low 

Testing soil and plant tissue to determine 

fertiliser needs~ low low high low med low low 

Testing soil regularly med med high high med low low 

Fertilis ing pastures med high-med med high high high high-med 
(locali~ 

Treating agricultural lands with gypsum med low med-low high high med med 

Treating agricultural lands with lime med low med- low high high med med 

Regularly monitoring watertables• med med high high low high med 
(locality) 

Using deep-rooted perennial pastures" high med med- low med-low med med low 
(locality) 

Non-commercial tree and shrub planting" med- high low high high med- high high high 

Commercial tree and shrub planting low low low med low low high 
(farm forestry)• (locality) 

Preserving. enhancing areas of conservation value• med low high med low med med-high 

Retaining vegetation along drainage lines" med low high med med- low med med-high 

Protecting land from stock by fencing 
(exclude stock from degraded areas)• low low high med med high high 

Protecting waterways from stock by fencing• low low med- low high med high high 

Controlling animal pest or weed to control 
land degradation• high med med med med-high med med 

Controlling pest and disease in pastures med med-high med med med- high med- low med 
(locality) 

Using integrated pest management 
(reducing pesticide use) low med-low med- low low med med-low med-low 

Slashing and burning pastures low med-low med high med high-med high 

Some measure of tl1e level of landholde1· adoption of this practice avai lable from the ABARE Australian Resource Management Supplementary survey. 

Comments in brackets refer to locality or temporal constraints on expression of attribute 

high= high 

med= medium 

low= low 

59 



Table 3.1 Characteristics o f some agricultural practices with beneficial impacts on natu ral resources (continued). 

Sustainable practice Geographic Re lative Risk Simplicity Compatibility Trialability Observability 
applicability advantage avoidance 

Ideal ra ting (high) (high) (high) (high) (high) (high) (high) 

Cropping farms 

Using reduced or zero tillage (minimum tillage)• high med med med med-high high med 

Reuining stubble or pasture in ploughing 
(direct drilling)• med med med-low med-low med high-med med 

Using crop or pasture legumes in routions• high med-high med- high med-high med-high med med- low 

Using contour banks in cropland• med med-low med-high med-low med-low med-low med- high 

Strip cropping• med 

Adjusting crop sequences in response to 
seasonal conditions high med-high med med med-low med-low low 

Irrigation farms 

Irrigation scheduling' med med high med-low med-low med-low low 

Laser graded layout• high med-high high-med med med- low med high 

Storing and reusing drainage water" med med-high med med med med-low med 

Automating irrigationa med med-low med-low low med- low low high 

Rangelands 

Controlling grazing pressure by excluding 
access to wate~ med med high med-low med med-low med-high 

Controlling water flow from bores• high med-low high high high high high 

Piping water supplies for stock' high med- low med high high med high 

Stocking pastoral land at recommended rates high med med med high med-low med-high 

Convening degraded pastoral land to 
less damaging use med low high med med med-low med 

Destocking pastoral land in low feed conditions high med-high med-low med-low high med- low med 

Dairy farms 

Using effluent disposal systems 
(collection of effluent; ponds or drainage sump)' high med-low med med med med high 

Pumping dairy shed effluent onto pasture • med med- low high high med high high 

Some measure of the level of landholder adoption of this practice available from the ABARE Austral ian Resource Management Supplementary survey. 

Comments in brackets refer to locality or temporal constraints on expression of attribute 

high = high 

med = medium 

low = low 
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Many bur nor all practices designed to improve 
narural resource management are unprofirablc. 
Many rhat arc profirable arc less profi rable rhan 
alternarive practices and often more complex, 
harder to trial and have benefits which are 
difficul t ro observe (see 13ox 3. 1 ). For many 
sustainable practices (such as deep-rooted 
perennials) the advantage to be gained by 
adoption is dependent on the value of the rural 
commodities produced as a result of using the 
pracrice. Low commodity prices fo r beef and 
wool over the past ten years have reduced the 
relative advanrage of adopting many sustainable 
practices in the broadacre industries. Some 
practices offer advantages that are captured 
beyond the farm gate. 

For further information see Audit project 
reports on capacity for resource managers to 
implement sustainable practice (Cary et al. 
2001) . 
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BELIEFS ABOUT THE ENVIRONMENT 

Farmer concern for the environment rose 
dramatically in rhe late 1980s. T he change in 
attitude during the 1990s has been much less. 
The Unive rsity of New England has recently 
repeated a monitor survey of fa rmer attirudes 
(Reeve et al. 200 1 ). T har survey fo und : 
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decreasing concern overall about the 
seriousness of land degradation, bur wirh 
decreases in concern in Queensland, New 
South Wales and Tasmania being partly 
offset by increases in Vicroria, Sourh 
Australia and \Xlesrern Australia; 

increasing concern overall about chemical 
residues in agriculrural produce and about 
the environmental and health effects of 
agriculru ral chemicals, bur with those who 
are regular users of chemicals, such as 
cereal or fodder crop producers, being less 
concerned and showing relatively little 
change over the period; 

increasing awareness thar farm pracrices 
have impacrs beyond rhe farm boundary 
and increasingly favourable views 
nationa lly rowards consideration of the 
wider public in terest in farm decision 
making, alrhough the trend was reversed in 
Queensland ; 

increasingly favo urable, bur slightly more 
polarised, views about conservation, whi le 
there is less support for conservation 
organisations and rheir activities; 

increasing acceptance rhar there wi ll have 
to be major transfo rmation of agricultural 
landscapes if farmi ng is ro be sustainable, 
wirh jusr over 46% of respondents agreeing 
with rhe proposition rhar if Australian 
agriculru re is going ro have a long rerm 
future, a lot of cleared coun try wi ll have ro 
be pur back ro bush and forestry 
plantations; and 

strong support for the view rhar farmers 
should be compensated for loss of income 
or autonomy of decision making due ro 
measures taken in the public interest. 
However, there is also substantial, bur nor 
majoriry, support for rhe view rhar 
compensarion should be a matter of 
degree- that is, when rhe loss of income is 
relatively small no compensation should be 
expected. 

These findings demonstrate rhe existence of a 
positive bur pragmatic attitude towards 
environmental issues on rhe part of Australian 
farmers. Attitudes to resource degradation do set 
the bounds of achievable social change. 
Recognition of a resource degradation problem 
is usually a necessary pre-condition for change 
bur rarely a sufficient condition for the adoption 
of sustainable practices. O ther facrors, such as 
financial risk and management skill , intervene 
and influence farmers' capaci ty ro change. 

Ir cannot be assumed rhar an invesrmenr in 
attirude change might modify the behaviour of 
land managers. The expectation that changing 
attitudes of land managers will directly lead ro 
changed behaviour is simpl istic in many 
situations. T his is most evident in bel iefs abour 
the value of promoting a 'stewardship ethic' as a 
means of changi ng management practices. 
Stewardship is the responsibili ry or obligation ro 
maintain the land fo r future generations. 
Policies to change behaviour via changing the 
stewardship eth ic are likely ro achieve relatively 
little in the absence of other enabling 
conditions. In situations involving common 
property resources or external ities there will be a 
confl ict between individual self-in terest and the 
expectation that fa rmers wi ll undertake activity 
for the common or futu re good for little, or 
negative, financial return (Cary & Webb 200 1 ). 



BOX 3.1 DRYLAND LUCERNE: A PROFITABLE BUT COMPLEX 
INNOVATION 

The warertable under rhe riverine plains o f northern 

Vicroria has been rising since rhe inrroduccio n of 

European agriculture. T he lo ng-term solution for 

rising watertables in chis region is to develo p a system 
of fa rming based on productive, profitable and deep­
rooccd pe re nnial crops. T he most a ppro pr ia te 

commercial plant available at present is lucerne, yet 
o nly a minority of farmers grow significant areas o f 
luccrnc. 

Lucerne is relatively complex to inrroduce in to a 

pastora l m a nagcmcn t syste m and the re are 
considerable ri sks in its successful establishment. 

Sowing luccrnc docs not guarantee a successful cro p. 
T he chance of fai lure is greater than with many other 

pasture species. O ne way co minimise the fi nancial 
risk of establ ish ing luccrnc and to make up for the 
rime a paddock may be out of production, is co sow 

lucerne with a faster-growing crop such as safflower. 

Farmers may have to learn to grow new cro ps chat arc 
more compatible with lucerne. 

Lucerne requires a rotational grazi ng managemen t. 

Using the fou r-paddock rotation system , a fa rm 

running three flocks would need 12 or 16 paddocks. 
For fa rms previo usly 'set-stocked ', chis impl ies 
add itio nal expe nsive fen cing, more d a ms a nd 

reri cul ac io n to provide watering poinrs in each 

paddock. Fencing at this in tensity is likely to impede 
the easy managemen t of cropp ing acriviry o n mixed 

fa rms. 

Lucerne pastu re is more productive than normal 
pasture, bur there are complex ramifications in the 

farm system as more sheep will be required to graze 

chc extra pastu re. The increased flock size requires 
extra capical, more work in sheep handling and an 
increased workload of rotational grazi ng. Higher 

sheep densities in paddocks may mean a greater need 

fo r control of intestinal parasites and increased use of 
veterinary chemicals or greater attention to rotatio nal 
grazing systems to minimise parasite infestacion. O ne 

means of maximising che benefit of lucerne is co 

abandon lambing in aurnmn in favour of spri ng 
lambing. This may mean a need co further rearrange 
che fa rm cimetab le. To max imise the benefi ts of p rime 

lamb production, t he fa rmer will often need co 

deve lop new m arket ing s ki lls and develop 
relationships with expo rt abattoirs. 

These changes have to be wo rked in with t he 

continu ing croppi ng en terprise. There are good 
reasons to maintain a luccrne paddock for ics fu ll 
eight-year life afte r successful estab lishme nt. 

Consequently, the farmer may have to crop paddocks 

elsewhere on che fa rm fo r a longer period before 
purring t hem back inco pasture. This wi ll requi re 
improved cropping skills. 

Lucerne will also introduce greater risk into cropping 

systems. The environ men cal adva ntage of luccrne is 
its abi lity to remove water from the soi l profile to 

reduce recharge of the watcrrable. Trad itional lo ng 

fa llow crop systems reduce risk by co nservi ng soi l 

moistu re before a crop phase. Enrering a crop phase 
after drying the so il moistu re may increase crop 
prod uction risk if the fo llowi ng season's rainfa ll is 

below average. 

Ransom & Barr 1993, Oxley 1997 
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There is a significant body of research rhar 
demonsrrares rhar links berween environmenral 
beliefs and environmenral behaviour are 
renuous. Environmental arrirudes are far more 
weakly linked ro measures of adoprion of farm 
conservarion pracrices rhan beliefs abour rhe 
proflrabiliry and risk associared wirh rhose 
pracrices {Cary 1994, Gorddard 1993, Vanclay 
1988, Wilkinson & Cary 1992). 

A srewardship erhic alone canner be relied upon 
alone as a sufficienr condirion ro facilirare 
change in fa rming pracrices. Policies designed ro 
promore a srewardship erhic may often 
indirectly, rarher than directly, influence the 
adoprion of im proved resource managemenc 
pracrices. Community awareness programs 
create effective impaccs rh rough a rwo-srage 
process where awareness generates a favourable 
climate for the use of other policy instruments 
that, more directly, influence behaviour change. 
Recenr examples of th is use of a public 
srewardship erhic are rhe implementation of a 
cap on the exrraction of water from the Murray­
Darling system and tree clearing conrrols in 
some Scares. 

For further information see rhe arrirudinal 
survey results following a Decade of Landcare 
{Reeve er al. 2001 ). 
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FINANCIAL CAPACITY 

Over rhe pasr decade rhe fa rm secror in 
Australia has generated a ner annual value of 
farm producrion of between $3 billion and 
$7 bi ll ion dollars (ABARE 2000). For fa rming 
fa milies chis surplus muse fund farm family 
living expenses, fa rm invesrmenc, 
superannuation and natural resource protection. 

T he conrriburion of off-farm income co coral 
farm family income has been steadily increasing 
for many of Australia's farm fa mi lies over the 
past 20 years. T his scracegy has helped co 

maintain standards of living fo r many Australian 
farm famil ies. Approximarely 3.5% of fa rm 
families reporred no nee fami ly income 
compared wirh less rhan I% of all Ausrralian 
families. Farm fami lies are under-represenred in 
rhe income caregory between $6000 and 
$15 000 and over-represenred in rhe income 
caregory between $25 000 and $35 000 
(Figure 3.1). The similarity between rhe income 
discriburions of farm families and non-farm 
fami lies is striking*. 

Figure 3. 1 Australian farm family income dist ribution and Australian family income distribution in 1996. 

AuSlra1ian fa milies 

20 Australian farm families 

c 
0 
-~ 15 

:; 
CL 
0 
CL 

0 
~ ., 
~ 
~ 

0 
Nil 1 5 6 15 1624 25 JS 36 49 so 74 75 100 100+ 

Annual family income ($'000) 

D ata so urce: Australian Bureau of Statistics Population and Housing Census 

Ir musr not be assumed rhar fa rm family income is similar ro rural family income. In 1996 farm fami lies 
comprised more than 20% of all fa mil ies in only three sratistical local areas (Conargo, Kenr and Ku I in) . 
This apparenrly low figu re may in parr rcsulr from rhe definitional ambiguity of farm ing in census data. Ir 
is also a ri mely reminder of rhe common tendency ro confuse ' ru ral' and 'farm' in popular debate (Gleeson 
2000). 

65 



The parrerns of income distributions between 
farm families and all Austral ian fa milies are 
remarkable similar. Issues related to low income 
are common to urban and rural families. From 
the perspective of natural resource management 
policy, the distributions imply that given 
voluntary behaviour and financial capacity we 
should expect no more and no less of Australian 
farm fami lies in their financial contributions to 

the environment than we expect of Australian 
families in general. 

Low incomes, resulting from fa rm industry 
structural change, ex tended low commodity 
prices or extended drought conditions, will 
frequently be concentrated in specific local ities, 
with potentially adverse effects on resource 
management. This makes it difficult to draw 

conclusions about the finan cial capacity of 
Australian fa rms based upon regional data from 
any one year. Areas with consisten t low fa rm 
fam ily incomes (Figure 3.2) suggest the 
ex istence of underlying structural problems in 
regions such as the Murchison- Gascoyne in 
Western Australia, the Eyre Peninsula in South 
Australia and pans of the semi-arid rangelands 
of New South Wales. 

Low fa rm incomes and high debt are likely to 

discourage adoption of sustainable practices that 
require capital investment but do not have 
immediate financial returns or that increase the 
risk exposure of a fa rm business. Confidence in 
the stabi lity of future incomes is associated wi th 
a greater likelihood to invest in natural resource 
management (see Table 3.2). 

For further information (see Chapter 4) (Cary er 
al. 200 1). 

Figure 3.2 Median farm family income averaged from 1986 to 1991 and 1996 censuses using 1996 dollars, 
by statistical local area. 

Average m edian farm family income ( 1996 dollars) 

< 25 000 

25 000 - 30 000 

- 30000 - 35000 

- 35000 - 40000 

- 40 000 - 45 000 

- > 45000 
[::=J non-agricultural land 

[::=J unclassified 

Derived from data suppl ied by the Australian Bureau of Statistics. 

© Commonweal1h of AuS!ra lia 2002 
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MANAGEMENT SKILL 

T he low rares of observabiliry and rrialabiliry of 
many sustainable management practices will 
conrinue to impede their adoption. \Xlork 
com missioned by the Audir fo und rhar 
landholders who considered rhey did nor have 
the rechnical knowledge to adequately address 
land and water degradarion on their properries 
were less likely ro adopr resource managemenr 
pracrices (Cary er al. 200 I). 

For furrher derails see Cary er al. 200 I a. 

T here is a wide range of abi lities and knowledge 
among fa rmers. There is also a wide range of 
formal cducarion and knowledge abour 
susrainable form practices. There are signiflcan r 
regional di fferences in the formal education level 
of fa rmers (sec Figure 3.3). According to the 
1996 Population and Housing Census, 50% of 
farm owner-managers had completed 1- 4 years 
of secondary school and 23% had completed 
5- 6 years. Educational levels are related to age, 
wi th younger farmers generally having higher 
educarional arcainment rhan older ones. 

Figure 3.3 Farmers aged 14-16 years when they completed their formal schooling as a percentage of all 
farmers. 

Pe rcent of farme rs - > 85% - 75 -85% - 65 - 75% - 55 - 65% 

< 55% 

no data - not analysed 

Source: Based on 1996 Population and Housing census data 

© Commonwealth of Australia 2002 

Farm populatio n in 1996 (per sta tistical local area) 

- > 900 
500 - 900 - 300 - 500 

150 - 300 

< 150 - not analysed 

~ 
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Ir is reasonable ro assume rhar more complex 
sustainable management practices will be more 
easily grasped and integra ted into fa rming 
systems in the future as rhe formal education 
level with in the agricultural sector rises. Where 
adoption needs ro be increased for rhe benefit of 
the wider community, rhe wider community 
may need ro invest in extension support to 
facilitate learning and skill development. 

Participation in training courses related to 
management and ski lls is an important 
contributor to an individual's capacity to adopt 
sustainable practices as well as an indicator of 
rheir interest in better resource management. 
More frequent landholder involvement in 
training courses is associated with adoption of 
new management practices (Kilpatrick 2000). 
Improved investment in farmer training and the 
development of more advanced learning 
strategies for fa rmers are likely to enhance the 
adoption of sustainable management practices. 

Table 3.2 Factors which are associated with the adoption of sustainable management practices (derived 
from an analysis o f the ABARE 1998/99 Resource Management Survey). 

Farm family, farm property and Pastoral zone Wheat-sheep and high 
business characteristics 

controlling controlling 
flow bores grazing 

pressure by 
excluding access 

to water 

Age 

Environmental concern attitude 

Technical concern attitude 

Financial concern attitude 

Financial outlook attitude 

Landcare membership ( 1998/99) + 
Length of Landcare membership 

Recent training 

Farm cash income 

Closing equity ratio + 
Profit at full equity 

Farm plan 

Farm size 

Land use intensity 

Participation in property management 

planinng in the last 3 years 

+ significant positive association at the 95% confidence level or higher 

significant negative association at the 95% confidence level of higher 

I broadacre farms only 

2 including dairy farms 
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monitoring of deep rooted soil/plant tree and shrub 
pasture and perennial pasture' dssue tests to establishment 
vegetation determine ferdllser 
condition needs' 

+ + + 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ + + 

+ + 

+ 



rainfall zones 

Decisions abour rhc level or exrenr of supporr by 
governmcn r for such learning acriviries should 
be based on rhe exrenr of public benefir. 

Farmers do nor all learn abour susrainable 
pracrices in rhe same manner. Sryles of farmer 
learning vary from reliance on a few key 
informanrs ro sryles rhar arc based on cxrensive 
nerworks of sources and informanrs. No one 
delivery sysrem wi ll be appropriate for all 
farmers (Kilparrick & Johns 1999). 
Disseminarion of local knowledge will remai n a 
key fearure of any successful rraining program. 
T he adoprion of more complex managemenr 

Dairy farms 

regularly monitoring collecting pumping dairy 
dairy shed 

effluent onto 
pasture 

watertables1 of dairy 
effluent 

+ 

+ 

+ 

+ 

pracrices inro exisring farming sysrcms often 
involves a higher level of risk wirh less cerrain 
ourcomes. Learn ing how ro masrer rhis 
complexiry and accommodare the technical and 
fi nancial uncerrainry wi ll ofren require locally 
adapred knowledge and rhe need for local 
networks or local professional sources of 
knowledge supporr. 

Fo r fu rther information sec Chapter 4 of rhe 
Audit project report on rhe capacity for resource 
managers ro implemenr sustainable pracrice 
(Cary er al. 200 I) 

monitoring 
pasture and 
vegetation 

and vegetation 
condition 

+ 

+ 

+ 

All farms 

preserving/ 
enhancing areas 
of conservation 

value 

+ 

+ 

excluding 
stock from 
degraded 

areas 

+ 

percentage 
conservation 

tillage 

+ 
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LANDCARE INVOLVEMENT 

Comrnuniry landcare is based upon landholder 
groups promoring self-reliance and developing 
social capital and social norms rhar encourage 
the adoption of sustainable farming practices. 
Th is participatory approach has become the 
dominant way f'or implementing policies to 
improve natural resou rce management in 
Australia (Curtis & De Lacy 1996). 

Approximately 37% of broadacre and dairy 
farms had a properry represenrative who was a 
member of a communi ty Landcare group in 

Figure 3.4 Membership of Landcare in 1998/99. 

Percent o f farms 

- > 60% 

- 50-60% 

- 40-50% 

30 - 40% 

C=::J < 30% 

- no data available due to 
- insufficient sample size 

not analysed 

Sampling e rror (%) 

- >50% 

- 40-50% 

- 30 - 40% 

- 20 - 30% 

C=::J < 20% 

- no data available due to - not analysed 
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1998/99. Ten percent of all fo rmers are actively 
involved in Lanclcare (Reeve et al. 200 I). T here 
are distinct geograph ic va riations in Landcarc 
membership (sec Figure 3.4). Australian Bureau 
of Agricultural and Resource Econom ics surveys 
show the highest level of membership is in the 
wheat/sheep and pastoral zones (Mues, 
Chapman & Van Hilsr 1998). T his variation is a 
reflection of the history of Landcare in different 
regions and differing membership structures in 
d i fferenr Stares/Terri tori es. 

. ' 

S ou rce: Based on ABARE survey data 

© Commonwealth of Australia 2002 



Communi ty Landcarc has contriburcd ro 
human and social capital building by increasing 
awareness, extending skills and knowledge, and 
developing nerworks rhar are conducive ro rhe 
acccprance of susrainable fa rm ing practices. 
However, rhc causal rclarionship berwcen 
Landcare membership, rhe changing of atcirudes 
and rhe actual adoption of improved sustainable 
farming practices is nor particularly srrong. 

An audit of fa rmer environmental attitudes 
found rhar the change in environmental 
attitudes berween 1991 and 2000 is about rhe 
same among Land care group members and 
those who arc not members (Reeve er al. 200 l ). 
However, the fi ndings show more favourable 
environmenral arrirudes among those who 
report they are actively involved in a L'lndcare 
group. Ir is unclear ro what degree membership 
of Landcare groups changes atrirudes or 
Lwdcare attracts acrive members with already 
strongly held arrirudes. 

Analys is of dara from ABARE surveys shows a 
limited relationshi p between adoption of 
susrainablc management pracrices and either 
Landcare membership or length of time as a 
member of Landcare. Landcare membership is 
most strongly relared ro rhe adoprion of 
practices, such as tree plan ting, which place only 
lim ired demands upon fi nancial capaciry and 
managemcnr skill (sec Table 3.2). In rhe dairy 
indusrry rhere was generally a higher level of 
financial capaciry rhan many orher agriculrural 
industries du ring rhc 1990s. T he Audir 
com missioned case srudy of rh is ind ustry found 
a clearer relationship between Landcare 
membership and invesrmenr in Besr 

Managemcnr Pracrices (see Chaprer 7). This 
underlines rhe imporrance of financial capaciry 
ro mobilise rhc influence of the Landcare 
movement and rhe critical importance of 
governmenr co-invesrmenr through programs 
such as the Narional Landcare Program, rhe 
Naru ral Herirage Trust, rhe Properry 
Managcmenr Planning program and rhe 
National Acrion Plan for Salinity and Warer 
Quali ty. 

Change has been consrrained by ocher major 
facrors: li mired capi ral, the common incidence 
of low farm incomes, physical consrrainrs such 
as remoreness and a lack of feasible rechnical 
solurions ro degradarion issues rhar can be eas ily 
and proftrably implemented on farms (Cary & 
Webb 200 I). Excessive expecrarions of rhe 
capaciry of rhc Landcare movement runs rhe 
risk of reducing the current cfTectiveness of the 
movemenr through member burnout (Byron, 
Curtis & Lockwood 2000). 

For further in formation see Chapter 6 of the 
Audit project report on the capacity for resource 
managers ro implement susrainable practice 
(Cary er al. 200 1). 
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INDIVIDUAL DEMOGRAPHIC AND PSYCHOLOGICAL 
DIFFERENCES 

Individ ual capaciry ro change is nor one­
dimensional. An individual's capaciry ro change 
differs according ro rhe changes being 
considered and is parricularly inAuenced by rhe 
srage reached in a person's life. Ir is difficul r ro 
predicr whcrher landholders are more likely or 
less likely ro change land managemenr pracrices 
(Fenron, MacGregor & Cary 1999, Taylor er al. 
2000) . lmporranr landholder characrerisrics rhar 
mighr be useful indicarors of capacity ro change 
ro susrainablc managcmenr pracrices are: 

parriciparion in rraining; 

level of fa rm income; 

oprimism abour furure fa rm income; 

• farms wich a documenred farm plan; 

• proportion of fa rms carrying our Landcare­
relaced work; 

membership of Landcare; and 

age of landholders. 

The relarionship between rhese facrors and 
adoprion behaviour was invesrigared using 
sample dara provided from che annual 
Austral ian Bureau of Agriculrurc and Resource 
Economics fa rm survey. T his survey covers a 
sample of broadacre grazi ng, cropping and dairy 
farms across Australia. 
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Landholders' expecracions of cheir furure 
fl nancial siruarion were one of che beccer 
predicrors of rhe adoprion of susrainable 
managemenr pracrices. In facr, financial ourlook 
was more often associated wi rh practice 
adoption rhan were objecri vely measured 
indicarors of financial position. Similar 
associarions berween financial perceprions and 
business behaviour can be observed in rhe wider 
economy. This highlights che imporrance of 
perceived realiry in adoprion behaviour. 
Adoption of major changes co a farm business is 
nor jusr an inrelleccual rask bur often an 
emorional and social cask as well (Barr & Cary 
2000) . Farmers who feel secure in cheir financial 
furu re are more likely ro invesr resources in 
adopring new resource managemenr practices. 
Feeling financially secure is an ourcome nor jusr 
of currenc financial circumsra nces, bur of furure 
expecracions and psychological disposicion. 

There is a long rradirion of research rhar shows 
how individual personali ry crairs and 
psychological resources have a significanr 
influence on derermining response ro risk. 
Recenc research in Q ueensland suggesrs fa rmers 
are more likely ro have a personali ry sryle 
adapted to perseverance, au ronomy, solitude and 
a capaciry ro cope with adversiry (Shrapnel & 
Davie 2000). Of 14 general personaliry sryles 
expected in rhe wider communiry, farmers were 
found ro generally fa ll inro a Ii mired suite of five 
sryles. T hese five sryles have a common tendency 
to experience discomfort in group situations. 
Whilst this work is fo rmari ve, ir provides an 
indication of why membership of Landcare 
groups is unlikely ro cover rhe whole of rhe fa rm 
popularion or why Landcare is nor necessarily 
rhe mosc effective means ro inform or inAuence 
land managers or why group exrension is, ac 
best, one rool fo r del ivering training on new 
farming cechniques. 



Like masc ocher occupations in Australia, the 
average age of Auscralian farmers has been 
increasing (Barr 200 I). Age is an importanc 
social characteriscic because it is an indicacor of 
che scructure of che changing agriculcural 
workforce in Australia. The evidence concerning 
chc impacc of age on adopcion of sustainable 
praccices is mixed; any relacionship between age 
and che adopcion of suscainable praccices is 
unlikely to be linear and may be confounded by 
ocher faccors such as income and education. In 
localicies wich an increasingly aged fa rmer 
populacion and low rates of incer-generacional 
cransfer, adopcion of changed managemenc 
praccices char require increased capital and 
labour commicmenc is likely to be lower. T his 
scenario wi ll become more common in che 
Australian farmi ng landscape over che nexc 
decade. 

For further informacion see Chapcer G of che 
Audie projecc reporcs on the capacity for 
resource managers to implemenc sustainable 
practice (Cary er al. 200 I). 
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CHANGING SOCIAL LANDSCAPE OF AGRICULTURAL 
AUSTRALIA 

The gradual lo ng-cerm movemenc of labour ouc 
of agriculcure and decl ining proporcional 
concribucion of agriculcure co cocal economic 
growch bring wi ch chem significanc changes in 
che social scruccure of ru ral areas. During 
necessarily gradual implemencacion of 
catchment management plans, rural 
communicies are likely co change in response co 
these global economic crends. T hese scrucrural 
changes may influence the capacicy co 
implement cacchmenr plans or adopc changed 
farm ing praccices. These changes in rural 
communicies need co be caken inco account as 
pare of the implemenracion of catchment plans 
and nacural resource managemenc scracegies. 

Declining number of farms 

The social and economic scruccure of Auscralian 
agriculture has changed significancly over che 
pasc rwo decades. 

There was an 18% decline in farm 
escablishmenc numbers becween 1986 and 
1996. 

There was a 16% decline in che number of 
fa rm fam ilies and a 2 1 % decl ine in che 
number of fa rmers over the same decade. 
Escablishment decl ine was greatest amongst 
the middle sized farms, with gross fa rm 
incomes between $50 000 and $200 000 
(see Figure 3.5). The rare of decline in fa rm 
numbers appears ro be inversely relaced co 
remoteness (see Figure 3.6). 

T he net rate of decline in farm numbers 
masks a much higher rare of farm exit and 
entry co fa rming. 

Figure 3.5 Change in number of farm establishments by estimated value of agricultural operations 
(EVAO)grouping as a percentage of all farm establishments 1986 to 1996 (using constant 1996 dollars). 
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• 

13erween 1986 and 1996 rhe number of 
Ausrralian fa rmers declined at an annual 
rare of 2.2%. In this same period rhe 
annual rare of exir from farming was 5.7% 
and rhe rare of enrry was 3.5%*. 

The number of fa rmers exiring agriculrure 
was grearesr du ring periods of higher 
commodiry prices. Higher land values 
provided a grearer incenrive co sell fa rms 
while higher commodiry prices gave 
neighbouring fa rms greater fi nancial 
resources co buy. During low commodiry 
price periods these incenrives were grearly 
reduced. 

Entry co farmi ng was less inA uenced by 
commodi ry prices. Enrry was more likely 
co occur in more arrracrive locarions or in 
irrigation areas. Enrry co farming was fa r 
less likely in tradi tional broadacre cropping 
regions. T his in part reAects the lower 
perceived ameni ry and rhe higher capi ral 
requiremenrs fo r enrry. 

Figure 3.6 Average annual percentage change in the number of farm establishments 1986 to 1996 by 
statistical local area. 

Change in the number of fa rm establishments with an 
EVAO greater than $30 000 ( 1996 $) from 1986 to 1996 
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Source: Derived from data supplied by the Australian Bureau of Statistics. 

© Commonwealth of Australia 2002 

Measures of enrry and exit to fa rming were calculated using migrarion and occupational data drawn from 
rhc ABS Popularion and Housing Census. For lunhcr derails see Barr (200 I). 
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Fewer younger people entering 
agriculture 

Throughout this period there was an underlying 
trend of fewer younger people entering 
agriculture as a vocation (see Figure 3.7). The 
low recruitment of younger people to 
agriculture may be a reflection of major 
adjustment decisions {e.g. hand ing the farm 
over to younger fami ly members) being delayed 
to the inter-generational transfer period (well 

beyond srandard retirement age). G iven the 
need for agriculture to mainrain international 
competitiveness through farm consolidation, the 
declining entry of younger persons to 
agriculture is nor necessarily bad news, 
particularly as most entries to farming have 
historically been through the purchase of small 
farms. 

Figure 3 . 7 Number of people with farming as their main occupation by age group 1986 and 1996. 
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Increased dependence on off-farm 
income 

During rhe lasr two decades a significant 
increase in rhe dependence of many farm 
fami lies on off-farm income, particularly those 
operating smaller farms, has occurred (Figure 
3.8) . This may in part explai n why, despite 
periods of low commodi ty prices and adverse 
seasonal conditions, average farm family 
incomes were remarkably similar ro Australian 
family incomes (Figure 3.1 ). During 1986 ro 
1996 areas with significant numbers of low 
income fa rm families were not necessarily those 
wirh the smallest farms. More ofren these areas 
had small ro medium sized farms with less access 
ro off-farm employment. 

The increasing reliance of farm families upon 
rhe income of a spouse working off the farm 
should be viewed within the context of two 
major demographic rrends across rhe developed 
world: 

• the shift rowards the rwo income family as 
rhe middle class norm that has raken place 
over the past generarion wirh in Australian 
society; and 

the rrend rowards part-rime farm ing in 
orher developed counrries. 

l n both North America and Europe farm 
households are more dependent on off-farm 
employment than Australian fa rm households. 
The Unired Stares Depanmenr of Agriculture 
estimates that 90% of fa rm family income is 
derived from off-farm sources (Economic 
Research Service 1996, Korb 1999). This 
estimate is not strictly comparable with 
Austral ian dara as the United Stares Department 
of Agriculture definition of a fa rm includes 
smaller farms than are included in definitio ns 
used by the Australian Bureau of Sratistics or 
Australian Bureau of Agricultural and Resource 
Economics. In Canada, farm families have 
become increasingly dependent on the off-farm 
earnings of farm women (Olfert, Taylor & 
Stabler 1998). 

Figure 3 .8 Off-farm income earned on Australian broadacre and Australian dairy farms 1980 to 1998 
(constant 1996 do llar terms). 
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Ageing of the farm population 

The average age of Australian farmers rose by 
three years between 1986 and 1996. Farmer age 
is generally higher along the Great Dividing 
Range and in coastal areas (see Figure 3.9). 
Increasing farmer age in part reflects broader 
trends in the Australian workforce with the 
progression of the baby-boomer generation 
toward retirement. It is also an outcome of a 
lower recruitment of younger people to 
agriculture, a greater movement towards off­
farm income dependence among younger farm-

b:ised families and a deferral of decisions to ex it 
farm ing in the face of low commodity prices 
and limited demand for farm land. The farm er 
attitude survey in 2000 shows thar passing the 
fami ly farm on to fam ily members is declining 
(Reeve et al. 2001 ). While GI% of respondents 
indicated thar thei r farm had been owned by 
parents or parents-in-law in the past, only 29% 
bel ieved that their fa rm would be run by their 
chi ldren in the fu ture. These fi ndings all point 
to a period of rapid strucrural change in 
agriculture in the coming years. 

Figure 3.9 Median age of farmers by statistical local area ( 1996). 
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Continuing decline in the size of 
Australia's farm population 

Demographic modelling of future structu ra l 
change in Australian agriculrn re has produced 

two scenarios: 

a 30% decl ine in fa rmer numbers to 2020 
and a further increase in median farmer 
age, peaking in 201 1- based on the 
behaviour of farmers du ring the period 

199 1- 96 with poor p rices for broadacre 
fa rm commodities; and 

• a 55% decline in fa rmer num bers with 

little increase in cu rren t median age-a 
faster adjustment scenario based on 
behaviour during the period 1986- 9 1 in 
which com mod ity prices were generally 
higher (Figure 3.10). 

Figure 3. 10 Projected Australian fa rmer numbers and farmer age 1996 to 202 1 using slow and fast 
adjustment scenarios. 
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Diverging landscape changes 

These projectio ns present a picture of a rapidly 

changing agricul tural community. Other factors 

which were not able to be modelled suggest the 

rare of change may be even greater than assumed 

in these scenarios. Some of these addi t ional 
factors include: 

accelerating urbanisation of the Australian 

population, leading to increasing amenity 
competition fo r land use in less remote 

locations; 

increased urbanisation of the life 

aspirations of rural youth, leading to 

increased rates of youth migration to urban 

a reas (Gabriel 2000); 

a decl ine in the cultural relevance of 

fa rming as a li festyle identi ty, potentially 

slowing the rate of entry to fa rming 
(Bryant 1999); 

changing female expectat ions of marriage 
and career, complicating the establishment 

of fa rm fam ily businesses in more remote 

locations (Barr 1999, Weston 1999); and 

• ageing and retirement of the 'baby-boomer' 

population segment, reducing market 

labour supply and providing increasingly 

at tractive alternative employment 

opportunities beyond fa rming fo r rural 

youth (Access Economics 200 I ). 
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In the next decade some contem porary 

agricultural landscapes w ill remain clearly 
agricultural in their character, while in others 

the land values will not be determined by 

agricultural productivity. In these landscapes the 

path of existing fa rm businesses to seek 

increased competiti veness through land 
purchase will be blocked by high land values. 

Equal, if not greater, challenges face amenity 

landscape managers in thei r responsib il ity for 

achieving sustainable resource use; capacity and 

knowledge remain issues. 

Planners need to be aware that some landscapes 

are on a pathway out of trad it ional agricul ture. 

Catchment managem ent w ill be less li kely to 

mean sustainable agriculture in these areas than 

sustainable landscape management. Structural 

changes in the social landscape may offer 

opportunities fo r landscape change that are 

com plementary co current trends of structural 

change. Catchment planners also need co be 
aware of the continuing social and economic 

changes in the structure of thei r catch ments. 



Monitoring changing social landscapes 

Some changes ro narional dara collecrions would 
grearly increase our capaciry ro moniror 
srrucrural change wirhin farm communiries. 
I mprovemenrs include: 

broadening rhe scope of rhe Ausrralian 
Agriculrural Census ro encompass a regular 
suire of quesrions on environ menral and 
social issues; 

developing merhods rhat provide tables 
based upon links between data from the 
Ausrralian Agricultural Census and the 
Popularion and Housing Census ro provide 
greater confidence in Population Census 
dara based upon self-defin ition of the 
fa rmer; and 

developing sample longirudinal dara sers 
for rhe Australian Agricultural Census ro 
provide an enhanced capacity ro 
undersrand the dynamics of structural 
change within Australian agriculture. 

For further informarion see the Audit project 
report on structural adjustment of Australian 
agriculmre {Barr 200 I). 
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ASSESSMENT FRAMEWORK CONTEXT 

People have radically changed rhe way rhey 
rhink abour and value our land and warer 
resources. \Xlhereas previously arrirudes and 
policies rowards land use were focused mainly 
on rhe producriviry of land, so il and warer 
resources used in agriculrure, now sociery is 
rurning ro landscapes for a much wider range of 
services (e.g. increasing concerns are being 
voiced abour rhe effecrs of land and soil 
degradarion on warer qualiry, landscape ameniry 
values, biodiversiry, rhe environmenr and orher 
amibures). These, so called, 'off-sire' impacrs or 
externali ries are considered in the next chaprer. 
T his chaprer provides an agriculrural 
producriviry perspective of so il degradarion 
issues and opporrun iries ro improve agricultural 
productivity. 

Step 2 
Identify options and 

their outcomes 
Chapter 6 

Three parricular rypes of poor soil condition­
dryland salini ry, sodiciry and acid ity are 
imporrant. Emphasis is given here co identify ing 
the ex tent of rhe problems from an economic 
perspective or establishing a baseline- Step I in 
rhe ftve-srep process for assessing prioriries in 
natural resource management (see Figure 2.6 in 
Chapter 2). Benefi r- cost analyses of options ro 
alleviare soil acidiry and sodiciry are also 
presented (Steps 2, 3 and 4). Case studies on 
dryland salinity are derailed in Chapter 6. 
Survey results of landholder perceprions of land 
degradation and impacts on land values are also 
given. 

Step 3 
Identify costs of options 

Chapters 3, 6 

Ste p 4 
Ne t be nefit assessment 

Chapter 6 

Ste p S 
Assess other constraints and policy effectiveness 

Chapters 3, 7 
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LAND DEGRADATION- WHAT IS IT? 

' Land degradation' has several interpretations. At one 
extreme, some people believe that where land is not 
in its natural, pre-European settlement stare, it is 
degraded. Redclift (1987) states that ... sustainability 
is not endangered by ecologically unwise agriculture 
practices, it is endangered by all agriculture. Cameron 
(1991 ) argues that rhe closer all land is to its natural 
state, the more sustainable the ecosystem is likely to 
be. 

Vast areas of Australia have been cleared for agricul ture 
(Figure 1.4 in Chapter I) and this has contributed 
greatly to Australia's development. Clearing of native 
vegetation fo r agriculture has changed the character 
of the landscape but all agriculcu ral land is far from 
being 'degraded', and nor all agriculcural activities are 
unsustainable. Some apparently 'degraded' land is the 
result of natural condi tions or processes. To a large 
extent, soil sodicity, and to a lesser extent, soil acidity, 
fa ll in th is category as inherent constraints on 
agricultural development. 

Figure 4. 1 The concept of land degradation. 
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Land types 

Area A: land in its natural scace, not affected by agriculture or 
other industries. 

Area B: agricultural land that most would regard as being in good 
condition. In part. chis land may experience loss of soil 
carbon or soil quality compared with land in its natural 
state but. overall, it is producing to its maximum capability 
and there are no significant ·off-site' effects. Some of 
this land may have soil quality chat is even beuer than 
comparable land in its natural state (e.g. significant areas 
in southern Auscralia have been made substantially more 
productive for agriculture through application of fertiliser 
and trace elements as well as other technological 
advances, Figure 4.2). 
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Assessing the extent of land degradaton 

How can we assess the extent ofland degradation in 
Australia and how can we fix it? 

The extreme position is to argue rhar all land other 
than A and possibly E in Figure 4.1 is, to some ex rent, 
degraded. The lightly shaded area in Figure 4.1 should 
not be regarded as ' land degradation' from an 
agricu ltural perspective unless agri cultural practices 
are having significant off-sire adverse effects such as 
nutrient run off into streams-considered in Chapter 
5. 

A more realistic approach is rhar society should be 
aiming to prevent land represented by B from 
deteriorating in quality, to prevent C and, where 
possible, D land from degrading any further and 
where technically feasible and economical ly profitable, 
restore C and D land towards max imum potential 
yield. T his dark shaded area does provide an 
indication of the magnitude of the problem and the 
maximum effort required to restore agricultural land 
to its maximum potential yield . But technical and 
economic considerations will mean rhar chis shaded 
area will never be eliminated. Consideration of the 

D E 

A rea C: land that is degraded to varying degrees, where 
agricultural production is not at maximum potential yield 
and there are varying degrees of'o ff-sice' adverse effects. 
In this case, the primary reason for the degradation is 
inappropriate agr icultural practices or other human· 
related activities. 

A rea D: represents agricultural land that is also of poor quality, 
not because of human activity. but mainly from natural 
causes. Sodic and some acidic soils fall in this category. 
However, the potential exists for management practices 
to greatly improve the productive capacity of some types 
o f this land (e.g. in the case of sodic and acidic soils, by 
the application of gypsum and/or lime). Such land treated 
in this way can be represented by area E. 



dark shaded area and how ir may expand in rhe furure 
under a ' business as usual' scenario esrablishes a 
basel ine (Srcp I) bur ir will nor be profirablc ro rcsrorc 
all degraded land ro irs maximum potcnrial. Degraded 
land is a 'sunk cosr' (meaning rhar cosrs have occurred 
in rhc pasr and are unrecoverable) and rhis land should 
be regenerated only ro rhe poinr where iris profirable 
ro do so, raking inro accounr borh net benefirs from 
an agriculcural viewpoinr and also all ocher benefirs 
and cosrs. 

Costs associated with degradation 

Frequently, the term 'costs ofland degradation' is used. 
The 'on-sire' or on-farm cosrs of land degradation 
can be represented by the value of the dark shaded 
area in Figure 4. 1 T his can be splir into human­
induccd costs (value of shaded area above C) and costs 
due to natural causes or inhcrenr soil characteristics 
(shaded area above D). To rhc rotal on-farm costs of 
land dcgradarion musr be added all 'off-site' or 
downstream costs which arc considered in Chapter 
5. Rarher than focusing on 'on-farm' costs of 
degradation a better interpretation of the value of the 
dark shaded area in Figure 4. 1 is rhe maximum 
porenrial yield gain from raking positive remedial 
measures ro improve land producriviry and the 
susrainabiliry of rheir use in agriculrure. As outl ined 
in Chapter 2, chis requires an invesrment or benefir­
cosr approach ro decisions on land managemenr (Steps 
2, 3 and 4 in Figure 2.6). 

Figure 4.2 Wheat yields between 1870 and 1990. 
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Many types and causes of land degradation 

Land degradarion (Figure 4.3) can be caused by warer, 
wind, soil rype/ropography and biological agents 
(Figure 4.3). T here arc srrong inreractions among 
rhese (e.g. rising groundwater tables can result in 
waterlogging where the soils and/or groundwarcr is 
saline; dryland salinity can occur leading ro further 
loss of vegetation and potentially gully, sheet or rill 
erosion). 

The primary causes and processes of land degradarion 
are generally well known and summarised (Reeves, 
Brcckwoldr & Chartres 1998) bur a challenge for rhc 
future is ro becter understand rhe secondary causes 
(Figure 4.3). This report is a positive step in chis 
direcrion. 
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Figure 4.3 Some types and causes o f land degradation. 
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DRYLAND SALINITY, SODICITY AND ACIDITY 

Areas of agricultural land where significanc crop/ 
pascure yield loss is likely co occur because of 
dryland salinicy, soil sodicicy and acidi ry were 
idenci fied (Figure 4.4, Box 4. 1 ). 

• Saline soils affecc relacively small areas. 
However, where soils are affecced by 
salinicy che reduccions in yield are generally 
much greater than for sodicicy or acidi ry. 
The current ex tent of salinicy represenrs 
only about 1 % of agricultural land (Table 
4. 1) buc che yield losses are large where it 
occurs. Agriculcural land includes vast areas 
of cropical, arid or semi-arid grazing where 
salini ty or acidicy are generally noc 
significanc issues. 

• 

• 

Inherenc soil sodicicy is che mosr 
widespread limicing factor on porencial 
producriviry wirh nearly a quarter of 
agricultural land affected (Figure 4.4). 

Soil acidicy is a less significant constraint 
wirh 4.5% of agricultu ral land affecred . 
However, acid soils cause appreciable yield 
loss mainly in rhe coastal areas of norrh 
Q ueensland and in Victoria and souchern 
New South Wales. 

BOX 4.1 ESTIMATING THE YIELD GAP 

Areas of agricultural land where significant crop/ 
pasture yield loss may occur because of produccion­
limiring soil conditions were idenrified. Yield loss was 
defined as all rhose areas wirh at least 5% yield loss 
due co acidicy or sodiciry compared with maximum 
pocencial yields or where yield loss is actually occurring 
in rhe case of saliniry. Perhaps a beccer way co incerprec 
chis is as areas where chere is the potential co raise 
yields by 5% or more by alleviating the problems of 
sodiciry or acidity. For simpliciry, che cerm 'relacive 
yield' is used. Land wich a relative yield of say 85% 
for sodiciry, means char because of sodiciry, actual 
(current) yields on chat land are only 85% of whac 
chey could be if sodiciry problems were alleviated. 
Thus: 

actual yield 
Relative yield = 

pot ential yie ld 

T he absoluce difference between pocencial and accual 
yields is referred co in chis report as che 'yield gap'. 

Yield gap-a relative measure 

T he escimace of yield gap provides an upper bound 
co che level of benefic char could be generaced if 
production limiracions were removed. le therefore 
provides insight co che ceiling on investment for cosc 
cffeccive natural resources remediation. Ir is recognised 
char che 'yield gap' does noc necessarily reflecc an 
economically optimal solution. The complexities of 
modelling che optimal decision require farm level 
analysis and therefore were nor pare of rhis Auscralia­
wide conrexc seccing analysis. Escimaces in chis chapter 
should be considered as indicative and relative racher 
chan absolute. 

Derails of how relative yields for chese chree rypes of 
land degradation were escimaced are given in Appendix 
B. For salinity, the extenc of area affected is that where 
yields are adversely affected by dryland salinity. 
Estimates of the projected excem of dryland salini ry 
in 2020 also demonstrate the long lag times between 
cause and impact for dryland salinity. 
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Two differenr aspects of dryland salini ty are 
presenred (Table 4.2 in Box 4.2)- area at risk 
and modelled estimates of che dryland salini ry 
excenr. The risk assessment defines the 
'catchment of concern', chat is, areas within 
which d ryland sal iniry is known or expected ro 
occur. The risk area also includes areas 
surrounding rhe severely impacted land char can 
contribute co, or be subject to secondary effects 
from dryland saliniry. The risk-based approach 
was adopted, as dara does nor exist ro define rhe 
actual extent of saliniry. The modell ing of 
d ryland salinity extent used the delineated risk 
area and allocated within these areas land where 
agricultural production is reduced or lost. 

The risk assessmenr for spatially explici t 
economic modell ing would result in an 
overestimate of futu re costs and potential 
benefits (about 40%). A 'best-bet' modell ing of 
dryland saliniry extent was therefore used. In 
addition when D1yltt11d Stt!i11it)1 Assessment 2000 
(N LW RA 200 l b)was prepared, Q ueensland was 
unable to provide an esti mate for the year 2000 
and it was necessary ro develop an estimate for 
Queensland fo r 2000 and then ro convert all 
estimates of ' risk' inro an esti mate of the land 
area where dryland saliniry reduces agricultural 
yield and income for the economic analysis. 

Figure 4.4 l ocation of factors that limit agricultu ral production' . 

Salinity 2000 Salinity 2020 
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Limiting factor areas have been exaggerated to be made visible at a national scale. 
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Table 4. 1 Areas where so il conditions constrain yield'. by State and Territory. 

Sallne solls Acidic soils Sodlc solls 

2000 2020 20 00 2000 

Area Proportion Area Proportion Area Propor tion Area Proportion 
of agricultural of agricultural of agricultural of agrlcultura 

land land land land 

('000 ha) (%) ('000 ha) (%) ('000 ha) (%) ('000 ha) (%) 

Australian Capital 
Territory" 0 0.0 0 0.2 4 13.3 3.7 

New South Wales 89 0.1 286 0.4 4 095 6.3 24 731 38.0 

Northern Territory" 0 0.0 0 0.0 2 973 4.2 11 5JJ 16.2 

Queensland 62 0.0 145 0.1 6 192 4.2 42 191 28.7 

South Australia 472 0.8 670 1.2 20 0.0 7 635 13.6 

Tasmania 26 1.4 JS 1.9 677 36.9 504 27.5 

Victoria 287 2.0 689 4.9 2 754 19.5 8008 56.6 

Western Australia 2 169 1.8 2602 2.2 4 602 3.9 14615 12.5 

Australia l 106 0.1 4426 0.9 21 31 7 4.5 109 219 2l. 1 

Table shows the area and proportion of total agricultural land affeeted by salinity, sodicity or acidity in each State. For salinity the areas 
shown are those where yields are adversely affected.Affected areas are where yields are judged to be 95% or less of potential yield. 
Upper and lower range estimates are reported on the Australian Natural Resources Atlas. 

b The Northern Territory and Australian Capital Territory were considered to have very minor salinity problems and were not included 
in the NLWRA salinity hazard areas (N LWRA 2001b). 

A measure of rhe area where saliniry reduces 
agricultural productiviry was required for the 
economic analysis fo r 2000 and 2020. 
(Box 4.2). T he di fference berween the modelled 
d ryland saliniry exrenr and risk assessmenr of 
agricultural land is berween 40% and 50% 
(Table 4.2 in Box 4.2). 
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BOX 4.2 SUMMARY OF DRYLAND SALINITY EXTENT MODELLING 
METHOD 

Table 4.2 conrains an estimate of the modelled extent 
of sal inity for each State and '!Crritory. This is a 
measure of the area where salini ry actually reduces 
agricultural productivity. The effect of sal inity on 
productivity can be either slight, moderate, severe or 
extreme. 

The extenr estimates were prepared in consultation 
with State/Territory representatives, by developing a 
range of algorithms to convert each 'at risk' estimate 
into an estimate of 'extent'. As definitions of 'at risk' 
vary from State to State, different algorithms were 
needed for each State. In the case of South Australia, 
the 'at risk' estimare was derived by mapping areas 
where the impact of salin ity was moderate, severe or 

extreme. Areas where there is a risk but no visible 
effect on yield were not included in the 'at risk' 
assessmenrs. All moderate, severe or extreme areas were 
assumed to be surrounded by buffer zones where yields 
gradually increased to fu ll potential to produce an 
estimate of extent that is consisren r with those 
developed for ocher States and Territories. As a result, 
the South Australian spatial estimate of the 'extent' 
of salinity is larger than the estimate of area 'at risk' 
shown in Table 4.2. In consultation with State/ 
Territory representatives, the Queensland estimate of 
area 'at risk' was produced by shrinking the 2050 area 
and linking this with poinr information available from 
a l 992 survey of areas where salinity was known to 
exist. 

Table 4.2 Comparisons of estimates of the modelled extent of dryland salinity and agricultural areas* 'at 
risk'. 

Extent of dryla nd salinity A rea 'at r isk' o f dryla nd salinity 

2000 2020 2000 2020 

('000 ha) ('000 ha) 

New South Wales 89 286 18 1 580 

Queensland 62 145 na na 

South Australia 472 670 326 421 

Tasmania 26 35 53 70 

Victoria 287 689 665 I 306 

Western Australia 2 169 2 602 3 553 4 182 

Australia 3 106 4 426 4 778 6 559 

Pro portion of 
agr icultu ra l la nd (%) 0.7 0 .9 1.0 1.4 

* The Northern Territory and Australian Capital Territory are not included. as the dryland salinity problem is considered very minor in 
these areas. 

Data sources: Australian Dry/and Salinity Assessment 2000 (NLWRA 200 I b). CSIRO Policy and Economic Research Unit 2002. 
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Areas affected by salinity, acidity and 
sodicity 

For each of rhe various uses of land, Table 4.3 
presents estimates of rhe area of land affecred by 
sodiciry, acidiry and saliniry. For selecred land 
use rypes Figure 4.5 shows the proporrion of 
each land use chat is adversely affected by 
sal ini ry. 

Ir is esrimared rhar abour half of all land affecred 
by saliniry is used for sheep grazing (Table 4.3, 
Figure 4.5). Four percent of cereal cropping 
land is esrimared co be affecred and chis 
accounrs for about 22% of all land affecred by 
saliniry. Some indusrrics are less affected by 
salini ty because of rheir geographic location (e.g. 
cotton and sugar). In each case, some increases 
in the areas affected by salini ty are projected for 
2020 and rhe overall areal excenr of agriculrural 
land affecred by salin iry is projected co increase 
by over 40% over the next 20 years. 

Table 4.3 Areas where soil conditions constrain yield, by land use grouping. 

Land use Proport ion of agricultural land (%} 

Salinity Acidity Sodicity 
2000 2020 

Agroforestry 4.5 6.4 32.8 6.6 

Beef 0.2 0.3 4.8 18.5 

Cereals 4.1 5.9 17.6 11.2 

Coarse grains 1.5 2.2 1.0 16.4 

Cotton 0.3 0.5 0.0 22.0 

Dairy 1.9 2.6 37.3 41.2 

Fruit 0.6 0.8 44.4 32. I 

Grapes 3.0 4.2 21.5 43.3 

Hay 3.5 5.0 10.8 19.0 

Legumes 6.0 8.6 22.0 6.6 

Oilseeds 3.7 5.2 36.8 11.8 

Other 1.0 1.4 16.3 13.5 

Peanuts 3.5 4.9 9.1 24.7 

Rice 0.5 0.6 0.0 6.5 

Sheep 1.0 1.4 1.3 32.8 

Sugar cane 0.6 0.8 33.I 9.4 

Tobacco 0.0 0.0 83.7 12.9 

Tree nuts 0 0 13 3 0.4 0.6 55.7 13.4 

Vegetables 
"' 

99 53 1.6 2.3 59.3 32.0 

All land uses 3 106 4426 21 317 109 219 0.7 0.9 4.5 23.1 

Upper and lower range estimates are reported on the Australian Natural Resources Adas. 
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Figure 4.5 Proportion of specific land uses currently affected by dryland salinity. 
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Ir is apparent rhar while salini ty affects 
significant areas of rhe Southern, New South 
Wales and Central and Western Australian 
southern regions, many regions are affected to a 
much greater extent by acidity and sodicity 
(Table 4.4). 
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Ta b le 4.4 Area of land where soil attributes constrain agr icultural yields, by regions. 

Re porting region Area ('000 ha) Proportion of agricult ural land (%) 

Sallnlty Salinity 2020 Acldltly Sod I city Salinity Salinicy 2020 Aciditiy Sodlcity 

Burdekin 13 33 56 3 6+f 0.1 0.3 0.5 30.3 

Carpentaria s 14 3 896 2 595 0.0 0.0 I I. I 7.4 

Darling 39 99 Sii 21 723 0.1 0.2 0.9 38.7 

Far North Queensland 0 996 123 0.0 0.0 38.8 4.8 

Fitzroy 24 SI 130 06S 0.2 0.5 1.2 44.2 

Goldfields 0 113 2 1934 0.0 0.5 0.0 8.1 

Gulf 0 0 4 2346 0.0 0.0 0.0 14.6 

Indian North 0 0 0 0 0.0 0.0 0.0 0.0 

Indian South 76 76 I 080 145 0.7 0.7 10.2 1.4 

Inland 0 0 37464 0.0 0.0 0.0 25.9 

Mo reton 2 215 262 0.1 0.1 16.2 19.8 

Murray 272 559 2 543 15567 0.8 1.7 7.5 46.2 

NSW North 630 172 0.0 0.1 31.6 8.6 

NSW South & Central 2S S7 I 379 309 0.8 1.8 43.4 9.7 

North Q ueensland 4 497 510 0.0 0.2 25.3 25.9 

Queensland South 
& Central 6 IS 350 1501 0.2 0.4 8.8 38.0 

SA Gulf 92 92 12 I S69 1.3 1.3 0.2 22.8 

South East Corner 9 IS I 050 704 0.4 0.6 45.8 30.7 

Southern 368 791 797 4021 6.1 13.0 13.1 66. I 

Tasmania 26 35 677 504 1.4 1.9 36.9 27.5 

Timor Sea 0 0 3464 1624 0.0 0.0 11.2 5.3 

WA South 2094 2413 3 024 6 713 9.5 11.0 13.8 30.5 

Western Eyre 
Peninsula 54 54 s 825 0.4 0.4 0.0 6.3 

Australia 3 106 4426 21 3 17 109 2 19 0.7 0.9 4.5 23.1 
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THE VALUE OF YIELD GAPS 

The excenr of areas affecced by salinicy, sodicicy 
and acidiry presents only half the story, since 
estimates give equal weighc ro a hectare of land 
in eirher the rangelands o r rhe intensive and 
mosc produccive agriculcural regions. The ocher 
half of che sto ry is provided by caking into 
account di fferenc pocenrial proflc levels which 
can be earned on differenc cypes of land and 
under di fferent land use regimes. le is fa r more 
signiflcanc if salinicy, fo r example, adversely 
affeccs our mosc produccive and valuable 
agriculcural land than if equivalenc areas of 
marginal land are affecced to che same exrenc. 

Conversely, in considering invescmencs ro 
address soil healch problems, che level of 
increased profics chac can be earned from 
alleviacion provides an upper bound on che 
gross benefics from che invescmenc. Of course, 
in a beneflc-cosr framework, che coses of 
invesrmenc in remedial accions also need to be 
carefu lly considered, as do che off-sice or non­
agriculcu ral coses and beneflcs (see Chapcer 5). 
Correccion of dryland salinicy in a region will 
nor only improve yields, buc will also have 
signi flcanc ocher beneflcs for biodiversicy, wacer 
qualicy and ocher factors. Only che on-farm 
produccivicy aspects are considered in chis 
chapter. The concepc of change in profit flt fidl 
equity (see Box I. I in Chapcer 1) is used co 
value che yield gap (see p. 89) resulcing from soil 
amibuces which keep yields ac less chan cheir 
porencial. Solely from an agriculcural 
perspeccive, che change in proflc ac full equicy or 
value of the yield gap is equal co che maximum 
beneflcs or increase in profi ts which can be 
expecced from alleviacion of these soil arrribure 
problems-without any consideration of che 
cosrs of remedial actions (see Chapter 6). 
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Taking 2000 as rhe base year, the tocal value of 
agriculcural nee income forgone (value of yield 
gap) due co dryland salinicy is estimated ar 
about $ 187 mill ion a year (Table 4.5) . This 
represencs jusc under 3% of che tocal nee recurn 
from agriculcure. Prima facie, ir appears char 
sodicicy and acidi cy are much greater problems 
limicing agriculcural recurns from a national 
perspective than dryland saliniry. This does noc 
necessarily mean chat greacer public resources 
should be devoted co options for addressing 
sodicicy or acidicy since rhe cost esri maces do 
nor indicace: 

rhe ease with which impacts can be 
prevenced; 

whecher the costs are primarily public or 
private; or 

rhe trajectory of yield losses inco rhe fucure. 



Table 4.5 Value of the yield gap measured as change in profit at full equity for salinity, sodicity and acidity 
( 1996/97), by State and Territory. 

Proportion of total proflt at full equity (%) 

Salinity Salinity Sodicity Acidity Combined 
impact• 

Australian Capital Territory 0.0 0.0 7.6 28.S 29.9 

New South Wales 6.3 0.3 13.8 18.6 30.7 

Northern Territory 0.0 0.0 6.0 117.0 122.8 

Queensland 10.2 0.8 13.8 17.7 30.0 

South Australia 39.1 4.1 13.4 0.3 17.2 

Tasmania 1.9 1.7 10.8 187.6 192.4 

Victoria 18.5 1.6 30.I 41.4 66.6 

Western Australia 111.0 11.S 9.3 23.4 35.4 

Australia 187.0 2.9 15.8 24.2 39.0 

As salinity, sodicity and acidity constraints often coincide the aggregate affect is significantly less than the sum of each constraint. This 
estimate is based on the most limiting factor. Upper and lower range estimates are reported on the Australian Natural Resources 
Atlas. 
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Sodicicy can be rreaced by applying gypsum, bur 
cosrs, and hence concern, are generally private 
and borne by rhe land owner. Beneflrs and coses 
of gypsum application are considered lacer. 

Soil acidity has similar characrerisrics. Some 
soi ls are naturally acid. Use of legumes and 
repeared applications of fertilisers such as 
nitrogen-based ferril isers have, over a long 
period, induced or accelerated acidification. T he 
impacts are largely on sire and rhe condition can 
be rreared by rhe application of agricultu ral 
lime. 

In some severe cases, sodicity or acidity char 
retard plant growth can lead ro more severe 
forms of soil erosion, (e.g. gully, sheet or rill 
erosion), rhar in turn can contribute ro off-sire 
effects such as water rurbid ity or warer wirh high 
acidity. Such severe cases may warrant attention 
by communi ty, indusrry and government on the 
grounds char exrernaliries can be signiflcanr. 
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Salini ty has a much greater capacity ro cause off­
sire effecrs and is characterised by irreversible 
impacts if allowed ro progress roo far (borh on­
and off-farm). Hence rhere is porenrially a 
greater role for communiry and governmenr in 
addressing salinity. A response ro rh is is seen in 
rhe November 2000 commirmenr by 
Commonwealrh, Stare and Terrirory 
governmenrs ro rhe National Acrion Plan for 
Salini ty and Water Q uality. 

For dryland salini ry, land uses where rhe values 
of yield gaps are grearesr are cereals, dairy and 
sheep (Table 4.6). Together rliese land uses 
accounr for over 70% of the roral value of yield 
gaps for dryland salini ty ar a national level. 



Ta ble 4.6 Modelled value of yield gap ($m/year) measured as profi t at full equity (PFE) for salinity. sodicity 
and acidity, by land use (2000). 

Beef 

Cereals 

Coarse grains 

Cotton 

Dairy 

Fruit 

Grapes 

Hay 

Legumes 

Oilseeds 

Peanuts 

Rice 

Sheep 

Sugar cane 

To bacco 

Tree nuts 

Vegetables 

Total 

Annual value of yield gap ($m) 

15.8 

70.6 

2.9 

2.1 

24.0 

3.2 

6.0 

1.8 

9.6 

2.4 

0.9 

0.1 

38.9 

0.6 

0.0 

0.1 

8.1 

138.0 

168.0 

28.9 

75.8 

224.4 

93.2 

53.8 

1.9 

13.1 

8.4 

1.6 

1.8 

168.6 

8.2 

0.1 

3.9 

44.8 

187 .O I 034.6 

95.0 

156.7 

5.4 

1.8 

255.0 

515.7 

117.9 

2.1 

12.7 

22.5 

0.9 

0.2 

50.5 

27.8 

17.8 

12.2 

290.5 

Impact 

220.5 

337.9 

34.0 

77.8 

451.5 

594.8 

167.4 

5.5 

28.1 

28.8 

2.9 

2.0 

223.2 

32.1 

17.8 

15.8 

319.5 

I 584.5 2 559.5 

l 

• 

' 

2.2 

3.8 

0.5 

0.2 

1.5 

0.4 

1.3 

17.0 

11 .2 

2.6 

3.8 

0.1 

12.7 

0.3 

0.0 

0.1 

1.6 

2.9 

Proportion of total PFE (%) 

19.2 

9.1 

5.2 

6.3 

14.1 

10.5 

11.5 

17.9 

15.4 

9.0 

7.2 

3.5 

55.2 

4 .9 

0.6 

5.5 

8.8 

15.8 

impact 

13.2 30.7 

8.5 

1.0 

0.1 

16.0 

58.0 

25.2 

19.6 

14.9 

18.4 

6.1 

6.4 

28.4 

66.9 

35.7 

5 1.0 

32.9 

24.2 3 1.0 

3.8 13.1 

0.4 3.9 

16.5 73.0 

16.7 19.3 

139.I 139.1 

17.2 22.2 

57.2 62.9 

24.2 39.0 
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Value of yield gap for salinity in 2020 

Problems of saliniry are likely co inrensify and 
expand given the long lag time between change 
in the catchment water balance and salinity 
impacts (Australian Dry/and Salinity Assessment 
2000, NLWRA 200 lb). From a national 
perspective, the annual va lue of the yield gap fo r 

sal i 11 i ry i 11 2020 in real terms is es ti mated at 
$288 mill ion for 2020, an increase of$ I 0 I 
million on the estimated current value of yield 
gap (Table 4.7; Figure 4.6). T his again 
represents about 3% of the estimated coral net 
returns from agriculture by 2020. 

Table 4. 7 Summary of salinity values o f yield gap in 2000 and expected increases to 2020. 

Value of yield gap ($m) Increase in va lue of yield gap ($m) 

2000 2020 2020 

New South Wales 6.3 29.3 23.0 

Queensland 10.2 18.2 8.0 

South Australia 39.1 55. I 16.0 

Tasmania 1.9 2.4 0.5 

Victoria 18.5 55.5 37.0 

Western Australia 11 1.0 127.0 16.0 

Australia 187.0 287.5 I 00.5 

Figure 4.6 Interpretation of the current and future yield gap values for dryland salinity. 

Potential profit with no yield loss ---- ----- - ---- - -- - - - ------ - -

} $187 million 

Business as usual 
} $101 million 

2000 2020 

Year 

8 current total profit from agriculture at full equity ($6559 million) 

100 

} $288 million = yield gap 
in 2020 



The greatest proportional increases in value of 

yield gap for the d ryland sal inity are estimated 
to occur in New South Wales and Victoria. This 
reflects the regional and long-lag-rime 

groundwater flow systems dominating New 
South Wales and Victoria. Western Australia has 

the highest yield gap in 2020 (as it does in 
2000) and this points to the need for ta rgeted 
investment within Western Austra lia. 

The present value of the stream of annual yield 
gaps ro 2020 (the shaded area in F igure 4.6) is 
estimated at $712 million at a social discount 
rare (see p. 46 fo r definition of discount race) of 

3% or $558 million ar a 5% d iscount rare 
(Table 4.8). In relative terms, dryland salinity is 
predicted ro red uce rhe present value of 

agricultu ral profits over the next 20 years by 
1.5% (assuming a 5% discount race) . T hus, 

d irect impacts on agricultural exports and 
agricultu ral profits are likely ro be relatively 
small. 

Table 4.9 shows the discounted sum of increases 
in annual yield gap values fo r dryland salinity 
over 20 years co 2020-disaggregaced by land 
use type (again , che shaded area in Figure 4.6). 

For each land use type the est imates are also 
exp ressed in terms of percent losses in 
agricultural profit at full equity over the next 20 
years. W hen salinity costs are viewed in chis 
context, che losses if no action is taken range 

from 6% fo r the sheep industry to 0. 1 % for 
cotton. 

Comparisons with other studies 

A recent study of the Australia-wide coses 
associated with saline, sodic and acidic soils was 
undertaken by the Cooperative Research Centre 

for Soil and Land Management ( 1999). T his 
study estimated the value of extra production 
from amelioration of soi l acid ity and sodicity 
(chat is the value of yield gap) at $933 mi ll ion 
per year and $23 mill ion per year respectively. 

Hayes ( 1999) esci maced the losses from human­
induced dryland salini ty (equivalent to value of 

yield gap) at $ 130 million per year. Also a recent 
report by rhe Virtual Consulting Group and 
Griffin NRM for the Australian Conservation 
Foundatio n and National Farmers Federation 
(Madden er al. 2000) estimated char che annual 

cost of degradation in rural landscapes is at least 
$2 billio n a year. G iven char these previous 
studies d id not have access ro the Aud ie's fine­
scale land use maps and fine-scale soil attribute 
dara, these estimates are nor inconsistent with 

chose reported in rhis study. However, ir is 
emphasised chat impact coses on agriculture 
reported are equivalent co che value of yield gaps 
only. They do nor give any indication of likely 
returns after remed ial action is undertaken. 
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Table 4 .8 Impact o n agricultu ral pro fits resulting fro m increased severity and extent of dryland salinity fro m 
2000 to 2020. 

Net present value of Income losses 1 Decrease In PFE by 2020 (%) 
In profit at full equity 2000-2020 ($m) 

3% OR• 5% DR• I 

New South Wales 156.5 123 I. I 

Victoria 266.0 208 3.3 

Q ueensland 53.6 42 0.6 

South Australia 116.6 91 1.7 

Western Australia 115.3 90 I. 7 

Tasmania 3.6 3 0.4 

Aust rali a 711 .9 558 1.5 

DR = social discount rate 

Ta ble 4 .9 Impact o n agr icultura l profits resulting fro m increased sever ity and extent of dryland salinity 
from 2000 to 2020, by land use gro upings. 

Net present value of Income losses 

i 
Decrease in PFE by 2020 (%) 

In profit at full equity 1000-2010 ($m) 
3% DR• 5% DR• 

Beef IOI 79 2.0 

Cereals 153 120 1.2 

Coarse grains 22 17 0.6 

Cotton 8 7 0.1 

Dairy 184 144 1.6 

Fruit 20 16 0.3 

Grapes 26 20 0.8 

Hay 1.7 

Legumes 12 10 2.0 

Oilseeds 10 8 1.5 

Peanuts 4 3 2.6 

Rice 6 s 1.7 

Sheep 132 104 6.1 

Sugar cane 9 7 0.8 

Tobacco 0 0 0.0 

Tree nuts 0 0 0.0 

Vegetables 22 17 0.6 

All land uses 712 558 1.5 

DR = social discount rate 
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BENEFITS AND COSTS OF TREATING SODIC AND ACIDIC SOILS 

Sodic and acidic soils can be treated by applying 
gypsum and lime respeccively and application 
generally represents private investment. This 
raises the question of whecher such creatmcncs 
are proflcable and, if so, why more has not been 
done to creac chese soil condicions. Beneflc-cosc 
analyses of chese creacmencs were undercaken 
(brief underl ying assumpcions are given in Box 
4.3) . 

In areas affecced only by sodicicy or acidity 
applicacion of gypsum for sod iciry or lime for 
acidity was assumed to correct the condicion 
immediately and permanently provided 
maincenance applications were concinued in 
perpecuity every three years for sodici ty and 
every year for acidity. Under these treatments, 
relacive yields were restored to 100% and yield 
gaps were eliminated . A lim icing factor 
approach was caken where areas were subjecc to 
mulciple soil health conditions, (e.g. where 
salin ity was che most li miting facto r, any 
treatment wich lime or gypsum was assumed co 
have no impact on yields) . 

Results indicate chac while acidity and sodicicy 
affecc 28% of agricultural land, additional soil 
creacment by farmers is only fi nancially 
worchwhile on about 4% of chis land (Table 
4. 10). However, with in this area, soil creatment 
by lime and/or gypsum has che potencial to 
provide large financial net beneflcs to farmers. 
Assuming treatmencs run in perpecuity and that 
they eliminate yield gaps, gives a net present 
value of over $ 16 bi ll ion at a 10% private 
discounc race and $ 11 bi llion at a 15% discount 
race. This represencs a subscantial return on 
invescment and begs the question of why 
farmers whose propercies arc adversely affected 
by sodicity or acid ity do not undertake soil 
rreacment. Information on che adoption and 
type of managemenc scracegies implemenced to 
deal wich acidity and sodicity is largely 
anecdocal. The research outcomes of che former 
National Soil Acidification Program (Land & 
Wacer Australia) and Cooperacive Research 
Centre for Soil and Land Managemenc are key 
inpucs into furrher regional invescigations. 

Ta b le 4. 10 Net present value of soil treatment options for sodicity and acidity'. 

So il treatment optio ns Do Apply Apply App ly lime Tot al 
nothing gypsum o nly lime only and gypsum 

I 0% disco unt ra te 

Area affected million ha 2 18.5 3.2 5.4 0.8 227.9 

Proportion of total area % 95.9 1.4 2.4 0.3 100.0 

Net present value of net benefits $m 0.0 3 490 8 554 4 42 1 16 465 

I 5% discount rate 

Area affected million ha 2 19.2 2.9 5.1 0.7 227.9 

Proportion of total area % 96.2 1.3 2.2 0.3 100.0 

Net present value of net benefits $m 0.0 2 290 5 605 2 887 10 783 

Areas affected were calculated on the basis of those areas for which relative yield is less than I 00% due to sodicity and/or acidity. Thus 
the area estimates exceed those reported in Table 4.1. which were estimated on the basis of yield reductions of 5% or more. 
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BOX 4.3 ASSUMPTIONS UNDERLYING BENEFIT-COST ANALYSIS FOR 
TREATMENT OF SODICITY AND ACIDITY 

Sodicity 

Sodic so ils have a rendency to chemically disperse 
especially when culrivated and/or impacted by rain 

or surface run off Dispersed clays may form crusts 
on the surface o r be rranslocated down th rough the 

soil profile , plugging pore spaces, remicri ng drainage 

and causing surface waterlogging, crusting and very 
poor seed emergence or plant growth. Applicarion of 
gypsum can change the chemistry and srrucrure o f 

the soil and remedy rhe situation. 

Gypsum is often applied ro sodic soils ar rates around 
2.5 ro nnes/ha/year. In rhe benefir-cosr model it was 
assumed that this would be sufficient ro resrore crop/ 

pastu re yields ro full yield. 

Acidity 

Remediation of acidic soils involves the application 

of li me ro raise soil pHca to 5 .5. Ar this level, most 
crops and pasrures have negligible yield loss from 
acid iry. A challenge in the analysis was ro esrimare 

the am ount of lime required to bring all acidic 

agricultural so ils (rhose with pH less rhan 5.5) up ro 

rhe benchmark pH of 5.5. This was derermined by: 

Highty dispersive sodic soils are prone to soil erosion 

Lime required = 
number of pH units to 

bring soil pH up to 5.5 
x 

number of units of lime required 
to raise soil pH by I unit 

The required lime application was assumed ro bring 

acid soils up ro full porenrial capaciry in rhe absence 
o f a ny other limiring factors. To preven t re­
acid ification ir was assumed thar each treared hectare 

would have a maintenance application of250 kg/ha/ 

year o f lime every yea r in perperu ity. Spa ti al 
in fo rmarion on lime requirements was obtained from 
the Australian Soil Resources In formation System. 

Costs 

Costs of purchasing, transporting and spreading lime 

were based o n information from the com mercial 

marker and varied by location. 
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LANDHOLDER PERCEPTIONS OF LAND DEGRADATION AND 
EFFECTS ON LAND VALUES 

As parr of rhe Ausrralian Bureau of Agriculrure 
and Resource Economics farm survey program, 
a survey of rhe exrenr of land degradarion as 
perceived by rhose farmers inrerviewed was 
carried our in I 999 for Ausrralia's broadacre and 
dairy fa rms (Kemp & Connell 200 I). 

An expecrarion is rhar rhe marker value of 
agriculrural land wi ll generally reflect the srream 
of financial returns that can be earned from that 
land, discounted ro present value. If a fa rm is 
degraded rhen irs furure producrive capaciry is 
diminished and one would expect rhe marker 
value of that farm ro be somewhat lower rhan 
would otherwise be the case. T his hypothesis 
was rested by Ausrralian Bureau of Agriculrure 
and Resource Economics using farm survey darn 
and farmers' esrimates of the land values of their 
farms. Of course, land values are also affected by 
many orher issues such as proximiry ro large 

rowns, ameni ry, rype and ropography of land, 
degree of developmenr. T hese facrors were raken 
inro account in the analysis as fa r as possible. In 
addirion, the increasing incidence of 
landholders reporting degradation on rheir 
fa rms may indicare rhar rheir knowledge and 
recognirion of degradation is improving rather 
than that the actual incidence or severiry of 
degradarion is getting worse. 

Resulrs indicated that of nearly 4 I 0 million 
hecrares of broadacre and dairy farm land, just 
over I 00 million hectares were estimated ro be 
affected to varying degrees by some form of 
signiflcanr land degradation. Approximately 
36% of farmers reported at least one form of 
signiflcanr land degradation on rheir farm . 
These farmers estimated that on average 
approximately 21 % of their rotal fa rm area was 
affected ro some exrenr (Table 4. I 1 ). 
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Ta b le 4 . 1 I Incidence and extent of significant land degradation ( 1998/99). 

Population (no.) 

Sample (no.) 

Proportion of farms with significant 
degradation problem (%)b 

• acid soils 

• water erosion 

• wind erosion 

• dryland salinity 

• irrigation salinity 

• sodicity 

• loss of soil structure 

• waterlogging . weeds 

Proportion of farms with a significant 
degradation problem (%) 

Area affected by land degradation (ha/farm)' 

Proportion of total farm area (%)' 

Pastora l 
zone• 

4228 

210 

34(22) 

-

10(37) 

4(41) 

-
-
-
-
-

25(27) 

34(22) 

10 029(34) 

19(37) 

W heat-sheep 
zone• 

4'4776 

667 

38(7) 

11 (17) 

9(17) 

2(25) 

11(16) 

4(22) 

4(24) 

7(17) 

9(17) 

15(14) 

38(7) 

464(12) 

27(13) 

For a description of the locatio n of the three zo nes see ABARE (2000) At1s!ralion Farm St1rveys. 

High rainfall 
zonea 

36570 

593 

33(9) 

10(24) 

12(20) 

2(35) 

5(26) 

-

2(35) 

3(25) 

5(26) 

16(16) 

33(9) 

206(16) 

23(15) 

I 

A ll 
zones 

85574 

1470 

36(6) 

IO(IS) 

11(13) 

2(19) 

8(13) 

2(21) 

3(10) 

$(14) 

1(14) 

16(10) 

36(6) 

812(20) 

21(23) 

b There may be more than one form of land degradation on a farm. Estimates may include human induced as well as natural degradation. 

Average figures for farms with land degradation. 

Figures in parentheses are relative standard errors. expressed as percentages of the estimates. 

Source: Kemp & Connell (200 I) 
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T he regio n most significantly affected appears to be the whea t-sheep zone of Western Australia where 

an estimated 46% of farmers reported degradatio n p roblems on their farms (Figu res 4.7 to 4.10). 

Figure 4. 7 Proportion of farms with salinity problems, 1998/99 showing (A) farmer perceptions and (B) 
salinity yield loss extent (2000). - > 75% - SO - 75% - 25 - 50% - 10 - 25% 

0 - 10% 

no data 

So urce: 

Austra lian Bureau or Agricultural and Resource Economics 

Figure 4.7A provides some insight into the awareness and 
percept ions or farmers on land and water related issues- this 
map should not be interpreted as representing the actual 
geographic distribution or severity or the issue. 

© Commonwealth of Australia 2002 B 

Source: 

Australian Dryland Salinity Assessment 2000 

© Commonwealth or Australia 2002 

107 



Figure 4.8 Proportion of farms with perceived water erosion ( 1998/99). 

- > 75% - 50- 75% - 25 - 50% - 10 - 25% 

0 - 10% 

no data 

So urce: 

Australian Bureau or Agricultural and Resource Economics 

Figure 4.8 provides some insight into the awareness and 
perceptions of farmers on land and water related issues- this 
map should not be interpreted as representing the actual 
geographic distribution or severity or the issue. 

© Commonwealth or Australia 2002 
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Figure 4. 9 Proportion of farms with soil acidity problems, 1998/99 showing (A) farmer pe rceptions and (B) 
acidity yield loss (at least 5%) areas. 

- > 75% A - SO - 75% - 25 - 50% - 10 - 25% - 0 - 10% 

no data 

Source: 

Australian Bureau of Agricultural and Resource Economics 

Figure 4.9A provides some insight into the awareness and 
perceptions of farmers on land and water related issues- this 
map should not be interpreted as representing the actual 
geographic distr ibution or severity of the issue. 

© Commonwealth of Australia 2002 

~ 
4!" 

B 

Source: 

Australian Agriculture Assessment 200 I 

© Commonwealth of Australia 2002 
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Figure 4.10 Proportion of farms indicating at least one significant degradation problem. 

- > 75% - 50 - 75% - 25 - 50% - 10 - 25% 

0 - 10% 

no data 

Source: 

Australian Bureau or Agricultural and Resource Economics 

Figure 4.10 provides some insight into the awareness and 
perceptions or farmers on land and water related issues-this 
map should not be interpreted as representing the actual 
geographic distribution or severity or the issue. 

© Commonwealth or Australia 2002 

Impact on farm capital values 

The difference between capital values of fa rms 
with land degradation and the capital value of 
these same farms if rhey were valued at the 
capital value of farms without degradation was 
estimated to be $14 bi llion. T his translates co an 
equivalent amenity or annual difference of 
around $994 million a year and represents the 
value of rhe consequences of pasr land 
degradation on futu re farm profits. The figures 
include all forms of land degradation. le is 
stressed chat rhese estimates do not reflect in any 
way rhe returns on investment from measures 

II 0 

which would be taken to ameliorate land 
degradation. They do give some idea of the 
maximum potential benefits char would be 
associated wirh measures to eliminate all 
degradation and rhe coses of such measures or 
rhe probability of rheir success if adoption is 
ignored. 





ASSESSMENT FRAMEWORK CONTEXT 

Degradation of our narural resources has 
implications nor jusr for agriculrural {considered 
in Chaprer 4) bur for many orher industries, 
local governments, infrastrucrure assers, 
environmenral assets and individuals (Figure 
5.1 ). This chaprer examines the economic 
implications of selected forms of land 
degradarion for assets and activities orher than 
agriculrure wi rhin a region or catchmenr where 
degradarion is occurring as well as remore 'off­
sire' impacrs rhar are disranr from rhe immediare 
area of degradarion and generally associared 
wirh decreased water qualiry. The resulrs of a 
srudy aimed ar esrimaring non-marker values 
associared with environmenral changes resu lring 
from degradation and changes ro ru ral 
communities are also reported. 

Step 2 
Identify options and 

their outcomes 
Chapter 6 

Figure 5. 1 purs inro perspecrive rhe range 
of 'off-sire' and orher non-agriculrural 
impacrs of land degradarion and rhe 
conrriburion rhar rh is chaprer makes ro 
furrhering our knowledge on rhese issues. 

The informarion in rhis chaprer will be useful 
for furrher esrablishing baselines (Srep I in 
Figure 2.6) relevanr ro more derailed benef1r­
cosr analyses of oprions ro address rhe problems. 
The off-sire cosrs of selecred forms of land 
degradarion should be considered in 
conjuncrion wirh rhe economic implicarions for 
agriculrure estimated in Chapter 4. 

Step 3 
Identify costs of options 

Chapters 3, 6 

Step 4 
Net benefit assessment 

Chapter 6 

Step 5 
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Assess other constraints and policy effectiveness 
Chapters 3, 7 



Due to the lack of reliable information on the 
physical impacts of degradation on non­
agricultural assets, only a subset of the costs that 
occur beyond the paddock were estimated 
(salinity and water quali ty-see shaded areas in 
Figure 5. 1). Some of the off-s ite costs imposed 
by degradation were estimated in terms of 
current impacts (e.g. salinity, damage to roads 
and infrastructure) while ocher costs, such as 
chose imposed by waterway turbidi ty and 
sedimentation, were estimated in terms of future 
coses of incremental increases in degradation. 

T he approach taken for turbidity and 
sedimentation was to answer the question, 'what 
would be the cost implications of these types of 
degradation increasing by a certain amount over 
a certain rime period in the future?' Limited 
data meant that ir was nor possible to assess the 
present coses imposed by turbidity and 
sedimentation. Cost estimates relate only to 
future increases in water quality or degradation. 
If trends in some form of degradation are judged 
to have stabi lised, then there will be no coses 
imposed on water users that are additional to 

those currently being incurred. 

T here are limitations to this approach: 

• co the ex tent char water quali ty can be 
improved, ignoring current costs will 
underestimate the potential benefits to be 
gained from addressing rhe source of 
degradation; and 

costs may rise without any further decl ines 
in water quality-for example, if there are 
no future increases in salinity levels in 
rivers the coral costs of current high salinity 
levels to water users wi ll increase if the 
number of water users in the region 
increases. 

This report provides a basis for assessing rhe 
severity of rhe issues and gives an indication of 
the maximum gross benefits char could be 
expected from investments co prevent any 
further drop in water quali ty. But alternative 
options for controlling water quali ty, or rhe level 
of investments required and benefit-cost 
assessments of alternative investment options, 
are nor considered. 
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Fig u re 5.1 Some forms of 'off-site' impact s o f resource degradation*. 

RESOURCE DEGRADATION 
I 

I 
Non-agricultural impacts 

I outside a region or catchment 

Non-agricultural impacts within a 
region or catchment 

Salt and rising water table damage 
to: 

• general urban infrastructure 

• major roads 

• railways 

• bridges 

• powerlines 

Biodiversity 

Native vegetation 

Waterways and riverine 
environments 

Rural communities 

Impacts o n commercial fi shing 

:: 

l 

' Impacts to public infrastructure, 
irrigators and non-farm businesse~ 

Salinity damage to: 

• households (plumbing and 
appliances) 

• industry (broilers, cooling 
towers, process water, general 
water equipment) 

• commercial and public 

Turbidity damage to: 

• water treatment plants 

Erosion and sedimentation: 

• reservoirs 

• local government costs of 
sedimentation and erosion 

• navigat ion channe ls 

Downstream irrigation 

Impacts on commercial fi shing 

Note: coloured sections represent issues addressed. 

l 
' 

Environmental and social impacts 

I 
Biodiversity 

Native vegetation 

Waterways and riverine 
environments 

Rural communities 

Nutrient enrichment and blue-
green algae 

Eutrophication 

Wetlands 

O ther environmental impacts 
(e.g. greenhouse) 

Other social impacts 
(e.g. recreational fishing) 

For the purposes of this report. costs that occur beyond the paddock are classified as being either 'within catchment' costs or off-site 
impacts that occur outside the catchment, remote from the source of degradation. These off-site impacts are fu rther broken down 
into damages that are imposed on: 

irrigators. public assets and non-farm business 

• social and environmental values 
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LOCAL INFRASTRUCTURE COSTS OF SALINITY AND HIGH WATER 
TABLES 

Although rising groundwater rabies and salinity 
frequently occur rogerher, rheir impacts on 
infrasrrucrure are different. Rising groundwater 
reduces rhe srrucrural inregrity of soils beneath 
infrasrrucrure creating unsrable foundations. 
Sale is a corrosive agenr. In mosr cases, the 
increased maintenance costs associated wirh 
each process are additive. 

Esrimares were made of rhe annual costs of 
damage caused by rising salt and high warer 
rabies ro infrastructure such as general urban 
assets (houses, public buildings, lighr poles ere.), 
roads and railway lines, underground drainage, 
airporrs, spores fields, parks and gardens and 
other such public and private assers. These 
estimates were linked ro dara on popularion 
density as no narional dara sets for the location 
of assets could be identified. Estimates for roads 
and rail were based on unit cosr functions and 
applied ro the length of road or rail adversely 
affected. Projections ro 2020 were based on rhe 
projections of rhe increase in exrent of dryland 
salini ty and water rabies wirhin 2 m of rhe 
surface. Given the uncerrainries involved in 
esrimarions of chis kind, a 'best bee' scenario is 
presented in chis reporr (Table 5. 1). A range of 
esrimares (low, best ber and high), rhe merhods 
of esrimarion, assumptions made and unit cost 
functions are ser our in full in CSIRO Policy 
and Economic Research Unit (2002). In 
preparing esrimates for 2020, a 'business as 
usual' assumption was adopted. T his broad 
assumprion recognises the long lag time before 
salini ty control acriviries improve water quality. 
Thus, the esrimare may be at the upper end of 
estimates based on the commirmenr and 
acr iviries now under way through rhe National 
Acrion Plan Salinity and Warer Quality rhar, 
among other rh ings, aims ro reduce expecred 
increases in sal inity. 

Results show substantial increases in cosrs of 
damage to infrastructure in New South Wales 
and Vicroria, in contrast to Western Australia 
where damage costs are already substantial but, 
in relative terms, unlikely to rise by much more. 
Further spread of salinity in Western Australia is 
unlikely ro coincide with major regional rowns 
and hence infrastructure. 

Most of the currenr costs of damage to 
infrasrrucrure caused by dryland salinity and 
projected increases in costs are relared ro general 
urban infrasrrucru re (Table 5.2). 

Ir is estimated that the net present value of 
increases in infrastructu re costs associared with 
salinity and rising water rabies is $341 mill ion, 
assuming a 5% discount rare (Table 5.3). 
Victoria and New South Wales are the most 
affected Scares. 

Over half rhe roral cost increments in the effects 
of salin ity and waterrables on infrast ructure are 
esrimared to occur in the Murray and Sourhern 
regions (Table 5.4). 
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Table 5. 1 Best bet* estimates o f annua l salinity costs from local infrastruc ture damage. 

2000 2020 Increase+ 
($m) ($m) ($m) (%) 

New South Wales 14.0 37.9 23.9 17 1 

Queensland 2.2 5.5 3.3 151 

South Australia 6.7 10.9 4.2 63 

Tasmania 1.9 2.5 0.6 31 

Victoria 12.2 38.5 26.3 2 15 

Western Aust ralia 5 1.8 55.1 3.3 6 

Tota l 88.8 150.3 61.5 69 

upper and lower range estimates are reported on the Australian Natural Resources Atlas 

+ increase = difference in cost estimates between 2000 and 2020 

Table 5.2 Best bet* estimates of annual salinity costs to Australia from local infrastructure damage . by type 

of infrastructure. 

2000 2020 Increase 
($m) ($m) ($m} (%) 

General urban 60.3 109.0 48.7 8 1 

Major roads 14.7 23 . I 8.4 57 

Rail 13.5 17.8 2.9 16 

Bridges 0.3 0.4 

Total 88.8 150.3 61.5 69 

• upper and lower range estimates are reported on the Australian Natural Resources Atlas 

Table 5 .3 N et present value (NPV) of local infrastructure costs per State (5% DR•). 

2000-2020 incre ase Change in annual costs NPV of increase in costs 
(%) ($m) ($m) 

New South Wales 171 23.9 133 

Q ueensland 151 3.3 18 

South Australia 63 4.2 23 

Tasmania 31 0.6 

Victoria 215 26.3 146 

Western Australia 6 3.3 18 

Total 69 61.5 341 

DR = social discount rate 
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Table 5.4 Best bet"' estimates of annual infrastructure costs for 2000 and 2020 by region: dryland salinity at 
5% DRa. 

Region 2000 2020 Present value of increase in cost s 
($'000) ($'000) ($'000) 

Burdekin 72 160 488 

Carpentaria 6 26 

Darling I 546 4 965 18 967 

Far North Queensland 88 395 I 704 

Fitzroy 488 835 I 925 

Goldfields 0 46 254 

Gulf 0 0 0 

Indian North 0 0 0 

Indian South 645 645 0 

Inland 0 0 0 

Moreton 497 155 3 653 

Murray 12 268 3 1 681 107 694 

NSW North 44 102 317 

NSW South & Central 9 500 2 1 7 15 67 763 

North Queensland 182 768 3 253 

Queensland South & Central 63 1 I 6 15 5 460 

SA Gulf 2 638 2 639 5 

South East Corner 429 2 788 13 086 

Southern 5 922 23 133 95 480 

Tasmania I 9 11 2 506 3 304 

Timer Sea 0 0 0 

WA South 5 1 134 54 378 17 996 

Western Eyre Peninsula 779 779 0 

To t a l 88 774 ISO 3 10 34 1 375 

.. upper and lower range estimates are reported on the Austra lian Natural Resources Atlas 

a DR = social discount rate 
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INCREASES IN IMPACT COSTS OF DECLINING WATER QUALITY ON 
DOWNSTREAM NON-AGRICULTURAL INDUSTRIES AND 
HOUSEHOLDS 

Water quality trends 

T he Audie's darabase on warer qualiry rrends 
shows rhar although the condition of surface 
warer resources in Australia over rhe pasr ren 
years has largely srabilised, warer qualiry is poor 
in some ri vers. 

Some insights inro water quality trends in river 
salini ty can be drawn from dara prepared for rhe 
Murray-Darling Basin Salinity Audit (M DBC 
I 999). Under rhe Murray-Darling Basin audir, 
esrimares are provided of river salini ty at 1998 
and 2020 for 33 river valleys. Of rhese river 
valleys, 15 are predicred co have an increase of 
over 20%; 2 I river valleys are predicted to have 
an increase of over I 0%. The median percenrage 
increase in river salinity for all rhe river valleys is 
19%. Assuming these estimates are 
representati ve of narional trends (for areas 
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affected by salinity) rhen rhe 5% and I 0% 
scenarios presen ted in this reporr provide a 
conservative esrimare. These scenarios provide a 
view of relari ve magnitude of coses and how 
rhese are parritioned berween rhe va rious warer 
quality issues and assers ar risk. They assume 
rhar land use acriviries in carchmenrs have 
precipirared change in the warer balance, and 
char flow regimes also drive warer qualiry in 
rerms of turbidity, sedimenrarion and nurrienr 
water quality. 

The Audie's warer qualiry darabase includes 
measurements for salinity, acidi ty, coral 
phosphorous, cora l nitrogen, rurbidiry, faecal 
col iforms and frequency of blue-green algae 
occurrences. 



Dryland sal inity and most water quality issues 
are controlled by catchment hydrology. A ri ver 
basin (cacchment) breakdown of profits and 
coses is presented in Appendix A. 

The M11rmy-Darli11g Bmin Salinil:J' Audit 
(MDBC 1999) also suggescs some increases in 
salin ity levels in inland rivers in rhe basin . 

The avemge salinity of the loiver River 
Murmy (monitored at Morgan) will exceed 
the 800 EC threshold far desimble drinking 
ivater quality in the next 50- 100 years. 

MDBC 1999 

Between 1993 and 1999, the average salinity 
level measured ar Morgan was 570 EC* and was 
less than 800 EC for 92% of che rime. 

As pare of rhe Audi t's work on assessing the 
economic impacts of deteriorating resource 
condition, a srudy was undertaken ro estimate 
natio nal downstream incremental damage coses 
incurred by non-agricultural indusrries and 
households, arising from water quality 
degradation at the level of individual river 
basins. Thac is, caking the year 2000 as a base, 
rhe increases in coses caused downstream by 
further deterioration in water quality over che 
next 20 years were escimared using standardised 
marginal cost functions (Box 5.2) and applying 
these to expected changes in resource condition 
in some river basins. T he river basins selected 
were chose where water quali ty is expected to 
further deteriorate or is judged co be 'at risk' of 
fu rther water quali ty deceriorarion (see Box 5. l 
for river salini ty). 

There is a lack of reliable estimates of future 
water qual ity trends in river basins. Because rhe 
cost estimates relate to unit or incremental 
decreases in water quality, the estimates can be 
used to gain an appreciation of the total 
additional cosrs for any river basin where the 
increases in specific water quality accribuces are 
assessed. 

To illustrate how the estimates mighc be used at 
a national level, an assumption is made that 
water quality attribute readings across all river 
basins (Box 5. 1) will increase by 5% and I 0% 
over rhe period to 2020. In reality water quality 
will probably get better in some river basins 
while it will deteriorate in others bur reliable 
projections are not avai lable. A 5% increase in 
water quali ty amibuce readings is probably 
conservative, given the results from the Murmy­
Darling Basin Salinity Audit (MDBC 1999). 

Water quali ty attributes analysed were salinity, 
turbidity and erosion/sedimentation. Dara 
limi tations ar a national level prevented analysis 
of other attributes such as rising acidity and 
nutrient levels wh ich are associated with 
eutrophication and algal blooms. The estimates 
do not include the effects of poor water quality 
on commercial fishing, irrigators and tourism. 

T he Audit's database on estimates summarised 
in this report is constructed so that results 
fo llowing a variety of assumptions can be readily 
tested. Discount rate, time frame and unit cost 
estimates can all be varied and data extracced fo r 
any river basin in Australia. 

EC-electrical conductivity- is a measure used to express salt content. 'EC unit' is electrical conductivity expressed in microsiemens 
per metre. 
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BOX 5.1 DRAINAGE BASINS IDENTIFIED AS 'AT RISK' FOR RIVER 
SALINISATION 

A range of merhods for deriving narional figures on 
downsrream infrasrrucrure cosrs of degradarion were 
evaluared. T he mosr reliable dara were considered ro 
be rhose derived from applying rhe cosr funcrions ro 
a selecrion of drainage basins idenrified as 'ar risk' . 
They include: 

• 

a number of Queensland basins in Division I, 
rhe Norch Ease Coas r Division, char were 
idenrified in che Australian Dryland Salinicy 
Assessment 2000 (NLWRA 200lb) as likely ro 
be affected by increasing dryland saliniry; 

a number of basins in the Sourh East Coasc 
Division, where salinicy is already a significanr 
issue, including rhe Huncer Basin in New Sourh 

Source: CSIRO Policy and Economic Research Unit (2002) 
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• 

• 

• 

Wales, rhe Larrobe Valley in Vicroria, the 
Victorian coasral basins wcsr of the Ocways, and 
rhe Millicenr Basin in sourh east of Sourh 
Ausrralia; 

all basins in the Murray- Darling Basin Division, 
rhar had evidence of increasing rrend in rhe 
publication by Wi lliamson et al. Salt 7iwds: 
Historical trend in salt concentmtio11 and salt!oad 
of streamflow in the Murray-Darling Basin 
(MDBC Dryland Technical Reporr No I, 
1997); 

all basins in rhe South Australian Gul f Division; 
and 

all basins in the sourh wesc of Wesrern Ausrral ia 
Division. 



BOX 5.2 ESTIMATION OF UNIT IMPACT COSTS 

The unic cosc functions used and their method of 

derivation arc ccchnical and readers arc referred to 
the detailed reports (CSI RO Policy and Economic 

Resea rc h Unic 2002). Unic cost func tions are 
est imaced fo r sal inity, turbidity, eros ion and 

sedimentation. 

Unit salinity costs 

Incremental cost estimates were derived using a 

methodology essentially developed by G utteridge, 
Haskins and Davey (and used for two previous scudies 
of downstream costs in the Murray- Darling Basin). 

Review of this p revious work and the collection of 
additional data for the Audit: 

• 

revealed that the economic assessments had used 

straight line d iscounting methods rather chan 

standard amortisation techniques used for cost 
estimation by economists; 

suggested that household plumbing costs are 

higher, industrial water treatment praccices are 
differem co those previously assumed and that 
water use is higher; and 

ide ntified some assumptions that no longer 

appear co ho ld. 

Modification of the method co account for these issues 

substantially changes the previous cscimatc used for 

policy development and program selection in the 
Murray Darling Basin and elsewhere. The resul t is a 

200% increase in the estimated impact cost per EC 
uni t from $50 000 to $ 150 000. 

As the differences between these estimates are so large 

and because some of the information used is not 
underpinned by expe rimental data, the team 

responsible for this study recom mended that there 
be a systematic review of: 

• the methodological options; and 

• the qualiry of the dara used co make these 
escimates; and 

• if appropriate, a research program needs co be 
implemented to collect the necessary data co 
enable these esti mates to be refined. 

Turbidity costs 

T he function fo r estimation of turbidiry costs takes 

inco account the size of water treatment plants, the 
level o f treacment already undertaken, set water 

treatment standards and che cosc of upgrading water 
treannenc planes co the level needed to reduce rurbidiry 
to the standard set for the plant in question. 

Erosion and sedimentation costs 

T he fun ct ion fo r es timatio n of eros io n a nd 

sedimentation costs rakes inco accounc impaccs on 
roads, railways, river navigacion and the operational 

li fe of reservoirs. Dara on fine sediment loads to rivers 
and st reams comes from Austrn!it111 Agriculture 
Assessment 2001 (NLWRA 2001e) . 

Source: CSIRO Policy and Economic Research Unit (2002), Appendices D co H . 
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Impacts of increases in water salinity 

Table 5.5 presenrs a Srare and nacional summary 
of downscream warer degradarion coses due ro 
saliniry for basins where saliniry in rivers is 'ar 
risk' of increasing. T hese are roral cosr incrense 
esrimares d iscounred ro ner present value over 
che 20 years-from 2000 ro 2020- based on a 
discount race of 5%. Escimaces are shown fo r 
rwo scenarios- 5% and 10% increases in warer 
salini ry in rive r basins. 

Souch Auscralia accounts for over half of all 
downscream coses due ro saliniry and on che 
conservarive assumprion of a 5% decrease in 
wacer qualiry across river basins over che nexc 20 
years, ro ral cosc amounrs ro $51 1 million. 
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Turbidity 

Turbidiry is a porenrial cause of signi ficant cosr 
ro wacer users. The esrimares presenred in Table 
5.6 are che i11crenses in cosrs of creacing wacer 
supplies where rurbidiry levels due co land 
degradarion are assumed ro increase by a 
specified amounr. Escimaces are based on: 

esrablishmenr of a 'basel ine case' fo r each 
river basin based on che assumprion char 
currenr median rurbidiry levels and currenc 
levels of wacer rreacment will conti nue over 
che nexr 20 years; and 

assumprions abouc che degree co which 
curbidiry levels will increase. T he 
percenrage increases in curbid iry are 
applied ro srandard unic or marginal cosr 
functions ro give escimaces of che increase 
above rhe basel ine case in cosrs of wacer 
rreacmenr. 



Table 5.5 Net present value of downstream costs 
of the increase in salinity in rivers and streams over 
20 years to 2020"· b, <. 

Increase in water salinity 
5% 10% 

($m) ($m) 

New South Wales 68 137 

Queensland 13 26 

South Australia 292 584 

Victo ria 20 39 

Western Australia 118 235 

Total 511 I 02 1 

Expressed in 1996/97 dollars. 

b Present values were determined using a social discount rate 
of 5%. 

Data for Tasmania, Australian Capital Territo ry and Northern 
Territory are unavailable. 

Table 5.6 Increases in the net present value of 
treatment costs associated with various increases 
in turbidity levels over 20 years•· b_ 

Increase in turbidit y 
5% 10% 

($m) ($m) 

Australian Capital Territory 8 9 

New South Wales 161 193 

Queensland 278 307 

South Australia 119 137 

Victoria 122 137 

Western Australia 27 3 1 

Total 715 8 14 

Expressed in 1996/97 dollars. 

b Present values were determined using a social discount rate 
of 5%. 

c Data for Tasmania and Northern Territory are unavailable. 

W here actual treatment p ractices in some basins 

were nor recorded a standard t reatment 

procedure was assumed. This incl uded 
chlorination, p H remed iation, sedimentatio n, 

sand fi ltration and coagularion-precipirarion. 

The capital costs fo r add it ional treatment would 

generally be associated with higher grade 

filtration and coagulation-precipi tation 

processes and h igher capital expendi tu re on 

sludge processing. Increased operati ng costs 

would be associated with higher expend itures o n 

treatment chem icals (Table 5.7). 

Ir is apparent rhar rhe largest single component 

of additional coses is the expenses associated 

with upgrading existing treatment plants 

{Table 5.7). 

Estimates presented in Table 5.7 could have 

large error bounds. They are based on model 

results and while giving b roadly plausible 

estimates they have nor been comprehensively 

verified against actual experiences of water 
treatment plant operators dealing wi th 

increasing turbidity. 

T he last row in Table 5.7 presents the resul ts fo r 

only those river basins which, accord ing to rhe 
Audit's database, have historically shown an 

increasing trend in tu rbidity. For the relatively 

small number of these it is assumed that futu re 

turbidity wi ll increase by 5%. On th is 

assumption rhe total increase in rrearmenr costs 
is clearly very much less than assuming tu rbid ity 

will increase by 5% fo r all river basins. 
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Erosion and sedimentation 

Removal of or reduction in vegetative cover can 
increase run-off which can lead co ri ver flooding 
fo llowing heavy ra in. Material deposited on 
roads and highways often needs co be removed 
by main roads departments, local governments 
or rail operacors. Sediment in rivers can reduce 
reservoir capacity or cause navigation 
restrictions. Estimates of clean-up costs were 
obtained by surveying appropriate organisations 
(e.g. the survey of local governments suggested 
expenditures per resident due co erosion and 
sedimentation problems of around $7 per 
person per year on average; surveys of road and 
rai l operators indicated that clean-up costs of 
sediment deposits are abour 1.5 times those of 
local governments). 

Additional costs associated wi th further increases 
in erosion and sedimentation were estimated 
using the survey results ro estimate marginal 
cost functions (Tables 5.8, 5.9). Results indicate 
that future additional erosion and 
sedimentation costs are likely to be highest in 
Queensland, probably reflecting the greater 
incidence of heavy rain fa ll downpours. All three 
components- clean up of roads and rail tracks, 
reservoir silting and channel cleaning- incur 
significant costs. 

Table 5.7 Present value of cost increases for a 5% increase in turbidity over 20 years (2000 to 2020)•,h. 

ACT N SW Qld SA Vic WA Tota l' 
($m) 

Existing water treatment plant upgrades 7 130 248 IO I 106 22 6 14 

Upgrades for increases in turbidity II II II 4 4 1 

Operating cost impacts 0 21 19 I S 4 60 

Total turbidity cost 8 16 1 278 119 122 27 715 

Turbidicy cost in river basins showing an 
increasing trend in turbidity levels 0 40 0 64 4 0 108 

Expressed in 1996/97 dollars. 

b Present values were determined using a social discount rate of 5%. 

Data for Tasmania and Northern Territory are unavailable. 
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Table 5 .8 Net present value of downstream costs of an increase in sedimentation from erosion over 20 
years a . 

Increase in sedimenta tion 
5% 10% 

($m) ($m) 

Australian Capital Territory 0 

New South Wales 22 34 

Queensland 52 84 

South Australia 

Victoria 3 4 

Western Australia 0 0 

Total 78 123 

Expressed in 1996/97 dollars. 

Present values were determined using a social discount ra te of 5%. 

Data for Tasmania and Northern Territory are unavailable. 

Ta ble 5 .9 Net present value of cost increases for a 5% increase in erosion and sedimentation over 20 
years (2000 to 2020) .. b. 

ACT NSW Qld SA 
($m) 

Vic WA Total' 

Reservoirs 

Local government, road and rail 

Channels 

Total erosion and sedimentation 

Expressed in 1996/97 dollars. 

0 

0 

0 

7 

11 

4 

22 

b Present values were determined using a social discount rate of 5%. 

Data for Tasmania and Northern Territo ry are unavailable. 

19 

21 

I 3 

52 

0 

0 

0 0 

3 

0 

0 

0 

28 

33 

18 

78 

125 



Summary of downstream water 
degradatio n costs 

Pase races of increase in wacer degradacion are 
noc necessarily a good indicacion of fucure 
increases. If che pasc crends in wacer qualiry 
degradacion (as suggesced in che Audie's 
dacabase) are assumed co concinue into the 
future, then ic appears that relacively few 
catchments will experience a decerioration in 
water qualiry. But, of course, current costs 
associated with poor qualiry wacer, where ic 
applies, would continue. If, on che ocher hand, 
the resulcs of the recem Murray-Darling Basin 
saliniry audic are more indicacive of fucure 
nacional decerioracing wacer quality crends, then 
the coses of creacmenc and damage escalace 
dramacically. Noc enough informacion is 
available at present co make projeccions of fucure 
wacer quali ry trends wich confidence. G iven che 
crends escablished for increases in areas affected 
by dryland salinity, a reasonable 'besc bet' would 
be char nacional wacer quali ry crends could 
decrease by at least 5% over che nexc 20 years. 

Modelling rcsulcs indicate char for any given 
level of increase in wacer quality paramecers che 
downscream coses associated wich saliniry and 
rurbidity are expected co be much greater chan 
the increased coses associated wich increased 
erosion and sedimentacion (Table 5.1 0). At high 
levels of increase in warer qualiry paramecers 
salinity imposes greater costs than turbidity buc 
rhe reverse is che case at low increases in water 
quality parameters. 

Limitacions of rhis analysis include che 
exclusions of coses of deteriorating water quality 
on sensitive environmental ecosystems, such as 
wetlands and escuaries (e.g. in che Fitzroy River 
Basin in Q ueensland chere is an issue wich che 
dereriorarion of wacer quality flowing into the 
coastal marine environment adjacent to the 
Grear Barrier Reef-see Chapter 7). 

Table 5. 10 Net present value of over 20 years of increased costs for Australia associated with assumed 
increases in water quality attributes3

• 

Assumed increase in 
m easurements of degradation., b 

Type of degradation 5% 10% 

($m) ($m) 

Salinity SI I I 02 1 

Turbidity 7 15 814 

Erosion/sedimentation 78 123 

Tot a l of paramet ers I 304 I 958 

Assumes a 5% discount rate 

b Expressed in 1996/97 dollars 
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SUMMING UP THE COSTS OF SALINITY 

Future increases in rhe occurrence of dryland 
salini ty wi ll result in increasing cosrs borne nor 
only by landholders but also by many other 
people. Wi ll the cost increases be mainly 
incurred by agricultural industries or by ocher 
industries and communiries? While a 
comprehensive analysis of all off-site coses was 
beyond the scope of the Audit, an attempt to 
show the relative size of future cosrs imposed by 
salini ty on agriculture, local infrastructure and 
downstream infrastructure over the next 20 
years was made (Figure 5.2). 

Using the conservarive but reasonable assumption 
of a 5% increase in water salinity 'across rhe board ', 
it is likely that about two-thirds of the total 
increase in damage costs will be offfarm. This 
proporrion would be much higher if 
environmental damage was included as an off­
farm cost. Furthermore, ifwarer sal inity levels were 
to increase by 20%, as the Murray-Darling Basin 
saliniry audir suggesrs, rhen rhe proporrion of 
increased cosrs borne by off-farm users would be 
approximarely 80%. 

Figure 5.2 Comparison of national salinity cost increases over the period 2000 to 2020. Net present 
values of increases at 5% discount rate. 

5% INCREASE IN WAT ER SALINITY ($M) 10% IN CREASE IN WATER SALINITY ($M) 

Yield lo.s on farms 558 Yield loss on farms 558 

Local infrastructure costs 341 Local infrastructure costs 341 

Downstream infrastructure Downstream infrastructure 
costs 5 II costs I 02 1 

Total I 4 10 Total I 920 
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THE IMPACTS OF LANDANDWATER DEGRADATION ON 
ENVIRONMENTAL VALUES 

A choice modelling approach was adopted for 

va luation of rhe non-marker environmental and 

social values rhar could be impacted by land and 

water degradation. Estimates are based on the 

communiry's willingness to pay to protect key 

environmental and social attributes from 

degradation. C hoice modelling is a 'stared 

preference' method by which a sample of people 

are asked to m ake choices amo ng different 

rwenry-year outcomes associated with alternative 

resource m anagement options (Box 5.3). 

C hoice modelling provides a way to estimate rhe 

total value of resource use change and allows 

this coral value to be disassembled into unit 

values for individual attributes, known as 

' implicit prices' . These implicit prices are useful 

for benefit transfer, w here the unit values are 

take n fro m the original study and ' reassembled' 

to es ti mate the total value of resource use change 

at a diffe rent location. Valuation is no t restricted 

to rhe set of scenarios presented in rhc 

questionnaire. Rather the costs or benefits 

associated with a whole range of resource use 

cha nges away from the 'business as usual' 

scenario can be calculated using rhe estimated 

choice model. 
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BOX 5.3 CHOICE MODELLING 

In a choice modell ing appl ication, respondents arc 
presented with a series of questions, each containing 
a set of options known as a choice set. Typically, five 
to eight choice sets are included in a question naire. 
In each choice set, respondents are asked to choose 
their preferred option from a range of alternatives. 
T he options can be viewed as separate management 
policies whose outcomes are described through 
standard attributes. The options are differentiated 
fro m one another by the levels assigned to the 
attributes. An experimental design is used to ensure 
that the range of options presented ro respondents in 
rhe choice sets is adequate. 

Each choice set includes a ' business as usual' option 
that describes the outcomes associated with a 'no 
change' policy. Ir serves as a base against which 
respondents' willingness to make trade-offs in securing 
change can be measured. The o ther options are 
deviations from the no change pol icy. Choices made 
by respond e n ts e n able rhc estimation o f rh e 
relationsh ip between their choices, the levels of 
att ributes desc rib ing choice o utcomes and 
socioeconomic characteristics of the respondents. T his 
model allows an estimation of rhe extent to which 
individuals arc prepared to trade off one attribute 
against another. Provided one of the attributes is 
measured in dollar terms (e.g. a tax, levy or entry 
fee), it is possible to estimate the amount of money 
people are prepared to pay for improving a non­
monetary attribute by one uni t. This value is known 
as the implicit price of the attribute. 



Attribute selectio n 

Acrribures for rhe quesrionnaire were selecred in 
consulrarion wirh focus groups made up of 
people from a wide range of socioeconomic 
backgrounds. In roral, seven focus group 
meerings were held in city and regional cenrres 
in differenr parts of Ausrralia. This consulrarion 
revealed rhat people have five main 
environmental and social concerns related ro 
land and water degradation: 

native species and ecosystem function ing; 

landscape aesthetics; 

outdoor recreation opportuni ties; 

productivity of the land and quali ty of 
drinking water; and 

viabil ity of country com munities. 

T hese concerns were consistent across mosr of 
rhe focus groups, with differing degrees of 
emphasis depending on geographical location. A 
clear result from rhe initial scopi ng phase was 
that people possess both use and non-use values. 
Landscape aesthetics, recreation and 
productivity all represenr use values because 
people benefit from interacring direcrly with the 
environmenr. By contrast, non-use values are 
reflected by the concerns expressed for native 
species and rhe viability of ru ral rownships. 
Here, benefits are derived simply from the 
knowledge that these am ibures are being 
mainrained in a healthy state. 

Based o n this information, four amibutes were 
selected for the questionnaire: species protection, 
landscape aesthetics, waterway health, and social 
impact (Table 5. 11). Production-related effecrs 
of land and warer degradation were omitted 
from the quesrionnaire because the purpose of 
the srudy was to estimate non-marker values. 
The social impact amibure was included ro 
'force' respondents ro consider the social 
dimensions of conservation policies, some of 
which may lead ro a reduction in rhe viability of 
counrry communi ties. 

Table 5.1 I Attributes selected for the choice modelling application. 

Attribute 

Species protectio n 

Landscape aesthetics 

Waterway health 

Social impact 

Unit of measurement 

The number of native species protected from extinction 

The area of farmland repaired or bushland protected (ha) 

The length of waterways restored for fishing and swimming (km) 

The net loss of people from country towns each year 
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Survey application 

The choice cask was introduced ro respondents by 

explain ing rhar public money is currently being 
spent on a wide range of environmental projects 

and rhar this level of acrion would result in a 

speci fic set of outcomes in 2020 (rhe 'business as 

usual' scenario). Respondents were rold rhar 

additional investment would be required ro secure 

an improvement above rhis basel ine, with each ser 

ofimprovemenrs presented as a 'change scenario'. 
Attribute levels associated with rhe change 

scenarios and ' business as usual' option were 

expressed relative ro a benchmark, namely a 'do 

nothing' scenario. U nder this scenario it is 

assumed that even rhe current level of remedial 

work is nor undertaken (F igure 5.3). 

An environmental levy on households was 

proposed as a way ro fund the change scenarios. 

The questionnaire introduced the concept of a 

household levy ro be pa id each yea r for rhe next 

20 years. A specific level of payment was associated 

with each choice option , being zero fo r rhe 

business as usual scenario and $20 ro $200 for the 

'change' scena rios (Figure 5.4). 

Ir was recognised rhar people living in different 
regio ns may have d iffe rent val ues for different 

contexts of land and warer degradation, thereby 

limiting rhe exrenr ro which val ue estimates can 

be 'rransferred ' from one regio n ro rhe next. 1o 
understand rhese differences, separate choice 

modelling applications were carried our in 

Brisbane, Perrh, Albany, Rockham pron and 

nat ionally, for cases of degradat ion involving the 

Fitzroy Basin Region (Queensland), the Grear 
Southern Region (Wes tern Australia) and the 

whole nario n. Regional q uestionna ires were 

identical in every respect to the national version 

wirh rhe exception rhar rhe arrribure levels were 

varied ro reflect the conditions in each region. 

Figure 5.3 Example scenarios developed for the choice modelling questionnaire. 

800 t 50 protected 

_I;?~ _nothing 

Business as usual 

140 protected 

500 
2000 2020 

Year 
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T he questionnaires were administered as a m ail­
ouc mail-back survey. A random sample of 
households was d rawn from 'Australia on Disk' , a 
telephone directory database of rhe Australian 
population. The coral sample was l 0 800 

households, with a main national sam ple 
includ ing 3200 households and smaller samples 
for each case-scudy region (Table 5. 12). 

T he overall response race co the survey was 16%, 

which equated co 1569 completed questionnaires. 
T his response race is nee of che questionnaires rhac 
were undeliverable due co outdated add ress 
derails, which accounted for approximately l 0% 

of mail-outs. T he majority of respondents (89%) 
answered all five choice secs, and most of these 
people (80%) chose a levy option in ar least one of 
the choice sets. 

Figure 5.4 Example choice set used in cho ice questionnaire. 

lJ 
Question I: Options A, 8, and C. 

Please choose the option you prefer 
most by ticking ONE box. 

Twenty-year effects 
How much 
extra I pay Hectares of 

each year farmland 
Species repaired or 

Option A protected bush protected 

$0 50 4 mllllon 

Option B 

iJ 00 ~ 
$20 70 6 mllllon 

Option C 

iJ 00~ 
$50 200 8 mllllon 

Kilometres of 
waterways 
restored for 
fishing or 
swimming 

1 000 

ii 
5000 

ii 
10000 

People leaving 
country areas 
every year 

15 000 

~ 
10 000 

~ 
10000 

I would 

ch~/ 

eO· 

cO, 
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Key results 

Results of the narional questionnaire demonsrrate 
char respondenr households val ue improvemenrs 
to each of the environmental amibutes and 
perceive ru ral depopulation as a cosr. Averaged 
amibute implicit prices were esrimared: 

68 cenrs per household each year for every 
addirional species prorecred; 

7 cenrs per household each year for every 
addirional I 0 000 ha of bushland prorecred 
or fa rmland resrored; 

8 cenrs per household each year for every 
addi rional I 0 km of warerway resrored for 
fishing or swimming; and 

minus 9 cenrs per household each year for 
every I 0 persons leaving coumry 
communmes. 

The choice model also allows estimation of 
aggregare values for an array of potential policy 
options. The values represent the community's 
will ingness to pay for improvements chat are 
addirional ro rhe outcomes char are expecred ro 
be achieved with existing invesrment in 
environmenral programs. For example, a 20-year 
narional program involving rhe protection of an 
addirional 50 species; improvemenr of rhe 
aesrhetics of 2 million hecrares of bushland and 
farmland; rhe resrorarion of 1500 km of 
warerway for swimmi ng and fishing; and rhe 
loss of an additional 5000 people per year from 
rural areas, produces an escimaced aggregace 
welfare benefi c of $2.7 ro $5.4 billion in presenc 
value cerms, or a besc-bec escimace of $3.9 
billion. However, if che same environmencal 
improvements could be achieved while reversing 
the decline in rural communiries by I 0 000 
people per year, rhe besc-bec esrimare increases 
ro $5.8 billion. These escimaces assume a 5% 
d iscount race and che excrapolacion of survey 
resulcs co 45% of che nacional populacion 
(which assumes char 35% of non-respondencs 
hold equivalenc values ro respondencs-an 
assumpcion backed up by a follow-up survey of 
non-respondencs). 

Table 5. 12 Sample sizes of the choice modelling survey. 

Population sample 

National 

Albany 

Rockhampton 

Perth 

Brisbane 
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Nationa l 

3 200 

I 200 

I 200 

Questionnaire version 

Great Southern Fitzroy Basin 

I 200 

200 

I 400 

I 400 



Validity of results 

Critics of non-market valuation are generally 
sceptical about the reliability and validity of 
value estimates generated by stated preference 
surveys. This is because of the hypothetical 
nature of questions presented to respondents 
and the potential biases associated with this 
approach. In th is srudy every effort was made to 
minimise these biases by adhering to 'state of the 
art' survey procedures and protocols. 
Importantly, the value estimates are within the 
realm of 'believability' when viewed in the 
context of people's income constraints. For 
instance, the estimate of $3.9 billion for 
improvements outlined in the scenario above is 
based on the finding that respondent 
households are willing to pay $92 per year for 
20 years. T his estimate is 'believable' given the 
many other demands on disposable income. 
Further discussion about the validi ty of results is 
provided in van Bueren and Bennett (2000). 

Benefit transfer procedure 

Implicit prices for attributes are useful for making 
a 'first pass' assessment of the size of non-market 
values associated with land and water degradation. 
The estimates are suitable for establishing, in 
monetary terms, the impacts of policies that affect 
major regions or the nation as a whole and that can 
be described using one or more of the generic 
attributes. The estimates can be used as an input 
to the five-step framework (Steps 3 and 4) 
outlined in Chapter 2 for assessing the net benefits 
of alternative policies and management options. 

There are a number of steps involved in 
transferring value estimates from this study to 
evaluate policy options. A critical step is to 
calibrate the value esti mates to ensure that they 
are appropriate for the policy context and the 
particular population affected by the change. In 
this study, the resul ts from surveying different 
populations about their values for the rwo case 
study regions indicate that implicit price 
estimates are sensitive to population type and 
geographic context. Unit values for policies that 
involve regional changes were found to be 
significantly larger than the unit values 
estimated for changes in the national context 
(Table 5.1 3). The scaling factors provide a way 
to calibrate the national implicit prices for 
transfer to a regional context. A range is given 
for each scaling factor, reflecting the variabi li ty 
in results across the two case study regions 
(Box 5.4). 

Table 5.13 Scaling factors for calibrating national value estimates to a regional context. 

Attribute National implicit prices Sca li ng factors 
$ 

Species protection 0.68 x 2 

Landscape aesthetics 0.07 x 20- 25 

Waterway health 0.08 x 20- 25 

Social impact -0.09 x6- 26 
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BOX 5.4 EXAMPLEAPPLICATION OF NON-MARKETVALUATION 

To illustrate how the results can be applied to evaluate the welfare impacts of a management policy, consider 
the case of a proposal to redress land and water degradation in a region in New South Wales. Under the 

proposal, 20 000 ha of rural land will be rehabilitated , 160 km of waterways wi ll be restored, three add itional 

species will be protected and 50 add itional people will leave the region each year because rhe proposal involves 

lower fa rming inrensities. 

As a regional project, the implicit prices to be used in the valuation exercise will be scaled from the national 

estimates. Usi ng the scaling factors in Table 5. 13, the best esti mate implicit prices are: 

Species protection = 0.68 

Landscape aesthetics = 0.07 

Waterways health = 0.08 

Social impact = -0.09 

x 2 = 

x 20 = 

x 20 = 

x 6 = 

$ 1.36 per species 

$ 1 .40 per I 0 000 ha 

$ I .60 per I 0 km 

-$0.54 per I 0 persons leaving rural areas per year 

Given the changes in attribute levels specified, the best estimate o f household willingness to pay for the policy 

IS: 

( 1.36 x 3) + ( 1.40 x 2) + ( 1.60 x 16) + (-0.54 x 5) = $29.78 per household for 20 years 

This value is then aggregated to the relevant household population thar is expecred to be affected by the policy. 

Suppose the relevanr 'extenr of marker' includes metropolitan Sydney and proximate areas of rural New Sourh 
Wales, which numbers 1.6 million households. Further, assume that 45% of rhese households hold values 

equivalent to chose estimated for the respondenr sample. T he aggregate value estimate is rhen: 

$29.78 x 0.45 x I 600 000 = $2 1 44 1 600 per annum for 20 years 

\Xlhere ir becomes clear chat rhe magnitude of the value estimated using this process of attribute value aggregation 
is critical in rhe assessment of a policy, a more detailed analysis may be required. Thar analysis in the first 

insrance may involve a refinement of the scaling factors used , which would involve an assessmenr of whether 

the situation is closer ro the Fitzroy Basi n or the Grear Southern case srudies. Further, analysis may also involve 
the use of a complete cho ice model rarher than the aggregation of attribute values (see van Bueren & Bennett 

2000 for details). 
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ASSESSMENT FRAMEWORK CONTEXT 

As part of the Audit's report Amtmlirt11 D1ylrtnd 
Salinity Assessment 2000 (NLWRA 200 I b) four 
representative case study regions were chosen for 
detailed economic analysis of the opportunities 
for managing dryland salinity (Figure 6.1 ). They 
were: 

T he information in this chapter brings the rapid 
assessment framework cogether (Steps 2, 3 and 4 
in Figure 2.6 of Chapter 2) and presents, by way 
of an example, benefit- cost analyses of options 
co address dryland sali nity. 

the Wani lla catchment on Eyre Peninsula 
in South Australia; 

Lake Warden near Esperance in Western 
Australia; 

Kamarooka in north central Viccoria; and 

• Upper Bi llabong near Holbrook in 
southern New South Wales. 

Step I 
Establish base line 

Chapters I, 4, 5 

Step 5 
Assess other constraints and policy effectiveness 

Chapters 3, 7 
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Jn each of rhe four catchment case study areas, 

rhe Bureau of Rural Sciences and CSIRO 
undertook derailed assess men rs of the 
groundwater systems and how they would 

respond to different management regimes-in 
particular, management regimes that would 

decrease groundwater recharge. This work has 
grea tly increased our understanding of 
groundwater movement and how rhis influences 

the extent of dryland salinity and opportunities 
for mi tigating measures. Groundwater flow 

systems were classified (Box 6. I) into three 

broad types: 

local; 

intermediate; and 

regional. 

Figure 6.1 Case study areas. 

Source: Australian Dryland Saliniiy Assessment 1000. NLWRA (200 I b). 
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C hanges ro the landscape over the past 200 

years have greatly increased the rate of recharge 
of surface water ro groundwater systems and all 

three types of groundwater flow systems are 
slowly bur surely filling up, causing the spread 
of dryland salini ty. A result of the Audit is a 

greater appreciation of the slow response rimes 
of these gro undwater systems. Changes to 
recharge in even local systems may show no 
apparent changes in groundwater levels in rhe 
lower parts of the catchment fo r periods of up 

to between 30 and 50 yea rs. This period may 
extend to 200 years o r more in rhe case of large 

regional groundwater systems. Growing trees or 
deep-rooted perennials on individual farms may 
in some cases cause a 'denr' in the groundwater 
profile which may result in some, very localised , 
beneficial response-m ore likely to occur in 

local groundwater flow systems. 



ECONOMIC AND SOCIAL ASSESSMENT OF CASE STUDY REGIONS 

For each of the four catchment case study 
regio ns the options to reduce recharge in the 
upper catchmencs by 50%, 75% and 90% over 

the nex t 50 years were estimated. 
Comprehensive fieldwork in each region was 

undertaken to assist in key parameter 
estimatio n, assessing both the practicalities of 
alternative options and the capabilities of land 
managers to change (Read Sturgess and 
Associates 200 I ). 

Social and structural adjustment trends were 
considered in the context of capacities of 
communities and land managers co change land 
use in a way that would contribute co salinity 
control (Tables 6. 1, 6.2). 

Table 6. 1 Summary of results from case studies---qualitative. 

Kamarooka Lake Upper W anilla 
W arden Billabong 

Substantial environmental benefits no yes no no 

Substantial impacts for agriculture and rural infrastructure yes yes no yes 

Substantial impacts for urban infrastructure no no no no 

Substantial impacts for water users no no yes no 

Availability of effective option(s) for salinity control yes yes yes no 

Implementation of substantial salinity control is o ccurring yes yes no no 
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Table 6.2 Summary of results from case studies- quantitative. 

Kam arooka La ke Upper W an ill a 
Warde n Billabong 

Catchment area (ha) 10 000 171 000 300 000 17 000 

Mean farm size (ha) 800 I 300 850 700 

Present extent of severely salinised catchment (%) 7 8 0.1 8 

Projected extent (2050) of severely salinised catchment 
without control (%) 7 > 45 I.I 15 

Present impact of salinity ($/yr) 50 000 I 400 000 40 000 300 000 

Projected impacts from salinity over next 50 years 900 000 probably 3 700 000 8 400 000 
without control (NPV) ($) > 200 000 000 

Agricultural share of impacts (%) 85 43 80 95 

Environmental share of impacts (%) not significant 42 not significant not significant 

Roads, rural, urban share of impacts (%) 2 15 6 5 

Water users share of impacts (%) 10 nil 14 nil 

Net economic benefit over next 50 years from 
implementing 50% reduction in recharge (NPV $ million) 0.6 44 na na 

Net economic benefit over next 50 years from 
implementing 75% reduction in recharge (NPV $ million) na -65 na na 

Net economic benefit over next 50 years from 
implementing 90% reduction in recharge (NPV $ million) -0.4 -251 na -27 
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BOX 6. 1 GROUNDWATER, THE KEY TO 
UNDERSTANDING DRYLAND SALINITY 

The process of salinisation is now well known, but differs across Australia according co 
different groundwater flow systems. T he removal of deep-rooted trees or other vegetation 
in the elevated recharge areas of a catchment increases the rare of recharge into the 
groundwater. Consequen tly, the groundwater level rises in the catch ment and in rhe 
lower areas comes close co o r reaches rhe surface. During rhis process, salts in the soil are 
mobilised and rise to the surface causing saliniry. Across large areas of Australia these 
groundwater aquifers are slowly but surely fi lling up, causing the spread of d ryland saliniry. 
O nly recently has the length of time taken for ground water to flow through the subsurface 
rock or sediment substrate been appreciated. This depends on the nature of the 
groundwater flow system. A classification system that categorises grou ndwater flow systems 
in co local, intermediate and regional was developed as part of Awtralian Dry/and Salinity 
Assessment 2000 (see NLWRA 200 I b, p. 48 for derails). Each is further classified into 
four subcategories based on underlying geological structures. 

Local groundwater flow systems are fully contained within small catchments; che area 
contributing co groundwater discharge is readily identifiable; and the number of 
landholders who muse adopt alternative management practices if salin iry is co be controlled 
is relatively small. Local systems afford some opportunities for dryland saliniry mitigation 
through che application of land management practices. 

Intermediate groundwater flow systems operate within much larger catchments than 
local systems and afford much greater challenges for farm-based catchment management 
programs aimed ac dryland saliniry micigacion. Engineering options such as pumping 
and drainage, and ' living wich sale' options are important in d ryland saliniry management 
in chese systems. 

Regional groundwater flow systems are che most difficult of all co manage using farm 
management. T hey occur on a scale chat is so large as co make fa rm-based catchment 
m anagemenc options impractica l and d ryland salini ty mitigation unde r chese 
circumstances will involve selective engineering measures co protect high value assecs 
and infrastruc ture, cogecher wich adopting ' living wich sale' strategies. 
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W anilla catchment-South Australia 

The Wanilla catchment is a small basin of about 

17 000 ha. The groundwater flow system is local 
to intermediate in deeply weathered rock. 
Groundwater discharge occurs at the break of 
slope and valley floors. There are 25 farms in the 
catch ment and the average farm area is around 

700 ha. Ir is estimated that farm numbers in the 
catch ment declined by about 50% in the decade 
to 1996. Eighty-six percent of the catchment is 
cleared , with the remainder mainly being 
remnan t vegetatio n. Broadacre cropping and 

sheep are the main fa rming enterp rises. 

Approximately 8% of the catchmenc is severely 

salinised. T his land is located mainly adjacent to 
natural drainage lines. O n the basis of a water 
balance model developed fo r the catchment, 
estimates are chat under a ' business as usual' 
scenario, the extent of d ryland salinity will 

increase to 15% by 2020 and to nearly 17% of 
the catchment over the next 50 yea rs (Figure 
6.2; Tables 6. 1, 6.2). 

The total net profit (gross margin) from 
agriculrnre in the catchment is estimated at $2.3 
million per year. This would be increased by 
12% or $300 000 if no salinity was present. 
T hus, $300 000 represents the current value of 
yield loss. Based on currenc prices, the value of 

yield loss is estimated to increase to $620 000 a 
year by 2050. This also represencs the maximum 
agriculrnral or 'on-sire' benefit from salinity 
control. Over the next 50 years, assuming a 5% 
social discount rate, the net present value of rhe 

maximum porenrial benefits of eliminaring 
salinity would be $8.4 million in addirional nee 

fa rm income. In rhe Wanilla catchment rhe 
downstream or off-sire effecrs are thought to be 
small (e.g .. eliminating salinity is estimated ro 
save only $.04 million in road maintenance 
coses) . Warer quality is not a critical issue for rhe 

carch menr. 
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A 50% reduction in recharge in the catchment 
would mean that the extenc of salini ry would 

increase to about 13% of the area of the 
catchment over the next 50 years compared wirh 
nearly 17% under a 'business as usual' scenario 
and 8% at present. The 50% reducrio n in 
recharge could be achieved by replacing all 

current farmland with trees in the upper 
catchment and replacing all annual pasrnres 
wirh lucerne in rhe lower carchment areas. This 
would amount to abandoning all agriculrural 
production in the upper carchmenc regions 
(40% of rhe catchment). Furrhermore, soil types 

mean that lucerne is unlikely to be a sui rable 
enterprise for mosr farms in Wanilla. 

Even using optimistic assumptions regarding 
lucerne yields and rernrns for firewood from 
woodlors and assuming a 5% discount rate, it is 
estimated chat achieving a 50% reduction in 

recharge would result in a net loss in nee present 
value of $ 13 million in farm prof. rs compared 
wirh a 'business as usual' scenario. Under more 

pessimisric yield assumptions for woodlots and 
lucerne, this loss increases to $40 million. 

Farmers in chis catchment do not have high 
farm incomes and would, in general, have 
substantial difficulty in funding significant 
changes in land use to concrol salinity (Barr 

200 1 ). T he lucerne planring option is untested 
and unlikely to be adopted given rhe soil 
conditions. Catchment-wide tree planting 
would substantially lower farm incomes 
compared with a ' business as usual' scenario. 
Overall , catchment-scale changes to vegetation 
cover to control salinity are clearly nor within 

che capaciry of exisring landholders. 



Conclusions 

• Any catchment-wide treatment involving 
extensive tree planting in the upper 
catchment would virtually eliminate 

agricultural production in those areas and 
result in substantial net losses compared 
with a 'business as usual' scenario. 

• O n the basis of current technology there 
are no cost-effective measures that could be 
implemented in the catchment to control 
dryland salinity. 

• Landholders will have to ' live with salt' and 
this is likely to increase in extent and 

reduce their incomes by a maximum of 
18%. Land is only one input to production 
and landowners will undoubtedly adapt to 
increased salini ty in a variety of ways 

• 

Figure 6.2 Wanilla catchment and recharge modelling results. 

Wanilla 
(A-A') 

Aerial view o f the Wanilla catchment 

g 
~ ·;: 

~ .. 
~ 

20 

18 

16 

14 

12 

10 

8 

including changes in enterprises and other 

investments- indeed as they have adapted 
to a wide variety of influences including 

climate va riab il ity and the declining term s 
of trade in the past. 

From the public viewpoint, there are few 
compelling reasons to invest public 
fu nding in landscape change in Wanilla. 

There are no significant off-sire impacts as 
the saline water in the river flows into the 

sea, with minimal if any external effects on 
downstream biodiversity. Sali nity is 
projected to spread on already cleared 
agricultural land. 

... -- - - - - - .... _ - - - n;i E"!!'"J':. - - - - - • 
I 

I 

, ' ; ... ____ _ _ _ • - - - _ _ 50%J e.duaian_ - • 
I , 

I , 
I , 

I , , ,, 
----~--------·---. 

2060 
Time (year) 

~O~ !"eduction -----

2080 2 100 

143 



Kamarooka catchment-Victoria 

This catchment has an area of I 0 000 ha and is 
situated on rhe northern slopes of rhe G rear 

Divide in north central Vicroria, just north of 
Bendigo. Discharge occurs mainly on fa rmland 
along rhe 'break of slope'. The catchment is 

siruared on a local groundwater flow system in 
deeply weathered rock (Figure 6.3). This means 

rhat rhere are likely ro be some opportunities ro 
add ress salinity within a reasonable rime scale. 
Indeed, rhe catchment has been the focus of 
intensive extension projects and research as well 
as grants ro landholders, with the resu lt chat a 

substantial amount of salinity control on fa rms 
is practised. Farmers have been encouraged to 
grow lucerne for salinity control and , ar present, 
about 20% of pastures contain lucerne in most 
seasons. Average fa rm size in rhe catch ment is 

about 800 ha and the area has 13 fa rms. On 
average, around 30% of farm area is c ropped 
each year. Farming is based on rraditional 
sheep-wheat and grazing enterprises. Farm 
incomes in rhis region are relatively low and it is 

likely rhar they are supplemented in most cases 
by off-farm income (Figure 6.3; Table 6. 1, 6.2). 

Dryland salinity affects about 7% of chis 
catchment and appears ro have stabilised even 

without fu rther management of the problem 
(i.e. rhe water balance in the groundwater 
system appears ro have reached equilibrium). 

T he estimated va lue of the yield gap due ro 
salinity is o nly $50 000 per year through minor 

losses in agricultural yield. Over che next 50 
years chis would give a nee present value of losses 

of $900 000 . It is est imated chat about 87% of 
rhe impacts of salini ty are related ro loss of 
agricultural incomes. There is only a small 

impact on water quali ty and ru ral 
infrascrucrure- l I % and 2% respectively. T he 

catchment is extensively cleared so chat there are 
virtually no losses of native vegetation or 
biodiversiry direccly due ro salinity. 
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A 50% reduction in recharge in che upper parts 

of rhe catchment would result in a 50% 
reduction in the area of land affected by dryland 
salinity over the next 20 years: and a further 
reduction to 2% of the catchment within I 00 
yea rs. A 50% reduction in recharge could be 

achieved by replacing all annual pastures wi th 
lucerne in the pasture phase of crop rotations. 
Benefit-cost analysis of chis option indicates 
that if adopted by farmers, thei r net fa rm 
incomes would increase by about 40% relative 
to rhe 'business as usual' scenario. That is, ir 

would be highly profitable for farmers to adopt 
rhis option of including lucerne in crop 
rotations. Overall , the net economic benefit 
from rhis optio n would be a net present value of 

$0.6 mi ll ion. 

Approximately 20% of pastures in che 
catchment are lucerne although a common view 
among landholders was rhat radical changes ro 

fa rming systems would be required ro 
incorporate lucerne and many indicated rhar 
rhey would not be expanding cheir lucerne 

prod ucrion even though they recognised the 
benefits of lucerne for salini ty control. Farmers 

placed high value on flexibi li ty in farming 
systems so that rhey can respond ro commodity 
prices. T he establishment of lucerne reduced 

chat flexibility. 

Lucerne has been promoted as a farming 
enterprise for many years and rhe area sown ro 
lucerne was steadi ly increasing up until 199 1, ar 

which rime the area of lucerne was about 7 .6% 
of fa rmland. Bur over the next fi ve yea rs to 1996 

litcle increase occurred- those actively raking up 
lucerne growing were marched by previous 
lucerne fa rmers recurn ing ro traditional 

cropping rotations. During rhis period some 
farmers were responding to buoyanc cereal prices 



and growing more cereals while ochers were 
incroducing lucerne inco rocacions. Wich beccer 
recurns to livescock prices, mainly since 1996, 
some furcher sceady increases in areas under 
lucerne have occurred. Pase activities show chat 
fa rmers are responding co market forces and will 
change farming enterprises according to 
commodi ty prices and relative proflcability 
regardless of salinity impacts. 

A 70% reduction in rhe area of land affected by 
dryland salinity could be achieved within 20 
years, and com piece elimination within I 00 
years by reducing recharge by 90% in chose 
parts of the catchmenc above the break of slope. 
This would require tree plancings on 80% of rhe 
recharge areas in the carchmenc. Benefit- cost 
analysis of chis option revealed char it would 
result in a 30% drop in net fa rm income 
amounting to ·a loss in net present value of 
profits from farmi11g of $0 .4 million over 50 
years. 

Conclusions 

Salinity is nor a major issue in the 
carchmenr and appears co have stabilised 
with current land use practices. 

Signiflcanc reductions in salini ty could be 
achieved by the widespread adoption of 
including lucerne in crop rotations. 
Lucerne grows well in the area. 

While some farmers have adopted this 
practice ochers consider it co be too radical 
a change to their current fa rming systems, 
and have indicated that they are unlikely ro 
adopt this practice. Including lucerne 
reduces flexibility in farm ing syscems and 
the abili ty to proftc from changing 
commodity prices. 

• The eventual complete el imination of 
salinity in the catchment by extensive tree 
planting over 80% of the recharge area 
would not be cost-effective. 

O nly minor 'off-sice' effects of salinity 
occur in chis cacchmenr. 

Figure 6.3 Kamarooka catchment and recharge modelling results. 

Kamarooka 
(A-A') 

Aerial view of 
Kamarooka 
catchment 

A~' -< "<' A 

"'\'.. 
km 

0 10 20 JO 
~ 

Highly conductive 
frJctured rock 

N 
A 

20 

15 
g 

:;; 10 

no change 
c::::::: . = =:::: : : : : : - - - - - - - - - -· -- -- ------· 

50% reduction 

90% reduction' ' 

2000 2020 2040 2060 2080 2100 

Time (year) 

145 



Upper Billabong Creek catchment­
New South Wales 

This catchment is located near Holbrook in 

southern New South Wales in the Murray­
Darling Basin. It was originally chosen as a case 

study area because it was located upstream of a 
gauging station thac was showing rapidly 
increasing water salinity levels. le is also in a 

high rainfall area providing some opportunity 
for introducing plantatio n softwood forestry as a 

way to reduce recharge and controlling salinity. 
The groundwater Aow systems are local and 
intermediate in variably weathered fractured 

rocks connected to a regional Aow system in 
alluvial aquifers. T he catchment has an area of 

around 300 000 ha wich average farm size being 
around 850 ha. There are abouc 350 farms in 
che catchment. 

Tree clearing started about l 50 years ago with 
most clearing occurring prior to 1900. Dryland 
salinity is on ly a very minor problem, affecting 
less than I% or 140 ha of the catchment. Even 

without any measures to control salinity, the 
extent of dryland salinity is expected to expand 
to only abouc I% of che catchment area over che 
next 50 years (Figure 6.4; Tables 6. I , 6.2). 

Impacts of salini ty are not great enough to 
warrant implementation of any specific salini ty 
control measures. T his catchment is significant 
in that the small amount of existing sa linity does 
have a small impact on water quali ty in the 

catchment. It is estimated thac 78% of the 
projected impact coses of salinity, albei t small 
impacts, arise through the adverse impacts on 
water quali ty. T his, taken in isolation, is of no 
real consequence. Bue chere are a large number 

of catchments similar to chis one, in the 
Murray-Darling Bas in. Collectively each small 

impact on water quality adds up to rising 
salini ty in our major rivers. 
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The present in-scream sale load from the 
catchment is estimated to be 3 I 0 tonnes of salt 
each yea r. This is estimated co increase the 

salini ty contem of water downstream ar Morgan 
by 0.085 EC at a cost co downstream water 
users of about $ 13 000 per annum, based on 
marginal cost functions (see Chapter 5). 

Yield losses from dryland salinity are valued at 

about $22 500 per year and impacts on roads 
are estimated at $2000 a year. These are quire 

small coses relative co agriculcural incomes 
earned in the catchment. 

Rainfall varies significan tly across che catchment 
and economic analysis of tree planting indicates 
that mosc landholders would face reductions in 
income if this measure was adopted. But some 
landholders with higher rainfall in the upper 

catchment could achieve increases in income 
over the longer term with tree planting. Given 

char benefits from tree planting or ocher 
measures would primarily eliminate salinisarion 
for only about I% of rhe catchment area, there 
is no great incen tive for landholders in the 
catchment to adopt radical and extensive land 

use changes. However, in the high rainfall 
regions, tree planting may be considered for its 
own sake, as a commercial crop. 



Conclusions 

• Derailed study of this type of catchment 
can avoid the costly implementation of 
'works on the ground', tree planting 
schemes or other control measures which 
are unprofi table, in rhe mistaken belief rhar 
a serious salinity problem exists. 

From a community and economic 
perspective it would not be logical to rake 
large areas of land our of agricultural 
production and plant with trees just to 

protect I% of rhe catchment. 

Solutions to the level of in-stream sali nity 
leaving rhis catchment will nor be found by 
persuading farmers to rake up unprofitable 
salini ty control measures. 

Figure 6.4 Upper Billabong catchment and recharge modelling res ults. 
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Lake Warden- Western Australia 

This carchmenr is near Esperance in Wesrern 
Ausrralia and mainly has a regional groundwarer 
flow sysrem in alluvial sedimenrs wirh low ro 
moderare abili ry to move groundwarer. Some of 
rhe local groundwarer flow sysrems are locared 
on rop of rhe regional sysrems, and, in some 
cases, rhe rwo sysrems appear to be connecred. 
T he key fearure of rh is carchmenr is rhar salinity 
is expanding quire rapidly (Figure 6.5; Tables 
6. 1, 6.2). 

Lake Warden carchmenr has abour 130 farms 
wirh an average farm size of 1300 ha. Farms are, 
therefore, larger than average Australian farms. A 
small number of quite large farms accounr for 
most of the agricultural land area and 
agricultural production. T he predominantly 
mallee scrub was cleared in the 1960s and 1970s 
and secondary saliniry has developed relatively 
quickly as a result, reflecting the influence of the 
local groundwater flow systems. About 8% is 
sal inised-2% on agricultural land and 6% 
around wetlands and other low-lying water 
bodies. Approximately 7.5% or 12 500 ha of 
cleared agricultu ral land in the cacchmenr is 
affected by dryland saliniry. 

Under a 'business as usual' scenario, the pare of 
rhe catchmenr that is both agriculrural and 
severely salinised wi ll rise to 27% by 2020 and 
45% by 2050. If currenr land use is mainrained, 
warercables wil l reach the surface in most of rhe 
lower pares of the catchment with in 40 years. 
T his is one carchmenr where salini ry is 
expanding quire rapidly and farmers are aware 
of and concerned about rhis prospecr. 
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The carchmenr is significanr because it conrains a 
series of diverse and inrernationally recognised 
lakes and wetlands rhar come under the Ramsar 
Convenrion. T he \Xlescern Australia 
Government has already given high prioriry to 
rhe rehabi li racion and prorection of these 
wetlands that are ar risk from increasing 
salinisacion. Lake Warden has been declared a 
Biodiversiry Recovery Carchmenr under 
\Xlescern Australia's Srare Saliniry Action Plan. 

Ir is estimated char the net value of losr 
agricultural producrion as a result of dryland 
sali niry across all fa rms in the catchment is 
about $0.7 mi llion a year or about $20 000 per 
affected farm. Taking account of orher 'off-site' 
effects, che total impact cosrs of salini ry are 
esrimaced ar approximarely $1.4 million a year. 
Tora! impact coses are made up of: 

costs ro agriculture in lost production 
(value of yield gap)-43% 

cosrs to rural infrasrrucrure-15% 

estimated environmenral damage coscs-
42%. 

Under a 'business as usual ' scenario it is 
esrimated that, given rhe projecred subsranrial 
increases in areas of land affected by dryland 
saliniry, the net presenr value of yield losses over 
rhe nexr 50 years would amounr to $110 
mi ll ion at a 5% social discount race. Only 
relatively minor additional impacts on roads and 
railways were estimated. Major envi ronmenral 
damage, especially ro the wetlands, would occur. 

Benefir- cosc analyses were undertaken for three 
scenarios- 50%, 75% and 90% reductions in 
recharge. 

A 50% reduction in recharge could be achieved 
by replacing all annual pastures with kikuyu and 
replacing 50% of cropped land wi th perennial 
kikuyu grass pastures. T his option would delay 
rhe spread of sal iniry so that by 2050, 33% 



rather than 45% of the catchment would be 
affected by salinity. It is est imated that this 

change in land use would slighcly improve fa rm 
incomes relative to the 'business as usual' 

scenario. Adverse environmental impacts on the 
wetlands would remain high and engineering 
opt ions may need co be considered. 

A 75% reduction in recharge could be ach ieved 
by replacing all annual pastures with kikuyu, 
two-thirds of crop lands with trees and the 
remaining one-third of crop land with a roracio n 

based on phased fa rming with lucerne. By 2050 
th is would mean that only 7% of the catch ment 
would be affected by salin ity. T his change would 
be very rad ical and would lower fa rm incomes 
by 25%; equal co a net present value loss of $65 

m illion. T here would be large environmental 

benefits compared with a 'business as usual' 
scenario, and che saving on road and rail 

damage would be $ I 0 mi ll ion nee present value. 

A 90% reduction in recharge could be ach ieved 

by replacing all an nual pastures and 90% of 
cropped land wi th trees. T his option would lead 
to stabil isat io n of the area of sal inisation on 
p resent agricul tu ral lands ac 4% co 5% o f che 
catchment by 2020. Farm incomes would be 

almost elim inated representing a net present 
value loss of about $250 millio n. This option 

would result in substantial envi ronmental 
benefits fro m proceccion of the weclands buc 
they would need to be in excess of $250 m illion 
to be econom ic. Social disruptions co 
co mmunities also need to be considered. 

Figure 6.5 Lake Warden catchment and recharge modelling results. 
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Table 6.3 Benefits and costs of various reductions in recharge to 2050 for Lake Warden catchment. 

Options Reduction in recharge 

Change in farmers 
incomes (NVP) 
compared with business 
as usual 

Extent of catchment 
affected by salinity by 
2050 

Environmental effects 
compared with business 
as usual 

Assessment of the consequences of these 
catchment-wide options indica te significant 
trade-offs berween losses of income from 

fa rming and environmental gains. Landholders 
in the catchment are individually pursuing some 

co ntrol measures on their farms especially those 
on local ground water flow systems. T hese 
include planting kikuyu and in some cases oil 
mallee. 

Significant structural adjustment has already 
occurred in the catchment, driven largely by 
declining terms of trade and other macro­

economic changes. O ver the next few decades, 
farmers in the catchment will experience 

significant additional adjustment pressu res 

through rising groundwater levels. 
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75% 

All pastures replaced with 
kikuyu. two thirds with trees 
and the remaining crop land 
phase farming with lucerne 

Loss of $65 million over 50 
years 

7% 

Substantial reduction of 
adverse effects on wetlands 

Conclusions 

A 50% reduction in recharge is within che 

capacity of the farming community, 
through more extensive use of kikuyu grass, 

a deep rooted perennial. 

T his option wi ll only 'buy time'-a 

substantial salini ty problem will still 
remain, and this option will make li ttle 
d ifference ro che growing adverse effects of 
sali nity on the wetlands. 

Some drainage, pumping or other 

engineering options may be the only 
option to protect the weclands. T his is 

beyond the capacity of the farming 
community to adopt alone. 



LESSONS FROM THE FOUR CASE STUDIES ON DRYLAND SALINITY 

Results from the case studies highlight imponant 
information o n managing dryland salinity. They 
enable a clearer understanding that managing 
dryland salini ty is much wider than landholders 

just adopting recommended sustainable farming 
practices. The extent of externali t ies involved 

means that the management of dryland salini ty 
requires a whole o f community approach with 
each sector, including rhe farming seccor, having 

an important role to play in finding and 
implementing solutions. 

Key messages 

There are no simple and universally applicable 

solutions or recommended responses. 

Each of the four case studies represents a unique 

situation and no doubt many other catchments 
have different and special circumstances. T he 
results highlight rhe dangers of imposing 
common strategies to address dryland salini ty 
across all catchments o r even transferring what 

may work in one catchment to others withou t 
very careful consideratio n of rhe unique 

characterist ics of each catchment. 

C ircumstances in each catchment must be 

thoroughly examined and options to control 
salini ty carefully investigated before any costly 
control measures a re implemenced. 

Broadscale reafforestation of recharge zones will 
mostly prove to be a poor investment from an 
economic and social perspective. 

Results of economic modelling of alternative 
concrol actions fo r rhe case studies clearly 

indicate that broadscale tree planting in the 
upper carchmencs would substantially reduce 
land ho lder incomes and lead to major social 
disruption of communities-a case of the cure 
being worse than the disease. Most salinised 
catchments across Australia are nor well suited 
to commercial tree growing because of 

insufficient rainfall. Vast areas of rhe upper 
catchments need to be planted to make any 
significant difference and the beneficial effects of 
tree planting on salinity in the lower part of 
catchments are unlikely to be apparent for many 
years-in several cases, well beyond rhe li fet ime 
of current landholders. 

Furthermore, la rge-scale tree plancing in the 
upper part of carchmencs may reduce surface 

run-off and may worsen salini ty in rivers and 
streams in the short to medium term. Farm­

based control measures are unlikely to be 
effective on intermediate o r regional 
groundwater flow systems and these make up 
over 50% of projected area 'at risk' from salin ity 
(Table 6.4). 

Exceptions occur where only a relatively small 
portion of the carchmenc requires revegeration 

and/or where substantial off-sire benefits would 
be achieved. 

Table 6.4 Projected area o f land in Australia 'at 
risk' from salinity in 2050, by groundwater system. 

Groundwater Area at risk Proportion of 
system from salinity total area of 

2050 salinity risk 
(million ha) (%) 

Local 7.8 43 

Intermediate 5.3 29 

Regional 5.1 28 

Total 18.2 100 
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Expectations of fa rm-based change lead ing co 
saliniry control need co be tempered. 

Relying solely on fa rmers ro implement farm ing 
practices that will control salinity and achieve 
socially acceptable results may be expecting too 
much. Modelling work in the four case studies 
indicates that the level of adoption of salinity 
control measures such as planting deep-rooted 
perenn ials or trees needs to be very high to have 
any effect on salini ty. 

Nor all fa rmers will adopt even profitable 
practices and very few will adopt unprofitable 
practices. Adoption rates of farm ing practices 
that are beneficial for salini ty control have been 
shown to be low where: 

• 

practices are unprofi table-a lack of 
motivation; 

practices are unrested and their 
effectiveness in controlling salinity is in 
doubt; 

farmers lack the capacity to adopt new 
regimes either through lack of knowledge 
or lack of fi nancial capacity; 

practices are profitable but farmers lack 
motivation because rhe scale of change 
requi red is incomparible wirh existing 
farming systems or their flexibili ty and 
profit-making capacity are reduced; and 

farmers do nor see salinity as a significant 
problem for them or thei r catchment. 

A lack of profitable and technically feasible 
options is a major constraint on fa rmers' 
capacity to contribute to salinity control. 

Most Australian farmland is unsui table fo r rhe 
commercial production of trees. A few 
exceptions occur in Western Australia and the 
higher rainfa ll areas. Deep-rooted perennial 
pastu res are an option in some catchments bur 
adoption is limited because they significantly 
reduce flexibili ty in overall fa rmi ng systems. 
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Without new farming systems that offer both 
reduced leakage and improved profirabil ity and 
flex ib ili ty, the scope fo r major changes in 
fa rming sysrems sufficient to make a significant 
difference to lowering warerrables is limited. 

This provides some incentives for researchers to 
find better options. In catchments like 
Kamarooka, it appears rhat improved farming 
pracrices may have haired the spread of salinity 
but in other cases, a lack of profitable options 
will mean that fa rmers may have to learn to ' live 
with salt' and concentrate on productivity 
improvemenrs elsewhere. Living wirh salr may 
mean better use of salt-tolerant species. 

Where significant public assets are at risk, orher 
solurions such as engineering works-drainage 
or pumping-may need co be implemented and 
publicly funded. 

Some large-scale srrategies are profitable 
(T homas & Wil liamson 200 I) but derai led 
analyses of particular situations should be 
carried our before public funds are committed. 
T he analyses of benefits should include the 
restoration or prevention of damage ro natu ral 
assers of particular value, biodiversity and other 
non-tangible attributes. 







ASSESSMENT FRAMEWORK CONTEXT 

In many cases, damage ro naru ral resources has 
occurred our of ignorance of degradario n 
processes and a fa ilure ro adequarely assess 
change in degradarion, plan for rhe ameliorarion 
or prevenrion of rhe degradarion, implement 
plans and moni tor changing resource 
condirions. Such changes in rhe physical 
condi tion of narural resources are ofren raking 
place very gradually, over exrended periods unril 
an 'over the cliff' srace is read ied where damage 
becomes readily apparenr and serious. 

Australia-wide dara sers collared by che Audie 
provide a weal rh of information chat can be 
accessed by regional planners in developing 
scracegies and action plans ro manage narural 
resources susrainabilicy while providing fo r 
regional, economic and social developmenr. 

Step I 
Establish baseline 

Chapters I, 4, 5 

Step 2 
Identify options and 

their outcomes 
Chapter 6 

Step 3 
Identify costs of options 

Step 4 
Net benefit assessment 

Chapter 6 

Chapters 3, 6 
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The case studies described in rhis chapter 
illustrate how regions and, in one case, a 
regionally focused bur national industry-the 
dairy industry-can develop strategic and action 
plans for sustainable development based on 
regional and Audit information. 

Case Study I focuses on G ippsland in 
Vicroria where a particular problem is 
nutrient run off inro the G ippsland Lakes. 

• Case Study 2 is che Ficzroy Basin in 
Central Queensland. Here the key issue is 
rhe reduction in rhe amount of sediment 
and nutrients exported off farm and 
impacting on rivers and estuaries and near­
shore coastal waters of che Great Barrier 
Reef. 

Case Study 3 focuses on the dairy induscry, 
which faces a range of environmental 
issues, of varying imporcance in differing 
regions. The dairy industry through the 
Australian Dairy Farmers Federation is 
raking a proactive induscry-led approach to 

natural resource management, gaining 
undemanding of rhe key issues and 
developing strategies and action plans to 

deliver continuous improvement in on­
farm praccice. 

Case Studies I and 2 were known and referred 
to as the Signposts projecc. 
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INFORMATION SUPPORTING REGIONAL PLANNING AND 
DEVELOPMENT 

The Audie's Signposts for Amtmlinn Agriculture 
projecc cogecher wich its earl ier 
' lmplemenration' project were designed co 
integrate Audit data with regional information 
as the basis for idenrifying regional profiles and 
problems, strategic opportunities and devising 
regional action plans (Figure 7. 1). 

Figure 7.1 The Audit's Signposts project. 

NLWRA in the r egions Fit z roy Basin 

Evaluation for application 
Key stakeholders 

• social 

• economic Social, economic and biophysical 
profile: current and projected 

• biophysical 
I • Challenges 

' I • 

Best practices for soil 
managem ent, viability and 
sustainability 

• ~ 
Gippsland, Victoria 

Opportunities 
Regio na l industr y strategies 

• improving sustainability 
Key stakeholders 

La nd-use options for • soil health initiatives 

Social. economic and biophysical 
improved productivity 

• land-use change 
profile: current and projected 

• Challenges Nut rie nt management 
init iatives 

• Opportunities 
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'GIPPSLAND MODEL' CASE STUDY 

The Gippsland region of Viccoria (Figure 7 .3) 
faces a number of environmental problems 
including deteriorating water quality (rurbidity, 
nutrients, salin ity, colour and bacterial 
contamination) and degrading aquatic and 
terrestrial ecosystems. A particular community 
concern is the high concentrations of nutrients 
in rivers and streams that run off inco the 
Gippsland Lakes. In 1988 and 1999, severe 
problems of algal bloom developed in these lake 
systems with subsequent environmental and 
courism implications. 

The Gippsland community generally considers 
the regional dai ry industry, rightly or wrongly, 
co be a major contribucor to the deteriorating 
water quality. High levels of phosphorus and 
nitrogen in waterways are thought by the 
communi ty to result from high fertiliser use and 
effiuent run-off on dairy farms. T he dairy 
industry is also a major employer in the region. 

Between 1998 and 2000, the Audit, in 
partnership with the Viccorian Department of 
Natural Resources and Environment, developed 
a regional implementation project of the West 
G ippsland Catchment Management Authority 
region. 

Figure 7.2 The Gippsland model. 

KEY STAKEHOLDERS 
PERSPECTIVE 

Priorities and re levant initiatives 

• Gippsdairy 

• Gippsland Agribusiness Forum 

• Commonwealth Government 
(AuditlN HT) 

• State Government (NRE, DOI, 
DSRD) 

• local government (Wellington 
Shire) 

• catchment management authorities 

and water boards 

-
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CHALLENGES, 
OPPORTUNITIES: OPTIONS 
FOR SUSTAINABLE 
DEVELOPMENT 

Challenges for indus try 

• erosion and sediment transport 

• nutrient flux 

• stream condition and water 

availability 

• other environmental condit ions 

• farming community situation 

Opportunities for indus try 

• versatility of land resource and 
diversification . erosion and nutrient r isk 

management . capacity to implement change 

• economic outlook/potential 
markets 

STRATEGIC FRAMEWORK FOR ACTION 

• regional industry sustainable development 

• basis for regional industry action plan initiatives 

• priority setting 

GIPPSLAND, MACALISTER 
PROFILES 

• population (past, present and 
future) 

• economic structure and 

employment (past, present) 

• farming community 

• biophysical 

• natural resources/agriculture 
forestry 

• physical infrastructure 

EVALUATION AND 
MONITORING 



Initial work included preparation of a regional 
profi le and collation of key environmental 
indicarors for monitoring rhe condition of 
natural resources. It resulted in several 
partnerships formed between Commonwealth, 
State and local governments; and industry 
organisations. The resulting strategic planning 
approach has become known as the 'Gippsland 
model'. 

The Gippsland model uses a range of dara sers 
and information from d ifferent sources ro 
develop regional understanding of biophysical, 
social and economic conditions (Figure 7 .2). 
Assessment and inrerpretarion is done by 
experts. 

Challenges 

To correcrly idenrify rhe sources of rhe high 
nutrient loads in rhe Gippsland Lakes. The 
Audit's report Australian Agriculture 

Assessment 2001 (N LW RA 2001e) 
idenrifies the relative contributions of 
nutrients fro m a range of sources (see 
Appendix I). Certainly the dairy industry 
is likely ro be a contriburor with the rota l 
diffuse sources estimated at conrribuci ng 
60% of rhe phosphorus from Easr 
Gippsland, 53% from rhe T homson River 
and 47% from South Gippsland. 
Phosphorus arrached ro fine sediments 
from riverbank erosion is also a major 
conrriburor to the remaining portion. 

To determine rhe fare of nurrients once 
wirhin rhe G ippsland Lakes and what are 
rhe particular limnological conditions rhar 
result in a high propensity for algal blooms. 
CSIRO is scudying rhe Gippsland system 
in detai l to determine rhe key processes 
driving algal blooms in rhe area. 

• To move towards besr practice for all land 
uses, controlling enrichments ar source. 
This particular project has concenrrared on 
rhe dairy industry and reflects rh is 
industry's wi llingness ro move towards 
improved practice and performance. 

Following rhe pressure - state - response model 
(ANZECC I 998) a ser of 26 environmenral 
indicators was developed ro form a baseline for 
Gippsland's regional na tu ral resources and for 
monitoring and evaluation. The indicators were 
grouped inro five issues: 

inland waters; 

land, vegerarion and biodiversi ry; 

estuaries; 

atmosphere; and 

regional economic and social issues. 
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Shire of Wellington, Gippsland: a 
profile of the region and its challenges 

The Wesr Gippsland catchment management 
region covers an area of just over 2 million 
hectares and is situated in rhe south easr of 
Vicroria (Figure 7.3). Ir is divided inro three 
ri ver basins- the Latrobe, Thomson and South 
Gippsland. The region has a popu lation of 
about 172 000 people and it is the most densely 

Figure 7.3 Location of Gippsland study area (Victoria). 

Macalister irrigation district / 

St rzelecki Ranges 

[=:=J East Gippsland CMA• 

West Gippsland C MA• 

Port Phillip C MA* 

-- -.... Macalister irrigation district 

filIJ] Strzelecki Ranges 

~ Shire o f W ellingto n 

Lakes 

[=:=J East Gippsland CMA• 

West Gippsland CMA* 

Port Phillip C MA* 

Source: Department of Natural Resources and Environment (200 I) 

* CMA = catehment management authori ty 
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settled rural area in Vicro ria. Half the area is public 
land, most of which is forested. The other half is 
primarily private fa rm holdings with dai1)'ing the 
mosc important enterprise. Over 50% of the 
agricultu ral income of rhe region is derived from 
milk sales, with livestock and livescock products 
accounting for 85% of agricultural income. 
Horcicultural enterprises account for about 9% of 
agricultural income. 
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Wellington Shire forms about half the area of the 
West Gippsland region and contains most of the 
Macalister Irrigation District that represents the 
powerhouse of the dairying industry in the region. 

Average taxable income of$27 295 is below 
that of Gippsland ($28 463), Victoria ($32 
730) and Australia ($32 902) . 

76.6% of the residents in the Shire of 
\Vellington are taxpayers compared to 
78.3% in Gippsland, 84.6% in Victoria 
and 84.2% in Ausrralia (Table 7.1). 

Unemploymenr in the Shire of Wellington 
is highly variable over rime. Workforce 
participation rates have worsened bur 
remain above 50%. 

Table 7. 1 Employment in the Shire of Wellington. 

1986 199 1 

Total employed persons 16 010 9 624 

Total unemployed persons I 343 I 355 

Labour force 17 353 10 979 

Participation rate (%) 56.9 54.5 

Unemployme nt rate (%) 7.7 12.3 

Source: CData96. ABS (1 998) 

• 

• 

Age offarmers has increased over time to 
approximately 46-53 years across the Shire 
of Wellington (Table 7.2). 

Milk production for the whole of East and 
West Gippsland was valued at $4 14.5 
million in 1998/99 (ABS Ag Survey) , with 
$ 108.5 million worth of production from 
the Shire of Wel lington. In the Shi re of 
Wellington this accounred for more rhan 
half of all agricultural production ($ 193 
mi llion). 

Consolidarion of the dairy industry is 
ongoing, although rhe Shi re of Wellington 
now has an increased proportion of the 
number of farms when compared with the 
rest of Gippsland (Table 7.3) . 

Management practices are mainly geared to 
intensive pasrure production fo r dairy and 
beef carrle grazing. T his means substan tial 

1996 

15 546 

I 883 

17 429 

52.7 

10.8 

Table 7.2 Median age of farmers by statistical local area in the Shire ofWell ington. 

Statistical local area 1986 199 1 1996 
Median age (years) 

Alberton 45 47 49 

Avon 45 47 49 

Maffra 46 45 46 

Rosedale 44 45 46 

Sale 57 6 1 53 
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use offerril iscrs on pastures to boost pasture 
yields and livestock producriviry. As a resul t 
of the introduction of various technologies in 
pasture and herd management practices, milk 
yield per cow has more than doubled in the 
past 25 years. O nly about 5% of the land in 
the Shire is irrigated-mainly rhe Macal isrer 
I rrigarion District. 

Costs of milk production vary grearly. In 
Gippsland the va riable cost per li tre of 
milk is 15. 1 cents placing rhe region on par 
wirh mosr orher regions in Victoria. The 
Macalisrer Irrigation District is a high 
input irrigation area wi th in rhe region and 
returns rhe lowest margins on investment 
per hectare and per cow in the region. 
Profitability (gross margin) for the 
irrigation district is $412 per cow and 
$775 per hectare as compared wich 
regional measures of $4 12-$5 18 per cow 
and $775-$936 per hectare. 

Table 7.3 Number of dairy farms in the Shire of 
Wellington 1996 and 1999. 

1996 1999 

Wellington 701 680 

G ippsland 2 709 2 603 
(GippsDairy Licences) 

Share of 
Gippsland (%) 25 26 

Source: Victorian Dairy Industry Association 1999 
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Change 
(%) 

-3 

-4 

+4 

Resource condition 

An esrimared 60% ofWesr Gippsland's waterways 
are considered to be in a poor co very poor 
environmental condi tion. High nutrient levels 
occur in the lower reaches of several ri vers char 
Aow in to Lake Wellington and the other 
Gippsland Lakes. 

High turbidity levels as well as nutrients are 
recorded frequently in rhe lower reaches on che 
Macalister and T homson rivers. The Thomson 
has been dammed to contribute to Melbourne's 
warer supply and rhis has resulted in severely 
reduced flows downstream and in to rhe lakes. 

A 'nutrient reduction plan' rhat aims to reduce 
nutrient levels by 40% with in five years has 
been developed locally. Implementation is being 
overseen by the Wellington Salinity Group 
formed by the West Gippsland Catchment 
Management Authority. 

Community capacity building in 
Gippsland 

Following the Audit's implementation project in 
Wesr Gippsland, fu rther work focused on 
capacity building, forming alliances of key 
stakeholder groups and strategic planning for 
the subser region of rhe Shire of Wellington and 
parricularly the Macalister Irrigation District 
(Figure 7.4). 

T he goal is to conserve and enhance rhe state of 
natural resources whi le improving che economic 
prosperi ty of the region, particularly the farm ing 
community. As a result one of the objectives was 
to reduce nutrient concentration in rivers and 
improve water quali ty while enhancing 
productivity and economic prosperiry of farmers 
in the region. 
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Through access ro Audir dara ourputs and the 
exchange oflocal informarion, srraregic planning 
of natural resources has been facilirated in rhe 
Gippsland region. In several cases formal 
memoranda of undersranding have been signed 
berween groups. Each of rhe organisations will 
rake rhe prioriries agreed ro and develop acrion 
plans according ro rheir role in regional and 
local natural resource management. 

Under rhe regional srrategic framework, rhe 
steering group is serring priorities for iniriarives 
rhar are most urgenrly required ro achieve key 
objectives. 

A recent priority-serring process wi rh a round rable 
group of specialisrs in agricultu re and narural 
resources managemenr suggesr rhar rhe fo llowi ng 
sets ofiniriarives were most relevant for susrainable 
developmenr in Gippsland. 

• 

Soil conservarion measures 

Education iniriarives 

Warer use and irrigarion eftlciencies 

Regional benchmarks (environmenral 
accredirarion, ere.) 

Effiuent managemenr 

Some iniriarives are already occurring in Gippsland 
(Figure 7.4). The prioriry list will help ro provide a 
berrer focus for rargered and coordi nared regional 
investmenr in rhe dairy indusrry. 

Figure 7.4 The coordination of strategy and investment in Gippsland. 

Gippsland Strategic Framework Re lated initiatives/actions Responsibility 

Key stakeholder group 
(examples) 

• Shire 
Wellington Shire Council- Municipal • planning zones (maintain • DOI 
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Gippsland Local Government ~ 
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and GLGN O' 

~ • NRE 
3 • diversification and .. Cl productivity; environmental • GAF s· 

Gippsland Agribusiness Forum 
n " 3 management standards • EPA 
8 " -0 

" St rategy a. 0.. iO 
:;· 

5 3 .. .. 
fO " 0.. fO .. • whole farm plans • NRE extension 

Gippsland Regional Action Plan .. ~. ~ 
'O n 5· 
'O 'O • Farmers Dairying for a " " 

Tomorrow " " "II 
n " .2. =>' :;· 

regional marketing/branding .. .. . .. n c 

1 NRE DSRD 'O • Gippsland Development Ltd 'O 

3 .;;· • Aust rade 

" . nutrient and drains 'O • Supermarket to Asia 0 
W est Gippsland and East Gippsland ~ management: Action on 

Catchment Management Authority Nutrients (o r Sustainable 

Regional Catchment Strategy MID Agriculture 

Nutrient Reduction Plan • NRE 

• CM As 
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FITZROY RIVER BASIN CASE STUDY 

The region and the challenges it faces 

T he Fitzroy River Basin in central Queensland 
covers about 14.3 million hectares. It is the 
largest ri ver basin draining to the east coast of 
Australia and drains co the southern end of the 
Great Barrier Reef. It has a subtropical semi-arid 
climate with high rainfall variabili ty. Frequent 
heavy downpours, often after dry periods, 
provide particular challenges to land mangers to 

maintain sufficient ground cover to prevent soil 
erosion leading to sedimentation in rivers and 
transport of sediment and nutrients to the Great 
Barrier Reef lagoon. 

Most of the Basin is devoted to cattle 
grazing (82% of land) with ocher land uses 
including irrigated cotton and dryland 
cropping (7%), forests and parks (9%) and 
mining (I %) . 

Figure 7.5 Location of Fitzroy Basin study area (Queensland). 

Cairns 

Over the past few decades there have been 
significant land use changes. Extensive 
clearing of brigalow scrub has provided 
large tracts of new land for grazing and 
cropping but the loss of native vegetation 
cover has made the land vulnerable to soil 
erosion. New clams in the basin have 
expanded the areas under irrigation and 
have trapped some of the bedload of 
sediment that would otherwise be 
transported downstream. 

The Fitzroy region including the Fitzroy 
Basin and Central Highlands (Figure 7.5) 
has a population of about 185 000 people. 
In 1996 there were an estimated 1980 beef 
producers, 216 grain growers, 101 cotton 
farmers and 512 mixed beef/grains farmers. 
For 1998/99 the gross value of rural 
production was $836 mill ion with 60% 
being accounted for by returns from beef 
cattle grazing. 

'· Townsville 

• Mount Isa 
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Surface soil erosion is a m ajor problem in 
the basin (Table 7.4) and is caused by a 

combination of overgrazing and cropping 
activities with the summer-dominant 

rainfa ll often occu rring in intense, 
sometimes cyclonic events. An estimated 

2-4 million tonnes of suspended sediment 
leaves the basin annually and enters the 
marine environment of the G reat Barrier 

Reef Marine Park. Erosion from cropped 
land is higher than from pastures, but 
regional land use is dominated by grazing. 
River sediment loads in the Fitzroy Basin 

Tab le 7.4 Soil erosion in the Fitzroy Basin. 

are p redicted co have increased by 15 times 
the natural rate that prevailed prior to 

European settlement. Hillslope eros ion is a 
particular problem. An estimated 3 100 

ron nes of nitrogen and 1300 ronnes of 
phosphorus per year are t ransported in the 
basin's waterways co the marine 
environ ment. 

T he sed iment export from the Fitzroy co 

the G reat Barrier Reef lagoon is estimated 
at 2 1 times natural loads with phosphorus 
6.9 times estimates of natural loads and 
ni trogen 3.3 times. 

Attribute Fitzroy Basin Fitzroy as a proportion of 
national total 

Area (mha) 

St ream length ('000 km) 

Se diment sources 

• bank erosion (Mt/yr) 

• gully erosion (Mt/yr) 

• hillslope erosion (Mt/yr) 

Total (Mt/yr) 

Sediment delivered to marine environment (Mt/yr) 

Stream length with degraded riparian vegetation ('000 km) 

• percent of total stream length (%) 

Source: Australian Agriculture Assessment 200 I (NLWRA 200 I e) 

14.3 

15.5 

2.0 

4.0 

10.0 

16.0 

2-4 

7.8 

50.0 

(%) 

8.5 

8.5 

6.0 

9.0 

20.0 

12.S 

12.0 

6.5 
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Implementing the Fitzroy project 

Srakeholders were idenri fled and informal 
parrnership groups formed (Figure 7.6). These 
included CSIRO, Central Queensland 
Universiry and Q ueensland government agency 
representarives on the Signposts team, Agforce 
Central Queensland, the Cenrra l Highlands 
Regional Resource Use Planning Project pastoral 
and grains group and the lnregrated Catchment 
Managemenr Commitree of rhe Fitzroy Basin 

Association. Each group had a slightly di fferent 
perspecrive and set of goals, bur subsranrial areas 
of overlap enabled rhe groups to work rogerher 
cowards common goals of susta inabili ry, 
reducing soi l erosion and increasing the viability 
of beef producers in rhe region. 

Subsranrial amounts of regional biophysical, 
social and economic informat ion were 
supplemented wirh Audi t data sourced from 
narional data sets. 

Figure 7.6 Developing strategic directions for the Fitzroy region. 

Audit and regional information I Alliances and partner ships of 
and data input I I stakeholder groups 

Regional beef industry profile 

• resource condition and 
threatening processes 

• social and economic profiles 

t 
' Common goals and objectives . sustainability 

Industry input and participation • reduced soil erosion 

• viable beef industry 

t 
' Ident ify key challenges and 

opportunities 

I 

' Develop strategic responses 

t 
Implementation 'or action plans 

' ' I 
I 

Industry regional planning and Ident ify and implement industry- Catchment and industry-scale 
policy development community- government monitoring and reporting 

partnership through shared 
priorities and resources 
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Dara were co llected and summarised in ro a 
regional beef industry pro file that documented 
resource condi tion, and social and economic 
information on beef producers. T his provided 
the contextual information for a workshop ro 
idenrify key industry challenges and 
oppormnities and ro develop strategic responses. 
Out of this process four key 'briefing papers' or 
industry strategic response papers were prepared 
which will fo rm the blueprint fo r 
implementa tion plans. T he briefing papers 
reproduced in Appendix C cover: 

human capital development: pastoral 
industry 

marketing sustainabili ry 

• environmental compatibil iry; and. 

soil erosion risk in the Fitzroy Basin. 

lmplemenration will be driven by each group 
using the strategic plans to augment ex is ting 
plans. Strategic plans will incl ude works, 
ex tension activities, monitoring and reporting 
on progress. Furrher parrnerships are likely to be 
formed ro implement plans under major 
programs such as the National Action Plan fo r 
Salini ry and Water Q ualiry. 

• Based largely on 1999 regional survey by Rolfe and Donaghy (2000). 

Key findings* on capacity for change 
and management practices 

T he bulk of central Q ueensland beef 
operations have properry values of between 
$800 000 and $2 mi llion with an 
esti mated equity of about 80% (Reeve 
pers. comm. 2000). In the late 1990s there 
were considerable adjustment pressures 
with net returns generally low or negative. 
O n average, a herd size of I 000 head 
appears to be the minimum fo r financial 
viabiliry. Two thirds of beef producers have 
herd sizes less than this. \Xlith the recent 
increases in beef prices, adjustment 
pressures may have cased slightly. 

T he average beef producer in the Basin had 
23- 25 years of fa rming experience, was 
third generation in farming and was 50 
years of age. 

• Between 1996 and 1999, approximately 
20% ro 25% of beef producers had 
underraken post-secondary school 
education and around half of the region's 
beef producers had been involved in 
Landcare or catchment field days with 
slightly more having parricipated in short 
courses. A third of beef producers 
parricipated in some form of properry 
management planning, 'Future Profit' or 
'Grass Check', or other similar activiti es. 

Beef producers, in general, place most 
impon ance on 'other producers' and 'field 
days' for sources of information on land 
managemenr. 
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• 
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13eef producers reported high levels of 
adoption of sustainable management 
practices-over 80% of producers for some 
practices. Bur chis may, in pan, be due ro a 
broader inrerprerarion by producers of 
whar a particular susrainable practice, such 
as drought managemenr planning or 
pasture moni toring, actually entailed. It 
may also reflect a belief char besr pracrices 
are widely in use and therefore efforts to 
move cowards an indusrry code of practice 
or greater adoption of sustainable practices 
are nor warranred. This perception, 
however, appears inconsisrenr with rhe 
levels of soil erosion occurring and the low 
levels of recorded profits from beef 
production. T he levels and patcern of soil 
erosion in the Fitzroy Basin suggest chat 
practices aimed at reducing soil movemenr 
off-property arc not as widely used as 
perceived by industry members. 

Managemenr practices char focus on 
reduced stocking rates but increased 
quali ty of production, especially under 
quality assurance programs, arc generally 
more profitable. Also, producers who 
parricipare in land management or 
producriviry-focused training and who 
access a broad range of sources of 
management in formation are more likely 
to use best practice management. 

Industry strategic responses 

Agreement by indusny on sustainable 
carrying capacities for different land types 
as part of industry guidel ines. 

Promotion of pasture management 
practices that achieve healthy pastures and 
adequate ground cover especially on 
'rexturc contrast' soils that arc highly 
susceptible ro erosion. Promotion ro be 
based on local case studies or 
demonstrations and peer-based learn ing. 

Promotion of awareness of the net benefits 
of management practices that reduce risks 
of soil erosion and associated water quality 
problems. Exploration and promotion of 
market-driven incenrives for 'clean and 
green' production. 

Identi fication of opportunities for funding 
works thar control soil erosion, especially 
for hillslope erosion and gully erosion in 
key areas; works would include combined 
landholder riparian fencing programs, 
devolved grants for off-river water supply 
and rehabili tation of fi lter systems such as 
wetlands and riparian vegetation. 

Promotion by peak industry bodies ro 
encourage participation in managemenr 
relevanr traini ng while supporting existing 
business, Landcare and social networks as 
important information networks. 

Improvement of existing training programs 
ro beccer mecr rhe needs and learning styles 
of producers. 

Creation of regional partnerships or 
al liances between regional groups ro 
enhance regional capaciry building. 

Indusrry adoption of key human capacity 
and resource condition indicators ro 
monitor progress cowards objectives of 
sustainable and viable management. 



DAIRY INDUSTRY-CASE STUDY OF PLANNING FOR IMPROVED 
NATURAL RESOURCES MANAGEMENT 

T he dairy industry is Australia's la rgest processed 
food export industry generating employment for 
over GO 000 people and export income of over $2 
billion per year. T he industry has undergone 
significant structural change, with the number of 
dai1y fa rms having halved co under 15 000 in the 
past 20 years. Recent deregulation is likely co 
continue that structural change. 

Methods of production have intensified, with 
increased use of inputs particularly ferti liser on 
pastures and increased use of irrigated pastures. 
Intensified dairying activi ties may have negative 
impacts on water quality in adjacent rivers 
through elevated nutrient levels. In some 
regions, increased irrigation is add ing to salinity 
problems. Ar the same time, external 
environmental issues such as water salinity are 
adversely impacting on irrigated dairying 
enterprises. 

In recognising environmental and sustainability 
issues on the one hand, and dairy enterprise 
profitabili ty and viability issues on the other, the 
dairy industry formed a partnership with the 
Audit to undertake an ini tiative called 
Sustaining Our Natural Resources - Dairying 
for Tomorrow. The project's aims were co: 

assess the sustainability and best practice 
management issues in Australia's eight 
major dairying regions; 

survey current practices, production 
methods and opportunities and attitudes 
among dairy farmers; and 

develop programs to promote adoption of 
best practice sustainable management. 

Regional profiles for the eight major dairying 
regions (Figure 7.7) were prepared, using Audit 
and other data. A national telephone survey of 

Figure 7.7 Major dairying regions in Australia in 1996/97. 

- DIDCO (NSW) - OairySA - OairyTas - GippsOairy 

Murray Dairy 

Sub Tropical Dairy - WestVic Dairy 

Western Dairy 

Source: Australian Agriculture Assessment 2001 (NLWRA 200 1e) 

Dau from ABS Agricultural Census 1997 
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1800 dairy farmers was also conducted. The 
survey covered personal and financial 
information relating to capaci ty and motivation 
to change as well property management issues 
relating to water and land use efficiencies, 
nutrient and effluent management, soil 
conservation , biodiversity and waterway 
management. 

Each region, on the basis of the information 
collected, has prepared a regional action plan to 
promote continual improvement within the 
industry. These have been used ro develop the 
National Strategic Nacural Resource 
Management Plan for the dairy industry 
providi ng a coordinated and visionary 
framework fo r action at national and regional 
levels. 

Plans and strategies being developed are 
designed to ensure that: 

• nacural resources used in dairy production 
will be used sustainably, effic iently and 
productively with minimal off-site impact; 
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research needs are identified; 

the industry will be in a sound position to 
feed information into and influence 
relevant policy and regulation; and 

the information will contribute to rhe 
Audi r's assessment of rhe healrh of 
Australia's natural resources, providing an 
example of indusrry leadership to address 
nacural resource management issues. 

Nutrient pollution 

Nutrient pollurion of waterways, associated 
mainly wirh diffuse as well as point source 
movement of soil, phosphorus and nitrogen is 
an environmental challenge common to all 
dairying regions and an issue for many 
agricultural industries. T he severity of pollu tion 
is grearer in the more closely serried dryland and 
irrigated districts. In these districts dairying is 
part of a mosaic of intensive agriculture. T he 
combined resulr of th is intensity of all land uses 
means that many rivers and streams are now 
classed as significantly degraded, with 
eurrophicarion and algal blooms occurring. 
Pollurion of aquifers is also a problem in some 
intensive agriculcure regions such as rhe south­
east region of South Australia. 

T he dairy indusrry recognises that it is a 
contributor to water pollution rhrough excessive 
nurrienr movement in flood irrigation and other 
run-off from dairy farms and is seeking to 
improve practices and minimise the risk of 
warer pollution . Sources of nutrients on dairy 
farms, as with any intensive livestock enterprise, 
include effluent, high rates of fertiliser use and 
soil erosion. Diffuse movement of nutrients 
from paddocks may be significant particularly in 
steep, high ra infa ll areas. High bacterial and 
faecal coli form counts indicative of pollution by 
warm blooded animals have occurred in South 
Australian waterways where dairy exists with 
orher rural indusrries and urban and industrial 
land uses. 



Wat er salinity and soil health 

Surface wacer salinicy and irrigacion-induced soil 
salini cy is main ly confined to incensive Aood 
irrigation agriculture and , along wich a range of 
other ru ral land uses, includes fa rms in che 
Wescern Dairy, Dairy SA, Murray Dairy and 
GippsDairy regions. Groundwater salinicy is a 
growing problem in the Souch East discrict of 
Souch Australia, again covering an area of varied 
rural uses. 

The impaccs of upper cacchmenc change in 
wacer balance have led to dryland salinity in 
many intensive agriculture areas and are most 
chreatening in che dairy industry in Western 
Dairy, che Souch East discricc of Dairy SA and 
G ippsDai ry. 

In most of che irrigaced and high rainfall dairy 
discriccs, especia lly chose wich medium to heavy 
cexcured soils, wacer logging and decerioracing 
so il scrucrnre are com mon problems. These can 
be exacerbated by excessive irrigacion, poor 
drainage, salini cy, high stocking rates or grazing 
of wee pascures (pugging). Soil acidiflcacion, 
while predominancly an issue for broadscale 
agriculture, occurs in several dairy regions. 
Acidity can be exacerbaced by excessive nitrogen 
ferciliser applications, pascure legumes and poor 
stock management. 

Environmental problems and best 
practice management 

The industry overall has a good ' reporc card' 
with respect to investmenc in suscainable 
management praccices (Table 7. 5). 

Some key issues for public policy need to be 
addressed-parcicularly in cerms of particioning 
public and privace benefi t and costs. 
Approx imately half the number of da iry farmers 
surveyed believes that the adoption of 
environmentally friendly fa rming praccices will 
not necessarily reduce farm profitabil ity (Table 
7.6). Older dai ry fa rmers are inclined co believe 
that there is a trade-off between increased 
proflcab ili cy and adoption of environ mentally 
friendly practices. Those wich liccle train ing or 
wichouc a wriccen farm plan are also inclined co 
chis view. 

Regional profiles show chac a high proporcion of 
farmers are using suscainable praccices. So why 
do environmental problems persisc and for chac 
macrer, whac proporcion of che problem is 
confined to che dairy versus ocher indusrries? 
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Issues 

A key element of capacity t0 change is 
awareness of the full extent of 
environmental challenges, detailed 
knowledge and understanding of the issues 
and a conviction that certain management 
practices wi ll satisfact0rily address the 
problems. Many environmental problems 
are insidious and develop over long periods 
of time so chat changes are hard to notice. 
T his underscores che need for accurate and 
convincing scienti fic data on the extent of 
environmental problems at a regional and 
local level. 

'Best practice', even if fully implemented 
on farms, cannot be guaranteed to produce 
outcomes that are acceptable in regards to 
both profi t and the environment and may 
not be good enough t0 meet some of the 
environmental objectives of the 
community. 

Best practice might not meec the challenges 
of Australia's variable climate. Major flood 
and storm events are often periods of 
fai lu re for practice in all industries- be it 
urban sewage treatment or agriculture. 

These issues have been recognised by rhe dairy 
industry and are being fact0red into the 
planning processes. 

Modern dairying requi res increased efficiency of 
production and chis requires increased stacking 
races fuelled by supplementary feeds and 
establishment of highly productive pasture 
through use of fertil isers and irrigation. Bue 
these intensive systems require sound 
management ro ensure char the inputs are fu lly 
used and do nor ' leak' into the adjacent 
environment. A comprehensive list of best 
management principles has been devised and 
their adoption is pare of the regional action 
plans (Appendix 4). 

Table 7.5 Use of sustainable management practices by Australian dairy farmers. 

Management practice 

Reuse of effluent for irrigat ing and fertilising pastures 

Regular soil testing to match fertiliser application to soil and plant needs 

Effluent management system 

Flood irrigators who reuse tail water 

Flood irrigators using laser grading 

Farmers who recognise soil erosion problem who are dealing with it 

Farmers addressing soil crusting or compaction problem 

Farmers with salinity problems who are controll ing or ameliorating it 

Farmers involved in property revegetation 

Farmers with waterways who have fenced off all or part 

Source: Pomfret (2000) 
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Propo rtion of da iry 
farmers us ing the practice 

(%) 

81 

80 

80 

80 

95 

99 

91 

98 

56 

57 



Table 7.6 Dairy survey results- responses to statement: 'Adoption of envi ronmentally friendly farming 
practices will reduce profitability'. 

Disagree Neither Agree 

Dairy region 

West Victoria S2 IS 33 

Gippsland S4 19 27 

Murray 46 17 37 

DIDCO 49 IS 37 

Sub Tropical 43 17 40 

Tasmania 48 18 34 

West Australia 47 21 32 

South Australia 49 17 34 

Australia 49 17 34 

Age of operator 

Less than 3 S years S4 18 28 

36- SO years S I 18 3 1 

S l-6S years 4S 16 39 

66+ years 44 16 41 

Member of Landcare/environmental group 

Yes S2 14 34 

No 47 18 3S 

Written farm plan 

Yes SS 16 29 

No 46 17 37 

Tra in ing activities 

None 42 19 40 

1- 2 44 19 38 

3-4 SS 13 32 

S+ S2 18 30 

So urce: Po mfret (2000) 
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Some characteristics of dairy farms 
and farmers and capacity to change 

Farm characteristics 

T he 'average' dai ry fa rm, from rhe rclephone 
survey, was 186 ha wirh a herd size of 191 
milking cows. T he median herd size was 156 
milking cows. Abour 29% of farms mi lked more 
rhan 200 cows. Stocking rares varied from 
berween I and 2 cows per hectare co rhree or 
more cows per hecrare on 11 % of intensively 
stocked farms. 

Some 70% of farmers indicated char cheir encire 
properry was valued ac less chan $ 1 million. 
Over 7% of farms were valued ac $2 million or 
more. There was much regional variabiliry so che 
'average' fa rm value is ac mosc indicacive (e.g. 
40% of fa rms in \Xlesccrn Auscralia were valued 
above $2 mill ion). 

Forry-one percent of fa rmers indicaced chey 
earned less rhan $10 000, where nee income is 
defined as 'returns afcer payment of all fa rm 
coses including wages you may pay yourself'. 
O nly 15% indicaced char chey earned more rhan 
$50 000. On che ocher hand, farm debc rends co 
be high in comparison wirh che abilicy of 
farmers co service debcs from farm income. Two­
chirds of all dai ry farmers had fa rm debts of 
$ 100 000 or more and 43% had debcs in excess 
of $250 000. Overall, chis could indicate limiced 
capacity on rhe pare of mosr dai ry farmers co 
finance sizeable invesrmencs on environmental 
projects. Another view is char dairy farmers 
recognise rhe value of inrensifying rheir 
development and are borrowing wirh a view co 
che high profirabil icy char will fo llow from 
developmenr. Cerrai nly, many of rhe larger 
fa rmers would appear co be also chose wirh high 
levels of invescmenr in environmental 
management acrivi cies. 
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Farm operator characteristics 

The average age of a dairy farmer in Austral ia was 
reported co be 49 years and, on average, rhey had 
29 years of farmin g experience. These srarisrics 
were broadly uniform across all dai1y ing regions. 

lnvolvemenc in groups or programs such as 
Landcare appears co be associated wirh more 
environmentally beneficial management 
practices. On average: 

31 % of farmers belong co Landcare; 

• 40% arrend discussion groups; 

30% have and use a wrirren farm plan; and 

86% have arrcnded some form of training 
in rhe lase fi ve yea rs (e.g. courses on qualiry 
assurance, farm chemicals and pascure 
management). 

Age of farmer or years of experience appear co 
have licrle influence on whether a farmer belongs 
co Landcare, bur rhere is a positive associarion 
becween having a farm plan and belonging co a 
Landcare group (Table 7.7). 

Table 7. 7 Association between farmers having a 
farm plan and belonging to Landcare. 

Member Non-member Total 
(%) (%) (%) 

Farmers with a 
farm plan 37 26 30 

Farmers without a 
farm plan 63 74 70 

Total 100 100 100 



The adoption of several 'besr management' 

pracrices was found robe srronger among farmers 

who were members of a Landcare or 

environmental group. The srrongesr correlations 

were found ro exist between farming practices 
and where farmers had a written farm plan 

(Table 7 .8). Existence of a farm plan was also 

genera lly associated wirh larger fa rms with more 

intensive producrion merhods and younger 

fa rmers {Table 7.9). Most farm plans are focused 

on productivity and farm management with 

environmental managemenc pare of 'doing 

business'. 

Money and finance was by far the most 

common constra int limiting adoption of 

environmental practices and farm productivity 
{Table 7.1 O), reflecring public rather rhan 

privare benefirs of these pracrices. 

Table 7.8 Characteristics of farmers by existence 
of farm plans (average). 

Fa rm p lan N o farm 
plan 

Age of farmer (yrs) 47 50 

Years of experience (yrs) 26 30 

Milking area (ha) 135 117 

Herd size (number) 224 176 

Stocking rate (cows/ha) 2.0 1.8 

Production rate (Ucow) 4800 4500 

Source: Pomfret (2000) 

T his dairy indusrry case srudy demonsrrares how a 

major rural industry rh rough conrinuous 

improvemenr in pracrice will address rhe natural 

resource management challenges ir faces. Several 

ocher leading indusrries a re also recognising rhe 

importance of a proacrive and indusrry-led 

approach and a re fo llowing rhe example sec by 

the Ausrralian Dairy Farmers Federation in 

developing their N11tum! Resources Management 
Strategy. 

Table 7. 9 Farming practices by existence of farm 
plans (% with issue undertaking activity). 

Practice Farm plan No farm 
plan 

Soil acidity 

Plant deep-rooted pastures 59 47 

Dryland salinity 

Regional group revegetation 
st rategy 36 15 

Fencing areas 56 36 

Rising water tables 

Revegetation 69 45 

Salinity survey 51 30 

S oil erosion 

Fencing 73 59 

Conservation tillage 79 65 

W et soils and pugging 

Loafing pads 54 38 

S oil testing 

Soil test nutrient levels 
every year 42 25 

Soil test to determine 
fertiliser requirements 88 76 

Soil crusting 

Conservation tillage 82 69 

Apply gypsum 48 31 

Source: Pomfret (2000) 
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Ta ble 7. 1 0 Constraints faced by farmers in improving environmental management and farm productivity. 

Constraints facing farme rs Improving 

Source: Pomfret (2000) 
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environmental management 
{% of farmers) 

Const raints facing farmers Improving 

Money/finances 

Low return/milk prices 

Availability of water 

Size of farm 

Time 

Climate 

Labour/manpower 

Deregulation 

Farmer's age 

Government 

Pasture quality 

Topography/terrain 

Lack of energy/desire 

Market uncertainty 

Herd management 

productivity 
(% of fa rmers) 

44 

16 

14 

12 

8 

6 

5 

3 

3 

2 

2 

2 





INTRODUCTION 

Over rhe pasr few decades, there have been 
major changes in attitudes to the use and 
appreciation of natura l resources. From a 
predominant focus in the early pose-war period 
on how natural resources could be exploi ted ro 
earn export income and contribute to our 
economic development, there is now greater 
awareness of and value placed on the many 
ocher attributes of our natural resources. 
Concurrently, whereas agriculture was then the 
mainstay of the Australian economy, it is now a 
relatively minor component. 

Use of our natural resources has come at a price. 
This and ocher Audi t reports have documented 
the extent of land degradation and its 
implications. Bur land degradation is a 'sunk' 
cosr- whar is done is history. W hat should be 
done in the future? In addressing chis question, 
we need to consider the following questions: 

Are we now managing our natural 
resources responsibly and sustainably? 

If we are nor managing sustainably, why 
nor? 

How can we change, and what capacity do 
we have to change to a management regime 
char is sustainable? 

\"V'har are rhe nature, size and significance 
of rhe problems? 

• Are rhere technically feasible and 
economically and socially acceptable 
options char can be implemented? 
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• 

To what extent should we be investing in 
protective management ro prevent further 
degradation? 

Do we have enough knowledge ro make 
the right investment decisions or is more 
investment in knowledge generation and 
distribution needed? 

Is rhe resource degradation a public or 
private issue? 

Is investment in research and innovation 
needed to develop viable options? 

To what extent should we be investing to 
repair damage al ready done? 



SUSTAINABLE MANAGEMENT OF NATURAL RESOURCES 

Nature and size of land degradation 

The Audit's A11stmlir111 D1ylr111d Salinit)' 
Assessment 2000 (N LW RA 200 1b) est imates rhe 
areas 'at risk' or with a high potential to develop 
dryland salinity through high water rabies at 
around 5.7 mill ion hecta res; of this area about 
4.6 mill ion hectares is agricultural land. This 'at 
risk' area is projected ro expand to 6.4 mill ion 
hectares of agricultural land by 2020 under a 
'business as usual' scenario. 

Bur areas 'at risk' do nor necessarily imply total 
impact on agricultu ra l yields. Estimations using 
rhe modelled extent of dryland salini ty suggest 
that yields may be reduced by 5% or more­
approximarely 3.3 mill ion heccares. T his 
represents 0.7% of agricultural land. Under a 
'business as usual' scenario (excluding any 
effects of recenc policy iniriarives) rhis is 
projected to expand ro 4.7 mill ion hectares 
which is still only I% of all agricultural land by 
2020. Ir is also concluded rhar relatively small 
areas of mosr high value forms of land use are 
likely to be adversely affected by sali nity over rhe 
next 20 years. 

The processes driving salin ity-groundwater 
movement and soil salt mobilisation- are very 
slow moving so char even if recharge is slowed, ir 
will rake many years fo r rhe effects to become 
apparent in discharge areas (Australian D1ylr1nd 
Salinity Assessment 2000 [NLW RA 200 I b)). 

Soil acidity affects much larger areas of 
agricultural land rhan dryland salinity. It is 
estimated that losses from acid ity arc at least 5% 
of potential yields and occur over 21.3 mi llion 
hecta res-representing 4.5% of agricultural 
land . Th is soil health problem is generally 
narurally occurring bur exacerbated by 
agriculrural practices (e.g. repeat applications of 
nitrogen-based fertilisers and the use of the 
legumes in the pasture rotation). In severe cases 

it can lead to orher forms of land degradation 
such as soil erosion and turbidi ty or 
sedimcnrarion in streams and rivers-driven 
primarily by the reduced level of ground cover 
ar critical rimes in the year. Future trends in 
acidi ty could nor be projected because of lack of 
technical daca. Depending on the benefits and 
costs of treatment, soil acid ity can be addressed 
by changing fertil iser regimes and/or applying 
lime. 

Some of the many other forms of land 
degradation have been assessed in other Audit 
reporrs. Awtmlian Agriculture Assessment 2001 
(NLWRA 200 I e) highlights: 

the five-fold increase of nutrients in the 
landscape over natu ral levels-giving 
potential for leakage into rivers and at least 
doubl ing productivity of landscapes fro m 
their natural srare; and 

significant erosion and sedi ment 
movement-700 mill ion tonnes of soil 
erodes on agricultural hillslopes each year 
and 107 million tonnes of soil is deposited 
into rivers from hi llslopes, gull ies and river 
banks, including 20 000 tonnes of bound 
phosphorus. 

A survey (Kemp & Con nel l 200 I) of farmer 
perceptions of the extent of land degradation on 
Australia's broadacre and dairy farms in 1999 
showed that of the nearly 4 10 mill ion heccares 
of broadacre and dai ry farmland in Australia, 
almost 101 mill ion hectares were estimated to 
be affected, to va rying degrees, by some form of 
significant land degradation. An estimated 36% 
of fa rmers reported at least one form of 
significant land degradation affecting thei r fa rm, 
with degradation on these farms affecting 
approximately 2 1 % of their total farm area. 
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BOX 8.1 INTERPRETING BASELINE DATA: RECAPPING ON 
CONCEPTS 

A A' 

Value of 
__ ! ___ _ 

yield gap i .. --- --- ----------- -- ----------------------- -----------------,;:' ...... ---f.f --- ---- -- ------- --- -

B 

Profit at 
full 
equity 

.. ---- -----·-···-- B'l Increase in F 1·· 

· "/- ____ ·---. -·------ ·-- ·-;r':::: ____ -·· -··-----_ ··-__ --- _ ·---- __ -·---- ·- _. ·-- ----· ---·- ------- value of yield 

"(G;-~~~~~~~-~- ~~~~~~~~~~~~~~~~~~~~~~~ ~ gap 

I 
Business as usual baseline 

2000 

Baseline 

The base year is 2000. 

OB represents che currenc profic at fu ll equiry 
from agriculcure. Conceptually, this profit would 
increase by AB (the value of the yield gap) if there 
was no degradation. 

Abstracting from trends in commodiry prices or 
changes in productiviry 

AA' represencs che maximum profics based on 
relative yields of I 00%. Such a line is conceptual 
only and would be impossible or impractical co 
achieve. 

• BB' represents a profile of profics equal co currenc 
profics and no fu rcher land degradation from thac 
which now occurs. But given the momencum of 
processes causing degradation, especially d ryland 
saliniry, che 'business as usual' profile represencs 
a declining profic profile as land degradation 
continues co gee worse (curve BC). 
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Adaptive profile 

2020 
Year 

Year 2020 

T he value of che yield gap has increased co A'C 

The increase in value of che yield gap by 2020 is 
represenced by B'C 

Escimaces for AB, OB, PlC and B'C as well as 
che nee presenc value of che shaded area have been 
presenced in chis reporc. 

'Business as usual' 

T he BC profile represencs a worse case (business 
as usual) baseline scenario and assumes chac chere 
is no response by governmencs or producers co a 
worsening siruacion. 

• In realiry, even in che absence of governmenc 
incervencion, producers are likely co adopt or react 
so that a baseline such as BO could be considered. 
T here is liccle or no reliable data co escablish such 
a baseline. 



Yield gaps 

Dara on the value of yield gaps should be interpreted 
with caution. T he best interpretation is the maximum 
additional profits which could be earned if land 
degradation was ameliorated. If the costs of proposed 
government programs ro address degradation exceed 
chis chey should not proceed unless the costs in excess 
of the value of the yield gap can be justified in terms 
of off-farm benefits. 

Any actions to amelio rate land degradation or preven t 
further degradation need ro be considered in an 
investment benefit-cost assessm ent co n text. 
Investment should only be contemplated if rhe present 
value of rhe scream of benefits from all sources, 
including agriculture and off farm, exceed che coses 
of remedial measures . Some profiles of agricu ltural 
benefits are also shown in che diagram. 

For d ryland salinity expert opinion suggests char 
in most cases the best we can hope for is ro hold 
che line (BB') at current levels of salinity by a 
range of measures (Salinity Task Force 2001 ). 
Even rhen, given the long lag rimes, a salinity 
benefit profile may look like BEFB'. This implies 
some worsening in the shore term if deep-rooted 
perenn ia l plant ings in rech a rge zo nes are 
contemplated. 

For treatments of sodic or acidic soils, benefit 
profiles more like BGH o r BG I co uld be 
expected, where response times are more rapid 
and chances of amelioration are better in some 

cases. 

The same concepts as in rhe d iagram apply to all off­
site effects. Here, benefits in terms of resrored water 
qual ity, biodiversity and ocher attributes can be 
measured on the vertical ax is and the value of rhe 
yield gap becomes the 'benefit gap' . Again, ic will not 
be possible- o r desirable from a com muni ty net 
benefits perspecrive-ro completely ameliorate all 
effects of degradation. 

Ea rlier est imates of the extent of ocher fo rms of 

land degradation by area (summarised in Reeves 

er al. 1998) include: 

• soil structure decline-25.6 mil lio n 

hectares; a nd 

wind erosion- 2.8 million hectares. 

Lack of geo- referenced time series data o n rhe 

condition of soil resources and management 

practices has prevented assessment of trends in 

resource conditio n. Consideration needs ro be 

given to more invesrmenr in assessment and 

mo ni toring of landscape condition o n the basis 

chat the information gained has value beyond irs 

coses of collection. 

Economic significance 

T he extent of la nd degradation is generally a 

poor indication of its sign ificance. One hectare 

of degraded land in marginal country has less 
significance from a national viewpoint than one 

hectare in a prime agricultural area or an area of 

high eco logical, aesthetic o r recreational value. 

In this report an attempt has been m ade at a 
national level to provide baseline data on the 

economic signi ficance of land degradation by 

looking at im pl ica tions for agricul ture a nd also 

off-site o r d ownstream costs of degradation. 

From an agricultural perspective du ce particular 
fo rms of soil health problems have been 

investigated-salini ty, acid ity and sodiciry. 

Natio nal base line data for dryland salinity 

T he effects of dryland salinity on national 

agricultural profits are relatively small although 

some areas a re obviously m ore affected than 
othe rs. 

It is estimated that the value of the yield gap fo r 
dryland salinity {see Box 8. 1) is around $I 87 

mill ion a year. T his is equivalent ro less than 3% 

of profits from agriculture. T his annual loss is 

estimated to inc rease to $287 mi llion by 2020, 

an increase of $ 100 millio n. 
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The ner presenr value of rhe increase in value of 
rhe yield gap between 2000 and 2020 is 
esrimared ar abour $560 mill ion ar a 5% social 
discounr rare. This represenrs abour 1.5% loss in 
agriculrural profirs over rhar period. 

These esrimares need ro be weighed againsr 
potential productivity gains in agricultural 
production from all sou rces of around 2-3% a 
year, based on pasr rrends (ABARE 2000). 

\'V'esrern Ausrralia is rhe Srare ar present mosr 
severely affected by dryland salinity bur New 
Sourh Wales and Victoria are likely ro show rhe 
grearesr absolure and relative increases in rhe 
value of yield gap over rhe nexr 20 years. 

Increases in saliniry are likely ro have a much 
greater impact on furure profirs from sheep 
enterprises than other forms of land use, 
especially high value enterprises such as 
horriculrure, because sheep farming is rhe 
predominanr form of agriculrural land use in 
areas where salini ty is forecast ro spread. 

Looking ar off-farm implications of dryland 
salinity, rhe besr-ber esrimare of current damage 
to infrasrrucru res is around $89 mill ion a year, 
trending ro $ 150 million a year by 2020. The 
ner present value of rhe future increases in 
in frasrrucru re cos rs over 20 years is esri ma red ar 
$34 1 million, with mosr of rhe increase due ro 
worsening salinity in New South Wales and 
Vicroria. 

\Xie do nor have consistent trend dara on water 
qual ity in our inland waterways. O n rhe 
reasonable, and perhaps, conservati ve 
assumption of an 'across rhe board' 5% increase 
in water salinity, rhe increase in infrasrrucrure 
coses {e.g. pipes, water equipment, warer 
processing planr) is estimated to have a net 
presenr value of $56 1 mi ll ion over 20 years ro 
2020 assum ing a 5% social discounr rare. In the 
Murray-Darling Basin , the median percentage 
increase in ri ver sal inity ro 2020 for all river 
valleys has been forecast ar 19% (M BDC 1999). 
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A 5% increase in water salinity wi ll increase 
cosrs from worseni ng water quality by around 
$ I .46 billion. Two-thirds of rhis is accounred for 
by off-farm cosrs. Even if warer salinity on 
average was to increase by only I%, nearly half 
rhe damage coses of increased salinity from 
current levels would be off farm. O ther off-farm 
coses such as damage ro irrigated agriculture, 
wetlands, environmenral ecosystems, or other 
indusrries such as rourism or fishing have nor 
been included. 

Taking all factors into accoun r a general 
conclusion is rhar rhe costs of worsening salinity 
will impact on dryland agriculrure to some 
exrenr bur more parricularly on a wide range of 
off-farm assers and other activities downstream. 
This means rhar we need public invesrmenr if 
we are ro change on-farm practices. Governmenr 
response ro rhe public benefit aspects of dryland 
salinity is being shaped and implemented 
rhrough rhe National Action Plan for Salinity 
and Warer Quality. 

T he case srudies summarised in Chapter 6 give 
furrher insights inro rhe great va riabi li ty in rhe 
narure and exrenr of salin ity problems between 
catchments. 

• 

In Wanilla dryland salini ty affects 8% of 
rhe carchmenr bur rhis will expand ro 15% 
by 2020. Agricultural incomes will be 
adversely affected as a result, with relatively 
few off-farm implications. 

In Upper Billabong Creek dryland saliniry 
affects less rhan I% of the area of rhe 
carchmenr with 78% of rhe impact costs 
accounted for by adverse water quali ty 
effects. 

In Lake Warden 8% of agriculru ra l land is 
affected by salinity bur rhis is projected to 
increase ro 27% by 2020, having a severe 
impact on agriculrure. In addition , rising 
salinity levels in streams will seriously 
im pact on adjacenr Ramsar-lisred wetlands. 



Baseline data for other forms of land 
degradation 

Ar a national level, the value of the yield gaps in 

2000 for acidi ty and sodicity are estimated at 
$ 1.6 billion and $ 1.0 bi ll ion respectively and are 
very much larger than for salini ty. W hile this 

indicates, prima facie, rhar these problems are 
worth investigating, the estimates do not 

indicate rhe net benefits from treating these soil 
conditions. T hey are mostly naturally occurring 
and in only about 4% of the areas affected 
would it be economically justifiable to treat the 
soi l with lime or gypsum respectively. 

Downstream water quality is also affected by 
turbidity and sedi mentation/erosion. W hile 

costs of water treatment or damage due to these 
attributes were nor estimated, the report does 
contain estimates of the magnitude of fu ture 
costs over the next 20 years fo r several different 
increases in sedimentation and tu rbidity levels. 
If water quality were to deteriora te 'across the 
board ' by 5% on average over the next 20 years, 

the net presem value of additional impact costs 
associated with turbidity and erosion/ 
sedimentation are estimated at $786 million and 
$86 mill ion respectively. These estimates add 
weight to potential benefits from investing in 

monitoring and evaluation p rocesses to better 
establish trends in water quali ty. T he argument 

is further strengthened when we consider water 
quali ty impacts on ecosystem services (biota) 
char have nor been costed here and therefore 

need to be added to rhe above costs. 

Insights to environmental and social 
values 

Resul ts of a choice modell ing study that 
estimated rhe Australian community's 

willingness to pay for improvements across a 
range of environmemal attributes includ ing 
landscape aesthetics, recreation and native 
species protection indicate that rhe communi ty 

is will ing to pay approximately $4 billio n in 
presem value terms over rhe next 20 years for a 

comprehensive package of environmental 
improvements over and above what is forecas t to 
be achieved with currem spending on resource 
management. The estimate is based on a 
program that del ivers: 

protect ion of an additional 50 endangered 
species (that is a stemming of the loss of 
species); 

improvement ro landscape aesthetics from 
the restoration of an additional 2 mill ion 
hectares of rem nanr vegetation and 
farmland; and 

improvement in recreation opportuni ties 
through restoratio n and protection of an 
additional 1500 km of waterway for 
swimming and fishing. 

T his estim ate allows for some potential social 
costs, as respondents to rhe choice modelling 
survey were asked to consider rhe im pacts that a 
large conservation program might have on 

farming communities. T he package of 
environmental improvements outlined above 

was assumed to be accompanied by rhe loss of 
an additional 5000 people each year from rural 
a reas. 
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The resulcs of che choice modell ing survey 
provide an indicacive measure of the magniwde 
of environmental and social impaccs associaced 
wich land and water degradacion. They can be 
used ro escimace economic im paccs for a range 
of differenc resource use changes, provided che 
implicacions of these changes are specified in 
ccrms of the chrec anribures- wacerway 
rccreacion, aeschecics and species proceccion. 

Constraints, policy design and 

institutional change 

\Xlhere ic is clear chat a change in resource 
managemem will yield scrong economic, 
environmental and/or social remrns ro che 
commu nity, a fifrh and final step in che 
assessmem process (Chapcer 2) involves a careful 
analysis of che conscraincs char may stand in che 
way of implemencing change. These conscraincs 
include: 

• 
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lack of human capacity ro change (e.g. 
ski lls base, mocivacion, social norms); 

financial conscraincs and risk; 

informacion deficiencies; 

high cransaccion coses; 

lack of arrangemencs ro correcc for marker 
fai lure; 

lack of adequace conflict resolucion 
processes; 

oucdaced policies, laws and regulations char 
impede change; and 

complex and inefficient insciwcional 
arrangemencs. 

No actempc has been made in this report ro 
analyse in derail che diverse range of 
impediments ro change. However, ic provides an 
insighc inco some of che social issues in rural 
areas char drive or recard adjuscmem (Chapcer 
3). While Auscralian fa rmers generally have a 
posi tive actiwde cowards environmencal issues, 
facrors such as farm debc and managerial ski lls 
mediace cheir capacity ro change. A clear 
message is char new farming syscems or praccices 
muse be commercially compecicive with exiscing 
emerprises if they are to be widely adopred and 
che changes involved must be relacively 
scraighcforwa rd. Even if changes are relatively 
proficable, on-farm adopcion is hampered if rhe 
adjuscments are complex, risky or are nor 
adequacely supported with good informacion. 

T he very nacure of resource degradacion means 
char crends in resource quali ty are gradual and 
nor easily observable. Landholders may not even 
be aware of che need for change, especially if che 
impaccs of decerioraring natural resources are 
being masked by produccivity improvements 
achieved chrough ongoing cechnological 
advances such as new crop varieties. 

Assessmenc of social issues has shown char rural 
Australia continues to experience significant 
strucw ral change: the number of fa rm 
businesses is shrinking, farm sizes are increasing 
and che median age of che farming populacion is 
increasing. These rrends suggest that in the I 0 
to 20 years there is likely ro be a period of rapid 
adjustment during which a large proportion of 
fa rm businesses will be cransferred ro a younger, 
more highly educaced generation. This could 
represent an opponuniry for increasing 
adoption of complex sustainable farm ing 
praccices or land use change. 

In addition to socioeconomic facrors, an array 
of insciwcional facrors impede change. These 
include che rules establ ished by society, which 
influence or govern the behaviour of people, 
fi rms, governments and markets. In some 
circumstances marker fai lure is the primary 



cause of suscainabili ty problems. le occurs where 
ill-defined property rights give rise to a situat ion 
where private actions are undertaken without 
ex plicit account being caken of che coses 
imposed on other landholders downstream or in 
the wider community. 

Market fa ilure and socioeconomic constraints 
mean thac we cannot rely solely on a 
scewardship ethic as a sufficient condition to 
faci li tate changes in farming practices of 
sufficienr magnitude co address che land 
degradation problems we face as a nation. 
Racher, community awareness and education 
programs should be viewed as a necessary 
precursor to applying policy inscrumencs and 
inscitucional reforms co encourage behavioural 
change. 

We srill need to research and develop new ways 
of overcoming constraints to change. However, 
signiflcanc progress has been made over the pasr 
decade towards recognising and alleviating 
inscirurional impediments. Some of chese 
developments include: 

• national policy initiatives chat coordinate 
the activities of Stare, Territory, local 
governments and community groups to 
more effectively address resource 
degradation concerns chat are nationally 
signiflcanc (e.g. Regional Forestry 
Agreements for managing specific types of 
forests and programs such as National 
Action Plan for Salini ty and Water Quality 
to address specific degradation concerns 
that are of high priority); 

national programs chat enhance the flow of 
natural resources research and information 
available to landholders (e.g. National 
Landcare Program and the National 
Dryland Salinity Program); 

• 

in troduction of regulatory approaches 
(e.g. rest rictions on land clearing); 

capping of water diversions in the Murray­
Darling Basin; 

reforms initiated by the Council of 
Auscral ian Governmencs that ensure the 
provision of environmental water 
allocations necessary to maintai n 
biodiversity and ecosystem services; 

creation of marker-based mechanisms as a 
flexible way of meeting environmental 
targets (e.g. tradeable water entitlements, 
native vegeration offsets); 

actions for environmental services 
accompanied by new investment vehicles 
(e.g. NSW Environmencal Services 
Investment Fund); 

the promotion of environmental 
accreditation schemes and management 
systems (e.g. ISO 14000); and 

changes to environmental taxation laws to 
promote conservation on private land. 

Data from the Audit provide resource managers 
and governmenr with an improved information 
base on which to design natural resource 
policies. Setting of environmental targecs and 
application of marker instruments will require 
ongoing refi nement of existing data to enhance 
our knowledge of the spatial disrriburion of 
degradation and the relationships between 'on­
ground' remedial actions and subsequent 
environmental impacts. 
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LOOKING TO THE FUTURE 

The Audie analyses provide a 'firsc pass' 
assessmem of che economic significance of 
different forms of degradation and identify 

regions chat are most likely to be impacted by 
declining resource health . Linking physical data 
to social and economic information (drawn 

from a wide range of data sources including 
Australian Bureau of Agricultural and Resource 

Economics, Australian Bureau Scaciscics, 
CS IRO, Murray-Darl ing Basin Commission, 
Envi ronmem Australia, Scace and Territory 

agencies) allows an objective assessment of 
potential solutions and the likely coses and 

benefits of changes in resource use. This phase 
of the assessment process constitutes the first 
four steps o f the rapid assessment framework 
described in C hapter 2. 

The five-step rapid assessment (Chapter 2) 

provides a useful approach co policy decision 
making in this area. 

Baseline information including the value of the 
yield gap for agriculture and damage costs off 

fa rm provides indications of the extent, nature 
and m agnitude of the problems bur does not 
give any indications of the benefits chat can 
actually be ach ieved or the costs of alternative 
remedial actio ns. The case studies on dryland 

salinity have demonstrated the significant 
variat ion between catchments in what can 

technically and economically be ach ieved. In 
many cases, especially on regional groundwater 
flow systems, regions will have co learn co 'live 
with sale' as remedial measures co reduce salini ty 
across the whole region could not be justified 
from a technical, economic or social view point. 

In such cases, engineering solutio ns may be 
justified co protect high value public assets. In 
other cases, the st rategic planting of deep-rooted 
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perennials and consequent changes in land use 
may have some beneficial effects on a local scale 
in the longer term. Derai led information o n a 
catchment basis is required before app ropriate 
policy decisions can be made. This includes 

information on the relative public and private 
benefits from any remedial actions. In ch is 
context, benefits need co include any on-farm 
benefits as well as all off-farm benefits including 
environmental benefits. Estimates presemed in 

C hapter 5- including estimates of community 
will ingness co pay for enviro nmental 

improvements and suggestions for 'benefi t 
transfer'-are a scarring point. 

Education and changes in attitudes of land 
managers are an important element in 
addressing land degradation issues. Attitudes of 

land managers cowards land degradation and the 
enviro nment have no t changed much over the 

past ten years (Chapter 3) but fa rmers are 
generally aware of the extem of land degradation 
on their fa rms (Chapter 4). W hat is less clear is 
the exrem co which they are aware of remedial 
measures. Farmers generally cake a very 

pragmatic approach to these issues and have a 
greater chance of adopting chose land 
management practices chat are beneficial for the 
environment where such practices are profitable, 
their impacts are certain and the practices do 

not unduly disrupt farming systems. 
Governmem s and research institutions have a 

role in researching better options co address 
dryland salini ty and ocher land degradation 
issues. Such options will generally need co be 
'tai lor made' co parcicular situations or 
carchmems, as demonstrated by the case studies 

on dryland salinity. 



Land managers will be mo re effective in 
add ressing land degradation and environmental 

issues where they are part of regional, industry 
or catchment plans and strategies or part of 
communi ty efforts to add ress these issues 
(Chapter 7 case studies). Regio nal issues and 
problems being faced are often beyond the 

capacity of individuals to remedy, particularly 
where significant public assets are at stake. 

Governments need to act in partnership with 
local communities and industry to strategically 
research the issues and options, and plan and 

implement coordinated action. 

Such approaches require sound technical, 
eco nomic and social data and should take an 
investment approach to remedial actions. 

Technical information on the nature of rhe 
problems, their causes and alrernarive options is 
vitally important. As the regional case studies 
show, relying on ly on land owner opinions on 

rhe extent ro which they are managing 
sustainably is likely to lead to underesti mation 

of the actual ex tent of problems and 
overestimation of the extent to wh ich 
landowners are addressing rhem. 

The Audit has made a valuable con tribution to 
collaring and assessing information on the stare 
and management of our natural resources. Good 
basel ine information has been laid down bur 
co ntinuous efforts will be needed to implement 
appropriate fo llow-up evaluations and 

monitoring to establish trends that can be used 
to evaluate fu rure progress on addressing the 
problems we now face. 

Coordinating and formalising data collect ion, 
and analysis and reporting of environmental 
statistics (Box 8.3) could provide the framework 
and processes required to support rhe 

fundamental information needs of a range of 
government natural resources programs 
(e.g. Natural Heritage Trust, Srare of rhe 
Environment Repo rting, Indicators of 
Agricultu ral Susrainabili ry, Head line 
Sustainabili ty Indicators, National Action Plan 
for Salin ity and Warer Q uality). 

187 



BOX 8.2 IMPROVING AUSTRALIA'S ENVIRONMENTAL REPORTING 
CAPACITY 

Integrating the triple bottom line 

Ar rhe rime the Aud it was established there was a 
general recognition that the systems fo r collecting and 
in tegrating environmental information were in need 
of enhancement and coordination. Addi tionally the 
methods fo r integrated analysis fo r the 'triple bottom 
line' were very poorly defined. T he Audit was the first 
step in red ressing these problems, d rawing together a 
wide range of data and expertise. O ngoing structures 
are needed to ensure assessments of Australia's land 
and water resources across aspects of rhe biophysical, 
social and eco nomic environ ment can be made 
regularly, easily and efficiently. 

Standards and coordination 

Requirements and components of a natural resource 
information system for Australia are discussed in the 
Australian Natural Resource Information 2002 report 
(NLWRA 2002). O ne clement of this system is rl1e 
standardisation and coord ination of environmental 
statistics and rl1eir inregracion with other data. Many 
agencies collect environmental information using a 
variety of techniques and reporting formats and, while 
there are many similarities between techn iques and 
formats, there are often differences that can make 
com parisons d ifficult. Linking environmental data to 
economic and social data is still an emerging area and 
problemacic in many cases. T he Commonwealth, in 
partnership with State/Territory agencies, needs to 
cake the lead in improving s tandardisation and 
comparability as well as analysis methods. 
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A potential mechanism 

To coordinate and enhance scaciscical data collection, 
analysis and dissemination, the Australian Bureau of 
Statisti cs has established a number of National 
Statistical Centres on specific themes (e.g. cri me and 
justice, education and training, Aboriginal and Torres 
Stra it Islander) . T hese centres wo rk th ro ugh 
co llaborative arrangements between the Australian 
Bureau of Statiscics and Co mmonwealth , State/ 
Territory, industry and comm unity scakeholders. T he 
Australia n Bureau o f Stat isti cs is conside ring 
establishing a similar centre for the environmenc­
the National Centre fo r Environmental Scacistics. 

Building on existing initiatives fo r priority issues 

If established, the N ational Centre for Environmental 
Statiscics would aim co complement and enhance the 
existi ng environmental statistical activity (e.g. surveys 
of households, businesses and farms) through an accive 
partnership with the key e nvi ronmenr and land 
management agencies of the Commonwealth, States 
and Terri to ri es as we ll as o the r inte res ted 
o rganisations. National centres draw on the expertise 
and experience of o ther agencies and individuals and 
sec up a management board, which would guide the 
centre's work co then coordinate analysis and develop 
prio rity in fo rmation products that link biophysical, 
social and economic data sets. 



MEETING AUDIT OBJECTIVES 

Australians and Natural Resource Management 

2002 reporcs o n the econom ic and social 
dimensions of natural resource management. 

T he report serves as both context and an input 
towards improving our understanding of the 
triple bottom-line in natural resource 

management. 

Audit objective 1. Provid ing a clear 
understanding of the status of, and changes in , 
the nation's land, vegetation and water resources 
and implicatio ns fo r their sustainable use by: 

assessing the economic consequences of 

chan ge in water and land quality based on 
biophysical baselines and trends in 

Australia's water and land cond itio n. 

Audit objective 2. Providing an interpretation 

of the costs and benefits (economic, 
environmental and social) of land and water 
resou rce use change and any remedial actions 

by: 

• developing methods to spatially compare 
economic returns o n production with coses 
of prod uction, including the costs caused 

by land degradation; 

• estimating returns to investment in 

natural resource use as profit at fu ll equity 
for Australian agricultu re; 

assess ing rhe type and severity of 
downstream impacts of d ryland salinity 

on infrastructure and water resources; 

evaluating the on-farm production 
benefits that would accrue by ameliorating 
soil acidity and d ryland salinity and as a 
comparison to these two degrading 

processes, ameliorating soil sodicity, an 
inherent constraint to production; and 

• testing a stated-p reference or choices 
method for calculating non-market 

benefits . 

Aud it objective 3. Developing a national 
information system of compatible and readily 

accessible resource data by: 

• compi ling Australia-wide data on social 
and economic attributes that characterise 
ru ral Australia and provide context for 
natural resou rce management activities; 

• 

• 

collating information on agricultural 
output, fixed and variable costs of 

production used to calculate profi t at fu ll 
equity and provide a benchmark for 
continued analysis and assessment of 
t rends. 

ensuring this information and underlying 
data sets are readily available with all data 
com piled in standardised databases and 

made accessible through the Australian 
Natural Resources Data Library and 

presented as information on the Australian 
Natural Resources Atlas. 

189 



Audit objective 5. Ensuring integration with, 
and collaboration between, other relevant 
in itiatives by: 
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work ing in partnership with Australia's 
leadi ng research, agricultural industry and 

resource management agencies to deli ver 
value-added outpu ts from the Audit's work 

plan; 

assessing the economic feasibi li ty of 
remedial actions fo r dryland salini ty 
control at a catchment scale to serve as a 
key input to priority setting as part of the 

National Action Plan on Salinity and 
Water Quality; and 

demonstrating how scientifically based 
biophysical , economic and social 
in formation can be used in priori ty setting 
and regional plann ing under the Natural 
Heritage Trust across issues such as 

productivity, water quality, soil acid ity, soil 
erosion and dryland salini ty. 

Audit objective 6. Providing a framework fo r 
mo ni roring Ausrral ia's land and water resources 

in an ongoing and st ructured way by: 

demonstrat ing the application of resource 

accounting; and 

demonstrating the roles of agribusiness and 
co mmodity groups-especially t racking 
and fos tering adoption of sustainable 
practice. 



APPENDIX I ECONOMIC DATA BY RIVER BASIN 

Key economic parameters 

Economic dara were compiled on returns to the natural resource base, opportunities associated with 
soil treatment, and off-sice infrascructure damage costs. The following rable presents this data by river 
basin for each State and Territory (Figure Al). 

Figure A I Australian river basins. 

North-East Coast 

- South-East Coast 

Tasmania 

Murray- Darling 

South Australian Gulf 

South-West Coast 

Indian Ocean 

Timor Sea 

Gulf of Carpentaria 

Lake Eyre 

- Bulloo-Bancannia 

Western Plateau 

UI e 

Source: 

National Land and Water Resources Audit 200 I. 

Data used are assumed to be correct as received from the data 
suppliers. 

©Commonwealth of Australia 2001 
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Context 

Basin name 

Basin number 

State 

Total area 

Non-agricultural area 

Agricultural area 

Irrigated agricultural area in 1996/97 

Dryland agricultural area in 1996/97 

Revenue, costs, profits and economic returns 

1996/97 gross revenue 

1996/97 variable costs 

1996/97 fixed costs 

1996/97 profit at full equity 

1996/97 government support 

1996/97 economic returns 

5 yr ( 1992/93 - 1996/97) gross revenue 

5 yr (1992/93 - 1996/97) total costs 

5 yr ( 1992/93 - 1996/97) profit at full equity 

Irrigated agriculture 5 yr profit at full equity 

Dryland agriculture 5 yr profit at full equity 

basin name 

unique basin identifier 

State name 

hectares 

hectares 

hectares 

hectares 

hectares 

$'000 per year ( 1996/97 dollars) 

$'000 per year (1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$'000 per year (1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$'000 per year (1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

Minimum area of basin needed to produce 80% of profit at full equity within basin' 

Ranking of basin in order of contribution to national profit at full equity (#) 

hectares 

rank 

Soil constraints and opportunities 

Area where lime application, on its own, is the most profitable soil treatment option2 

Area where gypsum application, on its own, is the most profitable soil treatment option2 

Area where combined lime/gypsum application is the most profitable soil treatment option2 

Area where dryland salinity caused yield loss in 2000 

Area where dryland salinity is expected to cause yield loss in 2020 

hectares 

hectares 

hectares 

hectares 

hectares 

Maximum gross benefitl from ameliorating acidic soils 

Maximum gross benefitl from ameliorating sodic soils 

$'000 per year ( 1996/97 dollars) 

$'000 per year (1996/97 dollars) 

Not calculated for negative profit at full equity basins. In cases where basins are cut by StatefTerritory borders the values can be 
summed to obtain an estimate for the whole basin. 

2 Net present values (NPV) determined from a benefit cost analysis of soil treatments run in perpetuity using a private landholder 
discount rate of I 0%. This was modelled using a I km grid. For each I km by I km grid cell four soil treatments are possible: do 
nothing; apply lime; apply gypsum; or apply lime and gypsum together. 

3 The gross benefit is the Increase in profi t at full equity attainable if the soil constraint were removed without cost. It provides an 
approximate investment celling for addressing a soil constraint. 
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Soil constraints and opportunities (continued) 

Maximum gross benefit3 from ameliorating saline soils 

Limiting factor4 gross benefit 

Impact costs of dryland salinity to agriculture from 2000 to 2020 

Present value6 of dryland salinity impact cost to agriculture 
from 2000 to 2020 

Net present value of lime application in areas where 
lime application is profitable7 

Net present value of gypsum application in areas where 
gypsum application is profitable7 

Net present value of lime and gypsum application in areas 
where combined lime/gypsum application is profitable7 

Local infrastructure cost impacts 

Local infrastructure cost of salinity and water table rise 2000 

Local infrastructure cost of salinity and water table rise 2020 

Present value5 of local infrastructure costs from salinity 
and rising water tables from 2000 to 2020 

Present value of downstream infrastructure cost impacts8 

• I% increase in salt loads 

• 5% increase in salt loads 

• I 0% increase in salt loads 

• I% increase in turbidity 

• 5% increase in turbidity 

• I 0% increase in turbidity 

• I% increase in sediment loads 

• 5% increase In sediment loads 

• I 0% increase in sediment loads 

$ '000 per year ( 1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$ '000 per year ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$ '000 ( 1996/97 dollars) 

$'000 per year ( 1996/97 dollars) 

$ '000 per year ( 1996/97 dollars) 

$ '000 ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$ '000 ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$ '000 ( 1996/97 dollars) 

$ '000 ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$'000 ( 1996/97 dollars) 

$'000 (1996/97 dollars) 

$'000 ( 1996/97 dollars) 

The gross benefit is the increase in profit at full equity attainable if the soil constraint were removed without cost. It provides an 
approximate investment ceiling for addressing a soil constraint. 

4 for each grid cell, the limiting factor gross benefit is determined from the minimum relative yield of sodicity, acidity and salinity. As 
such it is not equal to the sum of gross benefits associated with each soil constraint. It is the total gross benefit attainable if all soil 
constraints were treated without cost. It is an approximation of an investment ceiling on combined treatment of sodic, acidic and 
saline soils. 

5 Impact cost is the expected decline in profit at full equity due to increasing extent and severity of dryland salinity over time. 

6 Determined using a discount rate of 5%. 

7 Net present values determined from a benefit cost analysis of soil treatments run in perpetuity using a private landholder discount 
rate of I 0%. This was modelled using a I km grid. for each I km by I km grid cell four soil treatments are possible: do nothing; apply 
lime; apply gypsum; or apply lime and gypsum together. The net present value Is summed only for areas where the given soil treatment 
option performs better than all other soil treatment options. 

8 Present values of downstream costs are determined from assumed national increases in river/stream salinity, turbidi ty and sediment 
loads. A 5% discount rate is used over a period of 20 years, 2000 to 2020. 
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Basin number 

Basin name 

State name 

Total area (ha) 

E Non-agricultural area (ha) 

~ Agricultural area (ha) 
0 
U Irrigated agricultural area In 1996/97 (ha) 

Dryland agricultural area In 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

ti: 1996/97 economic returns ($'000) 

~ 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 
Q. 

VI 

S yr ( 1992/93 - 1996/97) total costs ($'000) 

S yr (1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Dryland agriculture 5 yr profit at full equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin In o rder of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application Is positive (ha) 

Area where NPV of gypsum application Is positive (ha) 

Area where NPV o f lime and gypsum application Is posi tive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

!;:; Area where dryland salinity may cause yield loss In 2020 (ha) 

8 Gross benefit from ameliorating acidic soils ($'000) _, 
~ Gross benefit from ameliorating sodic soils ($'000) 

6 Gross benefit from ameliorating saline soils ($'000) 

a Limiting factor gross benefit ($'000) 
Ci: 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

~ 
0 
u 
UJ 
!:: 
VI u.. u. 
0 

Present value of dryland salinity Impact cost to agriculture fro m 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value o f Increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase In salt loads ($' 000) 

5% Increase In salt loads ($'000) 

I 0% Increase In salt loads ($'000) 

I% Increase In turbidity ($'000) 

5% Increase In turbidity ($'000) 

10% Increase In turbidity ($'000) 

I% increase In sediment loads ($'000) 

5% Increase In sediment loads ($'000) 

I 0% Increase In sediment loads ($'000) 

410 

Murrumbidgee 
River 

ACT 

235 985 

203 337 

32648 

32 648 

4460 

720 

3 136 

604 

280 

324 

6 0 14 

3 870 

2 143 

2 143 

I 216 

160 

302 

65 

172 

46 

18 1 

245 

0 

10 

54 

6 782 

7 590 

8 564 

256 

411 

606 

Cooper 
Creek 

NSW 

67 797 

67 365 

432 

432 

2 

0 

.f 

0 

· I 

2 

· I 

· I 

177 

0 

0 

4 

Lake 
Frome 

NSW 

I 943 931 

169 406 

I 774 525 

I 774 525 

7 266 

987 

8 586 

·2 307 

279 

·2 586 

8 172 

9 567 

·I 395 

· I 395 

234 

67 

67 

II 

Bulloo 
River 

NSW 

2 047 591 

219 399 

I 828 192 

I 828 192 

6 641 

I 084 

8 481 

·2 924 

260 

.3 184 

8002 

9 555 

· I 552 

. 1 552 

239 

0 

83 

83 

Where basins run over State or Territory boundaries. values are only provided for the portion of the indicated State or Terri tory. The total 
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12 

Lake 
Bancannia 

NSW 

2 328 905 

182 007 

2 146 898 

2 146 898 

8414 

I 228 

10 2 13 

.3 026 

326 

.3 352 

9 776 

11 431 

- 1 655 

· I 655 

240 

0 

156 

156 

201 

Tweed 
River 

NSW 

107 784 

48 883 

58 900 

I 847 

57 054 

59 922 

35 676 

16 751 

7 496 

4 052 

3 444 

66 769 

55 342 

11 427 

563 

10 864 

8 803 

106 

19 781 

217 

14 

32 

5 577 

12 

5 577 

18 

48 707 

346 

8 

193 

414 

681 

34 

169 

339 

202 

Brunswick 
River 

NSW 

51 552 

1704 1 

34 511 

4 341 

30 170 

5 1 567 

23 156 

16 800 

11 610 

2 997 

8 614 

54 459 

41 223 

13 235 

7 954 

5 28 1 

4450 

9 1 

11 833 

14 

32 

25 249 

0 

18 

25 250 

27 

151 

248 314 

10 

19 

37 

203 

Richmond 
River 

NSW 

702 470 

310 165 

392 304 

16 761 

375 543 

233 183 

88 877 

86 651 

57 656 

20 260 

37 395 

267 642 

185 422 

82 219 

29 443 

52 776 

37 677 

27 

60 368 

109 

9 093 

265 

607 

22 140 

I 03 1 

15 

22 328 

38 

212 

182 050 

6 

8 658 

16 

50 

49 

118 

205 

0 

0 

0 

204 

Clarence 
River 

NSW 

2 227 981 

I 429 927 

798 053 

4947 

793 106 

168 729 

60475 

79 646 

28 607 

14 777 

13 830 

225 694 

146 785 

78 909 

6 594 

72 315 

34 072 

52 

37 541 

2 16 

II 544 

2 10 

480 

10 208 

2 8 18 

5 

II 063 

8 

46 

49 304 

55 

11 761 

20 

46 

144 

197 

524 

9 17 

32 

159 

3 18 

205 

Bellinger 
River 

NSW 

346 954 

238 562 

108 392 

5 748 

102 644 

71 453 

32 099 

27 824 

11 530 

9 341 

2 189 

73 303 

59 341 

13 962 

3 216 

10 746 

8 305 

92 

2 1 708 

2 768 

28 

64 

II 029 

332 

2 

II 029 

8 

44 

81 726 

20 163 

15 

33 

105 

26 

52 

206 

Macleay 
River 

NSW 

I 139 094 

537 827 

601 267 

742 

600 525 

96 437 

18 201 

58 631 

19 605 

7 576 

12 029 

122 559 

76 545 

46 014 

403 

45 611 

144 882 

64 

19 007 

3 18 

3 284 

I 082 

3 665 

II 548 

97 

80 

395 

773 

97 

278 

504 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Hastings 
River 

NSW 

452 239 

332 728 

119 511 

2424 

117 086 

63 103 

19 119 

25 067 

18 917 

12 468 

6 449 

64 309 

43 976 

20 333 

2 453 

17 880 

20 324 

65 

29 372 

105 

2 845 

5 938 

343 

6 032 

47 657 

704 

I 242 

58 

283 

556 

13 

25 

208 

Manning 
River 

NSW 

8 17 645 

499 937 

317 708 

4616 

313 092 

108 243 

33 327 

49 823 

25 094 

20481 

4 6 13 

11 6 759 

82 6 19 

34 141 

4 378 

29 763 

32 326 

56 

51 439 

5 564 

9 1 

209 

5 700 

620 

5 738 

2 1 

3 1 221 

3 196 

2 

5 

16 

50 

244 

478 

19 

37 
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Basin number 209 210 211 212 

Basin name Karuah Hunter Macquarie- Hawkesbury 
River River Tuggerah Lakes River 

State name NSW NSW NSW NSW 

Total area (ha) 437 984 2 143 286 157 793 2 196 447 

~ Non-agricultura l area (ha) 297 823 801 991 120 447 I 383 488 

'Z Agricultural area (ha) 140 161 I 341 295 37 346 812 959 
0 
U Irrigated agricultural area In 1996/97 (ha) 942 34 731 310 11 893 

Dryland agricultural area In 1996/97 (ha) 139 218 I 306 564 37 035 801 066 

1996/97 gross revenue ($'000) 32 228 33 1 752 10 689 204 410 

1996/97 variable costs ($'000) 10 344 107 470 3353 68 902 

1996/97 fixed costs ($'000) 17708 176 347 5 463 117 775 

1996/97 profit at full equity ($'000) 4 176 47 935 I 873 17 732 

1996/97 government support ($'000) 6 015 48 122 I 629 31 449 

ti; 1996/97 economic returns ($'000) -1 839 - 187 244 - 13 716 
0 g: S yr ( 1992/93 - 1996/97) gross revenue ($'000) 34 887 363 890 5 380 177 887 

S yr (1992193 - 1996/97) total costs ($'000) 27 802 280 473 4596 155 179 

S yr ( 1992/93 - 1996/97) profit at full equity ($'000) 7 086 83 416 784 22 708 

Irrigated agriculture S yr profit at full equity ($'000) 718 36 684 I 833 24 801 

Dryland agriculture S yr profit a t full equity ($'000) 6 367 46 732 -1 049 -2 093 

Minimum area of basin needed to produce 80% of profit at 
fu ll equity within basin (ha) 5 431 30 148 I 030 

Ranking of basin In order of contribution to national 1996/97 
profit at fu ll equity(#) 124 33 139 70 

Area where NPV of lime application is posi tive (ha) 14 838 71 488 2 069 71 689 

Area where NPV of gypsum application is posi tive (ha) 104 12 517 

Area where NPV of lime and gypsum application ls positive (ha) 2 089 21 371 3417 24 060 

Area where dryland salinity caused yield loss In 2000 (ha) 20 473 4 264 
Vl 
Ii; Area where dryland sa linity may cause yield loss In 2020 (ha) 46 796 9 786 

8 G ross benefit from ameliora ting acidic soils ($'000) I 886 43 055 3 616 35 164 

~ Gross benefit from ameliorating sodic soils ($'000) 36 1 6 791 446 2 693 

5 Gross benefit from ameliorating saline soils ($'000) I 572 450 

d Limiting factor gross benefit ($'000) I 990 45 260 3 637 35 450 
iii: 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 3 123 908 

Present value of dryland salinity Impact cost to agricult ure from 
2000 to 2020 ($'000) 17 325 5 035 

Net present value of lime application ($'000) 10077 92 590 2 109 220 781 

Net present value of gypsum application ($'000) 157 4 094 

N et present va lue of lime and gypsum application ($'000) I 803 292 206 3 1 695 78 195 

Local Infras tructure cost of salinity and water table rise 2000 ($'000/yr) 5 498 3 941 

Local infrastructure cost of salinity and water table r ise 2020 ($'000/yr) 12 566 9 009 

Present value of Increase in local Infrastructure costs from salinity and 
rising water tables from 2000 to 2020 ($'000) 39 2 11 28 114 

Downstream costs 

I% Increase In salt loads ($'000) 

~ 5% Increase In salt loads ($'000) 
0 u I 0% increase in salt loads ($'000) 
w 
!:: 1% Increase In turbidity ($'000) 26 173 3 794 686 
V} 
u. 5% Increase in turbidity ($'000) 129 850 4 224 3 367 u. 
0 

I 0% Increase in turbidity ($'000) 258 I 661 4 746 6 583 

I% increase In sediment loads ($'000) I 252 5 2 207 

5% increase In sediment loads ($'000) 3 940 26 7 303 

I 0% Increase in sediment loads ($'000) 7 301 53 13 673 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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213 

Sydney Coast­
Georges River 

NSW 

173 S02 

149 924 

23 S77 

6 13 

22 964 

7 755 

2 756 

4 046 

9S3 

I 445 

-191 

5 Sl3 

1675 

838 

I 359 

-52 1 

5 11 

IS2 

3 585 

924 

56 

128 

3 421 

43 

0 

3 421 

0 

2 

32 032 

671 

56 

129 

403 

214 2 1S 

Wollongong Shoalhaven 
Coast River 

NSW NSW 

79 239 720 531 

49 209 41 4 638 

30 029 305 893 

305 

29 724 

26 180 

8 553 

10 2S8 

7 369 

s 652 

I 717 

2 1 757 

16 184 

5 573 

357 

s 217 

9 969 

107 

16 690 

3422 

0 

3122 

28 119 

8 

39 

79 

12 

29 

5 1 

I 522 

304 371 

69 7 13 

19 2 10 

40 558 

9946 

11 532 

- 1 586 

74 542 

59 536 

15 006 

I S82 

13 421 

10 059 

97 

24 980 

2 940 

8 234 

861 

8 277 

57 57 1 

3498 

IS 

73 

144 

2 

4 

2 16 

Clyde Rlver­
jer vis Bay 

NSW 

322 023 

293 175 

28 848 

808 

28 040 

24 016 

6 980 

8 150 

8 ass 
5 080 

3 BOS 

23 334 

15 OS4 

8 280 

760 

7 520 

9 595 

10 1 

7 657 

s 060 

2 387 

774 

2478 

11 673 

7 802 

40 

197 

385 

217 

Moruya 
River 

NSW 

148 2SO 

129 494 

18 7S6 

18 7S6 

7 904 

2 326 

3 IS9 

2418 

I 512 

877 

7 694 

5 407 

2 287 

2 287 

290S 

13S 

3 706 

100 

42 

96 

5SO 

I I 

4 

5SO 

I I 

S9 

4 001 

78 

6 

19 

4 

19 

37 

218 

Tuross 
River 

NSW 

216 077 

182 956 

33 12 1 

997 

32 124 

15 323 

4 480 

5 947 

4 897 

2 662 

2 235 

15 698 

10 368 

5 330 

I 723 

3 607 

3 894 

12 1 

6 185 

300 

14 

32 

2 74S 

29 

2 746 

10 

54 

24 6 12 

114 

14 

22 

109 

21 S 

0 

219 

Bega 
River 

NSW 

283 809 

183 669 

100 139 

7 447 

92 692 

84 036 

23 883 

26 575 

33 S77 

17 629 

15 947 

84 915 

so 339 

34 576 

9 959 

24 6 16 

30 607 

48 

40 316 

14 

32 

5 413 

5 413 

44 072 

4 

19 

95 

186 

17 

18 

20 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Towamba 
River 

NSW 

2 15 sos 
196 238 

19 267 

692 

18 576 

9 394 

2 69S 

3 44S 

3 2S3 

I 839 

I 415 

10 191 

6 140 

4 05 1 

768 

3 283 

3 261 

127 

4347 

98 

6 18 

10 

6 18 

4 294 

79 

19 

93 

182 

0 

221 

East 
Gippsland 

NSW 

114 844 

1 11 693 

3 151 

99 

3 053 

I 203 

322 

4S I 

429 

226 

203 

I 383 

774 

6 10 

135 

474 

321 

164 

197 

296 

105 

4 1 

107 

37S 

308 

6 

28 

56 
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Basin number 222 401 409 410 

Basin name Snowy Upper Murray Murray- Murrumbidgee 
River River Riverina River 

State name NSW NSW NSW NSW 

Total area (ha) 893 897 S21 020 I S04 147 7 926 983 
I-
(;') Non-agricultural area (ha) 407 938 309 908 122 267 I 082 666 

!z Agricultural area (ha) 48S 9S9 2 11 112 I 381 880 6 844317 
0 
U Irrigated agricultural area in 1996/97 (ha) 199 601 214 S93 313 318 

Dryland agricultural area in 1996/97 (ha) 48S 760 2 10 Sii I 167 287 6 S30 998 

1996/97 gross revenue ($'000) 4i 438 41 999 S06 700 I 60S 301 

1996/97 variable costs ($'000) 8 217 11 471 226 110 666 390 

1996/97 fixed costs ($'000) so 34 1 i7 440 162 7S3 S71 492 

1996/97 profit at full equity ($'000) -17 120 13 089 117 837 367 419 

1996/97 government support ($'000) i 729 3 043 61 Sl2 85 967 

li: 1996/97 economic returns ($'000) -18 848 10 045 56 326 281 452 
0 g: 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 50 209 52 568 504 964 I 647 881 

5 yr ( 1992/93 - 1996/97) total costs ($' 000) 58 S78 29 i49 385 297 I 231 632 

5 yr ( 1992/93 - 1996/97) profit a t full equity ($'000) -8 369 23 420 119 667 41 6 248 

Irrigat ed agriculture 5 yr profit at full equity ($'000) 5S2 I 801 113 506 298 680 

Dryland agriculture 5 yr profit a t full equity ($'000) -8 921 21 618 6 161 11 7 S68 

Minimum area of basin needed to produce 80% of profit at 
fu ll equity within basin (ha) 61 233 82 226 254 947 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 255 87 19 

Area where NPV of lime application Is positive (ha) 498 11 621 4 406 176 601 

Area where NPV of gypsum application Is positive (ha) I SOO 213 278 201 374 

Area where N PV of lime and gypsum application is positive (ha) I 400 I 804 17 925 

Area where dryland salinity caused yield loss In 2000 (ha) 21 224 3 760 15 010 
V> 
!;;; Area where dryland salinity may cause yield loss in 2020 (ha) 48 I 439 30 927 7806 1 

8 Gross benefit from ameliorating acidic so lls ($'000) I 135 7 096 I 031 79 024 
_, 
~ Gross benefit from ameliorating sodic solls ($'000) 666 861 42 987 55 443 

5 Gross benefit from am eliorating saline solls ($'000) 8 729 880 

a Limiting factor gross benefit ($'000) I 621 7 363 43 389 126 889 
02 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 62 5 994 5 853 

Present value of dryland salinity impact cost t o agriculture from 
2000 to 2020 ($'000) 5 343 33 255 32 469 

Net present value of lime application ($'000) 4 170 44 261 I 363 457 202 

Net present value of gypsum application ($'000) 40 266613 I 7S 573 

Net present value of lime and gypsum application ($' 000) i 609 4 739 149 079 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) 6 301 2 153 

Local infrastructure cost of salinity and water table rise 2020 ($'000/yr) ISO 2 250 7339 

Present value of increase in local Infrastructure costs fro m salinity 
and rising water tables from 2000 to 2020 ($'000) 4 802 i08 i I 28 773 

Downstream costs 

I% increase in salt loads ($' 000) 8 91 5 

ti 5% increase in salt loads ($'000) 44 575 
0 u I 0% increase in salt loads ($'000) 89 151 
w 
I- I% increase in turbidity ($'000) 208 65 SI 034 22 291 
Vi 
J_ 

5% Increase In turbidity ($'000) 332 152 S8 227 23 568 ... 
0 

I 0% increase In turbidity ($'000) 484 259 67 IS4 25 113 

I% increase in sediment loads ($'000) 2 31 549 3 240 

5% increase in sediment lo ads ($'000) i2 34 630 3 5i I 

I 0% increase in sediment loads ($'000) 23 36 732 3 848 

Where basins run over State or Territory boundaries. values are o nly provided for the portion of the indicated State or Territory. The total 
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1 11 

Lake 
George 

NSW 

91055 

29 723 

61 332 

61 332 

s 157 

I 086 

6 323 

-2 2S2 

2 10 

-2 462 

6 275 

7 393 

-1 11 7 

-I 117 

232 

808 

86 

261 

190 

165 

226 

32 

11 3 

2 

79 

428 

112 

Lach Ian 
River 

NSW 

9 089 181 

777 150 

831203 1 

81171 

8 227 557 

997 172 

369 390 

199 171 

128 3 11 

so 348 

77 963 

999 220 

862 868 

136 351 

61 654 

74 697 

259 192 

17 

118 064 

108 900 

7 672 

16 IS4 

41 492 

30 134 

30 952 

I 016 

S5 087 

2 322 

12 881 

102 43S 

41 080 

66 526 

653 

I 79 1 

6 3 11 

I 379 

6 894 

13 787 

14 232 

14 916 

IS 7S1 

19 

96 

193 

113 

Bena nee 

NSW 

2 136 359 

394 221 

I 742 135 

5 827 

I 736 308 

93 625 

23 673 

23 432 

46 S21 

s 070 

11 45 1 

97 671 

H230 

50111 

10 679 

9 763 

3 886 

34 

4396 

SI 

194 

5 150 

S6 

5 150 

186 

I 035 

35 27 1 

100 

181 

416 

116 

Border 
Rivers 

NSW 

2 150 100 

S39 560 

I 910 511 

55 793 

I 851 717 

650 407 

288 133 

168 593 

193 381 

23 989 

169 392 

S7 1 833 

132 829 

139 001 

96 77 1 

12 233 

129 oso 

7 

34 S71 

59 799 

323 

5 11 

s 672 

9 517 

20 653 

2 

29 630 

102 

S6S 

72 299 

90 429 

IOI 

47 

252 

5 367 

7 169 

9115 

9 

17 

95 

117 

Moonie 
River 

NSW 

11 956 

11 956 

617 

11 309 

4077 

2 177 

2 713 

-813 

160 

-972 

3 891 

1839 

-915 

1S3 

-1 398 

3 819 

209 

108 

2 

120 

122 

173 

4 18 

Gwydir 
River 

NSW 

2 659 610 

127 917 

2 231 721 

80 112 

2 151 581 

900 608 

102 139 

202 579 

29S 890 

31 100 

261790 

796 916 

S71 422 

225 491 

177 002 

48 192 

71 882 

6 

18 077 

180 OS7 

107 

3 910 

31 718 

35 121 

21 991 

163 807 

24 

3 742 

1892 

6 326 

8 

39 

79 

1 19 

Namol 
River 

NSW 

1 199 623 

752 710 

3116 913 

99 170 

3 317 713 

I 000 539 

410 005 

267 089 

323 441 

43 139 

280 30S 

I 019 3S I 

668191 

380 8S7 

190 587 

190 270 

ISi 391 

IS 089 

171 736 

I OS8 

I 672 

1328 

3 17 1 

29 S99 

132 

31181 

320 

I 777 

2188 

112 S80 

191 

133 

308 

971 

613 

3 065 

6 130 

6 615 

7 776 

9 181 

2 029 

2 138 

2 27S 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

420 421 

Casdereagh Macquarie-
River Bogan Rivers 

NSW NSW 

I 712 367 7180 182 

161 165 

I 578 201 

528 

I 577 673 

243 913 

77 914 

111 776 

SI 2S3 

13 S87 

37 666 

266 319 

191 S39 

71810 

707 

74 103 

97 SS8 

30 

2 10 

S2 192 

I 3S8 

s 610 

492 

7 833 

61 

8 217 

18S 

I 024 

6 

8 217 

10 

337 

I 653 

3 678 

3 922 

4 220 

1 

22 

43 

48S 63 1 

6 991 551 

62 800 

6 931 751 

I 074 14S 

421 159 

162 359 

190 628 

so SH 

110 054 

I 025 416 

866 01 1 

IS9 37S 

134 569 

24 806 

38 IOS 

9 

12 253 

36 611 

7 698 

21534 

S9 126 

12 796 

19 234 

I 331 

S8 887 

2 925 

16 226 

136 S79 

32 096 

220 976 

I 117 

3 715 

14 241 

I 966 

9 83 1 

19 661 

10081 

10 823 

11 723 

3410 

3 638 

3 922 
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Ba.s in number 422 423 424 425 

Basin name Condamine· Warrego Paroo Darling 
Culgoa Rivers River River River 

State name N5W NSW N5W NSW 

Total a rea (ha) 2 604 164 I 127 023 4 052 256 11 283 322 

8 Non-agricultural area (ha) 88 363 29 070 292 621 676 032 

!Z Agricultural area (ha) 2515802 I 097 954 3 759 635 10 607 290 
0 
U Irrigat ed agricultural a rea in 1996197 (ha) 2 043 2458 10 054 9 063 

Dryland agricultural area In 1996197 (ha) 2 5 13 758 I 095 496 3 749 582 10 598 227 

1996197 gross revenue ($'000) 80 798 29 199 51 350 121 831 

1996197 variable costs {$'000) 34 8 10 11 399 19 253 40 216 

1996/97 fixed costs ($'000) 69 108 6 003 19 024 71 037 

1996/97 pro fit a t fu ll equity ($'000) -23 120 11 798 13 073 10 578 

1996/97 government suppor t ($'000) 3467 85 1 I 601 5 110 

!;: 1996/97 economic re turns {$'000) -26 587 10 947 11 472 5 467 
0 g; 5 yr ( 1992/93 - 1996197) gross revenue ($'000) 78 561 34 345 53 372 144 819 

5 yr (1992/93 - 1996/97) total costs {$'000) 103 480 18 607 37 709 11 2 653 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) -24 919 15 739 15 663 32 166 

Irrigated agriculture 5 yr profit at full equity ($'000) 2 279 13 711 11 419 29 451 

Dryland agriculture 5 yr profit at full equity ($'000) -27 198 2 028 4 243 2715 

Minimum area of basin needed t o pro duce 80% of profit at 
full equity within basin (ha) 47 010 400 I 443 614 

Ranking of basin In order of contribution to national 1996/97 
profit a t full equity (#) 257 90 88 94 

Area where NPV of lime application Is positive (ha) 107 I 277 

Area where NPV of gypsum application Is posit ive (ha) 860 320 5 712 3 854 

Area where NPV of lime and gypsum application Is posi tive (ha) 2 03 1 320 

Area where dryland salinity caused yield loss In 2000 (ha) 10 
Vl 
!;; Area where dryland salinity m ay cause yield loss In 2020 (ha) 50 

8 Gross benefit from am eliorating acidic soils {$'000) 72 154 186 
-' 
:; Gross benefit from am eliorating sodic soils {$'000) 4 172 9 17 4 086 6 980 

5 Gross benefit from ameliora ting saline soils {$'000) 0 

~ Limiting factor gross benefit {$'000) 4 193 926 4 090 7 143 
ct: 
~ Im pact cost of dryland salinity to agriculture from 2000 t o 2020 ($'000) 0 

Present value of dryland salinity Impact cost to agriculture from 
2000 t o 2020 ($'000) 0 

Net present value of lime application {$'000) 21 129 

Net present value of gypsum application ($'000) I 162 I 007 30 703 25 956 

Net present value of lime and gypsum application {$'000) 4730 567 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 0 

Local Infrastructure cost of salinity and wat er t able rise 2020 {$'000/yr) 18 

Present value of Increase in local Infrast ructure cost s fro m salinity 
and rising water tables from 2000 to 2020 ($'000) 99 

Downstream costs 

I% increase In salt loads {$'000) 31 775 

~ 5% increase In salt loads ($'000) 153 3 875 
0 
u I 0% Increase In salt loads ($'000) 307 7750 
w 

~ I% increase In turbidity {$'000) 2 800 4 4 10 643 

u. 5% increase in turbidity ($'000) 5 833 19 19 12 606 u... 
0 

I 0% Increase in turbidity {$'000) 9 622 37 37 15 049 

I% increase In sediment loads ($'000) 0 68 

5% increase In sediment loads ($'000) 98 

I 0% increase in sediment loads ($'000) 4 135 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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426 

Lower Murray 
River 

NSW 

895 080 

89 175 

805 905 

805 905 

4 889 

I 677 

4 278 

-1 065 

205 

-1 270 

6345 

5 949 

396 

396 

4 699 

21 4 

22 

159 

159 

0 

0 

0 

0 

0 

Georgina Finke 
River River 

NT NT 

9 967 809 4 374 942 

I 042 949 983 453 

8 924 860 3 39 1 489 

8 924 860 3 391 489 

15 770 3 205 

7 027 2 406 

6 899 2 622 

I 845 - I 823 

710 144 

I 135 - 1 967 

14 968 3 235 

13 793 5 018 

I 175 - 1 784 

I 175 - 1 784 

23 865 

14 1 225 

15 

15 

6 7 26 27 

Todd Hay Mackay Burt 
River River 

NT NT NT NT 

5 963 150 6 266 412 2 1 556 782 3 879 707 

I 749 470 3 443 338 16 064 767 I 332 179 

4 2 13 680 2 823 074 5 492 0 16 2 547 528 

4213680 2 823 074 5 492 0 16 2 547 528 

5 133 3 760 7 833 2 753 

3 098 2 106 4 147 I 840 

3 257 2 182 4 245 I 969 

-1 222 -529 -559 -1 056 

23 1 169 352 124 

-1 453 -698 -912 -1 180 

4 77 1 3 765 8 00 1 3 007 

6 303 4 275 8 378 3 822 

-1 532 -510 -376 -815 

- 1 532 -510 -376 -8 15 

2 18 198 203 2 13 

16 

48 16 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

28 29 

Wiso Barkly 

NT NT 

22931960 12 400 363 

13 286 078 2 966 063 

9 645 882 9 434 300 

118 

9 645 764 9 434 300 

25 907 31 574 

8 750 8 838 

7 766 7 292 

9 391 15 444 

I 145 I 421 

8 246 14 023 

24 526 27 610 

16 298 15 651 

8 229 11 960 

571 

7 658 11 960 

2 508 477 5 379 087 

99 77 

189 I 545 

190 I 545 
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Basin number 

Basin name 

State name 

Total area (ha) 
1-(:S Non-agricultural area (ha) 

~ Agricultural area (ha) 
0 
U Irrigated agricultural area In 1996/97 (ha) 

Dryland agricultural area In 1996/97 (ha) 

1996197 gross revenue ($'000) 

1996197 variable costs ($'000) 

1996197 fixed costs ($'000) 

1996197 profit at full equity ($'000) 

1996197 government support ($'000) 

!;:: 1996/97 economic returns ($'000) 
0 g: 5 yr ( 1992193 - 1996/97) gross revenue ($'000) 

Vl 

5 yr (1992/93 - 1996/97) total costs ($'000) 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit a t full equity ($'000) 

Dryland agriculture 5 yr profit at fu ll equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application Is positive (ha) 

Area where N PV of gypsum application ls positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

!;;; Area where dryland salinity may cause yield loss In 2020 (ha) 

8 Gross benefit from ameliorating acidic soils ($'000) 
-' 
~ Gross benefit from ameliorating sodic soils ($'000) 

6 Gross benefit from ameliorating saline soils ($'000) 

0 Limiting factor gross benefit ($'000) 
~ 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

~ 
0 u 
UJ 
I­
v; 
u. 
u. 
0 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase In salt loads ($'000) 

5% Increase in salt loads ($'000) 

I 0% increase In salt loads ($'000) 

I% Increase in turbidity ($'000) 

5% Increase In turbidity ($'000) 

I 0% Increase In turbidity ($'000) 

I% Increase In sediment loads ($'000) 

5% Increase in sediment loads ($'000) 

I 0% Increase In sediment loads ($'000) 

809 

Ord 
River 

NT 

I 125 896 

4 142 

I 121 754 

I 121 754 

3 798 

I 055 

867 

I 875 

171 

I 704 

3 740 

I 903 

I 837 

I 837 

683 

138 

57 

27 

77 

81 0 

Keep 
River 

NT 

594 223 

138 766 

455 457 

455 457 

I 832 

553 

355 

924 

82 

842 

I 806 

899 

906 

906 

142 347 

155 

119 

93 

13 

98 

383 

8 11 

Victoria 

River 

NT 

7812695 

I 860 921 

5 951 774 

5 951 774 

20 251 

5 608 

4 601 

10 043 

911 

9 131 

19 940 

10 104 

9 837 

9 837 

4 286 031 

96 

336 

328 

635 

812 

Fiumaurice 
River 

NT 

I 036 549 

629 400 

407 148 

407 148 

I 599 

404 

31 5 

880 

72 

809 

I 575 

710 

865 

865 

289 401 

156 

104 

2 

106 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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813 

Moyle 
River 

NT 

708 989 

708 750 

239 

239 

0 

0 

0 

0 

239 

176 

0 

0 

814 

Daly 
River 

NT 

5 320 643 

I 953 347 

3 367 296 

3 367 296 

12 633 

3 284 

2 603 

6 746 

568 

6 178 

12 455 

5 823 

6 632 

6 632 

2 288 722 

108 

607 

110 

684 

815 

Flnnlss 
River 

NT 

950 147 

600 838 

349 309 

601 

348 708 

10 137 

2 124 

I 570 

6 444 

383 

6061 

5 806 

3 626 

2 180 

· 174 

2 354 

92 288 

110 

601 

56 404 

27 

56 413 

555 664 

817 

Adelaide 
River 

NT 

746 769 

283 526 

463 243 

120 

463 123 

I 859 

463 

358 

I 038 

84 

954 

I 918 

820 

I 099 

I 099 

306 708 

150 

283 

23 

283 

818 

Mary 
River 

NT 

807 347 

337 893 

469 454 

469 454 

I 834 

465 

363 

I 007 

83 

924 

2 000 

836 

I 164 

I 164 

325 993 

151 

229 

19 

230 

8 19 820 

W ildman South Alligator 
River River 

NT NT 

480 864 I 192 143 

388 610 I 188 903 

92 254 3 240 

92 254 3 240 

446 16 

99 4 

71 

276 10 

20 

255 10 

404 15 

165 

239 9 

239 9 

70 155 2 520 

166 174 

83 

0 

83 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

821 

East Alligator 
River 

NT 

I 587 130 

I 583 164 

3 966 

3 966 

19 

4 

II 

10 

17 

7 

10 

10 

2 764 

173 

2 

0 

2 

903 

Roper 
River 

NT 

7 962 037 

3012277 

4 949 760 

4 949 760 

II 156 

4 125 

3 826 

3205 

502 

2 703 

9 612 

7 769 

I 843 

I 843 

I 680 562 

128 

63 

64 

203 



Basin number 

Basin name 

State name 

Total area (ha) 

8 Non-agricultural area (ha) 

~ Agricultural area (ha) 
0 
U Irrigated agricultural area In 1996/97 (ha) 

Dryland agricultural area In 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

li; 1996/97 economic returns ($'000) 
0 g: 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 

V> 

5 yr ( 1992/93 - 1996/97) total costs ($'000) 

5 yr ( 1992193 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Dryland agriculture 5 yr profit at full equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin In order of contribution t o national 1996/97 
profit at full equity (#) 

Area where NPV oflime application is positive (ha) 

Area where NPV of gypsum application Is positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

!;; Area where dryland salinity may cause yield loss in 2020 (ha) 
0 
U Gross benefit from ameliorating acidic solis ($'000) 
..J 
;:? Gross benefit from ameliorating sodic soils ($'000) 

S Gross be nefit from ameliorating saline soils ($'000) 

a Limiting factor gross benefit ($'000) 
~ 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

w 
!::: 
V> u. 
u. 
0 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of Increase in local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase In salt loads ($'000) 

5% Increase In salt loads ($'000) 

I 0% Increase In salt loads ($'000) 

1% Increase In turbidity ($'000) 

5% Increase In turbidity ($'000) 

I 0% Increase In turbidity ($'000) 

I% Increase In sediment loads ($'000) 

5% increase In sediment loads ($'000) 

I 0% Increase In sediment loads ($'000) 

904 

Towns 
River 

NT 

543 712 

191 746 

35 1 967 

351 967 

126 

230 

272 

-376 

6 

-381 

173 

506 

-333 

.333 

194 

905 906 907 

Llmmen Bight Rosie Mcarthur 
River River River 

NT NT NT 

I 593 358 504 535 2 002 612 

205 238 95 297 246 028 

I 388 120 409 238 I 756 584 

I 388 120 409 238 I 756 584 

733 151 I 535 

930 268 1234 

I 073 316 I 357 

. 1 270 -433 .1 056 

33 7 69 

· I 303 -440 -1 125 

844 206 I 568 

2 010 588 2 588 

-1 167 -383 ·I 020 

· I 167 -383 · I 020 

219 195 212 

4 

4 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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908 909 910 912 

Robinson Calvert Settlement Nicholson 
River River Creek River 

NT NT NT NT 

I 136 765 I 004 329 519 355 I 575 426 

83 75 1 149 673 17 300 946 343 

I 053 013 854 657 532 055 629 083 

I 053 013 854 657 532 055 629 083 

439 445 225 2429 

691 572 351 620 

8 14 661 41 1 486 

-1 069 -787 -537 I 323 

20 20 10 109 

-1 089 -807 -547 I 214 

568 549 307 2 084 

I 518 I 240 769 I 066 

-950 -692 -462 I 019 

-950 -692 -162 I 019 

215 208 200 146 

2 2 79 

2 2 2 79 

Georgina 
River 

QLD 

14123 009 

890 037 

13 532 972 

13 532 972 

51828 

11 315 

44 056 

-574 

2148 

-3 022 

71 524 

55 653 

15 87 1 

15 87 1 

36 187 

204 

I 825 

I 825 

2 

Oiamantina 
River 

QLD 

11912660 

I 087 105 

10 825 555 

10 825 555 

38 945 

8 044 

56 855 

-25 951 

I 613 

-27 597 

53 023 

65 265 

-12 212 

-12 212 

258 

15 

15 

I 194 

I 194 

0 

0 

Cooper 
Creek 

QLD 

H 384 108 

I 169 250 

23 211 858 

11 3 

23 211 745 

149 928 

20 710 

165 786 

-36 569 

6 359 

-42 928 

190 655 

186 591 

4 064 

4 064 

260 

II 

I I 

7 017 

0 

7 018 

0 

0 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

4 

Lake 
Frome 

QLD 

IS 239 

108 

15 131 

15 131 

60 

13 

43 

4 

63 

55 

8 

8 

175 

I I 

Bulloo 
River 

QLD 

5 507 137 

361 168 

5 145 970 

5 145 970 

23 002 

3 846 

28 182 

-9 027 

974 

-10001 

23 527 

31 926 

-8 399 

.9 399 

250 

0 

334 

334 
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Ba.In number 

Basin name 

State name 

Total area (ha) 

E Non-agricultural area (ha) 

!z Agricultural area (ha) 

8 Irrigated agricultural area in 1996/97 (ha) 

Dryland agricultural area in 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

ti: 1996/97 economic returns ($'000) 
0 g: 5 yr ( 1992193 - 1996/97) gross revenue ($'000) 

5 yr ( 1992193 - 1996/97) total costs ($'000) 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Dryland agriculture 5 yr profit at full equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application is positive (ha) 

A rea where N PV of gypsum application Is positive (ha) 

Area where NPV of lime and gypsum application is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

!;; Area where dryland salinity may cause yield loss In 2020 (ha) 

8 G ross benefit from ameliorat ing acidic so ils ($'000) _, 
;:? G ross benefit from ameliorating sodic soils ($'000) 

~ Gross benefit from ameliorating saline soils ($'000) 

Q Limiting factor gross benefit ($'000) 
C2 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

§ 
u 
w 
I-

~ 
u.. 
0 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local lnfra.tructure cost of salinity and water table rise 2000 ($'000/yr) 

Local infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of Increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase in salt loads ($'000) 

5% Increase in salt loads ($'000) 

I 0% Increase in salt loads ($'000) 

I% Increase In turbidity ($'000) 

5% Increase in turbidity ($ '000) 

I 0% Increase In turbidity ($'000) 

1% increa.e in sediment loads ($'000) 

5% Increase in sediment loads ($'000) 

I 0% Increase in sediment loads ($'000) 

IOI 

Jacky Jacky 
Creek 

QLD 

294 900 

ISO 659 

144 242 

IH 242 

189 

116 

410 

.337 

8 

-346 

454 

524 

-70 

-70 

191 

13 

13 

102 

Olive-Pascoe 
Rivers 

QLD 

419 402 

175 985 

243 416 

243 416 

3 252 

I 200 

I 485 

567 

654 

.97 

3 728 

2 682 

I 046 

I 046 

963 

161 

2 165 

2 696 

2 696 

26 053 

103 

Lockhart 
River 

QLD 

286716 

258 446 

28 270 

28 270 

I 965 

687 

607 

671 

425 

246 

2009 

I 294 

716 

716 

I 079 

159 

I 438 

I 716 

I 716 

16 674 

104 

S1ewari 
River 

QLD 

269 669 

104 782 

164 887 

164 887 

s 8 14 

2 064 

2 002 

I 748 

I 242 

507 

6 075 

4 064 

2 012 

2 012 

2 869 

142 

3 825 

358 

324 

21 

324 

I 512 

661 

Where basins run over State or Territory boundaries, values are only provided for the portion of 1he indicated Staie or Territory. The total 
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105 

Normanby 
River 

QLD 

2 430 992 

733 783 

I 697 209 

I 697 209 

6 429 

3 203 

5 800 

-2 574 

782 

-3 356 

9 574 

8 997 

576 

576 

236 

I 422 

145 

437 

246 

IS 

0 

250 

0 

807 

0 

0 

0 

106 

Jeannie 
River 

QLD 

394 622 

236 891 

157 731 

157 731 

7 866 

2 766 

2 542 

2 559 

I 692 

867 

8 122 

5305 

2 8 17 

2 817 

4 046 

133 

2 974 

722 

722 

6 393 

107 

Endeavour 
River 

QLD 

207 532 

113 740 

93 791 

93 791 

5 548 

I 942 

I 746 

I 860 

I 195 

664 

5 712 

3 687 

2 025 

2 025 

2 970 

140 

I 543 

I 306 

3 633 

108 

3 633 

4 375 

30 296 

19 

92 

181 

7 

108 

Daintree 
River 

QLD 

191 157 

168 558 

22 599 

22 599 

12 042 

7 926 

2 033 

2 082 

634 

I 449 

13 629 

10 124 

3 505 

3505 

4 023 

137 

8 049 

27 

I 604 

I 604 

6 

32 

12 889 

38 

283 

417 

583 

6 

II 

109 

Mossman 
River 

QLD 

53 740 

38 975 

14 765 

14 765 

5 891 

3 686 

I 068 

I 136 

388 

748 

6 687 

4 827 

I 860 

I 860 

2 008 

149 

2 363 

177 

380 

181 

0 

7 

182 

33 

181 

94 1 

88 

388 

I 666 

654 

881 

I 163 

7 

14 

110 111 112 

Barron Mulgrave-Russell Johnstone 
River Rivers River 

QLD QLD QLD 

2 14 679 200 235 232 238 

113264 157031 139299 

IOI 414 43 204 92 938 

2 708 

98 706 

40 384 

13 724 

8 437 

18 224 

5 494 

12 730 

41 454 

21 914 

19 539 

7 187 

12 353 

10944 

69 

11 531 

236 

354 

703 

2 125 

3 543 

31 1 

174 

3 746 

242 

I 344 

26 098 

982 

I 544 

175 

575 

2 217 

s 399 

5 907 

6 527 

I 295 

41 910 

70 484 

45 556 

11 006 

13 922 

4 618 

9 304 

80 191 

59 482 

20 710 

-35 

20 744 

20 833 

84 

33 072 

65 

6 187 

4 

6 188 

19 

108 

53 132 

2 

12 

420 

696 

I 030 

148 68 

454 

836 

339 

678 

4934 

88 004 

171 714 

101 744 

32 716 

37 253 

15 158 

22 096 

192 734 

140 451 

52 283 

3472 

48 81 1 

32 556 

45 

79073 

117 

35 

631 

38 33 1 

33 

10 

38 332 

197 

I 092 

352 398 

2 637 

68 

359 

value for a river basin can be obtained by summing the component State and Territory river basin pares. 

II 

Tully 
River 

QLD 

164 442 

125 045 

39 397 

821 

38 576 

27 209 

17 943 

5 071 

4 195 

I 260 

2 936 

31 955 

23 654 

8 301 

I 399 

6 902 

3 518 

123 

8 559 

39 

18 718 

12 

18 718 

7 

37 

18 1 439 

0 

I 087 

I 328 

I 625 

14 

25 
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Basin number 114 116 117 118 

Basin name Murray Herbert Black Ross 
River (QLD) River River River 

State name QLD QLD QLD QLD 

Total area (ha) 121 406 984 798 114 361 139 396 
.... 
1',S Non-agricultural area (ha) 89 309 378 231 58 832 60 931 

!z Agricultural area (ha) 32 098 606 567 55 529 78 466 

8 Irrigated agricultural area in 1996/97 (ha) 586 2 924 I 864 349 

Dryland agricultural area in 1996197 (ha) 31 512 603 643 53 665 78 11 7 

1996/97 gross revenue ($'000) 12 160 191 967 12 766 5 156 

1996/97 variable costs ($'000) 8 654 109 922 6 572 2 598 

1996197 fixed costs ($'000) 2 783 35 531 3 349 2 220 

1996/97 profit at full equity ($'000) 723 46 513 2 844 339 

1996197 government support ($'000) 495 17780 693 693 

!r: 1996197 economic returns ($'000) 228 28 7H 2 152 .354 
0 g:; S yr ( 1992/93 - 1996197) gross revenue ($'000) 14 9 11 193 292 14 841 4 430 

S yr ( 1992193 - 1996/97) total costs ($'000) 11 726 137 396 10 161 3 864 

S yr ( 1992/93 - 1996197) profit at full equity ($'000) 3 185 55 896 4 681 566 

Irrigated agriculture 5 yr profi t at fu ll equity ($'000) -198 I 502 3 270 247 

Dryland agriculture 5 yr profit at full equity ($'000) 3 383 54 394 I 411 31 9 

Minimum area of basin needed t o produce 80% of profit at 
full equity within basin (ha) 65 407 I 514 465 

Ranking of basin in order of contribution to national 1996/97 
profit at full equity(#) 158 36 131 165 

Area where NPV oflime application Is positive (ha) 2 578 51 289 5 243 

Area where NPV of gypsum application Is positive (ha) 233 I 978 

Area where NPV oflime and gypsum application is positive (ha) 117 3 864 H9 

Area where dryland salinity caused yield loss in 2000 (ha) 10 
Vl 

t;; Area where dryland salinity may cause yield loss in 2020 (ha) 82 208 

8 Gross benefit fro m ameliorating acidic soils ($'000) I 734 10 669 619 31 
..J 
~ Gross benefit from ameliorating sodic soils ($'000) 62 I 248 359 287 

5 Gross benefit from ameliorating saline soils ($'000) 0 

d Limiting factor gross benefit ($'000) I 735 10 769 868 295 
ii: 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 6 54 

Present value of dryland salinity impact cost t o agriculture from 
2000 to 2020 ($'000) 34 299 

Net present value of lime application ($'000) 14 298 70 657 3 107 

Net present value of gypsum application ($'000) 350 I 085 

Net present value of lime and gypsum application ($'000) 894 3 650 I 677 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) 0 0 

Local infrastructure cost o f salinity and water table rise 2020 ($'000/yr) 2 47 0 

Present value of increase In local infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 12 257 

Downstream costs 

I% increase in salt loads ($'000) 

!;; 5% increase in salt loads ($'000) 
0 u I 0% increase in salt loads ($'000) 
w .... I% increase in turbidity ($'000) 2 109 41 20 268 
~ 
u. 5% increase in turbidity ($'000) 2 583 202 21 654 
0 

I 0% increase in turbidity ($'000) 3 171 395 23 358 

1% increase in sediment loads ($'000) II 964 

5% increase in sediment loads ($'000) 54 14 3451 

I 0% increase in sediment loads ($'000) 108 29 6 560 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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119 

Haughton 
River 

QLD 

435 940 

135 706 

300 234 

30 771 

269 463 

117 326 

82 354 

18 103 

16 869 

6 044 

10 825 

142 041 

105 701 

36 340 

29 250 

7 090 

20 903 

73 

I 626 

18 575 

3 020 

575 

623 

I 976 

2 201 

116 

646 

293 

5 876 

4 418 

0 

26 

145 

207 

395 

630 

248 

250 

253 

120 

Burde kin 
River 

QLD 

13012363 

992 250 

12020113 

15 632 

12 004 481 

252 008 

121 483 

194 002 

-63 476 

14 400 

.77 876 

338 027 

316 494 

21 533 

37 177 

-15 644 

261 

3478 

4 380 

932 

12 877 

32 703 

I 615 

6 647 

745 

8 514 

615 

341 1 

5 828 

17 243 

801 

72 

160 

488 

17 822 

19 595 

21 789 

12 391 

13 014 

13 794 

121 

Don 
River 

QLD 

357 181 

56 640 

300 541 

3475 

297 066 

51 340 

IS 980 

14 563 

20 797 

2 933 

17 864 

56 095 

30 438 

25 657 

26 927 

-1 270 

I 853 

61 

232 

2 086 

347 

37 

I 269 

2 923 

3 314 

192 

I 064 

740 

15 906 

3 683 

18 

99 

10 

122 123 

Proserpine Whitsunday 
River Island 

QLD QLD 

258 497 27 508 

124 854 26 241 

133 643 I 267 

9 246 230 

124 397 I 037 

51 106 268 

34 855 106 

8 116 59 

8 135 103 

2 741 55 

5 394 48 

52 226 361 

39801 173 

12 425 188 

3 854 

8570 

14 444 

102 

7 164 

2 542 

11 209 

8 

I 728 

I 543 

2 690 

2 222 

815 

10 792 

0 

0 

2 631 

3 074 

3 608 

216 

I 081 

2 162 

181 

170 

124 

O'Connell 
River 

QLD 

238 764 

118 086 

120 679 

7 601 

11 3 078 

80 534 

52 611 

11 704 

16 219 

4 448 

11 771 

82 956 

60 497 

22 459 

3 061 

19 398 

26 954 

74 

23 958 

577 

2 769 

134 

690 

2 863 

638 

3 114 

75 

415 

17 4 13 

42 

863 

30 

149 

107 

200 

315 

2 

10 

20 

125 

Pioneer 
River 

QLD 

157 129 

97 691 

59 438 

14 375 

45 063 

83 503 

56 695 

13 341 

13 468 

5 873 

7 594 

88 302 

68 888 

19 41 5 

5 883 

13 531 

23 116 

86 

26 680 

115 

I 265 

2418 

488 

2 468 

13 01 1 

4 

636 

2 868 

3 233 

3 677 

130 

648 

I 295 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Plane 
Creek 

QLD 

256 001 

105 586 

150 414 

25 731 

124 683 

156 275 

107 264 

22 603 

26 408 

8 766 

17 642 

160 820 

123 757 

37 062 

10 919 

26 143 

46054 

54 

44 415 

5 049 

2 1 233 

8 

207 

8022 

3 072 

2 

9002 

42 

234 

26 682 

3 577 

25 638 

0 

24 

I 052 

I 413 

I 863 

6 

32 

65 

127 

Styx 
River 

QLD 

307 479 

67 499 

239 980 

114 

239 866 

10 025 

4 686 

7 980 

-2 642 

496 

.3 138 

12 612 

12 664 

-52 

-52 

237 

114 

I 938 

11 4 

102 

I 145 

I 200 

20 

I 780 

192 
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Basin number 128 129 130 13 1 

Basin name Shoalwater Water Park Fitzroy Curtis 
Creek Creek River (QLD) Island 

State name QLD QLD QLD QLD 

Total area (ha) 387 S48 187 851 14 266 397 57 532 

8 Non-agricultural area (ha) 215 167 IS8 145 3 025 844 46 341 

!Z Agricultural area (ha) 172 380 29 706 11 240 SS3 11 190 
0 
U Irrigated agricultural area In 1996/97 (ha) 455 227 31 690 

Oryland agricultural area In 1996/97 (ha) 171 92S 29 479 II 208 863 II 190 

1996/97 gross revenue ($'000) 8 282 6 372 732 939 118 

1996/97 variable costs ($'000) 3418 2 S78 268 496 133 

1996/97 fixed costs ($ '000) 6047 2 8S5 386 624 350 

1996/97 profit at full equity ($'000) -1 183 939 77 820 -36S 

1996/97 government support ($'000) 816 576 41 38S 

Ii: 1996/97 economic returns ($'000) -2 000 364 36 434 -371 

~ 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) IO OOS 6 760 848 8S3 441 
0.. 

5 yr ( 1992/93 - 1996/97) total costs ($'000) 9 462 5 377 652 556 488 

5 yr (1992/93 - 1996/97) profit atfull equity ($'000) S43 I 383 196 296 -47 

Irrigated agriculture 5 yr profit at full equity ($'000) 119 I 057 84 967 

Oryland agriculture 5 yr profit at full equity ($'000) 424 325 11 1 330 .47 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 227 13 970 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity(#) 216 154 2S 193 

Area where NPV ofllme application is positive (ha) 683 340 8 189 

Area where NPV of gypsum application Is positive (ha) 113 75 323 

Area where NPV oflime and gypsum application Is positive (ha) I 365 I 247 3 971 

Area where dryland salinity caused yield loss in 2000 (ha) 23 23 928 
Vl 
!;;; Area where dryland salinity may cause yield loss in 2020 (ha) 28 51 065 

8 Gross benefit from ameliorating acidic soils ($'000) 224 261 2 889 
..J 
~ Gross benefit from ameliorating sodic soils ($'000) 603 238 26 149 6 

@ Gross benefit from ameliorating saline soils ($'000) 45 14 

Q Limiting factor gross b enefit ($'000) 725 398 31 486 6 

"' ~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 0 2 559 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 0 14 194 

Net present value of lime application ($'000) 259 I 369 7 2S2 

Net present value of gypsum application ($'000) 59 34 002 

Net present value ofllme and gypsum application ($'000) I 523 I 468 5 860 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) 488 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 83S 

Present value oflncrease In local infrastructure costs fro m salinity 
and rising water tables from 2000 to 2020 ($ '000) 0 I 925 

Downstream costs 

I% increase In salt loads ($'000) 
Vl 
I-
Vl 
0 

5% increase in salt loads ($'000) 

u I 0% Increase In salt loads ($'000) 
w 
I- 1% Increase In turbidity ($'000) 66 49 442 
~ .... 5% increase In turbidity ($'000) 322 SS 313 .... 
0 

I 0% increase In turbidity ($'000) 631 62 609 

I% in<rease In sediment loads ($'000) 19 4 4SI 

5% increase In sediment loads ($'000) 93 11 833 

I 0% increase In sediment loads ($'000) 187 21 061 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Terr itory. The total 
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132 

Calliope 
River 

QLD 

220 600 

89 S42 

131 oss 

131 oss 
8 545 

2 773 

4942 

831 

I 001 

-170 

11 848 

7 194 

4 654 

4 654 

I 016 

157 

I 355 

I 466 

72S 

I 751 

109 

605 

4 

608 

4 

2 1 

523 

882 

s 
19 

7S 

5 

10 

133 

Boyne 
River 

QLD 

2SO 9S3 

172 779 

78 174 

78 174 

6 460 

I 240 

2 S99 

2 621 

396 

2 22S 

7 803 

3 828 

3 97S 

3 975 

6 649 

132 

5 183 

22S 

18 

76 

461 

466 

13 

192 

88 

s 

2S 

224 

565 

990 

134 

Baffle 
Creek 

QLD 

4 13 336 

211 87S 

201 460 

I 4S9 

200 001 

33 7S2 

13 822 

12 13S 

7 794 

2 6S3 

5 141 

37 sos 
26 ISi 

11 3S4 

2 461 

8894 

8084 

103 

I 459 

2 026 

5 OS3 

9 

109 

988 

I 26 1 

0 

I 662 

I 117 

I 313 

s 408 

0 

65 

249 

479 

0 

0 

0 

13S 

Kol an 
River 

QLD 

290 992 

133 7 16 

157 276 

17 24S 

140 03 1 

63 SSS 

43 839 

14 OS4 

5 691 

3 525 

2 166 

73 451 

S9 327 

14 124 

6 479 

7 64S 

4 369 

113 

2 S77 

784 

I 232 

578 

I 288 

I 104 

769 

198 

I 786 

204 

I 13 1 

4318 

179 

3 848 

73 

IS3 

368 

S82 

849 

173 

177 

181 

136 

Burnett 
River 

QLD 

3 33 1 833 

1 113309 

2 218 S2S 

34 7 10 

2 183 SIS 

328 833 

138 410 

11 2 503 

77 920 

33 573 

44 347 

368 616 

250 218 

118 399 

34 476 

83 923 

62 007 

9 912 

4 1 754 

6 6S9 

2 326 

6875 

4 276 

8 362 

I 155 

11 628 

657 

3 646 

11 225 

20 072 

16 250 

280 

8 12 

2 9S3 

I 8S2 

9 260 

18 S21 

15 S64 

16 S59 

17 773 

I 388 

2 216 

3 2S2 

137 

Burrum 
River 

QLD 

335 59S 

222 S79 

113 OIS 

23 578 

89 437 

96 972 

61 758 

19 461 

15 753 

5 310 

10 444 

104 279 

79 986 

24 293 

18 929 

5 364 

2 348 

76 

4 02S 

558 

335 

I 8 10 

4 443 

2 7S7 

232 

I 209 

3 561 

777 

4 3 12 

14 350 

25 

781 

230 

SSS 

I 803 

2 S56 

2 926 

3 375 

40 

I 3S 

253 

138 

Mary 
River (QLD) 

Q LD 

941 977 

SIS 641 

423 336 

14631 

408 705 

195 322 

74 697 

so 990 

69 635 

27 476 

42 159 

197 796 

122453 

75 343 

15 986 

59 357 

S2 097 

26 

61 963 

667 

9 637 

6S2 

773 

16 247 

I 342 

9 

16 773 

17 

95 

126 667 

165 

11 647 

42 

66 

131 

18 607 

19 745 

21 121 

328 

I 537 

3 047 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Noosa 
River 

QLD 

195 917 

169 011 

26 906 

I 549 

25 357 

21 063 

8 525 

5 919 

6 619 

2 302 

4317 

22 842 

14 348 

8494 

3 968 

4 526 

5 312 

109 

7 200 

665 

2 156 

85 

2 157 

15 9 17 

3 257 

0 

0 

0 

14 1 

Maroochy 
River 

QLD 

160 439 

92 963 

67 476 

5 731 

6 1 745 

107 126 

47 547 

30 929 

28 650 

6 309 

22 341 

11 1 034 

78 429 

32 605 

22 102 

10 503 

7 499 

51 

22 278 

2 097 

17 596 

460 

17 6 1S 

100 301 

68 ISi 

3 528 

3 932 

4428 

42 

177 

346 

2 11 



Basin number 142 143 144 14S 

Basin name Pine Brisbane Stradbroke Logan-Albert 
River River Island Rivers 

State name QLD QLD QLD QLD 

Total area (ha) 148 496 I 3S7 934 49 S26 414 221 

8 Non-agricultural area (ha) 83 063 508 151 40 881 129 171 

~ Agricultural area (ha) 6S 432 849 783 8 64S 28S oso 
8 Irrigated agricultural area In 1996197 (ha) I 427 36 890 7 9SS 

Dryland agricultural area In 1996/97 (ha) 64 006 812 893 8 64S 277 09S 

1996/97 gross revenue ($'000) SI 606 4S4 147 2S2 107 186 

1996197 variable costs ($'000) 19 986 ISi 118 103 3S SSS 

1996197 fixed costs ($'000) 17 7S3 120 31S 264 26 S92 

1996197 profit at full equity ($'000) 13 867 182 714 · llS 44 739 

1996/97 government support ($'000) 8 S70 SS S21 II 19 007 

!i; 1996/97 economic returns ($'000) s 296 127 192 -126 2S 732 
0 g: 5 yr ( 1992193 - 1996/97) gross revenue ($'000) 47 682 4SS 287 2SI 9S 241 

5 yr ( 1992193 - 1996/97) total costs ($'000) 34 794 263 463 366 5491S 

5 yr (1992/93 - 1996197) profit at full equity ($'000) 12 888 191 824 -114 40 326 

Irrigated agriculture 5 yr profit at full equity ($'000) I 712 107 379 8001 

Dryland agriculture 5 yr profit at full equity ($'000) II 176 84 44S -114 32 32S 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 14 16S 97 5S3 38 211 

Ranking of basin In order or contribution to national 1996/97 
profit at full equity (#) SS 10 ISS 39 

Area where NPV oflime application Is positive (ha) IS S96 48 303 19 922 

Area where NPV of gypsum application is positive (ha) 24 728 2 503 

Area where NPV of lime and gypsum application ls positive (ha) 8 452 40000 16 90S 

Area where dryland salinity caused yield loss in 2000 (ha) I 397 67 
V) 

t;; Area where dryland salinity may cause yield loss in 2020 (ha) 46 i 676 96 

8 Gross benefit from ameliorating acidic soils ($'000) I 884 24 851 6 3 354 
-' 
~ Gross benefit from ameliorating sodic soils ($'000) I 235 13 4SI I 715 

5 Gross benefit from ameliorating saline soils ($'000) 490 9 

a Limiting factor gross benefit ($'000) 2454 32 166 8 3 962 
a: 
~ Impact cost or dryland salinity to agriculture from 2000 to 2020 ($'000) 0 7 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 2 41 

Net present value or lime application ($'000) 8 141 81 377 7 989 

Net present value of gypsum application ($'000) 15 215 534 

Net present value or lime and gypsum application ($'000) 8 702 154 228 13 181 

Local infrastructure cost or salinity and water table rise 2000 ($'000/yr) 398 99 

Local infrastructure cost or salinity and water table rise 2020 ($'000/yr) 20 408 100 

Present value of Increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 114 SS 

Downstream costs 

I% increase In salt loads ($'000) 
V) 

t;; 5% increase In salt loads ($'000) 
0 u I 0% Increase In salt loads ($'000) 
w 
!::: I% increase In turbidity ($'000) 15 531 66 063 7 408 
Vl 
.1. 5% Increase In turbidity ($'000) 16 504 69 228 8021 u.. 
0 

I 0% Increase in turbidity ($'000) 17 689 73 109 8 770 

I% increase in sediment loads ($'000) 182 3 72S i68 

5% increa.se In sediment loads ($'000) 704 12434 813 

I 0% Increase in sediment loads ($'000) I 35S 23 321 I 619 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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146 

South 
Coast 

QLD 

135 140 

85 210 

49 930 

218 

49 712 

41 5 18 

IS 885 

9 817 

15 817 

7 630 

8 187 

23 202 

14 954 

8 248 

70 

8 178 

17 324 

75 

19 169 

2 072 

123 

I 909 

225 

I 951 

0 

13 143 

I 013 

627 

3477 

8 463 

9 190 

10 069 

62 

275 

541 

416 

Border 
Rivers 

QLD 

2 353 680 

728 375 

I 625 305 

27 574 

I 597 730 

412854 

135 179 

99 314 

178 361 

18 725 

159 635 

355 317 

228 2 11 

127 106 

89 207 

37 899 

109 783 

II 

866 

64 980 

4551 

360 

I 728 

15 097 

18 638 

18 

30 775 

79 

438 

I 573 

47 135 

139 700 

4 

34 

163 

2 741 

3 129 

3 609 

641 

668 

703 

417 

Hoonie 
River 

QLD 

I 391 410 

272 928 

I 118 482 

2 176 

111 6 306 

110 910 

29893 

37 411 

43 606 

4 891 

38 7 15 

84 459 

65 848 

18 611 

5 738 

12 873 

102 610 

42 

37 352 

105 

772 

34 

7 028 

8 

7 037 

80 

446 

9 212 

0 

2 

8 

422 423 

Conda mine· Warrego 
Culgoa Rivers River 

QLD QLD 

13 654 203 s 167 030 

2 107 936 690 885 

11 546 267 4 476 145 

72 637 

11 473 630 4 476 145 

I 364 339 46 385 

431 311 6 391 

420 569 40 542 

512 458 .549 

88 411 

424 047 

I 284 197 

834 707 

449 49 1 

211 656 

237 835 

215 754 

24 729 

365 735 

4 804 

10 812 

2 1 900 

4 793 

61 48 1 

I 66 1 

64 415 

I 547 

8 580 

9 988 

206 06 1 

3 621 

221 

505 

I 577 

742 

3 709 

7 417 

8 936 

10 686 

12 864 

I 278 

I 297 

I 321 

2 553 

.3 101 

53 616 

46 701 

6 915 

6 915 

I 630 

202 

111 

52 

I 418 

I 464 

102 

424 

Paroo 
River 

QLD 

3 340 946 

207 146 

3 133 799 

3 133 799 

21 046 

2 344 

22 969 

.4 267 

849 

.5 I IS 

19 430 

25 256 

.5 826 

.5 826 

I 203 

243 

4 

37 

41 

910 

Settlement 
Creek 

QLO 

I 18 1 569 

87 876 

I 093 693 

I 093 693 

4 452 

I 373 

3 194 

- 115 

256 

-370 

10 873 

"558 

6 315 

6 315 

184 

11 8 

107 

107 

52 

value for a r iver basin can be obtained by summing the component State and Territory river basin parts. 
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Hornlngton 
Island 

QLD 

123 148 

18 054 

105 094 

105 094 

27 

68 

297 

.339 

-340 

69 

365 

-296 

-296 

192 

912 

Nicholson 
River 

QLO 

3 588 300 

645 008 

2 943 292 

2 943 292 

9285 

2 754 

8 362 

·I 831 

418 

-2 249 

18 147 

II 136 

7 011 

7 011 

226 

278 

278 

213 



Basin number 

Basin name 

State name 

Total area (ha) 
1-?;'i Non-agricultural area (ha) 

!z Agricultural area (ha) 

8 Irrigated agricultural area In 1996/97 (ha) 

Oryland agricultural area In 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

!;: 1996/97 economic returns ($'000) 

li1 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 
a.. 

VI 

5 yr ( 1992/93 - 1996/97) total costs ($'000) 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Oryland agriculture 5 yr profit at full equity ($ '000) 

Minimum area of basin needed to produce 80% of profit a t 
full equity within basin (ha) 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application Is positive (ha) 

Area where NPV of gypsum application is positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss in 2000 (ha) 

t:; Area where dryland salinity may cause yield loss in 2020 (ha) 

8 Gross benefit from ameliorating acidic soils ($'000) 
...J ;2 Gross benefit from ameliorating sodlc soils ($'000) 

6 Gross benefit from ameliorating saline soils ($'000) 

Q Limiting factor gross benefit ($'000) 
ti2 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

Present value of dryland salinity impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local Infrastructure cost of salinity and wate r table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of increase in local infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

1% Increase in salt loads ($'000) 

!;; 5% Increase in salt loads ($'000) 
0 
U I 0% Increase in salt loads ($'000) 

"" !;i I% Increase In turbidity ($'000) 
iL O S% Increase in turbidity ($'000) 

I 0% Increase in turbidity ($'000) 

I% Increase in sediment loads ($'000) 

5% Increase in sediment loads ($'000) 

I 0% Increase in sediment loads ($'000) 

913 

Leichhardt 
River 

QLD 

3 329 033 

184 29S 

3 144 737 

3 144 737 

17 4S2 

3 342 

8 977 

s 132 

812 

4 320 

27 243 

12H6 

14 896 

14 896 

S3 1 995 

119 

232 

232 

9 14 

Morning 
Inlet 

QLD 

361 289 

7S 930 

285 359 

28S 359 

807 

291 

811 

·29S 

36 

-331 

2 106 

I 103 

I 003 

I 003 

189 

18 

18 

915 

Flinders 
River 

QLD 

10 970 824 

481 S86 

10 489 238 

10 489 238 

68 OS6 

14 320 

67 790 

- 14 054 

3 049 

-17 103 

125 044 

82 894 

42 ISO 

42 ISO 

254 

231 

4 97S 

10 889 

I 846 

10 

I 8S2 

29 

IS9 

70 

916 

Norman 
River 

QLD 

s 002 747 

171 779 

4 830 968 

4 830 968 

IS IS i 

4 854 

31 254 

-20 9S7 

682 

-21 639 

JS 216 

36 083 

-867 

-867 

256 

24 

61 

61 

0 

0 

0 

0 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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9 17 

Gilbert 
River 

QLD 

4630188 

398 117 

4 232 071 

4 232 071 

22 619 

5 908 

29 759 

-13 048 

I 455 

-14 502 

47 364 

35 577 

11 787 

11 787 

253 

12 

102 

102 

0 

0 

0 

0 

14 

28 

918 

Staaten 
River 

QLD 

2 583 804 

5 16 743 

2 067 061 

2 067 061 

6 406 

2 117 

11 316 

.7 026 

288 

.7 3 14 

15 480 

13 419 

2 062 

2 062 

247 

8 

509 

8 

28 

0 

35 

0 

2 

0 

0 

0 

919 

Mitchell 
River (QLD) 

QLD 

7 153 857 

591 743 

6562 114 

9 797 

6 552 317 

104 726 

55 127 

54 9 17 

.5 318 

12 773 

-18 092 

130 370 

108 081 

22 289 

24 371 

-2082 

245 

8 975 

354 

I 534 

11 4 

2 544 

22 192 

5 14 

0 

22 442 

10 

57 

202 867 

463 

4 739 

0 

18 

6 

12 

920 921 922 923 

Coleman Holroyd Archer Watson 
River River River River 

QLD QLD QLD QLD 

I 291 73 1 I 020 877 I 383 880 469 581 

458 169 199 947 779 860 242 500 

833 562 820 929 604 021 227 082 

119 

833 443 820 929 604 02 1 227 082 

I 146 I 166 4 126 277 

820 7 12 I 644 180 

2 381 2 352 2 638 645 

-2 055 -1 898 -156 -548 

43 56 775 12 

-2 098 -1 954 -93 1 -560 

2351 2 587 5 168 667 

3 189 3 054 4274 822 

-838 -467 893 -155 

-15 

-823 -467 893 -155 

230 228 186 20 1 

128 

0 0 

2 

6 2 

0 

0 

value for a r iver basin can be o btained by summing the component State and Terr itory r iver basin parts. 

924 925 

Embley Wen lock 
River River 

QLD QLD 

469 077 746 488 

243 293 160 322 

225 784 586 166 

225 784 586 166 

412 740 

290 468 

651 I 665 

-530 -1 393 

18 33 

-548 -1 426 

802 I 78 1 

939 2 126 

- 136 .345 

-136 .345 

199 220 

199 

199 

0 

0 

0 

0 

0 
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Basin number 

Basin name 

State name 

Total area (ha) 

~ Non-agricultural area (ha) 
w 
!z Agricultural area (ha) 
0 
U Irrigated agricultural area In 1996/97 (ha) 

Dryland agricultural area In 1996/97 (ha) 

1996191 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996191 fixed costs ($'000) 

1996197 profit at full equity ($'000) 

1996197 government support ($'000) 

~ 1996197 economic returns ($'000) 

£ 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 
0.. 

V> 

5 yr ( 1992/93 - 1996/97) total costs ($'000) 

5 yr (1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Dryland agriculture 5 yr profit at full equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking o f basin In order of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application Is positive (ha) 

Area where NPV of gypsum application Is positive (ha) 

Area where NPV of lime and gypsum application is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

I;; Area where dryland salinity may cause yield loss in 2020 (ha) 

8 Gross benefit from ameliorating acidic soils ($'000) _, 
;2 Gross benefit from ameliorating sodic soils ($'000) 

6 Gross benefit from ameliorating saline soils ($'000) 

0 Limiting factor gross benefit ($'000) 
i2 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

~ 
8 
w 
t: 
:L 
u. 
0 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

Local infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase in salt loads ($'000) 

5% Increase In salt loads ($'000) 

I 0% Increase in salt loads ($'000) 

I% Increase in turbidity ($'000) 

5% Increase In turbidity ($'000) 

I 0% Increase In turbidity ($'000) 

I% Increase in sediment loads ($'000) 

5% Increase In sediment loads ($'000) 

I 0% Increase in sediment loads ($'000) 

926 

Ducie 
River 

QLD 

680 650 

471 545 

209 106 

209 106 

265 

167 

594 

-496 

12 

-508 

637 

759 

-121 

- 121 

196 

0 

0 

927 928 

Jardine Torres Strait 
River lslonds 

QLD QLD 

329 503 56 924 

326 720 35 140 

2 783 21 784 

2 783 21 784 

0 

2 14 

8 62 

.9 .73 

0 0 

-9 -73 

6 

10 76 

.9 -70 

.9 -70 

178 180 

Georgina 
River 

SA 

395 311 

159 528 

235 783 

235 783 

117 

156 

697 

.735 

-741 

212 

854 

-642 

-642 

630 

207 

4 

Where basins run over State or Territory boundaries. values are only provided for the portion of the Indicated State or Territory. The total 
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2 

Diamantina 
River 

SA 

3 832 821 

572 973 

3 259 848 

3 259 848 

I 795 

2 175 

9 630 

-10 0 10 

81 

-10091 

3 234 

11 818 

-8 584 

-8 584 

25 1 

20 

20 

Cooper 
Creek 

SA 

5 302 824 

2327317 

2 975 507 

2 975 507 

2 0 18 

2 0 18 

8 790 

-8 789 

91 

-8 880 

3 637 

10 822 

.7 185 

.7 185 

249 

10 

10 

5 514 

13 491 

23 459 

25 

51 

4 

Lake 
Frome 

SA 

18 210 776 

2 684 7 10 

15 526 066 

15 526 066 

37 IOI 

15 589 

52 641 

-3 1 129 

I 638 

-32 767 

49 690 

68 384 

- 18 695 

-18 695 

259 

311 

42 

42 

I 052 

7 

I 057 

58 

0 

0 

7 

Finke Hay 
River River 

SA SA 

5 634 078 3 429 687 

1319969 3 259 543 

4 314 109 170 144 

4 314 109 170 144 

3 335 91 

2 96 1 11 3 

12 744 503 

-12 370 -525 

150 4 

-12 520 -529 

6 009 163 

15 729 617 

.9 720 .453 

.9 720 .453 

252 197 

15 0 

15 0 

21 

Gairdner 

SA 

19 788 422 

6 662 884 

13 125 538 

103 

13 125 435 

266 6 13 

113 761 

117 075 

35 777 

12 366 

23 410 

266 762 

230 590 

36 172 

445 

35 727 

130 946 

47 

6 13 

41 248 

53 840 

53 840 

178 

7 945 

I 755 

9 365 

106 

16 038 

779 

779 

0 

22 

Nullarbor 

SA 

5 334 235 

5 023 487 

310 747 

310 747 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

23 238 

Warburton Glenelg 
River 

SA SA 

18 086 360 16 197 

16 611 614 11 517 

I 474 746 4 679 

391 

I 474 746 4 289 

I 4 13 3 043 

I 0 17 I 139 

4244 960 

.3 848 944 

63 335 

-391 1 609 

2518 3 004 

5 271 2 100 

-2 753 904 

492 

-2 753 4 13 

I 856 

242 153 
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Basin number 239 414 426 501 

Basin name Millicent Mallee Lower Murray Fleurieu 
Coast River Peninsula 

State name SA SA SA SA 

Total area (ha) 2 696 181 I 996 221 4 933 879 98 707 

~ Non-agricultural area (ha) 493 799 114 894 I IOI 378 16 093 
w 
~ Agricultural area (ha) 2 202 382 I 881 326 3 832 501 82 614 
0 
U Irrigated agricultural area In 1996/97 (ha) SS 848 21 001 42 190 I 409 

Dryland agricultural area In 1996/97 (ha) 2 146 534 I 860 325 37903 11 81 204 

1996/97 gross revenue ($'000) S04 SOI 482 903 7SS 596 47 424 

1996/97 variable costs ($'000) 116 OS8 160 703 217 775 12 329 

1996/97 fixed costs ($'000) 304 076 170 IS2 241 451 14638 

1996/97 profit at full equity ($'000) 84 367 IS2 048 296 370 20 4S6 

1996/97 government support ($'000) 38 029 31 933 70 9SO 8 742 

ti: 1996/97 economic returns ($'000) 46 338 120 I IS 22S 420 11 714 
0 g: 5 yr (1992193 - 1996/97) gross revenue ($'000) S03 284 489 986 761 942 49 292 

5 yr (1992/93 - 1996/97) total costs ($'000) 421 067 331 234 4594H 26 988 

5 yr ( 1992/93 - 1996/97) profit at fu ll equity ($'000) 82 217 IS8 752 302 467 22 304 

Irrigated agriculture 5 yr profit at full equity ($'000) 61 021 178 523 252 9 17 2 380 

Dryland agriculture 5 yr profit at full equity ($'000) 21 196 -19 771 49 550 19 924 

Minimum area of basin needed to produce 80% of profit at 
fu ll equity within basin (ha) 48 914 14 103 22 346 19 829 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 23 14 63 

Area where NPV of lime application Is positive (ha) 98 I 620 

Area where N PV of gypsum application Is positive (ha) 65 159 56 154 92 189 I 208 

Area where NPV oflime and gypsum application Is positive (ha) H35 

Area where dryland salinity caused yield loss In 2000 (ha) 275 804 6 409 43 773 88 
V') 

t;; Area where dryland salinity may cause yield loss In 2020 (ha) 447 883 9 362 66 632 88 

8 Gross benefit from ameliorating acidic soils ($'000) 702 0 234 0 _, 
;:! Gross benefit from ameliorating sodic soils ($'000) 22 4S3 23 778 42 168 171 

6 Gross benefit from ameliorating saline soils ($'000) 20 985 861 4 910 6 

a Limiting factor gross benefit ($'000) 40 841 24 535 46 317 178 
ii2 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 12 970 131 3 370 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 71 953 728 18 697 

Net present value of lime application ($'000) 13 I 325 

Net present value of gypsum application ($'000) 62 889 178 517 353 120 511 

Net present value of lime and gypsum application ($'000) 9 92S 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) I 723 124 I 41 3 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 3 829 475 3 129 2 

Present value of increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) II 686 I 947 9 520 

Downstream costs 

1% Increase in salt loads ($'000) 4 648 202 22 737 
V') 

I- 5% Increase in salt loads ($'000) 23 241 I 010 113 683 V') 

0 
u I 0% Increase in salt loads ($'000) 46 483 2021 227 367 
w 
I- I% Increase in turbidity ($'000) 60 723 2 351 
~ 
u. 5% Increase In turbidity ($'000) 63 990 3 018 
0 

I 0% Increase in t urbidity ($'000) 68 007 3 849 

I% Increase in sediment loads ($'000) 0 10 

5% Increase in sediment loads ($'000) 4 51 4 

I 0% Increase in sediment loads ($'000) 7 103 7 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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S02 

Myponga 
River 

SA 

IS 122 

806 

14 316 

S04 

13 812 

12 242 

3 031 

3 S89 

s 623 

2 087 

3 S3S 

12 820 

6 626 

6 194 

I 8S2 

4 H2 

4 033 

11 4 

605 

90 

90 

689 

I 287 

6 436 

12 872 

4 524 

498S 

s S48 

9 

37 

73 

S03 

Onkaparinga 
River 

SA 

92 24S 

23 77S 

68 470 

10 71S 

S7 7SS 

143 728 

S4 509 

42 87 1 

46 348 

12 S93 

33 7SS 

143 34S 

96 6S6 

46 688 

38 031 

8 657 

8 99S 

37 

203 

8 686 

S04 

Torrens 
River 

SA 

113 402 

63 780 

49 622 

2 738 

46 884 

S3 S35 

25 3S I 

13 738 

14 446 

4 844 

9 601 

SI 961 

38 127 

13 834 

11 913 

I 921 

I 623 

81 

40S 

S08 

303 203 

177 

3342 

3494 

I 498 

29 S64 

0 

0 

372 

472 

829 

3 S29 

I 639 

I 324 2 799 

13 361 

66 807 

133 6 13 

21 9 17 

23 349 

25 109 

42 

180 

3S4 

0 

0 

9 159 

4S 797 

91 S93 

9 307 

10014 

10873 

36 

141 

273 

sos 
Gawter 
River 

SA 

457 650 

33 4S6 

424 194 

9 063 

41S 132 

202 36S 

SI 77 1 

61 377 

89 217 

13 469 

7S 748 

189 641 

11 2 460 

77 18 1 

32 817 

44 364 

112 181 

22 

S09 

41 276 

308 

307 

682 

8 325 

49 

9 023 

6 732 

48 458 

19 

19 

0 

5 47S 

27 376 

S4 752 

18 

88 

174 

S06 

Wakefield 
River 

SA 

192 269 

3 070 

189 199 

I 02S 

188 174 

68 148 

20 30 1 

17 060 

30 787 

3 848 

26 938 

63 198 

37 057 

26 141 

4 233 

21 908 

79 198 

so 

11 364 

I 407 

I 407 

30 

2 166 

263 

2 314 

5 765 

33 

33 

0 

S07 

Broughton 
River 

SA 

I 639 87S 

112 S2S 

I S27 350 

I 540 

I S25 810 

423 269 

121 493 

111 075 

190 700 

21 941 

168 7S9 

399 479 

231 385 

168 094 

6 SIO 

161 584 

Sl8 851 

8 

I 213 

13 751 

52 069 

S2 074 

170 

7 690 

7 659 

15 130 

4 

73 

12 128 

I 334 

I 334 

I 396 

6 978 

13 956 

30 

47 

69 

508 

Mambray 
Coast 

SA 

S93 87S 

83 273 

SI0602 

SI0602 

10 723 

2 982 

6 S66 

I 174 

484 

691 

11 727 

9 S88 

2 139 

2 139 

6 209 

148 

104 

104 

187 

187 

343 

4 

345 

4 

61 

9 

9 

value for a r iver basin can be obtained by summing the component State and Territory r iver basin parts. 

S09 

Willochra 
Creek 

SA 

662 IS6 

13 324 

648 831 

648 831 

31 S62 

11 187 

14 841 

s 533 

I 669 

3 864 

34 492 

26 11 2 

8 379 

8 379 

47 920 

116 

936 

I 026 

I 027 

430 

103 

Sl5 

I 030 

0 

2 

SIO 

Lake 
Torrens 

SA 

2 623 980 

664 472 

I 9S9 S07 

I 9S9 S07 

4 346 

I 262 

3 289 

-20S 

173 

.377 

9 S3S 

4 761 

4 774 

4 774 

187 

106 

106 
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Basin number 

Basin name 

Sta te name 

Tota l a rea (ha) 

~ Non-agricultura l area (ha) 

z Agricultura l area (ha) 
0 
U Irrigated agricultural a rea In 1996/97 (ha) 

Dryland agricultura l area In 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

![ 1996/97 economic re turns ($'000) 
0 g: S yr ( 1992193 - 1996/97) gross revenue ($'000) 

S yr ( 1992/93 - 1996/97) total co sts ($'000) 

S yr ( 1992/93 - 1996/97) profit at fu ll equity ($'000) 

Irrigated agriculture S yr profit a t full equity ($'000) 

Dryland agriculture S yr profit at full equity ($'000) 

Minimum area of basin needed to produce 80% of profi t a t 
full equity within basin (ha) 

Ranking of basin In o rde r of contribution t o national 1996/97 
profit a t full equity (#) 

Area where NPV o flime application is positive (ha) 

Area where NPV of gypsum application is positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss in 2000 (ha) 

j;; Area where dryland salinity may cause yield loss in 2020 (ha) 

8 Gross benefit from am eliorating acidic soils ($'000) 
...J 
~ Gross benefit from ameliorat ing sodic soils ($'000) 

5 Gross benefit fro m ameliorating saline soils ($'000) 

a Limiting factor gross benefit ($'000) 
C2 
~ Impact cost of dryland salinity to agriculture from 2000 t o 2020 ($'000) 

Present value of dryland salinity impac t cost t o agriculture from 
2000 t o 2020 ($'000) 

Net present value of lime application ($'000) 

Net pre sent value of gypsum applicat ion ($'000) 

Ne t present value of lime and gypsum application ($'000) 

Local Infrastructure cost of salinity and wate r table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and wa te r table r ise 2020 ($'000/yr) 

Present value of increase In local infrastructure costs from salinity 
and r ising wat e r tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase in salt loads ($'000) 

5% Increase in salt loads ($'000) 

I 0% Increase in salt loads ($'000) 

I% Increase in turbidi ty ($' 000) 

5% Increase In turbidity ($'000) 

I 0% increase In turbidity ($'000) 

1% increase in sedim ent loads ($'000) 

5% Inc rease in sediment loads ($' 000) 

10% Increase in sediment loads ($'000) 

SI I 

Spencer 
Gulf 

SA 

I 089 Sl7 

ISi 194 

938 323 

938 323 

720S2 

26 311 

22 332 

23 408 

3 3 1S 

20 093 

6S 162 

48 266 

16 896 

16 896 

109 60S 

S9 

23 647 

102 

12 ISi 

12 ISi 

39 

3 838 

I 213 

4 S71 

8470 

4 

674 

674 

Sl2 

Eyre 
Peninsula 

SA 

320 S3 1 

123 988 

196 543 

196 S43 

22 062 

6 41 S 

7 906 

7 742 

I 006 

6 736 

24 072 

14 3S4 

9 719 

9 719 

29 7S6 

104 

7 330 

713 

30S 

17 441 

17 441 

320 

S2S 

761 

I H O 

I 203 

107 

II 

41 3 

41 3 

0 

Sl3 

Kangaroo 
Island 

SA 

443 HS 

182 872 

260 372 

260 372 

40 353 

s 294 

30 11 3 

4 947 

1 734 

3 213 

40 631 

3S 748 

4 884 

4884 

42 434 

120 

902 

201 

8 644 

8 702 

36 

847 

623 

I 3S2 

8 

102 

119 

IS4 

155 

S9 

294 

588 

30 1 

Flinders-Cape 
Barren Islands 

TAS 

200 379 

12S SIO 

74 869 

74 869 

9452 

I 226 

11 003 

·2 778 

388 

. 3 166 

10 646 

12 238 

. 1 592 

. 1 S92 

238 

389 

389 

Where basins run over State o r Ter ritory boundaries, values are only provided for the portion of the indicated State or Territory. The to tal 
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302 303 304 305 306 307 309 310 311 

East Coal Derwent Kingston Hu on Sou ch-West King-Henty Pie man Sandy 
Coast River River Coast River Coast Rivers River Cape Coast 

TAS TAS TAS TAS TAS TAS TAS TAS TAS 

697 848 68 172 983 016 76 400 301 024 549 831 178 706 415 925 87 537 

498 712 22 239 660 715 47 481 256 063 542 447 177 SI I 410 922 86 140 

199 136 45 933 322 302 28919 44960 7 384 I 195 s 003 I 397 

I 752 I 092 9405 272 3 350 720 92 

197 384 44 841 312897 28 647 41 61 1 6 663 I 103 5 003 I 397 

37 155 11 897 49 887 2 987 11 3 473 14 328 170 507 591 

9 873 2 941 10932 990 80 718 10 285 20 79 167 

29 152 7403 43 652 s 208 18 054 2 521 244 I 009 372 

-1 870 I 552 .4 698 .3 211 14 701 I 523 .94 -581 52 

2 742 663 3 627 392 6 641 824 8 22 IOI 

-4 612 890 -8 324 .3 603 8059 699 -101 -603 -49 

37 607 11 915 51 828 2 889 115 553 14 385 247 771 695 

38 946 10 301 54 526 s 901 99 393 12 805 264 I 093 539 

-1 339 I 6 14 ·2 697 .3 012 16 160 I 580 -17 -322 156 

956 2 947 s 255 14 560 2435 

-2 295 -I 333 -7952 .3 012 I 600 -855 .17 -322 156 

364 2 173 271 186 

227 143 244 241 79 144 182 205 171 

10 393 I 092 7 588 815 2 986 2 160 I 011 I 574 12 11 

549 273 912 

2 030 455 I 459 2 715 

2 005 6021 

2 633 7 907 

I 678 I 244 2 334 200 76 013 3 380 66 279 204 

I 796 628 I 723 48 I 092 

52 484 

2 787 I 446 3 563 202 76 013 3 380 66 279 204 

14 129 

78 714 

3 592 4 653 8095 325 180 296 32 741 409 469 I 615 

663 134 426 

2 852 5 984 2 496 573 714 

I 176 341 

I 543 448 

2 034 590 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Basin number 

Basin name 

State name 

Total area (ha) 

~ Non-agricultural area {ha) 

~ Agricultural area (ha) 

8 Irrigated agricultural area In 1996/97 {ha) 

Dryland agricultural area In 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

ti: 1996/97 economic returns {$'000) 
0 g; 5 yr ( 1992/93 - 1996/97) gross revenue {$'000) 

5 yr ( 1992/93 - 1996/97) total costs ($'000) 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Dryland agriculture 5 yr profit at full equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application is positive (ha) 

Area where NPV of gypsum application is positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

!;; Area where dryland salinity may cause yield loss in 2020 (ha) 
0 
U Gross benefit from ameliorating acidic soils ($'000) _, 
~ Gross benefit from ameliorating sodic soils ($'000) 

5 Gross benefit from ameliorating saline soils ($'000) 

a Limiting factor gross benefit ($'000) 
;: 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of llme application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of Increase in local infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

1% Increase In salt loads ($'000) 

5% Increase In salt loads ($'000) 

I 0% increase In salt loads ($'000) 

I% Increase In turbidity ($'000) 

5% Increase In turbidity ($'000) 

I 0% Increase In turbidity ($'000) 

I% increase In sediment loads ($'000) 

5% Increase In sediment loads ($'000) 

I 0% Increase In sediment loads ($'000) 

312 

Arthur 
River 

TAS 

249 796 

239 822 

9 974 

466 

9 507 

4 569 

I 603 

2 829 

137 

647 

-5 11 

4 719 

4 039 

680 

77 

603 

280 

169 

6 720 

I 066 

I 066 

7 616 

313 314 315 

King Smithton-Burnie Forth 
Island Coast River 

TAS TAS TAS 

109 158 466 010 113 707 

22 901 243 842 88 816 

86 257 222 168 24 891 

95 15 215 I 859 

86 162 206 954 23 032 

25 225 214 867 16 742 

4 308 76 046 5 125 

19 431 88 162 7 267 

I 486 so 659 4350 

2483 31 569 I 463 

.997 19 090 2 886 

31 139 218 271 18 879 

23 759 156 703 12 415 

7 380 61 568 6 464 

35 040 6 492 

7 380 26 528 -28 

4 179 45 742 466 

145 31 122 

134 742 4090 

55 764 7 441 

55 764 7 441 

514 908 69 942 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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316 317 318 319 221 222 223 224 225 

Mersey Rubicon Tamar Pipel'Ringarooma East Snowy Tambo Mitchell Thomson 
River River River Rivers Glppsland River River River (VIC) River 

TAS TAS TAS TAS VIC VIC VIC VIC VIC 

197 001 67 438 I 133 001 355 940 450 483 684 519 420 11 7 487 699 657 902 

127 148 37 592 611 692 217 059 443 022 601 341 330 811 414 266 470 703 

69 853 29 846 521 309 138 882 7461 83 178 89 306 73 433 187 200 

11 709 4 465 12 289 7 922 687 981 782 2 542 25 148 

58 144 25 381 509 020 130 960 6 774 82 197 88 523 70892 162 051 

106 386 49 316 131 749 68 63 1 4 565 24 666 21 648 29 453 118 465 

45 276 14 282 43 470 22 058 I 958 9 204 5 932 9 127 47 198 

36 636 16 607 87 79 1 36 676 2 129 15 546 13 293 14 473 50 509 

24 474 18 427 488 9 897 478 -84 2 423 5 854 20 758 

11 262 3 725 10 124 9 005 737 3 639 I 907 2 366 21 373 

13 212 14 702 -9 636 892 -259 -3 723 516 3488 -615 

115 274 57 203 158 128 74 496 5 178 31 578 21 025 30 621 128 758 

81 994 30 925 132 640 58 730 4 094 25 079 19 033 23 408 97 619 

33 280 26 278 25 488 15 766 I 084 6 500 I 991 7 213 31 139 

28 577 25 577 20 149 9 504 463 I 451 I 049 5 637 14 916 

4 703 701 5 339 6 262 621 5 048 942 I 576 16 223 

7 998 2 328 5 873 760 11 584 2 151 78 260 

58 67 162 98 163 18 1 134 112 62 

30 263 6 601 33 040 18 357 2 258 7 643 2 35 1 2 840 2 344 

186 I 075 390 20 666 

836 I 208 7 680 6 716 196 3718 489 I 956 40 854 

16 437 I 930 126 2 754 

21 587 2 534 159 3 247 

28 080 13 887 14 233 8 962 987 I 971 925 3 965 2 929 

177 I 158 3 550 I 75 1 30 528 359 I 078 9 015 

I 287 69 7 257 

28 081 14 125 16 228 9 287 992 2 201 I 102 4 589 10059 

350 18 2 16 

I 942 98 13 87 

262 220 108 749 64 207 26 151 8 56 1 10 581 566 20 774 6 354 

10 133 360 12 599 

6 880 29 149 47 298 46 336 96 2 500 4 503 16 389 36 957 

349 44 2 45 

458 58 2 54 

604 76 2 48 

18 27 36 46 789 

90 132 175 228 2 129 

178 259 344 447 3 737 

0 0 0 I 78 

I 2 2 5 249 

3 4 4 10 463 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Basin number 226 227 228 229 

Basin name Latrobe South Bunyip Yarra 
River Gippsland River River 

State name VIC VIC VIC VIC 

Total area (ha) 467 132 679 783 407 605 410 577 

8 Non-agricultural area (ha) 236 445 230 919 134721 263 160 

!z Agricultural area {ha) 230 687 +18 864 272 884 147 416 
0 
U Irrigated agricultural area In 1996197 (ha) 11 869 8 627 10 306 s 673 

Dryland agricultural area In 1996197 (ha) 218 818 440 237 262 578 141 743 

1996/97 gross revenue {$'000) 154 606 276 308 249 090 80033 

1996/97 variable costs ($'000) 63 258 105 808 106 570 36 157 

1996/97 fixed costs ($'000) 70 218 124 523 89 180 34 975 

1996/97 profit at full equity ($'000) 21 131 45 977 53 340 8 900 

1996/97 government support ($'000) 25 I+! 46 027 280H 62H 

~ 1996197 economic returns ($' 000) -4 014 -SI 25 305 2 666 

~ 5 yr ( 1992193 - 1996197) gross revenue {$'000) 157 550 303 868 267 180 85 819 
0. 

5 yr ( 1992193 - 1996197) total costs ($'000) 125 384 230 606 188 647 69 484 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) 32 166 73 262 78 533 16334 

Irrigated agriculture 5 yr profit at fu ll equity ($'000) 11 354 7 569 60 827 24 458 

Dryland agriculture 5 yr profit at full equity ($'000) 20 812 65 694 17 707 -8 123 

Minim um area of basin needed to produce 80% of profit at 
full eq uity within basin (ha) 44 605 267 164 4 856 586 

Ranking of basin In order of contribution to national 1996197 
profit at full equity (#) 60 38 29 100 

Area where NPV of lime application is positive (ha) 81 888 140 363 82 571 9492 

Area where NPV of gypsum application is positive {ha) 9 146 9410 687 

Area where NPV oflime and gypsum application Is positive (ha) 29862 75 653 35 802 4 404 

Area where dryland salinity caused yield loss In 2000 (ha) 768 3 598 435 
V> 
!;; Area where dryland salinity may cause yield loss In 2020 (ha) 906 4 845 731 
0 
U Gross benefit from ameliorating acidic soils {$'000) 23 614 25 005 125 440 I IS 348 
~ 
~ Gross benefit from ameliorating sodlc soils ($'000) s 128 9 385 H44 I 849 

5 Gross benefit from ameliorating saline soils ($'000) 32 498 12 

Q Limiting factor gross benefit ($'000) 26 537 28 027 125 496 115 678 

"' ~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 6 117 7 

Present value of d ryland salinity Impact cost to agriculture from 
2000 t o 2020 ($'000) 35 650 38 

Net present value of lime application ($'000) 166 324 90 627 863 086 245 143 

Net p resent value of gypsum application {$' 000) 4 848 4 066 201 

Net present value of lime and gypsum application ($'000) 30 498 56 720 332 950 892 307 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 8 156 134 

Local infrastructure cost of salinity and water table rise 2020 {$'000/yr) 10 245 242 

Present value of Increase in local infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 12 492 597 

Downstream costs 

1% increase In salt loads ($'000) 

~ 5% Increase in salt loads ($'000) 
0 
u I 0% Increase In salt loads ($'000) 
w 
!::: I% Increase In turbidity ($'000) 23 710 3 656 6 565 44 322 
:2 5% Increase In turbidity ($'000) 25 138 4 061 7 256 46 718 LL 

0 
I 0% increase In t urbidity ($'000) 26 860 4 554 8 108 49 602 

1% increase In sediment loads ($ '000) 38 2 171 

5% Increase In sediment loads ($'000) 160 23 9 531 

I 0% Increase In sediment loads {$'000) 313 46 18 982 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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230 

Maribyrnong 
River 

VIC 

144 735 

36 395 

108 340 

295 

108 045 

II 954 

3 721 

13 817 

-5 585 

769 

-6 353 

13 257 

17 613 

-4 356 

I 046 

-5 402 

246 

393 

882 

393 

901 

4 838 

509 

785 

35 

939 

143 

795 

278 

374 

I 802 

80 

2 228 

11 914 

2 518 

2 846 

3 247 

17 

35 

23 1 

Werribee 
River 

VIC 

197 135 

72 040 

125 094 

4 104 

120 990 

50 486 

19862 

25 451 

5 173 

3 380 

I 793 

57 94 1 

45 673 

12 269 

16 186 

-3 9 17 

684 

118 

881 

7 237 

3 910 

438 

8 389 

6 933 

6 454 

12 

10018 

1011 

5 611 

3 992 

14 128 

67 227 

5 1 

3 452 

18 87 1 

I 831 

2 133 

2 500 

85 

226 

402 

232 

Moorabool 
River 

VIC 

223 272 

47 191 

176 081 

I 760 

174 322 

40 672 

13 020 

26 336 

I 316 

2 720 

- 1 404 

44 391 

39 382 

5 009 

5 258 

-249 

293 

147 

2 444 

10049 

3418 

I 129 

10 87 1 

12 8 18 

4 236 

43 

15 705 

373 

2 069 

I 524 

4 538 

127 603 

295 

I 446 

6 384 

84 

415 

812 

23 

58 

100 

233 234 

Barwon lake 
River Corangamite 

VIC VIC 

381 527 407 996 

64 458 65 865 

317 069 

3 2 13 

313 856 

95 854 

34 377 

55 540 

5 937 

10 616 

-4 678 

100 109 

89 032 

11 077 

3 047 

8 03 1 

2 630 

11 1 

13 682 

6 706 

18 358 

8 400 

34 889 

4 516 

6 399 

722 

8 437 

2 116 

11 738 

8 934 

I 302 

15 732 

I 512 

4 391 

15 974 

3 468 

4 063 

4 781 

40 

88 

149 

342 132 

3 698 

338 434 

128 323 

47 20 1 

66 458 

14 664 

18 260 

-3 596 

137 155 

11 3 654 

23 500 

2 088 

21 4 12 

100 601 

80 

12 800 

33 402 

40 884 

11 145 

52 878 

6 554 

11 244 

I 0 15 

13 971 

3 392 

18 817 

16 011 

7 288 

28 742 

567 

2 605 

II 306 

I 244 

6 221 

12 441 

10 

235 

Otway 
Coast 

VIC 

388 764 

179 336 

209 428 

3 193 

206 235 

163 753 

70 424 

75 9 11 

17 418 

32 459 

- 15 041 

176 993 

145 898 

31 095 

I 288 

29 806 

130 001 

71 

115 070 

5 244 

13 877 

2 202 

14 589 

13 145 

2 119 

333 

14 186 

2 412 

13 383 

77 582 

994 

5 842 

418 

I 272 

4 737 

3 070 

3486 

3 990 

4 

20 

4 1 

236 

Hopkins 
River 

VIC 

I 009 399 

50 584 

958 815 

3 217 

955 598 

304 501 

100 998 

161 045 

42 458 

36 581 

5 876 

324 186 

262 081 

62 105 

I 779 

60 326 

275 025 

43 

12 149 

65 968 

80 763 

19 527 

77 389 

15011 

24 350 

I 529 

31 391 

7 847 

43 53 1 

45 988 

15 415 

43 223 

647 

3 630 

16 550 

273 

I 366 

2 731 

I 092 

I 336 

I 637 

0 

2 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Portland 
Coast 

VIC 

396 773 

68 681 

328 092 

3 894 

324 198 

129010 

41 623 

62 700 

24 686 

17 429 

7 257 

136 200 

104 366 

31 834 

2 284 

29 551 

138 771 

57 

9 1 676 

10 609 

56 259 

I 247 

19 361 

37 499 

7 883 

199 

39 616 

2 004 

II 118 

9 1 639 

2434 

189 774 

54 

689 

3 527 

880 

4402 

8 803 

38 

189 

370 

0 

238 

Glenelg 
River 

VIC 

I 196 142 

342 003 

854 139 

2 446 

851 693 

169 215 

36 993 

104 892 

27 329 

9 150 

18 179 

176 695 

141 571 

35 124 

I 525 

33 599 

338 725 

53 

45 792 

12 422 

2 447 

42 602 

113 84 

9 477 

7 674 

2473 

16 349 

3 6 13 

20044 

37 911 

2 278 

8 890 

587 

I 7 12 

6 238 

6 18 

3 088 

6 176 

49 

240 

471 

10 
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Basin number 239 401 402 403 

Basin name Millicent Upper Murray Kiewa Ovens 
Coast River River River 

State name VIC VIC VIC VIC 

Total area (ha) 741 698 I 014 397 190 748 797 S88 
I-i';S Non-agricultural area (ha) 177 700 764 23S 109 OSI 434 102 

~ Agricultural area (ha) S63 998 2SO 162 81 696 363 486 
0 
U Irrigated agricultural area In 1996197 (ha) 3 OS9 I 898 I 494 8 8SI 

Oryland agricultural area In 1996197 (ha) 560 939 248 264 80203 354 636 

1996/97 gross revenue ($'000) 104 692 76 473 37 861 101 116 

1996197 variable costs ($'000) 2S 219 23 158 IS 66S 31 S09 

1996197 fixed costs ($'000) 66 981 42 320 18 778 59 509 

1996/97 profit at full equity ($'000) 12492 10 995 341 9 10 098 

1996197 government support ($'000) s 643 9 604 6 183 10 76S 

ti: 1996197 economic returns ($'000) 6 849 I 390 -2 765 -667 
0 g; 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 98 499 79 611 40 289 107 169 

5 yr ( 1992/93 - 1996/97) t ot al costs ($'000) 92 297 6S 316 34 080 90 99S 

5 yr ( 1992193 - 1996197) profit at full equity ($'000) 6 202 14 295 6 209 16 17S 

Irrigated agriculture 5 yr profit at full equity ($'000) 2 40S I 074 837 10 104 

Oryland agriculture 5 yr profit at full equity ($'000) 3 797 13 221 s 372 6070 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 12 526 72 SS9 16 240 5 370 

Ranking of b asin In order of contribution to national 1996197 
profit at full equity (#) 89 93 126 95 

Area where NPV of lime application Is positive (ha) 32 677 10056 21 254 

Area where NPV of gypsum application Is posi tive (ha) 12 692 2000 498 3499 

Area where NPV of lime and gypsum application Is positive (ha) 98 9 379 9 3S7 I 09S 

Area where dryland salinity caused yield loss In 2000 (ha) s 8 19 41 4 219 1068S 
VI 
!:;; Area where dryland salinity m ay cause yield loss in 2020 (ha) 11 189 S8 6 408 17 820 

8 Gross benefit from ameliorating acidic soils ($'000) 4S 5 789 4229 12 981 _, 
;:; Gross b enefi t from ameliorating sodic soils ($'000) 6 966 243S I 144 I 432 

~ Gross benefit from am eliorating saline soils ($'000) 236 2 S33 731 

[) Limiting factor gross benefit ($'000) 7 03S 6 599 4 533 14 090 
2 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 205 280 611 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) I 138 8 I 555 3 388 

Net present value of lime application ($'000) 12 876 4 247 65 642 

Net present value of gypsum application ($'000) 5 S69 71 103 I 773 

Net present value of lime and gypsum application ($'000) 266 8077 20 642 37 298 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) 69 331 531 

Local infrastructure cost of salinity and water table rise 2020 ($'000/yr) 107 4 818 I 221 

Present value of Increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 209 2 703 3 832 

Downstream costs 

I% Increase in salt loads ($'000) 

~ 5% Increase In salt loads ($'000) 
0 u I 0% Increase In salt loads ($'000) 
w 
I- I% Increase in turbidity ($'000) 23 21 S9 
~ u.. 5% Increase In turbidity ($'000) 114 107 289 
0 

I 0% Increase in turbidity ($'000) 225 211 566 

I% Increase In sediment loads ($'000) 121 0 21 

5% Increase In sediment loads ($'000) 123 2 40 

I 0% Increase in sediment loads ($'000) 127 4 64 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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Broken 
River 

VIC 

709 505 

133 877 

575 628 

108 314 

467 313 

S07 172 

187 667 

IS2 373 

167 132 

68 279 

98854 

S36 3 16 

338 861 

197 4SS 

177 623 

19 832 

S2 723 

12 

6 839 

173 810 

3 S8 1 

15 86S 

S2 337 

s 062 

46 20S 

I 189 

48 870 

s 054 

28 039 

10 194 

315 993 

S2 093 

479 

2 287 

10 033 

3 703 

4 245 

4 916 

37 

43 

5 1 

405 

Gou I burn 
River 

VIC 

I 68S 502 

619 278 

I 066 224 

11 8 S64 

947 6S9 

605 172 

243 692 

217 730 

143 750 

74 565 

69 186 

653 007 

459 677 

193 330 

181 638 

11 693 

2S 420 

I S 

10 166 

175 175 

4 7SS 

36 168 

81 559 

IS 098 

49 449 

I 459 

59 749 

4 069 

22 573 

56 657 

329 789 

38 497 

248S 

s 19 1 

15 0 12 

9 896 

10 650 

11 S65 

174 

27S 

402 

406 

Campaspe 
River 

VIC 

40S 815 

SS 020 

3SO 796 

32 269 

318 S26 

144 409 

58 693 

7 1 43S 

14 280 

22 549 

-8 269 

153 674 

129 945 

23 729 

24 968 

-1 239 

12 566 

82 

I 873 

66 173 

I 680 

16 120 

24 201 

4386 

13 464 

I 277 

16 852 

560 

3 106 

7 18 

8 1 621 

32 22S 

I 142 

2 267 

6 240 

3 972 

4 441 

5 010 

333 

363 

401 

407 

Loddon 
River 

VIC 

I 564 051 

244 384 

1319667 

21 1 907 

I 107 760 

SSS 5S4 

21 1 521 

249 IS7 

94 876 

79 803 

IS 072 

584 394 

459 441 

124 953 

121 647 

3 307 

99 041 

21 

2 6S8 

312 771 

3 153 

22 074 

38 481 

9 899 

S8041 

2 S55 

67 0 12 

I 708 

9475 

4875 

344 107 

88 840 

428 

723 

I 636 

408 

Avoca 
River 

VIC 

I 420 274 

12S 682 

I 294 592 

46 287 

I 248 30S 

367 283 

111 947 

149 566 

IOS 770 

34 008 

71 762 

3S9 699 

260 206 

99 493 

65 391 

34 102 

148 440 

20 

3 250 

59 741 

4455 

9 327 

643 

22 229 

171 

22 584 

313 

I 734 

539 

118 908 

74 

2S9 

I 02S 

670 240 

3 3SO I 201 

6 701 2 401 

16S 

347 

S69 

347 

3S2 

357 

0 

0 

414 41S 22 24 

Hallee Wimmcra-Avon Nullarbor Salt 
Rivers Lake 

VIC VIC WA WA 

2 151 842 3 036 540 13 739 410 49 483 S20 

I 364 SOO S 13 320 7 844 743 25 620 848 

787 342 2 S23 220 5 894 668 23 862 672 

18 238 

769 104 

327 028 

92 332 

110 547 

124 ISO 

19 120 

105 030 

328 246 

203 278 

124 968 

138 065 

-13 097 

5 902 

18 

18 133 

23 038 

25 850 

11 823 

626 

12 177 

370 

2 054 

87 004 

246 

308 

345 

116 

S80 

I 160 

4 874 

2Sl8346 

561 131 

149 378 

253 707 

158 046 

29 911 

128 134 

512 667 

401 381 

111 286 

10 380 

100 906 

429 224 

13 

14 899 

78 565 

I 876 

53 667 

74 688 

6 310 

26 161 

2 536 

32 6SO 

I 320 

7 323 

31 482 

10 424 

13 649 

I 797 

3 198 

7 773 

78 

381 

745 

s 894 668 

3 682 

2 327 

3 508 

-2 152 

141 

-2 293 

4 714 

5 830 

-1 116 

-1 116 

231 

259 

259 

23 862 672 

79 380 

29 280 

46 995 

3 106 

3 584 

-478 

76 988 

76 085 

903 

903 

13 087 

130 

11 3 323 

20 

3 046 

3 047 

644 

3 574 

46 

254 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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Basin number 25 26 601 602 

Basin name Sandy Mackay Esperance Albany 
Desert Coast Coast 

State name WA WA WA WA 

Total area (ha) 40 434 012 18304138 2015064 I 961 437 

B Non-agricultural area (ha) 37 490 882 15542221 761 167 624 496 

!z Agricultural area (ha) 2943 130 2 761 918 I 253 896 I 336 941 

8 Irrigated agricultural area In 1996/97 (ha) 508 

Dryland agricultural area In 1996/97 (ha) 2 943 130 2 761 918 I 253 896 I 336 432 

1996/97 gross revenue ($' 000) 2 842 3 128 175 397 206 97S 

1996197 variable costs ($'000) 2 149 2 185 52 314 60 706 

1996197 fixed costs ($'000) 2 218 2 135 76 566 97 609 

1996/97 profit at full equity ($'000) -1 S26 -I 192 46 Sl8 48 660 

1996197 government support ($'000) 127 141 8070 11 408 

!i; 1996/97 economic returns ($'000) · I 652 - 1 333 38 448 37 252 
0 R: 5 yr (1992/93 - 1996/97) gross revenue ($'000) s 836 7 694 164 471 213 37S 

S yr ( 1992/93 - 1996/97) total costs ($'000) 4 3SO 4 378 128 788 159 689 

S yr ( 1992/93 - 1996/97) profit at full equity ($'000) I 486 3 316 35 683 53 686 

Irrigated agriculture 5 yr profit at fu ll equity ($'000) I 065 

Dryland agriculture 5 yr profit at fu ll equity ($'000) I 486 3 316 35 683 52 621 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 295 828 214 S99 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 222 217 35 32 

Area where NPV of lime application is positive (ha) 82 974 116 437 

Area where NPV of gypsum application Is positive (ha) Sl4 

Area where N PV ofllme and gypsum application Is positive (ha) 4 OS9 

Area where dryland salinity caused yield loss In 2000 (ha) 94 93S 247 34S 
V> 
I;; Area where dryland salinity may cause yield loss in 2020 (ha) 201 736 277 867 

8 Gross benefit from ameliorating acidic soils ($'000) 0 3 9SS 16 821 

~ Gross benefit from am eliorating sodlc soils ($'000) 21 7 187 8 41S 

6 Gross benefit from ameliorating saline soils ($'000) 3 469 8 SSS 

0 Limiting factor gross benefit ($'000) 21 11 229 26 7SS 
a: 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) s 749 I 07S 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 31 891 s 96S 

Net present value of lime application ($'000) 7 926 102 579 

Net present value of gypsum application ($'000) 163 

Net present value of lime and gypsum application ($'000) 8 481 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 392 I 711 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 947 I 887 

Present value of Increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 3 079 974 

Downstream costs 

I% Increase In salt loads ($'000) 304 

~ 5% Increase In salt loads ($'000) I 518 
0 u I 0% Increase In salt loads ($'000) 3 037 
w 
!:: I% Increase In turbidity ($'000) 7 

:z 
u.. 5% Increase In turbidity ($'000) 35 
0 

I 0% Increase In turbidity ($'000) 70 

I% Increase In sediment loads ($'000) 0 0 

5% Increase In sediment loads ($'000) 0 2 

I 0% Increase In sediment loads ($'000) 0 4 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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603 604 60S 606 607 608 609 610 611 

Denmark Kent Frankland Shannon Warren Donnelly Blackwood Busse I ton Preston 
River River River River River River River Coast River 

WA WA WA WA WA WA WA WA WA 

262 29S 249 780 464 S96 330 OS3 440923 172 862 2 2S7 S63 308 386 113 9S7 

90 747 113 623 84 892 294 4SS 277 122 14S 264 427 977 119 4S6 S4 806 

171 S48 136 IS7 379 704 3S S98 163 801 27 S97 I 829 S86 188 930 S9 ISi 

609 IOI 30S 611 2 14S 716 2 ISO 2 468 2 371 

170 940 136 oss 379 399 34 987 161 6S6 26 882 I 827 43S 186 462 S6 780 

33 991 23 224 60 S9 1 19 71S 64 966 16 839 371 SIS 116 748 38 78S 

8 734 s S34 13 928 6 798 19 937 6 764 111 110 32 634 13 522 

19 673 13 926 3 1 365 s 316 19 862 4 591 128 494 28 666 7 908 

5 584 3 764 15 298 7 601 25 168 5 484 131 912 55 448 17 355 

I 827 I 507 2 688 I 8 12 s 147 I 379 21 861 18 417 4 233 

3 757 2 257 12 610 5 789 20021 4 IOS 110 051 37 030 13 122 

34 505 22 555 60981 19 353 64 435 16 414 375 970 11 1 022 38 694 

28 714 19 6 12 45 667 12 136 40 512 11 539 240 908 61 353 21 457 

5 791 2 943 15 315 7 2 17 23 923 4 875 135 062 49 669 17 237 

732 108 806 3 689 9 999 2 623 7 812 4 219 9 279 

5 059 2 836 14 509 3 527 13 924 2 253 127 250 45 450 7 9S8 

22 767 10 380 87 914 s 386 52 564 6 948 734 734 38 351 6084 

115 125 78 105 55 117 16 28 72 

28 837 26 134 60 829 17 07 1 27 560 7 152 238 331 41 900 2 060 

104 

508 102 I 526 7 15 20S 206 2 989 

8 744 7 100 7 143 28 968 IS 656 7 03S 181 998 30 4S I 4 326 

8 744 7 100 7 143 28 968 IS 656 7 035 228 238 30 4SI .. 326 

5 909 2 8S2 3431 27 464 5 042 I 232 24 980 11 524 5 871 

694 536 2 558 217 I 6S6 4 12 12S 713 I 063 

4 12 244 604 I 448 I 366 253 10 84S 7 570 998 

6 198 3 361 5 544 28004 6 244 I 469 38 305 16 360 6 792 

2 132 

II 828 

4 1 240 22 185 19 290 2S2 898 29 366 10 241 145 02S S9 078 33 777 

56 

s 214 75 8 548 7 322 8 332 19 580 19 545 

409 243 277 370 63 9 3900 2 595 2 980 

409 243 277 370 63 9 4469 2 595 2 980 

0 0 0 0 0 3 154 0 0 

106 98 390 44 I 017 28 722 

530 490 I 948 2 19 5084 141 3 610 

I 061 981 3 897 437 10 167 282 7 220 

14 10 22 15 13 54 

70 47 110 75 65 267 

138 94 216 148 128 522 

0 0 0 0 0 0 0 I 

0 0 0 0 0 I 0 5 

0 0 0 0 0 2 I 10 

value for a river basin can be obtained by summing the component State and Territory rive r basin parts. 
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Basin number 612 613 61 4 61S 

Basin name Collie Harvey Murray Avon 
River River River fY'/A) River 

State name WA WA WA WA 

Total area (ha) 373 212 203 221 994 736 11771386 

~ Non-agricultural area (ha) 246 963 90 628 376 472 3 618 7S4 

~ Agricultural area (ha) 126 249 112 S94 618 261 8 IS2 633 

8 Irrigated agricultural area In 1996/97 (ha) 3 20S 6634 I 2S3 

Dryland agricultural area in 1996/97 (ha) 123 044 IOS 9S9 617 011 8 IS2 633 

1996/97 gross revenue ($'000) S7 116 6S 361 121 343 I 171 46S 

1996/97 variable costs ($'000) 12 001 14 S92 29 697 421 204 

1996/97 fixed costs ($'000) 12 803 13 937 47 S37 376 328 

1996/97 profit at full equity ($'000) 32 313 36 832 44 108 373 933 

1996/97 government support ($'000) 9 S83 11 081 9 371 SS 8SI 

li: 1996/97 economic returns ($'000) 22 730 2S 7SI 34 737 318 081 

li1 5 yr (1992/93 - 1996/97) gross revenue ($'000) S3 873 61 982 126 268 I 098 839 
0.. 

5 yr (1992/93 - 1996/97) total costs ($'000) 24 874 28 S33 77 377 79S 171 

5 yr ( 1992/93 - 1996/97) profit at full equity ($'000) 28 999 33 449 48 891 303 668 

Irrigated agriculture 5 yr profit at full equity ($'000) s 968 16 21S 10 234 

Dryland agriculture 5 yr profit at full equity ($'000) 23 031 17 234 38 6S7 303 668 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 2S S23 18 766 16S 039 2 289 73S 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 49 46 41 

Area where NPV of lime application is positive (ha) 21 477 22 909 9S 771 869 6S8 

Area where NPV of gypsum application is positive (ha) Sl7 207 209 106 

Area where NPV oflime and gypsum application is positive (ha) 826 726 417 73S 

Area where dryland salinity caused yield loss in 2000 (ha) 12 290 24 821 46 S77 922 763 
v> 
I:;; Area where dryland salinity may cause yield loss In 2020 (ha) 12 292 24 821 46 609 I 037 S39 

8 Gross benefit from am eliorating acidic soils ($'000) 3 248 7 902 10 773 39 186 _, 
;2 Gross benefit from ameliorating sodic soils ($'000) I 420 I S34 4 169 3S 482 

S Gross benefit from ameliorating saline soils ($'000) 3 090 3 992 s 444 41 916 

a Limiting factor gross benefit ($'000) s 627 9 31S 14 893 86 S21 
02 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) s 793 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 23 32 137 

Net present value of lime application ($'000) 18 09S 47 71S 61 12S 120 OS6 

Net present value of gypsum application ($'000) 394 98 41 92 

Net present value of lime and gypsum application ($'000) 94S I 43S 192 299 

Local infrastructure cost of salinity and water table rise 2000 ($'000/yr) I 984 3 138 6 37S 11 697 

Local infrastructure cost of salinity and water table rise 2020 ($'000/yr) I 984 3 138 6 37S 13 OS3 

Present value of increase in local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 0 0 0 7 S21 

Downstream costs 

1% increase in salt loads ($'000) 8S7 4 834 I 106 

~ 5% Increase in salt loads ($'000) 4287 24 169 s S28 
0 
u I 0% Increase In salt loads ($'000) 8 S7S 48 339 11 OS6 
w 

~ I% increase in turbidity ($'000) 69 17 SS4 4 339 

u. 5% Increase in turbidity ($'000) 339 18 607 s 206 
0 

I 0% increase in turbidity ($'000) 662 19 888 6 249 

I% Increase in sediment loads ($'000) 62 17 13 0 

5% increase in sediment loads ($'000) 68 SI S6 

I 0% Increase in sediment loads ($'000) 7S 9S 109 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
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616 

Swan 
Coast 

WA 

823 321 

132 629 

390 692 

1204 

386 188 

72 560 

27 317 

45 269 

-25 

4 265 

-1291 

69 783 

7 1 729 

-1 945 

12 322 

-14 267 

179 

3 1 152 

526 

28 292 

28 292 

8 432 

797 

4 098 

10 264 

40907 

10 314 

9 703 

9 703 

14 037 

70 187 

110 373 

I 19S 

2 109 

320S 

32 

78 

136 

6 17 

Moore-Hill 
Rivers 

WA 

2152 081 

516 853 

I 935 23 1 

I 374 

I 933 857 

233 907 

76 290 

118 531 

39 082 

11 174 

27 909 

23 1 050 

19195 1 

36099 

9 253 

26 816 

158 849 

14 

346 S14 

186 786 

207 290 

IS 920 

3 923 

7 832 

22 209 

892 

4 948 

83 808 

3 234 

3 822 

3 263 

6 

27 

S4 

0 

0 

0 

6 18 

YarraYarra 
Lakes 

WA 

1218 330 

306 611 

3 911 689 

391 1 689 

119 703 

48 366 

52 924 

18414 

s S98 

12 8 16 

122 609 

101 424 

2 1 184 

2 1 184 

1134S6 

68 

I IS 3 11 

181 766 

181 766 

4 039 

I 728 

4 880 

8 221 

11 266 

I 778 

I 778 

0 

619 70 1 

Ninghan Greenough 
River 

WA WA 

2 058 241 2 505 021 

910152 188132 

I 147789 2316591 

I 147 789 

27 636 

10 292 

IS 146 

2 197 

I 252 

945 

26 194 

25 409 

785 

785 

11 838 

136 

2S 3S8 

S6 634 

S6 634 

8S7 

426 

I 209 

I 935 

2 186 

277 

277 

0 

2316591 

219 139 

88 813 

85 560 

41735 

11 001 

33 734 

225 569 

171 961 

50 605 

S0605 

282 250 

10 

602 93S 

7S 673 

7S 673 

2 1 S26 

I 670 

2 74S 

23 861 

153 944 

61S 

61S 

0 

0 

0 

702 

Murchison 
River 

WA 

9 125 161 

862 116 

8 262 718 

8 262 718 

42 561 

18 331 

32 772 

-8 545 

I 952 

-10198 

16 055 

5 1 200 

-5 146 

-5 116 

248 

66 soo 

I 661 

I 661 

9 123 

703 

Wooramel 
River 

WA 

4 189 453 

537 032 

3 652 421 

3 652 421 

6170 

2149 

6 358 

-2 337 

259 

-2 596 

7 895 

8 806 

-9 11 

-9 11 
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0 

0 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

70-4 705 

Gascoyne Lyndon-Minilya 
River Rivers 

WA WA 

7 583 291 5 272 611 

396 274 565 443 

7 187 020 4 707 20 1 

112 

7 186 908 

8 396 

4 821 

5 174 

-1 600 

318 

- 1 917 

10 705 

9 906 

800 

788 

II 

223 

0 

0 

225 

1 706 976 

10 714 

3 880 

3 703 

3 161 

446 

2 7 16 

13 579 

7 527 

6 052 

968 

5 083 

I 191163 

129 
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Basin number 

Basin name 

State name 

Total area (ha) 

S Non-agricultural area (ha) 

~ Agricultural area (ha) 
0 
U Irrigated agricultural area In 1996/97 (ha) 

Dryland agricultural area In 1996197 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($' 000) 

1996/97 government support ($'000) 

~ 1996/97 economic returns ($'000) 
0 !f: 5 yr (1992/93 - 1996197) gross revenue ($'000) 

5 yr ( 1992/9) - 1996197) t otal costs ($'000) 

5 yr (1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at fu ll equity ($'000) 

Dryland agriculture 5 yr profit at full equity ($'000) 

Minimum area of basin need ed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin in order of contribution to national 1996/97 
profit at full equity (#) 

Area where N PV of lime application Is positive (ha) 

Area where NPV of gypsum application Is positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 

ti A rea where dryland salinity may cause yield loss In 2020 (ha) 

8 Gross benefit from ameliorating acidic soils ($'000) 
..J ;:! Gross benefit from ameliorating sodic soils ($'000) 

~ Gross benefit from ameliorating saline soils ($'000) 

a Limiting factor gross benefit ($'000) 
02 
~ Impact cost of dryland salinity to agriculture from 2000 t o 2020 ($'000) 

ti 
8 
w 
t: 

~ 
0 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime application ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

l ocal Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

local Infrastructure cost of salinity and wate r table rise 2020 ($'000/yr) 

Present value of Increase In local Infras tructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase in salt loads ($'000) 

5% Increase In salt loads ($'000) 

I 0% Increase In salt loads ($'000) 

I% Increase in turbidity ($'000) 

5% Increase In turbidity ($'000) 

I 0% Increase In turbidity ($'000) 

I% Increase in sedime nt loads ($'000) 

5% Increase in sediment loads ($'000) 

I 0% Increase In sediment loads ($'000) 

706 

Ashburton 
River 

WA 

7 567 167 

2 583 070 

4 984 098 

4 984 098 

4 065 

2 647 

3 330 

- 1 912 

165 

-2 077 

6 701 

5 957 

744 

744 

229 

707 708 709 

Onslow Fortescue Port Hedland 
Coast River Coast 

WA WA WA 

1782 510 4 977 698 3 539 323 

600 183 I 884 580 I 590 057 

I 182 328 3 093 119 I 949 266 

I 182 328 3 093 119 I 949 266 

I 009 2966 I 862 

772 2 252 I 276 

866 2 348 I 418 

-628 -1 634 -832 

43 132 79 

-672 -1 765 -911 

I 879 5 241 4 517 

I 628 4 527 2 700 

251 715 I 817 

251 715 I 817 

206 224 210 

Where basins run over State or Territory boundaries, values are only provided for the portion or the indicated State or Territory. The total 
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710 801 

De Grey Cape Leveque 
River Coast 

WA WA 

5 673 293 2 296 610 

I 36 1 789 933 969 

43 11 504 I 362 641 

4311504 I 362 641 

4 412 I 878 

3 322 I 128 

3 348 I 053 

-2 259 -304 

198 84 

-2 457 -388 

7 834 3 846 

6 547 2 163 

I 287 I 683 

I 287 I 683 

233 190 

802 

fiuroy 
River fY'/A) 

WA 

9 384 478 

I 301 894 

8 082 585 

8 082 585 

11 614 

6 765 

6 248 

-1 399 

523 

- 1 921 

25 692 

13 030 

12 663 

12 663 

221 

0 

0 

0 

803 

Lennard 
River 

WA 

I 475 646 

276 553 

I 199 093 

I 199 093 

2 141 

I 067 

927 

148 

96 

51 

4 447 

I 977 

2 470 

2470 

320 481 

167 

804 805 806 

lsdell Prince Regent King Edward 
River River River 

WA WA WA 

2 001 596 I 540 100 I 762 443 

I 279 425 I 424 638 945 362 

722 171 115 462 817 081 

722 171 115 462 817 081 

I 359 222 29 328 

653 105 9 332 

558 89 5 955 

148 28 14 04 1 

61 10 6 245 

87 18 7796 

2 823 488 30 103 

I 201 194 15 326 

I 623 294 14 778 

I 623 294 14 778 

317 421 46 045 16 440 

168 172 83 

value for a river basin can be obtained by summing the component State and Territory river basin parts. 

807 808 

Drysdale Pentecost 
River River 

WA WA 

2 598 361 2 914 577 

I 583 853 1212963 

I 014 507 I 701 614 

I 014 507 I 701 614 

I 334 I 806 

830 I 328 

784 I 315 

-28 1 -837 

60 81 

-341 -918 

3 546 4784 

I 658 2 700 

I 888 2084 

I 888 2 084 

188 2 11 

0 

0 

233 



Basin number 

Basin name 

State name 

Total area (ha) 

8 Non-agricultural area (ha) 

~ Agricultural area (ha) 
0 
U Irrigated agricultural area In 1996/97 (ha) 

Dryland agricultural area in 1996/97 (ha) 

1996/97 gross revenue ($'000) 

1996/97 variable costs ($'000) 

1996/97 fixed costs ($'000) 

1996/97 profit at full equity ($'000) 

1996/97 government support ($'000) 

h: 1996/97 economic returns ($'000) 
0 g: 5 yr ( 1992/93 - 1996/97) gross revenue ($'000) 

5 yr ( 1992/93 - 1996/97) total costs ($'000) 

5 yr (1992/93 - 1996/97) profit at full equity ($'000) 

Irrigated agriculture 5 yr profit at full equity ($'000) 

Dryland agriculture 5 yr profit at fu ll equity ($'000) 

Minimum area of basin needed to produce 80% of profit at 
full equity within basin (ha) 

Ranking of basin In order of contribution to national 1996/97 
profit at full equity (#) 

Area where NPV of lime application Is positive (ha) 

Area where NPV of gypsum application Is positive (ha) 

Area where NPV of lime and gypsum application Is positive (ha) 

Area where dryland salinity caused yield loss In 2000 (ha) 
VI 
t;; Area where dryland salinity may cause yield loss In 2020 (ha) 

8 Gross benefit from ameliorating acidic soils ($'000) 

~ Gross benefit from ameliorating sodlc soils ($'000) 

5 Gross benefit from ameliorating saline soils ($'000) 

0 Limiting factor gross benefit ($'000) 
;:;: 
~ Impact cost of dryland salinity to agriculture from 2000 to 2020 ($'000) 

~ 
8 
w 

~ 
IL. 

0 

Present value of dryland salinity Impact cost to agriculture from 
2000 to 2020 ($'000) 

Net present value of lime applicatlon ($'000) 

Net present value of gypsum application ($'000) 

Net present value of lime and gypsum application ($'000) 

Local Infrastructure cost of salinity and water table rise 2000 ($'000/yr) 

Local Infrastructure cost of salinity and water table rise 2020 ($'000/yr) 

Present value of Increase In local Infrastructure costs from salinity 
and rising water tables from 2000 to 2020 ($'000) 

Downstream costs 

I% Increase in salt loads ($'000) 

5% Increase In salt loads ($'000) 

I 0% Increase In salt loads ($'000) 

1% Increase in turbidity ($'000) 

5% Increase In turbidity ($'000) 

I 0% Increase In turbidity ($'000) 

1% Increase in sediment loads ($'000) 

5% increase In sediment loads ($'000) 

I 0% Increase In sediment loads ($'000) 

809 

Ord 
River 

WA 

4 423 256 

I 645 605 

2 777 651 

5 575 

2 772 076 

40 361 

12 796 

8 984 

18 580 

2 811 

15 769 

47 204 

21 477 

25 727 

21 153 

4 574 

I 690 

66 

2 017 

119 

3 449 

67 

3455 

20070 

5 105 

810 

Keep 
River 

WA 

590 925 

177 215 

413 710 

413 710 

549 

339 

320 

-1 10 

25 

-135 

I 461 

677 

784 

784 

129 300 

183 

24 

0 

24 

Where basins run over State or Territory boundaries, values are only provided for the portion of the indicated State or Territory. The total 
value for a river basin can be obtained by summing the component State and Territory river basin parts. 
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APPENDIX 2 ESTIMATION OF RELATIVE YIELDS 

Measures of impact cost and gross benefit 
depend on an assessment of relative yield. 
Relative yield is measured as a percentage and 
equals the actual yield, as currently recorded, 
divided by the potential yield that would occur 
if soil constrainr(s) were not present (e.g. a crop 
yielding 2 t/ha with a relative yield of 50% due 
to constraints associated with salini ty, acidity 
and/or sodicity, would have a fu ll potential yield 
of double its current amount of 2 t/ha (2/0.5 = 

4]). Relative yield is expressed as: 

Relative yield = 
Actual yield 

Potential yield 

Relative yield for acidity 

Relative yield from acidity was derived using a 
model developed by Agriculture NSW under 
T heme 5 of the Audit. The Policy and 
Economic Research Unit of CSIRO Land and 
Water, using data sets obtained from the Audit, 
ran the model. O riginal documentation 
describing the functioning of this model is 

provided in Dol li ng et al. (200 I). The model's 
ma111 mputs are: 

aluminium and manganese solubili ry class 

soil pH at 0- 10 cm, I 0- 20 cm and 20- 30 
cm 

tolerance class ( I to 6) of the plant 
dominating the land use. 

Using these it can determine relative yield (an 
example is shown in Figure A2) . All data for the 
acid yield model were assembled on a 250 m 
grid covering the intensively used agricultural 
land areas of Australia. The aluminium and 
manganese solubi li ty maps were obtained at this 
scale from the Australian Soil Resources 
Information System (developed by CSIRO). 
Surfaces of pH at the three depths were also 
obtained from Australian Soil Resources 
Information System. Each land use in the land 
use map was classified into one of six acid 
tolerance classes. The surface of relative yield 
from acidity, resampled to a I km grid to match 
the land use map, is shown in Figure A3. 

Figure A2 Example of output from the acidity relative yield model for four plant tolerance classes within a 
given Al/Mn solubility class. 

1.0 

0.8 
very highly sensitive 

.,, 0.6 
Oi moderacely sensicive 
·;;;. 

" > ·g 0.4 slightly coleranc 

Oi a: highly coleranc 
0.2 

0.0 
4 4.1 4.2 4.3 4.4 4.5 4.6 4.7 4.8 4.9 5. 1 5.2 5.3 5.4 5.5 6 6.5 

pH surface soil 

Data source: Dolling et al. 200 I 

© Commonwealch of Auscralia 2002 
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Relative yield for salinity 

The relative yield for salinity was determ ined 
using data produced under Theme 2 of the 
Audit. Primary sources of data were maps 
delineating regions of high risk or hazard of 
dryland salini ty hazard in 2000 and 2020 
prepared by State and Territory agencies. It was 
necessary to reinterpret the maps in terms of 
yield impacts. This procedure was complicated 
by the use of slighrly different methods for 
mapping salinity in the Scares and Territories. 

Figure A3 Relative yield from acidity (%). 

Relative yield (%) 

- 0 - 60 

- 60- 70 

- 70 - 80 

- 80 - 90 
90 - 99 

100 

The basic approach involved determ ining the 
extent of each specific area subject to five classes 
of yield loss. Maps of relative yield for salinity in 
2000 and 2020 are shown in Figures A4 and A5. 

The striking feature of the salinity relative yield 
maps is the highly pinpointed locations of yield 
loss. Areas of severe yield loss are barely visible at 
a national scale. T here is also little discernible 
visual difference between the maps for 2000 and 
2020. 

Dat a source: CSIRO Land & Water. Policy and Economic Research Unit 2002 

© Commonwealth of Australia 2002 
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Figure A4 Relative yield from salinity in 2000 (%). 

Re lative yield (%) 
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Data source: CSIRO Land & Water, Policy and Economic Research Unit 2002 

© Commonwealth of Australia 2002 

Figure AS Relative yield from salinity in 2020 (%). 

Re lative yield (%) 
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Dat a source: CSIRO Land & Water, Policy and Economic Research Unit 2002 

© Commonwealth of Australia 2002 
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Relative yield for sodicity 

Relative yield for sodicity was modelled using a 
series of functions that related exchangeable 
sodium percentage in the soil surface to relative 
yield for 30 different crop/pasture rypes. An 
example of a sodicity relative yield function, 
used for tree crops, is provided in Figure A6. 
Full derails of all the sodiciry relative yield 
functions are contained in CSIRO Policy and 
Economic Research Uni t (200 I), Appendix C. 

A gridded surface of exchangeable sodium 
percentage was derived from soi l test data 
compiled under Theme 5 of the Audit and used 
in mapping regions of sodic soils. A surface of 
exchangeable sodium percentage was 
constructed from the so il test poin t data using a 
triangular irregular nerwork, a method for 
constructing surfaces in a geographic 
information system. The extent of the triangular 
irregular nerwork was limited by sodic soil 
specific areas. Combined wi th the land use map 
and 30 relative yield functions these data 
enabled the generation of relati ve yield from 
sodicity, an example of which is shown in Figure 
A7. 

Limiting factor relative yield 

The li mi ting factor relative yield is equal to the 
minimum relative yield associated with salinity, 
acidi ty and sodicity. It determines the full 
opportunity (i.e. maximum value of the yield 
gaps) for increasing yield . Where yield loss 
occurs as a consequence of multiple soil 
constrain cs the recovery of that yield requires 
addressing each soil constraint (e.g. an area 
subject co a relative yield of 50% due to salinity 
and 70% due co acidity requires the treatment 
of salinity up until the 70% relative yield mark, 
before any benefits of liming- commonly used 
co creac acid soils- can be attained). A map of 
the limiting factor relative yield is shown in 
Figure A8. 

Figure A6 An example o f a sodicity relative yield function (the central line represents the best estimate and 
the outer lines represent high/low estimates). 
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D ata source: CSIRO Land & Water. Policy and Economic Research Unit 2002 

© Commonwealth of Australia 2002 

238 

upper estimate 

50 



Figure A7 Relative yield from sodicity (%). 

Relative yield (%) 
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Data source: CSIRO Land & Water, Policy and Economic Research Unit 2002 

© Commonwealth of Australia 2002 

Figure AS Relative yield of the limit ing facto r of salinity, acidity and sodicity (%). 

Relative yield (%) 
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Dat a source: CSIRO Land & Water, Policy and Economic Research Unit 2002 

© Commonwealth of Australia 2002 
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APPENDIX 3 BRIEFING PAPERS FROM FITZROY SIGNPOSTS PROJECT 

CQ Beef Industry Strategic Options: AGFORCE Briefing Paper I, Human 
capital development 

What is human capital? 

Human capital in the beef industry is the 
abilities and skills of individual producers and 
the industry itself as a whole. It includes the 
practical and business skills, as well as the 
leadership, values, problem solving and 
organising abilities of beef producers and the 
regional industry. Developing human capital 
can also be thought of as 'capacity building'. 

Training and education is linked to human 
capital and can be used as a measuring stick or 
indicator of human capital within the industry. 
Involvement in these activities can build on 
existing skills and experiences of land managers, 
building the producer's and the industry's 
capacity to meet challenges as they arise. This 
was supported by the Fitzroy Land and Water 
Audit project1 that found CQ beef and beef­
grains producers who participate in 
managemenr-relevant training and education 
activities are more likely to use more sustainable 
grazing practices. 

The three main areas where the grazing industry 
could target training and personal development 
in order to meet its vision of a viable and 
sustainable industry in CQ are: 

• Natural resource management, better 
practice and sustainable land use options 

• 

• 

Business and marketing 

Personal development including conflict 
management, professional development, 
managing family relationships and stress 
management. 

Current state and past trends 

The information in this section is from 
discussed fully in the Beef !11dust1y Profile2 
Participation of CQ graziers and other industry 
producers in farm management-relevant craining 
activities between I 996 and I 999 is shown in 
the table below. 

T he table shows: 

• around half of the CQ region's beef and 
beef/grains producers have taken part in 
Landcare/catchment field days or similar 
between 1996 and 1999; slightly more 
have participated in short courses relating 
to production or land management; and 

• around one in every three CQ beef and 
beef/grains producers have participated in 
some form of property management 
planning, Fucureproftt, Grasscheck type of 
activity between 1996 and 1999. 

Ocher issues include: 

• 

• 

recent reports suggest chat within FarmBis 
programs despite strong levels of 
participation in training relating to QA, 
business training, successional planning 
and WHandS there has been a low take-up 
race in marketing and personal/professional 
development training; 

formal education levels in CQ rural 
industries, as of October 1999- roughly 
one in five beef producers and one in four 
beef/grains producers have undertaken 
pose-secondary school education through 
avenues such as agricu ltural college, TAFE 
or university studies; 

Taylor, B., Lockie, S .. Dale, A., Bischof, R., Lawrence, G., Fenton, M. and Coakes, S. (2000) Capacity of formers and other land managers to 
implement change: Technical Report - Theme 6 Fitzroy Implementation Project, National Land and Water Resources Audit. 

2 Viability and Sustainable Resource use for the CQ Pastoral Industry: Industry profile and Strategic Options, Working paper. (200 I). 
National Land and Wate r Resources Audit, Signposts for Australian Agriculture - Fitzroy 
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• 

• 

in seeking useful property management 
information, beef producers in CQ in 
general place more importance on 'other 
producers' and 'field days' as valuable 
sources of land management information 
than other possible sources-this could 
been seen in the example of adoption of 
pasture monitoring in the region where 
those producers who use pasture 
monitoring as part of their management 
generally were located in clusters as a group 
of neighbouring properties, and those 
producers who stated they intended to 
adopt pasture monitoring were also 
generally located next to the groups of 
current users; and 

beef/grains producers also place 
importance on these sources but also rated 
'technical journals and extension notes', 
'accountants' and the ' internet' equally 
highly as a valuable information source. 

Type of t r ain ing or 
e duca tion activity 

Property management planning, future profit, QA, 
Grass check, Top crop etc. 

Landcare, saltwatch, waterwatch catchment or 
similar field days or workshops 

Rural leadership, self development courses, etc. 

University, TAFE or distance education 

Pressures influencing change 

Factors-both positive and negative­
inAuencing involvement in skill-based or 
professional development include: 

• remoteness and a perceived or real lack of 
time, resources or need to do so; 

• over the period 200 l to 2002, due to 
prices, producers may be in a better 
position financially to afford training 
opportunities; 

• QRAA spending on training and skills 
enhancement programs in l 998/99 at 
$1.87 million is high compared to the mid 
1990s (e.g. $0.2 million in 1994/95), it is 
substantially lower than in 1997 /98 when 
expenditure was $4.4 million3; 

land management networks such as 
Landcare providing activities such as field 
days; 

Industry moves to 'clean and green' 
marketing has generated a market for 
related training and accreditation and will 
continue to do so. 

Beef Mixed G rain 
produ cers far mers growers 

(%) (beef and grains) (%) (%) 

34.4 38. I 61.5 

44.2 50.0 57.7 

17.8 16.7 I 5.4 

18.I 23.8 30.8 

Cotton 
growers 

(%) 

26.9 

Short courses such as chemical accreditation, chainsaw safety etc. 57.6 60.7 86.4 

53.8 

34.6 

15.4 

84.6 

Note: number of producers surveyed: beef - 276. grains - 26, cotton - 26, mixed - 85 

Source: National Land and Water Resources Audit, Theme 6. Fitzroy Audit 

Rolfe. J. and Donaghy, P. (2000) Welfare Benefits: the changing face of the Queensland Beef Industry. Paper presented at 44"' Annual 
Conference of the Austra lian Agricultural Resource Economics Society. Sydney. 
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• increasing signs of strain on some parts of 
rhe grazing natural resource base (e.g. soil 
health, pasture condition) are encouraging 
graziers ro look for solutions that can be 
accessed through formal or informal 
training opportunities; 

• a desire to be better prepared for difficult 
times (such as chis decade's earlier 
drought); 

• changes in the way extension agencies are 
delivering information; and 

• recent trends amongst organisations 
(including government agencies) to see 
training as a part of capacity building in 
the rural sector. 

Future scenarios 

• Given the current community, industry 
and government driven agendas (both 
regionally and nationally) for supporting 
human capital development and improving 
the capacity of the rural sector, it is likely 
that a redirection of existing resources or 
the creation of new resources targeted at 
proving opportunities for industries and 
individuals to skill-up will continue. 

• In the central and southern shires of the 
region there are trends of consolidation of 
smallholder operations into larger 
operations with the rate of exit from 
primary producrion (including grazing) 
exceeding the rate of entry5. These changes 
in ownership can result in changes in 
management practice use with less 
producers managing larger areas. There will 
srill be a large section of the regional 
industry operating in rhe form of smaller 
family farms supported by income from 
other sources than beef production or 
breeding. 

Industry strategies for developing 
human capital-actions, 
opportunities, information and 
partners 

1. Improve opportunities for producers to 
participate in training or personal development 
activities 

Identify what motivates industry members 
to seek training 

• Identify appropriate incentives for training 
such as industry sponsorship 

• Provide meaningful and attractive 
industry-based scholarships or traineeships 

• Use the media for exploring/improving 
rural industry perceptions of training 

• Encourage adult learning and post-school 
education options 

• Encourage parciciparion in property 
management planning and rural leadership 
training type activities 

• Target producers entering the indusrry to 
raise awareness of the industries direction, 
communication and information networks 
and relevant training options. 

2 . Improve existing training programs to 
be relevant to producers needs and learning 
styles 

• Continue to provide relevant information 
and industry support for emerging land 
and business management practices 

• Use industry 'champions'-promoce 
producers within che Agforce network rhat 
have underraken a range of susrainable land 
use oprion/changes/landscape planning 

4 Finroy Basin Association Inc. (200 I) Central Queensland Sua1egy (or Susloinobilily. finroy Basin Association. Inc. Rockhampton. 

5 Barr, N. (2000) Theme 6: Projea JA Interim Repor~ June 2000, Department of Natural Resources and Environment Victoria, National 
Land and Water Resources Audit. unpublished draft report. 
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• Ensure that training developers recognise 
that beef production and producers have 
specific learning styles and needs 

• Research into what people on the farm 
value in terms of their lifestyle, business 
and environment to identify training and 
information needs 

e.g. of tertiary training opportunities 
becoming available include CQU's 
Graduate certificate in Beef Management 

See CO Regional Industry Focus Group 
~6 

3. Industry make a strong collective 
statement to the extension community to 
deliver support for informal learning 
opportunities: 

• A strong statement from the grazing 
industry putting forward key training 
needs would help direct its own policy and 
government programs relating to 
developing the human capital in the 
industry and the rural community more 
generally 

• Ensure the training or extension providers 
offer 'one-to-one' and group-based learning 
opportunities, relating concepts and ideas 
to practical examples on pastoralists' 
properties and support pastoralists to 
access and manage information easily 

• Address issues of extension credibility by 
securing experienced extension staff in che 
region 

• See CO extension survey report 7 

4. Build partnerships and identify aJlies in 
CQ who support human capital development/ 
capacity building in the industry 

• Build stronger partnerships with L'llldcare, 
Catchment and other community groups 

• Use existing networks with regional and 
catchment planning bodies (e.g. FBA and 
CHRRUPP RCC) to promote industry 
training opportunities and pool resources 

• Both the Central Highlands Regional 
Resource Use Planning Project and the 
Fitzroy Basin Association4 have identified 
'capacity building' as regional priorities 

5. Use skill-based training events and 
networks to promote and encourage 
participation in professional and personal 
development 

In promoting activities recognise and plan 
for specialist beef producers accessing 
different information sources/ 
communication networks than beef/grains 
producers 

Look to expand how the industry defines 
'drought proofing' of properties to include 
financial preparedness and family/ 
relationship well-being 

• See Industry Profi le2 section on 
Information Use and Access 

6 Taylor, Lockie, Lawrence and Dale ( 1999) 'Regional Industry Focus Group Summary Report - Central Highlands and Dawson 
Catchment' as Appendix B In Taylor, B., Lockie,$., Dale, A, Bischof, R., Lawrence, G., Fenton, M. and Coakes, S. (2000) Capacity of (armers 
and other land managers to implement change: Technical Report - Theme 6 Fitzroy Implementation Project, National Land and Water 
Resources Audit. 

7 Taylor, Lockie, Lawrence and Dale (2000) 'Regional Extension Survey Report: Changing Practices, Changing Landscapes' as Appendix C 
In, Taylor, B., Lockie, S., Dale, A., Bischof, R., Lawrence, G., Fenton, M. and Coakes, S. (2000) Capacity of (armers and other /and managers to 
implement change: Technical Report - Theme 6 Fitzroy Implementation Project, National Land and Water Resources Audit. 
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6. Seek recognition of, and training for, 
indigenous workers in the industry 

• Initiatives such as the Agforce/emerald 
college training program 

• Better publicity of this program to show 
the level of cooperation between the 
grazing industry and Indigenous 
Australians 

7. The regional industry monitor its own 
progress by keeping track of producer 
participation rates in relevant training activities 

• 

• 

• 

• 

Explore possible Agforce-driven regular 
member survey of training needs, 
participation in formal and informal 
training and related activities on a regional 
basis and practice use 

Use indicators of 'participation in 
management-relevant training' used in the 
Industry Proftle2 

Explore options for using DPI or CQU 
resources to undenake regular surveys to 
update this information 

Use the 2001 ABS Census information to 
build on information in industry profile 

2 Viability and Sustainable Resource use for the CQ Pastoral Industry: Industry profile and Strategic Options, Working paper. (200 I), 
National land and Water Resources Audit, Signposts for Australian Agriculture - Fiuroy 

244 



CQ Beef Industry Strategic Options: AG FORCE Briefing Paper 2, Marketing 
'Sustainability' and Sustaining Markets 

Why market industry 'sustainability'? 

The Auscralian beef induscry, including 
producers in che CQ region, is becoming 
increasingly aware of che domescic and exporc 
markec opportunities for a 'clean and green' 
produce. ln a climate of increasing community 
and consumer awareness and demand for 
produce from 'environmentally friendly' and 
'safe' production systems, promocing beef as a 
'suscainable' agricultural product has many 
market advantages. 

There is also a growing recognicion in the 
industry of needing to 'walk the talk' of 'clean 
and green' produccion systems and many 
producers are investigating and iniciating 
various levels of accreditation that provide chem 
wich a market-recognised standard in order to 
maintain and expand their markec 
opporcunicies. Along wich markecing 
'suscainability' chere are several ocher approaches 
being explored by induscry to maintain and 
improve ics marketing outcomes. 

Barwell (2001) pers. comm.,AUSMEAT. 

Current state and past trends 

How 'clean' is the industry? 

• Cattlecare: Some 348 propercies in Cencral 
Queensland are currencly accrediced under 
che Catclecare syscem. These propercies 
represent approximacely 18% of beef 
producers in che region 1• There are 
currently 1693 Cacclecare accrediced 
propercies Queensland wide. Cacclecare has 
also been developed in accordance wirh che 
internationally recognised ISO 9002 
scandard. 

The key issues addressed under the 
Catclecare Of. system include: 

• minimal risk of chemical 
contamination through the safe, 
responsible use of chemicals; 

minimised bruising and hide 
damage; and 

more effective management and herd 
improvement through better record 
keeping. 

• As a condicion of European Union 
accredicacion a number of propercies in 
CQ at are using the Nacional Livestock 
Identificacion Scheme (NU S). Currenc, 
Meac and Livestock Auscralia figures 
indicace chere 562 livescock producers 
using the NUS in che Seate of Queensland, 
of which 478 are fully EU accrediced2

• 

2 Beasly, R. (200 I) pers. comm. Meat and Livestock Australia, National Livestock Identification Scheme, Field Officer. 
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How 'green' is the regional industry? 

Beef production in CQ has the underlying 
capacity to be a comparatively low impact 
industry in terms of chemical use, soil loss and 
impacts on the regions waterways. Recent 
research on industry practice use (see Beef 
Industry Profile~) have shown that there is high 
levels of awareness about maintaining pasture 
and soil health and over one-third of graziers in 
the region involved in PMP, GrassCheck and 
similar activities. There are some potentially 
concerning issues however with an apparent lack 
of awareness of the need to minimise stock 
access to and damage of streambank vegetation 
which act as important soi l and nutrient fil ters 
for grazing properties (refer to E11vironmentnl 
Compntibility: Briefing pnper #3 for more 
comprehensive overview). At a national or 
broader industry scale there are a number of 
environmental or land management standards 
or accreditation initiatives emerging on the 
industry scene (refer to APPENDIX - Current 
initintives in mnrketing sustninnbility in the 
pflStoml industry). 

Alternative marketing approaches 

• Alliance marketing groups. T here have 
been moves in the industry towards 
strategic marketing alliance groups or 
structu res. T here has been a growing trend 
for smaller marketing groups to merge, 
looking to create more sustainable, larger 
commercial operations. Meat and 
Livestock Australia's BeefNet program has 
looked to support this trend. Nationally, 
there are currencly around 30 BeefNet 
alliances operating on a commercial basis. 
T hese groups focus on a wide range of 

markets including branded products into 
various domestic and international 
markets, live export, organic and supply 
management for feedlots. A recent MLA 
survey of active alliance groups showed: 

• average annual th roughput per group 
was 4000 head, and, average group 
membership was 53 producers; 

• 

• 

• 

on average, 45 percent of members are 
now Quality Assured; 

the average proportion of annual 
turnover sold through the alliance was 
30 pc; and 

additional financial benefi t from 
marketing through alliance was 
estimated at $20 /head. 

An example of a recent merger of two alliance 
groups is that between CapBeef and Bluegum 
Beef groups in central/southern Q ueensland4• 

Pressures influencing change 

• Globally and locally the marker is looking 
for high quality, safe, economically and 
environmentally efficiencly produced 
livesrock products 

• Currencly landholders receive signals from 
society, in the form of prices and income, 
to produce more beef. In recent decades 
there has been a large shift in community 
values associated with 'environmental' 
issues linked to production which in turn 
act as signals to industry to modify 
production systems to changing demands 

C urrent and medium term beef price 
outlooks suggest there may be financial 
' breathing space' or opportunities for 

Viability and Sustainable Resource use for the CQ Pastoral Industry: Industry profile and Strategic Options, Working paper. (200 I), 
National Land and Water Resources Audit, Signposts for Australian Agriculture - Fitzroy 

4 Meat and Livestock Australia, North Australia Program News, Summer, 2000. 
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producers and the industry as a whole to 
invest in or explore various marketing 
approaches including marketing industry 
'sustainability' 

Future scenarios 

A scenario for the industry over the next 
twenty years will probably see: improved 
management of extensive grazing systems 
associated with reduced intensity of 
grazing; reduction in grazing activities in 
some areas, most noticeably in intensive 
grazing systems, largely in response to 
pressures on the resource base; growth of a 
variety of intensive/industrial systems of 
varying scales and levels of sophistication5• 

• Cost of food should increasingly reflect the 
cost of production proving industry with 
price based opportunities to build on 
existing environmental management and 
marketing components of their operations. 

Industry strategies for marketing 
sustainability- actions, opportunities, 
information and partners 

1. Industry and individual producers 
develop clear targets of what type of product/s 
they are wanting to market 

• Rethinking and towards quality rather than 
quantity 

2. Industry work towards demonstrating 
to community and markets that their 
production systems are sustainable 

• Discuss the benefits and costs of standards 
or accreditation options such as: 'Green 
Badging', environmental codes of practice; 
landcare standards; ISO 9000, ISO 1400; 
Cattlecare and N U S 

• Industry and community support and 
promote those producers who are currently 
operating under sustainable/accredited 
production systems or seeking 
accreditation 

• Funding available through sources such as 
the FarmBis program for Cactlecare 

3 . Promote the uniqueness and qualities of 
local/regional product 

• CQ/Regional badging which identifies a 
distinctive local 'clean and green' produce 

• Investigate the role of Alliance groups and 
forming alliances with other regions and 
industries for value adding to regional 
produce 

4. Educating consumers and spreading the 
message 

• Educational materials at point of sale 
which explain the accreditation and 
badging meanings 

• 

• 

• 

Raise awareness of the cost of food 
production and the need for 'green' food 
production costs to be reflected in pricing 

Industry assumes responsibility for market 
development and research 

Promote activities and achievements 
though catchment group, Landcare and 
other community based networks 

5 Vercoe, J. In Meat and Livestock Australia, North Australia Program News, Summer, 2000. 
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5. Building partnerships to support and 
exploit 'clean and green' marketing 
opportunities 

• Push for R,D&E funding to be directed 
into programs that support industry 
intentions/meet needs for a 'sustainable 
product' and continue to meet the ongoing 
information needs of beef enterprises 
generally 

Current initiatives in marketing 
sustainability in the pastoral industry 

Landcare standards concept 

Proposal to establish industry standards include 
best practice management of soils, water, 
vegetation and biodiversity delivered at 
landscape level local/ regional or catchment level 
incentive packages, form of accreditation and 
'Green Badge' for product 

Benefits 

1. financial rewards to primary producers 
through direct incentives and through 
creating market advantage 

2. establish a 'clean green' image, enhancing 
export capacity 

3. improved environmental management will 
be both the public perception and on­
ground reality. 

Contacts 

Jock Douglas, Roma, Phone 07 46268100 
Source: NAP News Summer 2000 
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Industry codes of practice 

Greater emphasis on development of sustainable 
management systems Adoption of pasture and 
land condition monitoring Accurate 
informat ion on the financial advantages of 
sustainable management practices 

Benefits 

1. Retain and open access to sensitive markets 
(e.g. EU) 

2. Retain opportunities for the appropriate 
development of land, with in the 
framework of accepted codes of practice, 
and land administration requirements 

3. Less onerous compliance requ irements in 
relation to government regulation 

4. Social recognition of industry 
responsibility for environmental health 
guidelines for decision-making on 
sustainable and viable management 

Contacts 

North Australia Beef Research Council 
(NABRC) with CRC for Tropical Savannas The 
project is expected to start in July 2001 Source: 
NAP News Summer 2000 For more 
Information contact John Childs, Tropical 
Savannah CRC Phone 08 8946 6834 



Environmental Management Systems (ISO 
14000) 

A pilot study is under way to explore the 
potential of ISO 14000 Quality Assurance 
standards as an Environmental Management 
System for the Australian Beef Industry. 
Objectives of project include having at least I 0 
beef properties achieving ISO 14000 
certification by June 2002 and to document and 
evaluate the benefits and difficulties of 
implementing the standard for the industry. 

Benefits 

I . Assist in maintaining market access 
through product differentiation and 
consumer education 

2. Address statutory requirements for a 'duty 
of care' in managing grazing land 

3. Traceability of individual products and 
their impacts on the environment 

4 . Adopt a responsible proactive approach to 
management that builds credibility for the 
industry 

Contacts 

Steering Committee contacts: Shane Walsh, 
NAPTC member, Phone: 07 4613 4890. Funded 
through NAP and Sustainable Grazing Systems 
Program. 
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CQ Beef Industry Strategic Options: AGFORCE Briefing Paper 3 

Environmental compatibility 

A healthy, productive and economically viable 
grazing industry in CQ is only achievable in the 
long run if the natural resources that are 
essential to the industry (soils, pastures and 
water) are also healthy. By moving cowards 
grazing production systems that are more 
compatible with the landscape, the risks and 
costs of pasture and soil degradation can be 
greatly reduced. 

T his briefing paper gives a snapshot of the 
condition or state of the natural resource base 
chat the grazing industry relies on and the use of 
positive land management practices in recent 
years that help maintain the grazing resource 
base. It also outlines some strategic options and 
actions for building on industry strengths and 
addressing some challenges facing the industry. 

Current state 

This section presents a general overview on che 
condition of the grazing natural resources of the 
whole region (Fitzroy Basin) and also some 
detailed information on the Nogoa catchment, 
Central Highlands as a case study. Grazing as a 
land use occupies 82% of the Fitzroy Basin land 
area and a similar area in the Nogoa catchment 
with a further 1 % under pasture-cropping 
rotation in 1997. 

Condition of the soil resource base and risks 
to grazing 

• A 1992 assessment1 of the condition of In 
the Central Highlands Grassy Eucalypc 
woodlands with wiregrass (Aristida spp.) 
and bluegrass (Bothriochloa spp.) native 
pastures concluded that of the total A/B 
area, about one-third is in good condition, 
one-third is fair and one-third is in poor 
pasture condition. 

• A long term DPI grazing study2 located on 
AB pastures in the Nogoa catchment has 
shown that continual heavy grazing causes 
a two-fold increase in soil movement above 
that occurring under moderate grazing 
pressures. The increase in soil loss and 
landscape instability at high grazing 
pressure is disproportionately large and 
there is no improvement in the value of 
animal product. 

• Other risks on grazing lands include 
overgrazing on black spear grass country, 
herbaceous weeds and nutrient tie-up on 
open downs/Qld bluegrass country, 
brigalow pastures at risk from regrowth and 
regeneration, weed invasion and nutrient 
tie-up due to soil fertility decline. Some 
brigalow pastures at risk from salinisation 
due to tree clearing on duplex soils with 
saline subsoils and nutrient depletion on 
sown pastures1

• 

The pasture lands of northern Australian: Th eir condition, productivity and sustainability. Tothill, J.C. and Gillies, C. (1992) Tropical Grassland 
Society of Australia, Occasional Publication No. 5. Meat Research Corporation, Brisbane. 

2 Sustainable Production From EucalyptWoodlands (N8 Project) Jones, P. (1999) in Long, Donaghy and Grimes (eds.) (1999) 2020Vislon -
Extension Into the new millennium. 2"' Central Queensland Extension Forum, I 8"'-20"' of May, 1999, DPI, Qld. 
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Current grazing practices in the region and 
soil management 

A I 999 survey of 276 Central Queensland Beef 
producers and 85 CQ Beef/grains producers 
along with industry based focus groups from the 
Fitzroy Land and Water Audit project3 showed: 

• CQ beef producers are aware of and value 
maintaining pasture condition and soil 
health as part of a viable and sustainable 
enterprise. Focus groups in the Dawson 
and Central Highlands included as key 
grazing practices 'conservative stocking 
rates', 'monitor pasture condition to check 
carrying capaciry', 'maintain native 
pastures' and 'spelling paddocks or 
rotational grazing'. 

• Two-thirds of producers indicated they 
currently practice 'pasture monitoring or 
in-field checking' or use some form of 
'strategic spelling, cell grazing or time 
control grazing'. 

• One-quarter of beef producers have begun 
pasture monitoring during the 1990s. This 
reported adoption over the last decade 
reflects the more 'formal' rypes of pasture 
monitoring (e.g. GRASS Check). A further 
6% of graziers indicated they intended to 
start pasture monitoring during 1999-
2002. Industry extension officers also 
stated that 'pasture monitoring' was a 
'growing practice' that has been accessible 
to producers for the last 5- 10 years. 

• Over one-third of beef (34%) and beef­
grains (38%) producers surveyed in CQ 
took part in activities such as property 
management planning, FutureProfit, 
GRASSCheck between 1996 and 1999, 
contributing to the increase in use of 
practices such as pasture monitoring in the 
region in the 1990s. 

Condition of rivers and waterways on grazing 
and cropping lands 

Stream bank stability4 

• Most of the stream banks surveyed (65% of 
the Dawson and 68% of the Comet/ 
Nogoa/Mackenzie catchments) were rated 
'stable' and 'very stable' with just under 
I 0% of sites rated as 'unstable' and 'very 
unstable' 

• Although mostly stable, the northern and 
southern areas of the Nogoa catchment 
have local areas of unstable banks. The 
central Nogoa (including Borilla, Medway 
and Callistemon Creeks), was rated as 
having all of its banks in 'moderate' to 'very 
stable' condition, however, it has the 
greatest potential for future stream bank 
degradation with 49% of these rated as 
moderate. 

• The presence of stock (87% of sites in 
Dawson and 71 % in Comet/Nogoa/ 
Mackenzie) was the main factor identified 
as affecting bank stabiliry as was the 
clearing of vegetat ion at 65% of sites in the 
Dawson and 36% of sites in the Comet/ 
Nogoa/Mackenzie. 

3 Capacity of formers and other fond managers to implement change: Technical Report - Theme 6 Fitzroy Implementation Project, (2000) 
National Land and Water Resources Audit, Taylor, B .• Lockie, S .. Dale, A, Bischof, R., Lawrence, G., Fenton, M. and Coakes, S. 

4 State of the Rivers. Dowson River and Major Tributaries DP/ 1995 and State of the Rivers. The Come~ Nogoo, and Mackenzie Rivers and Major 
Tributaries DNR, 2000. 
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Stream bank and riparian vegetation4 

• Only 17% of riparian vegetation in the 
Dawson catchment and 50% of the 
riparian vegetation in the Comet/Nogoa/ 
Mackenzie catchments were rated as 
moderate to very good condition (the low 
rating in the Dawson is partly due to the 
timing of the surveys which followed a very 
dry period in 1994) 

• In the Nogoa catchment, the southern 
section of the Nogoa River and its 
tributaries, including the Claude River, had 
the lowest rating of riparian vegetation 
with 64% of stream banks surveyed rated 
as poor or very poor. 

Grazing practices and water quality 

The 1999 Fitzroy Audit survey and industry 
focus groups 3 showed: 

• compared to soil management practices, 
graziers were less aware of, or considered 
managing the impacts of grazing on 
adjacent waterways and streambank 
vegetation comparatively less important to 
long term viability and sustainability of 
their enterprises; 

• 

• 

extension staff surveyed considered that 
fencing watercourses and using off-scream 
watering points would become key 
practices for sustainable grazing-these 
practices they said have only emerged on 
the industry scene in the last l 0 years and 
had only limited use at present; and 

although more broad than riparian 
vegetation, some two-thirds of the 276 beef 
producers surveyed in the region indicated 
they have retained or fenced stands of 
native vegetation, generally done so from 
their time of entry into the industry. The 
remaining third of beef producers surveyed 
however indicated they did not intend to 
do so in the foreseeable future. 

Pressures influencing change 

Factors, both positive and negative, influencing 
change to sustainable grazing systems include: 

growing awareness in the industry of 
production/market benefits of improving 
and documenting land management and 
business practices; 

• national agri-political support and interest 
in developing or promoting industry codes 
of practice (e.g. NFF, QFF); 

• locally generated research on the long term 
effects of overgrazing on pasture health and 
enterprise viability; 

• producers seeking tools for managing 
resource issues as part of their enterprise 
through property management planning 
and similar activities; 

3 Capacity of formers and olher land managers 10 implement change: Technical Report - Theme 6 F112roy Implementation Project, (2000) 
National Land and Water Resources Audit, Taylor, B., Lockie, S., Dale, A., Bischof, R., Lawrence, G., Fenton, M. and Coakes, S. 

4 State of !he Rivers. Dowson River and Major Tributaries DP/ 1995 and State of !he Rivers. The Come~ Nogoo, and Mackenzie Rivers and Major 
Tributaries DNR, 2000. 

252 



• 

• 

• 

• 

community/marker demand for beef 
produced through clean and green systems 
of production; 

positive industry involvement with 
catchment groups and other land 
management networks and planning 
processes in CQ; 

the need for industry to have a sound 
policy and practice base to respond to and 
negotiate with government on changing 
policy or legislative environments; and 

pressures from family (previous generation} 
to maintain the land when it may not be 
viable or sustainable. 

Industry strategies for environmental 
compatibility- actions, opportunities, 
information and partners 

1. Industry look to identify and agree on 
sustainable carrying capacities for the different 
types of country/ pasture communities in the 
CQregion 

• 

• 

• 

• 

• 

Discuss and identify preferred carrying 
capacities on a branch by branch basis­
bring together at the regional level into an 
industry discussion paper 

Recognise earning potential of different 
land types-linked to individual grazier's 
values 

Draw on local research/technical 
knowledge 

Enlist the help of Agforce policy office 
with the development of the position paper 

T he Desert Uplands Build-Up has 
identified and agreed on acceptable 
carrying capacity for land- use as an 
example 

• Seek support and feedback from outside 
groups 

• Opportunity to promote the industry 
raking a positive step towards regional 
guidelines 

2. Promote key soil and pasture 
management practices that underpin 
maintaining a healthy grazing resource base 
such as formal types of pasture monitoring 
(e.g. GRASSCheck} 

• Graziers rely heavily on management 
information sourced from other graziers­
encourage graziers to talk more about their 
experiences with pasture monitoring 
programs and related practices 

3. Improve the awareness of financial and 
other costs and benefits of taking-up and using 
management practices that reduce the risks to 
soil and water health 

• Draw from (and document) first-hand 
accounts of graziers who are currently 
using these management practices--costs/ 
benefits 

• Enlist the help of economists to cost out 
practice adoption and explore cost sharing 
arrangements 

• T he regional industry put forward a 
statement on the current barriers to, and 
requirements for, adopting more 
sustainable management practices. 

• Draw on the Fitzroy Land and Water 
Audit's Focus Group work in the Central 
Highlands and Dawson Valley which asked 
graziers and grain growers what they 
thought were the main barriers to 

adoption-see CQ Rural Industry Focus 
Group Report3 

3 Capacity of formers and other land managers 10 implement change: Technical Report - Theme 6 Fitzroy Implementation Project, (2000) 
National land and Water Resources Audit, Taylor, B., Lockie, S .. Dale.A, Bischof, R .. Lawrence, G .. Fenton, M. and Coakes, S. 
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4. Work towards industry guidelines or 
codes of practice 

• Review of existing options and proposals 
for industry codes of practice/accreditation 
and their costs and benefits 

• 

• 

• 

• 

• 

Review other industry approaches to 
identify pitfalls and successes 

At a regional industry level build on 
knowledge of practice use and adoption 
through monitoring and reporting 

At farm level encourage resource 
monitoring as part of property and 
business planning 

Draw on information sources from OPP 
and CSIR06 on sustainable grazing systems 
in CQ 

See 'Marketing Sustainability' B1-iefing 
Paper 2 -Appendix 3)' 

Build on/expand on information on 
practice in Beef Industry Profile Section 4 

5. Explore more widely the options for 
better riparian vegetation management and 
improved stock watering, such as off- stream 
watering points. 

• D evelop an industry/regional position on 
the role of tax-based incentives or other 
financial incentives 

• Tap into existing communicy/catchment­
based projects in the region offering 
support and financial assistance to 
producers to undertake riparian fencing 
and off-stream watering points through 
devolved grant schemes (e.g. FBA. DCCA, 
Lower Fitzroy) 

6. Explore market-driven incentives for 
promoting clean and green production 

• See Marketing Sustainability Briefing 
Paper 2 - Appendix 3 

S DPI, (2000) Managing grazing in the semH:Jrid woodlands: a graziers guide 

6 Balancing Conservation and Production; understanding and using landscape thresholds in property planning, (2000). Grazed Landscapes 
Management Group, CSIRO Tropical Agriculture. 
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CQ Beef Industry Strategic Options: AGFORCE Briefing Paper 4, Soil 
Erosion Risk in the Fitzroy Basin 

For a number of years regional resource 
managers, including rural industry, have become 
increasingly aware of the need to manage soil 
erosion to ensure the long-term sustainability of 
the natural resource base, and therefore their 
enterprise, and to improve or maintain the 
health of the region's ecosystems. 

This briefing paper complements Briefing Paper 
3: Environmental Compatibility, by providing, 
for discussion, information on the current status 
land use1 and soil erosion in the region. For the 
Nogoa Catchment and the Fitzroy Basin, 
mapping from the national water borne erosion 
assessment2 conducted as part of the Audit, has 
been built into the current Fitzroy Audit project. 
It should be noted that the erosion mapping 
presented in this briefing paper has not been 
ground-truthed and it is intended that this 
information will be cross checked with the 
region's industries, extension and technical staff 
in coming months. Relevant catchment health 
information is also presented below. 

Land use, catchment health and 
erosion-sources and management 

Land use 

Digital land use data sets for the Fitzroy Basin 
were prepared at l: I 00 000 scale, and for the 
Dawson Valley and Emerald irrigation areas at 
1:25 000 scale. Based on the catchment's major 
basins, 10 land use maps were prepared at 
1 :250 000 scale. In addition a land use map was 
prepared for each of the regions 16 local 
authorities. 

In the final phase of the Audit work in the 
Fitzroy, Land Use, Land Systems, Land Types 
and a Digital Terrain Model of the Nogoa 
Catchment in the Fitzroy Basin have been 
studied and presented as a series of maps. T his 
information will be used to refine spatial 
outputs for the Nogoa from the national water 
borne erosion modelling which will be available 
to run scenarios for future management options. 
T he maps and erosion risk assessments will be 
used in future regional planning to relate land 
use and management practices to erosion risk 
and ecosystem health. 

Calvert, M .. Simpson,)., and Adsett, K., 2000, Land Use Mopping o( the Fitzroy Uitchmen~ Department of Natural Resources, 
Rockhampton, AUSTRALIA. 

2 NLWRA Audit 200 I, Australian Agrkukure Assessment 200 I, a theme report of the National Land and Water Resources Audit, Canberra. 
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Catchment health 

A geographic information system (GIS) was 
developed to assemble and assess historical 
regional data on river water quality, which is 
defined to a large extent by accelerated erosion. 
Key findings were: 

• 

• 

• 

• 

An estimated 2-4 million tonnes of 
suspended sediment leaves the basin 
annually into the marine environment. 
Erosion from cropped land is higher than 
from pastures, but regional land use is 
dominated by grazing. 

Annually, an estimated 3100 tonnes of 
nitrogen and 1300 tonnes of phosphorus 
are exported in the basin's waterways, with 
60% of the phosphorus being transported 
with sediments. Nitrogen levels in 
waterways appear highest in irrigation 
areas, but are mostly below draft ANZECC 
1999 guidelines for lowland rivers. High 
natural levels of heavy metals (zinc, copper 
and cadmium) also exist in some creeks. 

Riparian vegetation cover was poor in the 
Central Highlands and four major river 
catchments. The degradation was 
associated with both livestock access to 
these important areas of landscape and to 
weed invasion (parthenium and prickly 
acacia.) 

Healthy macro-invertebrate populations 
were found in 60% of monitored water 
sites whereas the other 40% of sites were 
mainly associated with intensive forms of 
land use or with heavy grazing of riparian 
vegetation. Water from stream reaches was 
in a healthier condition than water in dams 
or wetrs. 

• 

• 

Stream barriers have reduced fish 
movement in rivers and estuaries 

Waterway contamination by 
pesticides was generally localised and 
seasonal, bur some monitored sires 
were above ANZECC guidelines. 

Blue green algae are found in standing 
waters around dams and weirs and at 
periods of low stream flow. 

Salinity has been recognised in some 
areas, associated with land clearing 
and over use of ground water. 

Soil erosion sources 

The following is based upon results of the 
CSIRO National Water Borne Erosion 
Assessment2 modelling project for the Audit. 

The Fitzroy Basin in the national context 

The Fitzroy Basin is approximately 14 million 
hectares in area and constitutes 8.5% of the 
national assessment area (referi:ed to after here as 
'national') for the National Land and Water 
Resources Audit. Nationally 40% of sediment is 
delivered to streams from hillslope erosion, 34% 
from gully erosion and 26% from streambank 
erosion. In the Fitzroy Basin, hillslope erosion 
(involving sheetwash and rill erosion) processes 
dominate over gully and river-bank erosion 
(62%, 24%, 12% respectively). The table below 
presents this national context for water-borne 
erosion for the Fitzroy. 

The Fitzroy Basin contributes 20% of all 
sediment delivered from hillslopes to streams 
nationally. Of the 21 million tonnes of fine 
sediment to reach the coast nationally, 12% (2.6 
million tonnes) come from the Fitzroy Basin, 

2 NLWRAAudit 2001,AustralianAgricultureAssessment 2001, a theme report of the National Land and Water Resources Audit, Canberra. 

3 Jones, M-A. (2000). Technical Report 3 -Theme 7-Uitchment Health·fitzroy Implementation Project, Queensland. Queensland Dept. of Natural 
Resources 
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and the area specific sediment yield of 0.18 t/ha/ 
yr for this basin is slightly higher than the 
national average. Fine sediment loads in the 
Fitzroy Basin are predicted to have increased by 
15 times the natural rate since European 
settlement which is well below the national 
average of 100 times the natural rate. 

Gully erosion contributes 0.28 t/ha/yr to 
streams, just above the national average of 0.26 
t/ha/yr. T here are significant areas oflow to 

moderate gully density with 62% of the basin 
having a gully density of 0.1 to 1 km per km2, 
compared with the national figure of 37%. 
There is a small area of very high gully density 
(3 - 3.5 km per km2

) in the Nogoa Catchment 
(see over). Overall though, gully erosion is not 

Attribute National 

Area (million ha) 167 

Stream length (km) 181 500 

Sediment sources 

bank erosion (million t/yr) 33 

gully erosion (million t/yr) 44 

hillslope erosion (million t/yr) 50 

total (million t/yr) 127 

Sediment delive ry to coast 

Mt/yr 21 
t/ha/yr 0.13 

In-stream sedimentation > 30 cm 

stream length (km) 30 000 

percentage of total (%) 16.5 

Degraded ripa rian vegetation 

stream length (km) 118 600 

percentage of total {%) 65 

considered a great concern for the Fitzroy Basin 
as < l % of the basin falls into the category of 
high gully density. 

Around 15% of sediment in the Fitzroy Basin is 
derived from streambank erosion, a natural 
process which is accelerated in areas of degraded 
riparian and streambank vegetation and poor 
stability. The Fitzroy Basin contains 15 500 km 
of streams of which around 50% have degraded 
riparian vegetation, which is just below the 
national average. All of the coarse sediment 
eroded through gully and river bank erosion 
remains deposited in the downstream 
tributaries. This leads to 13% of the river 
network with in-stream sediment deposition 
greater than 30 cm, which is considered to be 

Fitzroy Basin Fitzroy as percent of national 

14 8.5% 

15 500 8.5% 

2 6.0% 

4 9.0% 

10 20.0% 

16 12.5% 

2.6 12% 
0.18 

2 000 6.5% 

12 

7 800 6.5% 

50 

The erosion assessment was undertaken for the river basins containing intensive agriculture. 
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poor in terms of river health. This is lower than 
the national average of 16.5% in poor 
condition. 

Nogoa Catchment 

The area of the Nogoa Catchment represents 
about 20% of the Fitzroy Basin and the Nogoa 
River contributes a similar proportion (21 %) of 
the sediment to rivers of the Fitzroy system. For 
sediment delivered to streams in the Fitzroy 
Basin, hillslope, gully and streambank erosion 
processes contribute 62%, 24% and 12% 
respectively. C orresponding figures for the 
Nogoa Catchment are 50%, 43% and 7%. For 
the Nogoa, sn eambank erosion processes are less 
important while the catchment has some areas 
of very high gully densiry with gully erosion 
more of an issue than for the Fitzroy as a whole. 

Considering sediment delivery to the coast from 
the Fitzroy Basin, the Nogoa contributes only 
about 5% of the estimated 2.6 million tonnes 
annual load. This is not surprising considering 
that the Nogoa is remote from the coast. 

Where to from here? 

Extensive ground-truthing of the above soil 
erosion information is still required by seeking 
the opinions and knowledge of regional 
agricultural industries, NRM groups, agency 
technical and research staff and the extension 
communiry. This will assist in assessing the 
accuracy and application of this technique to 

the region. A number of key observations can be 
made and key management steps recommended 
based on this initial assessment: 
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• 

• 

areas for strategic investment in soi l erosion 
control in the Fitzroy Basin appear initially 
to be: 

• 

• 

for hills/ope erosion control target the 
north east of the Issac-Conners 
catchment, north ease of the 
Mckenzie and the north west of the 
Fitzroy catchment, the Callide V.1Uey 
and central Nogoa catchment; 

for gully erosion control target the 
middle and upper areas ofTheresa 
and Kettle Creeks in the Nogoa 
Catchment to reduce the coarse 
sediments being deposited locally in 
stream channels which reduces the 
health of the local waterway by 
changing habitat; 

regionally, srreambank erosion is not a 
major issue in contributing sediment to 

waterways, however State of the Rivers 
reports for che Dawson and Central 
Highlands catchments indicates riparian 
areas are under significant pressure, which 
in turn reduces their role in buffering 
hillslope runoff which is a significant 
contributor of sediment to waterways in 
the region; 

land use within the Fitzroy Basin is 
dominated by grazing (82%) with a much 
lower proportion of land (~ 7%) used for 
cropping. While higher loads of fi ne 
sediment may arise from cropped lands per 
unit area, erosion management needs to 
focus on maintaining surface cover on land 
used both for cropping and grazing 

use producer networks in key erosion areas 
to support the implementation of sound 
properry management plans involving 
riparian zone management and pasture 
monitoring (to maintain surface ground 
cover to at least 60% on grazing land). 



Further information 

Adsett, K., Simpson, J. and Hoddy, L., 2001, 
Land Uses of the Nogoa River Catchment, 
Department of Natural Resources, 
Rockham peon. 

Adsett, K., Simpson, J. and Hoddy, L., 2001, 
Land Systems of the Nogoa River 
Catchment, Department of Natural 
Resources, Rocklrnmpton. 

Irvine, S., 200 l , Land 7Jpes of the Nogoa River 
Catchment, Department of Natural 
Resources, Rockhampcon. 

Adsett, K., Hewavisenthi A. C., 2001, A Digital 
Terrain Model of the Nogoa River 
Catchment, Department of Natural 
Resources, Rockhampton. 
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APPENDIX 4 'BEST PRACTICE' MANAGEMENT PRINCIPLES FOR THE 
DAIRY INDUSTRY 

Best management principles 

Water management 

Schedule irrigations to apply the 
amount of water required, when 
and where it is required 

Minimise water losses or wastage 

Review all on-farm water use 
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Actions 

Understand the water storage (holding) capacity of soil in the 
root zone of plants (know how much water to apply and 
know how much water you apply) 

Match the application rate (or the discharge and duration for 
flood irrigation) to the rate at which water is absorbed (know 
how long to irrigate for) 

• Understand when to schedule irrigation by measuring soil 
moisture or analysing weather (e.g. comparing evaporation and 
rainfall) and/or plant requirements (know how often to irrigate) 

Apply water evenly with an irrigation system designed to match 
soil types and use well maintained irrigation equipment 

• For flood irrigation, laser level bays and adopt an automated 
system 

• Incorporate weather forecasts into irrigation decisions 

Establish surface drains to collect run-off and/or subsurface drains 
to prevent excess infiltration 

Establish and manage a drainage water re-use system (especially 
for flood irrigation) 

Compare estimated annual crop water requirements with the 
total water applied 

Review total on-farm water use (e.g. shed and yards [recycle 
cooling water, yard wash down), stock and domestic consumption, 
drainage/effluent, and irrigation) 

• Review the security and best use o f water rights- water 
allocation policies permitting 

Concentrate inputs (such as water) on the most productive areas 
of the property 

Monitor the quality of irrigation and drainage water 



Best m anagem ent pr inciples Actions 

Land m a nagem ent 

Recogni se soi l condition problems Mo nitor soil nutrients, pH, salinity and groundwater level 
and their potential 

Understand and apply p reventive 
and remediation measures 

Acidity 

Dryland salinity 

• Be fami liar with any regional or catchment management strategies 

• Test and record surface soil (0-10 cm) pH at least every three 
years (more frequently if intensively irrigated and fe rtilised) 

• Ensure subsurface (10-60 cm) acidity does not increase 

• Apply fine lime when soils become too acidic 

• Consider sowing deep-rooted pastures with legumes to 'mop-up' 
excess nitrogen 

• Return manure and feed refusals to the paddock 

Minimise nitrogen leaching (e.g. small, repeated nitrogen 
applications, not over-irrigating, keeping healthy pastures that use 
the available nitrogen, and rotating night paddocks) 

Concentrate production on the lowest salinity soils 

Do not fa llo w d uring wet seasons 

• Fence off and vegetate recharge and discharge areas 

Plant salt -tolerant pastures 

• Establ ish deep-rooted pastures or revegetate with suitable species 

Install surface and/or subsulface d rains or groundwater bores and 
manage drainage waters 

Use and manage groundwater in conjunction with surface water 

Irrigatio n induced salinity Maximise irrigation efficiency to avoid over-ir rigation (particularly 
with saline water ) 

• Ensure sufficient irrigation water infiltrates the soil to prevent salt 
accumulation by capillary action 

Carefully manage the use of saline effluent 

• Plant salt tolerant pastures 

• Install surface and/or subsurface drains or groundwater bores and 
manage drainage waters 

• Use, monitor and manage groundwater in conjunction with 
surface water 
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Best management principles Actions 

Land management (continued) 

Erosion Adopt conservation tillage methods (oversowing. minimum or 
zero t illage , and cultivate across slopes) 

Acid sulfate soils 

Soil structure 

Wet soil pugging 
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• Avoid cultivating during high rainfall seasons 

Reduce run-off and its velocity (e.g. maintain groundcover such as 
permanent pastures and/or construct contour banks or diversion 
structures) 

• Fence off and revegetate degraded areas 

Fence off and manage stock access to water fro ntages 

• Farm land according to its capability 

Design and locate laneways to avoid run-off-induced erosion 

• Avo id drying out (oxidation) of acid sulfate layers (e .g. use laser 
levelling instead of drainage and avoid new drainage or excavation) 

Adopt shallow cultivation to avoid acid sulfate layers unless wet 

After cleaning drains, water lime into spoil, and hold water back 
for 5- 7 days 

Adopt conservation ti llage methods 

Apply gypsum to sodic soils 

Increase the organic matter content of soils through pastures 
and/or manures 

Avoid compacting soils by not overgrazing or cultivating when wet 
and by keeping traffic to designated laneways 

Deep rip or aerate compacted soils 

Adopt special grazing measures when wet (e.g. selective grazing, 
on-off grazing, loafing pads or lower stock numbers) 

Establish mult iple entry/exit points for stock 

• Adopt suitable surface drainage practices (e.g. spoon drains, 'hump 
and hollow' or plo ugh affected areas in lanes) 

Install and manage subsurface drainage where appropriate 

• Fence off extremely vulnerable areas 

Select locally suited pasture species and manage their recovery 
from grazing to maintain adequate cover 



Best manageme nt principles 

Nutrients from fertilisers 

Balance fertiliser applications with 
plant/feed/production requirements 

Minimise the loss of nutrients 

Actions 

• Test the nutrient levels of soils (at the same location) every 1- 2 
years and adjust fertiliser applications accordingly 

Prepare nutrient budgets (at the paddock or farm level) to 

monitor nutrient losses through milk, crops and stock and 
nutrient gains through legume pastures, fertilisers, feeds and 
manure 

Apply phosphorus around the beginning of pasture growth 
periods 

Apply nitrogen in small quantities, to meet pasture needs, 
periodically during the growing season 

Reduce phosphorus loss by controlling soil erosion in cultivated 
lands 

Reduce nitrogen loss by minimising: 

leaching (e.g. small nitrogen applications matching the needs of 
actively growing pastures, not over-irrigating, keeping healthy 
pastures that use the available nitrogen and rotating night 
paddocks); and 

nitrogen volatilisation through the adequate availability of 
moisture when applying urea or ammonium. 

• Avoid applying fertiliser before heavy rainfalls on sloping ground 
or within 20 m of streams 

• If flood irrigating: 

do not over-water and minimise run-off 

do not irrigate for at least four days after applying phosphorus 
fertiliser 

ensure there is no run-off for two irrigations after ferti lising 

do not fertilise the bottom 20 m of bays 

re-use irrigation run-off 

apply nitrogen soon after an irrigation 

laser level to reduce run-off and nutrient losses 
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Best managem ent principles Actions 

Nutrients fro m fertilisers (co ntinued) 

Reduce the concentration of 
effluent on impervious surfaces 

Reclaim effluent 

Recycle effluent 

Prevent the off-farm movement 
of effluent and wastes 

Manage existing natural areas 
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Design dairies and manage herds so cows spend only a short 
holding period in yards 

Use water-efficient cleaning systems 

Minimise effluent loss and run-off from laneways and feedpads 

l ocate dairies to minimise the time cows defecate on roadways 

Collect effluent where possible (e.g. from the shed and yards, feed 
pads, calving pads, laneways, roadsides, silage and wet food 
storages 

• Treat collected effluent (e.g. in a pond system) 

Accommodate wet weather, herd size and soil types in pond 
des ign o r effluent management practices 

Spread effluent over sufficient area to avoid concentrating 
nutrients and water 

Fence off and manage access by stock to waterways 
Use vegetated 'filter strips' {that include ground cover) adjacent 
to streams, particu larly in very high rai nfal l areas, to reduce the 
physical transport of manure to streams and only 'crash graze' 
these areas 

Manage storm water (including that from roadsides) to reduce 
the p rospect of manure being discharged to streams 

Fence remnant vegetation to manage its use and regeneration 

Control rabbits and hares, and eradicate weeds 

Fence waterways to manage access and grazing 

Manage remnant wetlands to maintain natural wetting and drying 
cycles, retain natural snags, and eradicate introduced fish 



Best management principles Actions 

Nutrients from fertilisers (continued) 

Revegetate landscapes 

Manage wildlife 

Use windbreaks or shade plantings to link waterways and 
patches of remnant native vegetation or as part o f a district, 
catchment or roadside program 

Use a range o f local native species (and local provenances if 
possible) 

• Establish groundcover and understorey plants as well as trees 

Adopt direct seeding techniques or other locally proven 
revegetation methods 

• Design plantings to minimise potential local pest and weed 
control problems 

• Maintain tree hollows and other natural habitat 

• Provide nesting boxes in revegetation plantations 

Control cats, foxes and other vermin 

• Monitor, evaluate and manage wildlife populations and their 
impacts 

265 



APPENDIX 5 BENEFIT TRANSFER GUIDELINES 

Overview 

The attribute implicit prices estimated in this 
non-market valuation study are useful for 
making a 'first pass' assessment of the size of 
non-market values associated with policies chat 
have particular environmental and social 
impacts. The estimates are suitable for 
establishing the impacts of management 
decisions that affect major regions or the nation 
as a whole, and that can be described using one 
or more of the generic attributes. That is, the 
estimates can be used wherever impacts can be 
described in terms of changes in: 

• 
• 

• 

the number of species protected; 

the hectares of farmland repaired or bush 
protected ; 

the kilometres of river restored for 
recreation; and 

the size of rural population. 

The estimates are inappropriate for assessing 
impacts at the individual catchment level, or for 
valuing resource use changes that have very 
narrow and specific outcomes. TJ"iey are not 
suitable for determining the impact of policies 
that affect environmental assets that are 
considered to be national or regional ' icons', 
such as the protection of koalas. 

The guidelines {see Section 8.2 in van Beuren & 
Bennett 2000) demonstrate how the implicit 
price estimates can be used to evaluate the non­
market impacts of different policies. In 
circumstances where a more detailed and 
accurate assessment is warranted, the choice 
models estimated for the national study and 
regional case study regions can be used to 
evaluate the welfare impacts (compensating 
surplus) of alternative scenarios. 
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Implicit price transfer 

Step I. Defining the policy context 

The first step is to determine whether the 
management policy is targeted at a particular 
region or whether it involves Australia-wide 
projects. 

• If resource-use policies involve changes at a 
national level, then the set of attribute 
values estimated using the national sample 
of households is appropriate. 

• For policies that are targeted at either of 
the two case study regions, it is 
recommended that the implicit prices 
estimated for these regions be used {see 
Appendix B in project report for a 
complete tabulation of implicit price 
estimates). 

• For regional assessments that do not 
correspond to one of the case study 
regions, it will be necessary to use the 
national estimates and calibrate the 
implicit prices so that the values are 
appropriate for the region under 
investigation. A set of scaling factors for 
performing this calibration is given in 
Table Al. A range of scaling factors is given 
for each attribute to allow for a margin of 
variability between different regions and 
populations. 

Ta ble A I Scaling factors for calibrating national 
value estimates to a regional context. 

Attrib ute National Implicit Sca ling 
pr ices($) factors 

Species protection 0.68 x 2 

Landscape aesthetics 0.07 x 20-25 

Waterway health 0.08 x 20-25 

Social impact -0.09 x 6-26 



Step 2. Defining the attribute changes 

T his step involves determining which attributes 
are impacted by the policy under investigation, 
and identifying the expected change in the 
attribute levels over a given time period relative 
to a 'business as usual' policy. 

Step 3.Aggregating the attribute values 

Each attribute change caused by a particular 
policy (defined in Step 2) is multiplied by its 
scaled implicit price (defined in Step l) . These 
attribute values are rhen summed co yield an 
approximation of rhe average annual per 
household benefit co be derived from the 
implementation of the proposed policy. 

Step 4. Defining the target population 

If the policy under investigation involves 
resource use changes ar a narional level, then the 
appropriate population for aggregating implicit 
prices is the population of Australian 
households. The impacts of changes 
implemented in particular regions should be 
restricted to the rural and city populations 
adjacent to the region in question . Extrapolation 
of values to other populations is speculative and 
not recommended. 

Step 5. Aggregation 

It is recommended chat the annual household 
values be aggregated to 45% of the target 
population. If the analysis calls for an estimate 
of the full impact of a resource use change over a 
number of years, the annual values will need to 

be consolidated to a lump sum presem value. A 
discount rate of 3 to 5% is recommended. 

A regional policy assessment example 

Consider the case of a proposal to redress land 
and water degradation in a region located in 
New South Wales. Under rhe proposal, 20 000 
hectares of rural land will be rehabilitated, and 
160 km of waterways will be restored. Analysis 
of the policy proposal by scientists indicates that 
the policy will ensure chat three additional 
species will be protected. It is also predicted chat 
50 additional people will leave the region each 
year because of the lower farming intensities the 
proposal involves. 

As a regional project, the implicit prices co be 
used in the valuation exercise will be scaled from 
the national estimates. Using the lower bound 
scaling factors in Table 5.1 3, the best estimate 
implicit prices are: 

Species protection = 0.68 * 2 = $1.36 per species 

Landscape aesthetics = 0.07 * 20 = $1.40 per I 0 000 ha 

Waterway health = 0.08 * 20 = $1 .60 per I 0 km 

Social impact = -0.09 * 6 = -$0.54 per I 0 persons leaving 
each year 

Given rhe changes in amibute levels specified, 
the best esrimare of rhe community's annual 
willingness to pay for rhe scenario is: 

Willingness to pay 
= (1.36 * 3) + (1.40 * 2) + (1.60 * 16) + (-0.54 * 5) 
= $29.78 per household 

This estimate is the amount, on average, char a 
household is willing to pay each year for twenty 
years to see the project proposed implemented. 
To estimate an aggregate value it is necessary to 
multiply the household value by an estimate of 
the size of the relevant population. This process 
includes making an adjustment to the survey 
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estimates, via an aggregation factor, to allow for 
non-respondents in the sample. Assumptions 
used in this example are: 

• the relevant population includes 
metropolitan Sydney and proximate areas 
of rural New South Wales, which amounts 
to four million persons; 

• the number of people per household is 2.5; 

• the aggregation factor is 45%. 

Based on these assumptions, the best estimate of 
annual value would be: 

Best estimate of annual value 
= $29.78 * (4 000 000/2.5) * 0.45 
= $21 441 600 per annum for 20 years. 

Choice model transfer 

When the changes in attribute levels are 
relatively large, a more accurate estimate of 
changes in welfare can be obtained using the fu ll 
choice model. This welfare measure is known as 
'compensating surplus' and represents the total 
value of a change in the levels of multiple 
attributes away from the business as usual 
scenario. Use of the full choice model 
incorporates the impacts of the attributes, as 
well as the factors influencing choice that have 
not been defined in the choice sets. 
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If a comprehensive assessment of welfare 
impacts is sought for changes in resource use at 
a regional level, it is recommended that one of 
the case study models should be employed for 
benefit transfer. Tests show that both of the 
regional models-estimated with data from the 
corresponding regional population {i.e. Albany 
or Rockhampton)- produce the same welfare 
estimates for a standard change scenario. 
However, the Great Southern model yields 
estimates with a smaller error variability. 
Furthermore, all attributes in this model are 
statistically significant, while the insignificance 
of species protection in the Fitzroy model is 
problematic. For these reasons, rhe Grear 
Southern model is rhe preferred model for 
benefit transfer. 

The following checklist provides a guide to rhe 
procedure that should be followed when 
transferring the Great Southern model to a 
different region: 

• Determine whether the set of attributes 
employed in this study adequately 
describes the issues in the target region and 
the policy outcomes that are under 
investigation. 

• Ensure that the ranges for the attribute 
levels in the target region are within the 
ranges used in the Great Southern 
questionnaire. Extrapolation outside these 
ranges will introduce transfer error. 



• 

• 

• 

Specify levels for the attributes chat are 
appropriate for the region and the 
scenarios of interest. A business as usual 
scenario should be established as a 
benchmark against which to compare 
alternative management strategies. 

Identify the target population for transfer . 
Ensure that the target population has 
attitudes and characteristics chat are 
fundamentally similar to chose used in the 
case study. It is recommended that the 
target population reside within the same 
State as the region under investigation. 
That is, the Great Southern model can be 
transferred to regions in ocher Scates, but 
the value estimates should only be 
aggregated to that State's own population. 
Extrapolation of benefits to other States is 
speculative. An exception may be the 
situation where the target region straddles 
the border of two adjoining States. 

Determine the mean socioeconomic 
characteristics of the target population. 
Two important characteristics include 
household annual income (before tax) and 
age. Substitute these mean values into the 
Great Southern model. The estimated 
parameters for this model are defined in 
Table 5. 11. 

• Refer to Chapter 6 of the project report 
(van Bueren & Bennett 2000) for technical 
details on how to calculate estimates of 
welfare change for a specific scenario 
relative to the status quo (see Box 6. 1 in 
project report). For the Great Southern 
model, the error variability associated with 
these estimates is plus 85% and minus 
64% of the mean value. 

• 

• 

Aggregate the resultant household welfare 
estimates to 45% of the target household 
population. The target population should 
be restricted to the rural and city 
populations adjacenc co the region in 
question. Extrapolation of values to other 
populations is speculative and not 
recommended. 

If the analysis calls for an estimate of the 
full impact of a resource use change over a 
number of years, the annual values will 
need to be consolidated to a lump sum 
present value. A discount rate of 3% and 
5% is recommended. 
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GLOSSARY OF TERMS AND CONVERSIONS 

Amortisation 
Conversion of a lump sum to an annual 

value at a given discount rare. 

Control cost 
Costs incurred by government, individuals, 
industries, or infrastructure providers to 

control or improve the condit ion of rhe 
natural resource. 

Damage cost 
Costs incurred by industries, infrastructure 
providers or households, as a result of the 

degradation of natural resources. T hese 
costs are d ivided into: 

• recu rrent damage costs in the form of 
loss of income from impaired 

economic activiry, additional repair or 
maintenance expenditure, reduced 
service life of capital items; and 

non-recurrent investment costs on 
such items as add itional water 
treatment plants or provision of 
replacement reservoir capaciry. 

Discount rate (DR) 
The race of t ime preference for real income 

expressed as a percentage. T he discount 
race can be thought of as che race at which 

we devalue economic costs or benefits that 
occur in the futu re. In chis report results of 
analyses are generally reported at three 

discount rates: 6%, 5% and 3%. 

EC units 
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Electrical conductivity units, mS/m, a 
measure of water sal ini ry: equals 

approximately 1.6 times TDS. The World 
Health O rganisation considers 800 EC the 
maximum desirable salini ry level fo r 

drinking water. Ac 1500 EC many crops 
cannot be irrigated and 5000 EC is often 
considered the threshold for 'saline water'. 

Fixed cost 

Costs of agricultural production that do 
not vary as a consequence of quantiry 

produced o r area harvested. T hey must be 
met in order to allow an enterprise and 
cannot be adjusted in che shore term. In 

this study, fixed costs are equal to the sum 
of fixed depreciation coses, fixed labour 

coses and fixed operating coses. Fixed coses 
are adjustable in che long term. 

Gross benefit 
T he gross benefit is the add it ional profit at 
fu ll equi ry attainable in a given year if yield 
constraints (salini ry, acidiry, sodiciry) were 
cosclessly removed. 

Gross revenue 
In general terms, che gross revenue is equal 

to the price multiplied by quanriry of 
agricultural produce sent co market. 

Impact cost (salinity) 
In chis report, che impact cost of sal in ity is 

the decrease in agricultural profit at full 
equiry as a consequence of saliniry- induced 
yield d ecl ine from 2000 co 2020 in crops 

and pastures. 

Marginal cost 
T he additional cost resulting from an extra 
unit of degradation. 

N et economic re turns 
T his is equal to the profit ar full equiry for 

agricultural production less any 
government support in rhe form of tax 
subsidies, extensio n advice and other forms 

of suppo rt. 

Non-market goods and services 
A non-marker good or service cannot easily 
be priced because it is not traded in rhe 

marker place. This includes goods such as 
b iodivers iry or clean air. T hese goods are 

sometimes valued using non-market 
valuatio n techn iques. 



Profit at full equity (PFE) 

Profic ar full equity is a measure of rhe 
economic rerurns ro rhe narural resource 
base and managemenr pracrice rhrough 
agriculrure. Ir is equal ro gross revenue less 

fixed and variable cosrs. 

Relative yield 

Relarive yield is expressed as a percenrage 
and is equal ro rhe acrual yield divided by 

rhe porenrial yield (e.g. a crop currenrly 
yielding 2 r/ha wirh a porenrial yield of 4 r/ 
ha would have a relarive yield of 50%). 

Salinity of water 
Four quality classificarions are used: 

• fresh (TDS < 500 mg/L) 

• marginal (TDS 500 ro 1500 mg/L) 

• brackish (TDS 1500 ro 5000 mg/L) 

• saline (TDS > 5000 mg/L). 

Social welfare 

TDS 

Social welfare can be considered ro be rhe 
well-being of rhe community as a whole. In 

rhis reporr rhe rerm is used wirh reference 
ro resulrs derived from a non-marker 
valuarion of environmenral resources. T he 
welfare impacrs of a policy rhar affecrs 
rhose non-marker values can be considered 

rhe impacrs co society's overall well-being. 

Tora! dissolved solids in a warer sample, in 
mg/L: is approximarely 0.625 EC unirs. 

Variable costs 
Va riable cosrs are rhose coses rhar change as 

a funcrion of rhe quanrity of an 
agriculrural commodity produced or as a 
funcrio n of rhe area farmed. They are 

adjusrable in rhe shorr rerm. 
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NATIONAL LANDANDWATER RESOURCESAUDIT 

Who is the Audit responsible to? 

T he M inister for Agri culrure, Fisheries and Foresrry - Australia has overall responsibili ty for the Audit 

as a program of the Natural Heritage Trust. T he Audit reports through the Minister fo r Agri culture, 
Fisheries and Forestry to the Natural Heritage Board which also includes rhe Minister for the 
Environmenc and Heritage. 

How is the Audit managed? 

An Advisory Council manages the implemenratio n of rhe Audi t. Dr Roy G reen, wirh a background in 
research , science policy and management chairs the Advisory Council. Members of the Advisory 
Council and the o rgan isations they represenr in February 2002 are: Warwick Watkins (L&\XIA), 
Bernie Wonder (AFFA), Stephen Hunter (EA), Jo hn Radcliffe (CSI RO), Peter Sutherland (SCA RM), 

Jon Womersley (SCC) , Roger Wickes (SCARM) and Colin C reigh to n (Audit). 

What is the role of the Audit Management Unit? 

T he Audit Management Unit's role has evolved over its five-year li fe. Phases of activiry include: 

Phase 1. Strategic p lanning and work plan formulation-specify ing (in parrnership with 
Commonwealth, States and Territories, indusrry and community) the activit ies and o utputs of 

the Audi t- completed in 1998/99. 

Phase 2. Project management- letting concracts, negotiating parrnerships and then managing 

all the component projects and consul tancies that will deliver Audit outputs- a major 
component of Unit activities fro m 1998/99 onwards. 

Phase 3. Reporting-combin ing outputs from projects in each theme to derail Audit fi ndings 
and form ulate recommendations- an increasi ngly important task in 2000/0 I and the early part 
of 2001/02. 

Phase 4 . In tegration and implementation- combining theme outputs in a final report, working 
towards the implemenratio n of recommendations across gove rnment, industry and community, 

and the application of informatio n products as tools to improve natural resource management­
the major focus for 2001102. 

Phase 5. Developing long term arrangements for continuing Audit-type activities-developing 
and advocating a strategic approach for the co ntinuatio n of Audit-type activities- co mplete in 
2001/02. 

T he Audit Management Unit has been mainrai ned over the Audit's period of operations as a small 
multidisciplinary ream. This ream as at February 2002 comprises Colin C reighton, Warwick 
McDonald, Maria Cofinas, Jim Tait, Rochelle Lawson, Sylvia Graham and Drusilla Parkin . 

How are Audit activities undertaken? 

As work plans were agreed by clients and approved by the Advisory Council, compo nent projects in 
these work plans were contracted out. Conrracting involves negotiarion by the Audir to develop 

partnerships with key clients o r a competirive tender process. 

Facts and figures 

• Total Audir worrh, including all partnerships 

• Audit allocarion from Narural Heritage Trusr 

• % fu nds allocared to contracts 

• Toral number of conrracrs 

in excess of $52 m 

$34. 19 m 

~ 92% 
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