
Dryland salinity: economic, scienti¢c, social and
policy dimensions{

David J. Pannell*

A broad range of information relevant to salinity is reviewed in order to critically
evaluate existing and prospective policy responses. The review includes issues of
hydrogeology, farmer perceptions and preferences, farm-level economics of salinity
management practices, spill-over bene¢ts and costs from salinity management,
and politics.
The technical challenge of preventing salinity is far greater than previously

recognised. The farm-level economics of currently available management practices
for salinity prevention are adverse in many situations. O¡-site bene¢ts from on-
farm practices are often small and long delayed. Past national salinity policies have
been seriously £awed. While current policy proposals include positive elements,
they have not su¤ciently escaped from the past.

1. Introduction

Dryland salinity is seen as one of Australia's most serious environmental
and resource management problems. There have been major government
programmes in place for over a decade aiming to increase farmers' adoption
of management practices for salinity prevention. Farmers have responded,
although not on the scale recommended by hydrologists, and yet salinity is
continuing to worsen. Recent hydrological studies have shown that even if
farmers had responded on the scale recommended, salinity would be
continuing to worsen in many cases (Campbell et al. 2000; Stau¡acher et al.
2000; National Land and Water Resources Audit 2001).
The political pro¢le of salinity has increased dramatically in recent years,

with extensive media coverage and the release of numerous reports, including
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the Prime Minister's Science, Engineering and Innovation Council (PMSEIC
1999), the Salinity Audit of the Murray^Darling Basin (Murray^Darling
Basin Ministerial Council 1999), and salinity strategies by the governments of
each of the four most seriously a¡ected states: Western Australia (State
Salinity Council 2000), South Australia (Primary Industries and Resources
South Australia 2000), New South Wales (New South Wales Government
2000), and Victoria. In 2000, the National Farmers Federation and the
Australian Conservation Foundation commissioned consultants to calculate
the cost of fully preventing and repairing land degradation in Australia. They
estimated that it would require expenditure of $65 billion over 10 years, with
the majority of these funds being required for salinity (Madden et al. 2000).
The Commonwealth Government's response to these developing pressures has
been a National Action Plan, announced in November 2000, including shared
Commonwealth and state expenditures of $1.4 billion over seven years.1

This article provides a broad review of the problems of forming sound
policy for management of dryland salinity in Australia. It brings together
considerations of hydrogeology, farmer perceptions and preferences, farm-
level economics of salinity management practices, spill-over bene¢ts and
costs from salinity management, and the politics of salinity.

2. Technical background

In recent years, knowledge of dryland salinity in Australia has improved
substantially. This section provides a brief overview of salinity's causes,
impacts, extent and management options.

2.1 Causes

Salt, mainly sodium chloride, occurs naturally at high levels in the subsoils
of most Australian agricultural land. Some of the salts in the landscape have
been released from weathering rocks (particularly marine sediments)
(National Land and Water Resources Audit 2001), but most have been
carried inland from the oceans on prevailing winds and deposited in small
amounts (20^200 kg/ha/year) with rainfall and dust (Hingston and Gailitis
1976). Over tens of thousands of years, salt has accumulated in sub-soils and
in Western Australia, for example, it is commonly measured at levels
between 100 and 15,000 tonnes per ha (McFarlane and George 1992).
Prior to European settlement, groundwater tables in Australia were in

long-term equilibrium. In agricultural regions, settlers cleared most of the

1As of June 2001, not all states have reached agreement with the Commonwealth on
details of the National Action Plan, and negotiations are continuing.
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native vegetation and replaced it with annual crop and pasture species, which
allow a larger proportion of rainfall to remain unused by plants and to enter
the groundwater (George et al. 1997; Walker et al. 1999). As a result,
groundwater tables have risen, bringing dissolved accumulated salt to the
surface (Anonymous 1996). Patterns and rates of groundwater change vary
widely but most bores show a rising trend, except where they have already
reached the surface or during periods of low rainfall. Common rates of rise
are 10 to 30 cm/year (e.g. Ferdowsian et al. 2001). Given the geological
history and characteristics of the Australian continent, large-scale salinisa-
tion of land and water resources following clearing for agriculture was
inevitable.

2.2 Bio-physical impacts and extent

Forecasts of the eventual extent and impacts of dryland salinity if left
unmanaged test the imagination. The National Land and Water Resources
Audit (2001) estimates that the area of land in Australia with `a high
potential to develop dryland salinity'2 is currently 5.7 million ha and will
reach 17 million ha by 2050. Western Australia has by far the greatest
a¡ected area, with 80 per cent of current national total, and 50 per cent of
the 2050 forecast area. The proportion of agricultural land at risk of being
a¡ected to some extent by 2050 exceeds 30 per cent in Western Australia and
15 per cent nationally.
In the Murray^Darling River system, average salinity at Morgan will

exceed the WHO desirable limit for drinking (500 mg Lÿ1) between 2050 and
2100 (Murray^Darling Basin Ministerial Council 1999). Salinity is rising in
most rivers of southern Australia (Hatton and Salama 1999).
According to George et al. (1999b), in Western Australia, without massive

intervention, most or all of the wetland, dampland and woodland com-
munities in the lower halves of catchments will be lost to salinity. There are
at least 450 plant species and an unknown number of invertebrates which
occur only in these environments and are at high risk of extinction
(Keighery, 2000; State Salinity Council 2000). National estimates by the
National Land and Water Resources Audit (2001) are that by 2050, there
will be a high salinity hazard for 2,000,000 ha of remnant and planted
perennial vegetation, 41,000 km of streams or lake perimeter, and 130
important wetlands.
Increased £ood risks have been studied for only a small number of case

studies (e.g. Bowman and Ruprecht 2000). Extrapolating from these, George

2 Speci¢cally, the criterion used to identify the area at risk was groundwater table depth
less than 2 metres, or between 2 and 5 metres and rising.
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et al. (1999b) concluded that, with the predicted two- to four-fold increase
in area of wheatbelt land with shallow watertables, there will be at least a
two-fold increase in £ood £ows.
Infrastructure at risk has also been identi¢ed. According to the National

Land and Water Resources Audit (2001), assets at high risk from shallow
saline watertables by 2050 include 67,000 km of road, 5,100 km of rail and
220 towns. Campbell et al. (2000) estimated for a sub-region of south-west
Western Australia that 1,200 buildings (15 per cent of all buildings in the
region), 3,300 km of roads (26 per cent) and 16,000 farm dams (44 per cent)
face the risk of damage or destruction from salinity.

2.3 Treatments

The above impact forecasts are generally based on a `business as usual'
scenario. The aim of policy is clearly to avert that scenario through imple-
mentation of salinity management methods. Three broad types of salinity
management are relevant to this review: prevention, remediation and
adaptation.

Prevention

The term `prevention' is used here to mean avoidance (in part or in full) of
a further worsening in salinity. It is not intended to imply a reduction in
current levels of salinity. Despite this relatively modest aim, the scales of
treatments recommended by hydrologists for preventing the various impacts
of dryland salinity are daunting. In recent years, we have lost earlier hopes
that large-scale preventative impacts on salinity could be achieved by clever
selection and placement of relatively small-scale treatments, or by changes to
the management of traditional annual crops and pastures (in all but the most
localised and small-scale groundwater £ow systems). The new consensus is
that large proportions of land in threatened catchments would need to be
revegetated with deep-rooted perennial plants (shrubs, perennial pastures or
trees) for at least part of the time. The perennials would need to be
integrated with engineering works, particularly shallow drainage for surface
water management. For example, table 1 shows several systems of perennial
vegetation analysed by Stau¡acher et al. (2000) for Wanilla Catchment on
the Eyre Peninsula of South Australia. All six scenarios involve
establishment of perennials on well over 50 per cent of land in the catchment.
Similarly dramatic changes in land use are envisaged by Stirzaker et al.
(2000) for the Murray^Darling Basin and by George et al. (1999b) and
Campbell et al. (2000) for Western Australia.
Despite the massive scale of intervention involved in these management

scenarios, their impacts on salinity are surprisingly modest. For example, the
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last column of table 1 shows the forecasts of Stau¡acher et al. (2000) for
the Wanilla catchment. Strategies involving establishment of perennial
vegetation on very large proportions of agricultural land (not just the land
threatened with salinity) would prevent, at best, 10 per cent of land from
going saline within a 20-year time frame. Similarly, ¢gure 1 shows the range
of results for several catchments in Western Australia (George et al.
1999b). If recharge across a catchment were reduced by 50 per cent, implying
perennials on more than 50 per cent of the land, the eventual area3 of salinity
in the catchment would be reduced by 10 to 40 per cent (i.e. to between 60
and 90 per cent of the area resulting from a `business as usual' management
scenario). Assuming that 30 per cent of the catchment would have gone
saline (consistent with Ferdowsian et al. 1996), the area protected would be 3
to 12 per cent of the catchment. Impacts of treatments within the Murray^
Darling Basin would be broadly similar in relative scale (National Land and
Water Resources Audit 2001).
The timing of treatment impacts is also important. On the positive side,

even where equilibrium areas of salinity are reduced little, the planting of
large areas of perennials is likely to delay the process of reaching that

Table 1 Low-recharge land use scenarios for Wanilla catchment, Eyre Peninsula, South
Australia

Scenario
Upper catchment
land use

Lower catchment
land use

Reduction
in recharge

(%)
Area lost to
salt (%)

Status quo Retain existing land-use Retain existing land-use 0 15

A 100% trees 50% crops, 50% lucerne 49 12

B 50% trees, 25% crops,
25% lucerne

50% crops, 50% lucerne 33 13

C 100% trees 50% crops, 50% deep-
rooted lucerne

59 9

D 50% trees, 25% crops,
25% deep-rooted lucerne

50% crops, 50% deep-
rooted lucerne

47 12

E 100% trees 50% trees, 25% crops,
25% lucerne

74 5

F 50% trees, 25% crops,
25% lucerne

50% trees, 25% crops,
25% lucerne

42 12

Source: Stau¡acher et al. (2000) cited in Hajkowicz and Young (2000)

3 Strictly, the indicator of salinity risk shown in ¢gure 1 is not `area' but `£owtube length'.
Because the scale is normalised relative to a `business as usual' scenario, the results are
reasonably indicative of those which would be obtained from an analysis based on area.
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equilibrium by between 20 and 80 years (Campbell et al. 2000). On the
negative side, given the slow rate of development of salinity, the bene¢ts of
treatments implemented now may be well into the future. Although local
reductions in watertables can be achieved within a year or two (George et al.
1999a), catchment-scale impacts, such as reductions of saline discharges into
waterways, will be very much slower. In catchments having regional ground-
water £ow systems, the bene¢ts will probably be a century or more in the
future (Hatton and Nulsen 1999; Hatton and Salama 1999; Heaney et al.
2000; National Land and Water Resources Audit 2001).
Even with massive intervention, continuing salinisation of resources is

inevitable and unpreventable. For example, based on the `Flowtube' model,
which underlies table 1 and ¢gure 1, hydrologists in Western Australia have
estimated that radical large-scale changes to farming practices would not
prevent the area of saline land from increasing, perhaps by an additional 2.0
to 2.5 million ha, before stabilising (State Salinity Council 2000). (This
particularly applies in low-to-medium rainfall regions.) Without such radical
changes the area would increase by approximately 4 million ha.
Engineering methods may provide an alternative or a supplement to

perennial vegetation. On farms, shallow surface drainage is the primary
method contributing to prevention. (Deep open drains are discussed below
under `Remediation and adaptation'.) Pumping to remove saline ground-
water is expensive and has only local e¡ects on the groundwater level, but it

Figure 1 Responsiveness of dryland salinity to reduced recharge (e.g. from perennials or
drainage) in a range of catchment types in Western Australia.
Note: See text for clari¢cation (source: George et al. 1999b)
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may be a viable strategy where particularly valuable assets are at stake (e.g.
the infrastructure of a town, or an important environmental asset). In
situations where a valuable asset is located in a catchment where the process
of watertable rise is well advanced, the bene¢ts of revegetating the catchment
may be too little and too late to save the asset. In these cases, pumping is
the only strategy available with the technical capacity to protect the asset
(Campbell et al. 2000). The Murray^Darling Basin Commission is using
pumping extensively to intercept saline groundwaters before they discharge
into the Murray and other major rivers.
Attempts to prevent salinity by revegetation are further complicated by

the impacts of perennial vegetation on surface water £ows. One of the
advantages of perennial vegetation is that it avoids predicted increases in
£ood risk, which it does by reducing runo¡ of surface water.4 (With deeper
watertables, rainfall is more likely to in¢ltrate the soil.) However, in
catchments which generate water resources for domestic, industrial or
environmental uses, the reduction in runo¡ following revegetation creates an
external cost (discussed further later).

Remediation and adaptation

Clearly, once the hydrological balance of a catchment is disturbed, prevention
of salinity is very di¤cult. Once land is salinised, returning a catchment to a
non-saline state is even more di¤cult. Many farmers with salinised land in
Western Australia are installing deep, open drains, intending to lower
watertables locally and to allow a continuation or resumption of traditional
agricultural practices between the drains. Although very expensive to
implement and maintain, many farmers feel that such drains o¡er their best
option in response to salinisation of land. This has been an area of considerable
controversy, ¢rst, because the disposal of saline waters collected in these drains
can cause external costs. Second, the claimsmade by farmers and drainage con-
tractors regarding the e¡ectiveness of deep drains greatly exceedmeasurements
which have been made by hydrologists for at least some situations (e.g. Speed
and Simons 1992; Ferdowsian et al. 1997). Nevertheless, the enthusiasm of
some farmers continues, and scienti¢c evidence is now emerging that, at least in
some circumstances, deep drains are technically e¡ective.
Given the expense and di¤culty of preventing or remediating salinity,

adaptation to a saline environment is often the most practical and realistic
strategy. Farmers with large areas of salt-a¡ected land are already trialling
and implementing farming systems based on salt-tolerant species (e.g. salt

4 Salt-tolerant vegetation growing in salt-a¡ected valleys can also contribute to £ood
mitigation by providing a physical barrier which slows water and thereby reduces peak
£ows.
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bush, balansa clover, tall wheat grass). In addition, there is growing interest
in economic uses for saline water (e.g. aquaculture, electricity generation,
irrigation with brackish water, algae, e.g. for agar, b-carotene, pigments,
¢sh food, seaweed) and the potential to extract valuable salts and minerals
(e.g. magnesium, bromine, potassium chloride) (see the OPUS database at
http://www.ndsp.gov.au/opus/menu.htm, accessed 5 June 2001).
Where water resources are salinised, adaptation in the form of desalination

is another option which appears to warrant further investigation. Other
situations where engineering methods to adapt to adverse developments may
conceivably be economically more e¤cient than prevention include engin-
eering works for £ood mitigation, and replacement of damaged infrastructure
with structures designed to better withstand salinity. A variation on the theme
of `adaptation' is pumping to intercept rising saline groundwaters before they
discharge into rivers or sites of biodiversity. In this way, impacts can be
reduced without successfully treating the underlying cause of salinity.
Finally, an option which is available to landholders is to allow salinity to

occur unchecked and make do with smaller productive areas, perhaps with
some intensi¢cation of production. In situations where treatments are
expensive and/or slow to show bene¢ts, and the assets at risk are not
su¤ciently valuable, such an option may conceivably be the most e¤cient
course of action, not just for the farmer but also for society more generally.

2.4 Social impacts

Salinity will contribute to declines in farm numbers and farm incomes, with
£ow-on e¡ects on rural towns and the provision of services. There will be
impacts onmental health andwell-being. To take a single example, a catchment
group in Western Australia has been making considerable e¡orts to protect a
particular environmental asset, but it now seems clear that their e¡orts will fail,
resulting in great anguish for some members of the group. Sensitive and
responsible methods to deliver bad news (e.g. in the form of maps of salt risk)
will be important as this information becomes increasingly public.
In regions where salinity treatments (particularly woody perennials) are

adopted at very high levels, their social impacts are likely to be even greater
than those of salinity per se. Woody perennials will have a mixture of
positive impacts (e.g. employment associated with harvesting and processing)
and negative impacts (e.g. reduced farming populations in some areas).

3. The farmer's perspective

In large part, Australia's salinity policies have relied on farmers to resource
and implement the desired changes. Improving policy design requires us to
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understand the ways that farmers have and have not responded to salinity-
oriented government programmes.

3.1 Farmers' responses to salinity

Encouraged by policies such as the National Landcare Program, many
farmers have been making personal sacri¢ces and ¢nancial commitments to
salinity prevention under the impression that the treatments have been
o¤cially sanctioned and will be su¤cient. Although the actions like tree
planting have had a range of bene¢ts (e.g. reducing soil erosion, reducing
water logging, provision of habitat for native £ora and fauna), we now know
that the treatments implemented are too small by an order of magnitude or
more to signi¢cantly reduce eventual areas of shallow watertables, although
local e¡ects providing worthwhile delays are likely. In salinity-prone regions
there are only localised areas where the watertable has been brought under
control.
To illustrate further, consider the Upper Kent catchment in Western

Australia. This is a `Water Resource Recovery Catchment' in the state's
Salinity Action Plan. It was selected as a `Focus Catchment' in the National
Dryland Salinity Program (phase 1) and provided with relatively high
funding and intensive scienti¢c study. However, a survey conducted after the
completion of the NDSP initiative (Kington and Pannell 2001) found that
75 per cent of farmers had established less than 50 hectares of perennials.
Almost all farmers had implemented at least one new practice in response to
land degradation, but the average scale of implementation was small.
Disturbingly, over 50 per cent of farmers reported that they had not
observed any bene¢t at all from their land conservation investment, so the
prospects for much larger investments would appear very poor. It may be
that bene¢ts have occurred but been unobserved, but if so, this highlights the
di¤culty of achieving high levels of adoption of salinity treatments (see
below).
Curtis et al. (2000) found in the Goulburn Broken Catchment that most

farmers responding to a survey were not concerned about the potential
economic, environmental or social impacts of rising watertables. Although a
majority of farmers had implemented perceived `best management practices'
for salinity to some extent, the average scale of adoption was modest.

3.2 The adoption problem

Many of the measures taken by governments to address salinity have been
intended to raise awareness of salinity and encourage greater adoption of
practices for salinity prevention. While awareness is relatively easily
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achieved, the adoption problem is too complex and multifaceted to be solved
by awareness alone. I have elsewhere discussed and reviewed reasons for
low adoption by farmers of salinity treatments (Pannell 1999a, 1999b, 2001),
commenting that:

Lack of awareness of salinity is probably not a major factor explaining
slow and low adoption of the recommended practices. Rather, the major
factors relate to the economic costs and bene¢ts of current treatment
options, the di¤culties of trialling the options, long time scales,
externalities, and social issues. This combination of factors means that the
problem in many regions is extremely adverse to rapid adoption, probably
more so than for any other agricultural issue in Australia. In other words,
farmer reluctance to adopt the radical changes being recommended is
completely understandable and, indeed, reasonable from the farmers'
perspectives. (Pannell 2001, p. 335)

Curtis et al. (2000) emphasised lack of ¢nancial capacity as the greatest
impediment to change within the Goulburn Broken Catchment. Others have
highlighted the pro¢tability of an innovation as being a particularly
important factor in£uencing its attractiveness to farmers (Lindner 1987;
Cary and Wilkinson 1997).
Social circumstances will in£uence the potential for farmers to respond

and manage salinity. Barr et al. (2000) found that many farmers in parts of
the Murray^Darling Basin have other sources of income and may view
agriculture as a secondary occupation. A proportion are `on a trajectory out
of agriculture'. We probably cannot expect major investments in long-term
land-use changes by people in these circumstances.

4. Economics of salinity management

Shallow saline groundwaters have a multitude of costly consequences, as
summarised in table 2. Although traditionally seen primarily as an agri-
cultural problem, it is now appreciated that the non-agricultural costs are
likely to be at least as signi¢cant.
Bene¢ts and costs related to salinity management are considered here in

two broad groups: agricultural and non-agricultural bene¢ts and costs.
Where treatments implemented by private land managers result in non-
agricultural bene¢ts or costs (e.g. column 3 of table 2), these externalities or
spill-overs may be particularly important in shaping appropriate government
policies. This aspect of the salinity problem has dominated economists'
thinking, although it is not the only issue relevant to policy design and,
perhaps, not the most important (Pannell et al. 2001).
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4.1 Agricultural bene¢ts and costs

Preventative management: direct bene¢ts and costs

The overall assessment of public investments in salinity management depends
in part on the on-farm economics of the treatments (private costs and
bene¢ts are a subset of social costs and bene¢ts). The less costly are
perennials to farmers, the more likely it is that mechanisms or institutions to
reduce external impacts will generate social bene¢ts.
Some examples of pro¢table perennial-based farming systems can be

identi¢ed:

. Tasmanian blue gums (Eucalyptus globulus) in the south west of Western
Australia are pro¢table in environments with suitable soils and rainfall
(Burdass et al. 1998).

. Oil mallees appear likely to become pro¢table for farms located within
the transport limits of processing plants/power generators (Bartle 1999;
Cooper 2000; Herbert 2000). A pilot plant is planned for the town of
Narrogin.

. The perennial pasture plant, lucerne (Medicago sativa), is currently
pro¢table in suitable environments (e.g. Bathgate and Pannell 2001).

Unfortunately, these positive results apply to particular niches in particular
regions, which tend to be higher rainfall regions. For the majority of land
that is at risk of dryland salinity, no pro¢table perennial plant options are

Table 2 Examples of costs caused by dryland salinity

Type of salinity
cost Agricultural impacts Non-agricultural impacts

Preventative
action

Costs of establishing preventative
treatments: areas of perennial
plants, surface drainage.

Costs of engineering works
(pumps, drains, evaporation
basins) and revegetation to protect
buildings, roads, bridges and other
infrastructure

Replacement,
repairs and
maintenance

Repairs to buildings, replacement
of dams, establishment of deep
drains to lower saline groundwater

Repairs to houses and other
buildings, desalination of water
resources, repairs to infrastructure,
restoration of natural
environments

Direct losses Reduced agricultural production,
reduced £exibility of farm
management

Extinctions, loss of biodiversity,
loss of amenity, loss of aesthetic
values, loss of water resources,
eutrophication of waterways, loss
of development opportunities on
£ood plains
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currently available. In many situations, the sacri¢ce of pro¢t involved in
growing perennials appears very great (e.g. Herbert 1999; Hajkowicz and
Young 2000). This creates serious di¤culties for attempts to devise e¤cient
policies to enhance prevention of land salinisation.

Preventative management: indirect bene¢ts and costs

It has been widely assumed that, even if perennials are not directly pro¢table
in terms of their harvested products and farming-system bene¢ts, their ability
to prevent salinity would make them ¢nancially attractive to those farmers
with long planning horizons. However, the results reported in table 1 and
¢gure 1 reveal that the ¢nancial bene¢ts to farmers from salinity prevention
are unlikely to be high.
To illustrate further, ¢gure 2 shows results from a simple Net Present

Value model (adapted from Bathgate and Pannell 2001) based on the
following assumptions:

. The planning horizon is 100 years.

. The real discount rate is 10 per cent.

. After a time lag, all of the land in question would become immediately
salinised if left in traditional farming systems. Results are shown for time
lags of 10, 20, 30 and 50 years.

Figure 2 Break-even levels of direct pro¢t from perennial-based farming system required
to match long-run ¢nancial performance of traditional annuals, allowing for salinity-
prevention bene¢ts of perennials
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. `Treated' land is land on which perennials are established. `Protected'
land is saved from salinisation as a result of the perennials. The area of
protected land may be more or less than the area of treated land.

. If perennials are established immediately and `Land protected' is at least
one, treated land is permanently protected from salinity. At the proportion
1.0 (marked by a dashed line), only treated land is protected.

. The net pro¢tability of production from salinised land is 20 per cent of
the pro¢tability of non-saline land.

Figure 2 shows how much direct pro¢t would be required from the
perennials to justify their inclusion on the farm, from a narrow ¢nancial
perspective. Consider the result for a lag of 10 years before salinity occurs.
The ¢gure shows that if the area treated equals the area protected (`land
protected' � 1.0), the perennial would need to generate pro¢ts at least 70 per
cent as large as the traditional agricultural enterprise grown on the land in
question. Recall that pro¢t from salinised land is assumed to be 20 per cent
of that for non-saline land. The result of 70 per cent, then, means that to
avoid the 80 per cent pro¢t decline due to salinity in years 11 to 100, it is
worth sacri¢cing no more than 30 per cent of the pro¢tability of traditional
agriculture over years 1 to 100. As the protection of additional untreated
land increases, there is a fall in the pro¢tability required to break even, while
longer time lags before salinity result in a greater pro¢t requirement.

It is striking that, even in the most favourable situation modelled,
perennials must do better than covering their input costs. They must also
cover a proportion of the short-term opportunity cost of traditional (annual)
crop or pasture production on the land in question. For time lags of 20 years
or more (which are relevant to most of the land currently at risk), the
pro¢tability of perennials must nearly equal that of traditional farming
enterprises, even if land protected is greater than land treated. Even at lower
discount rates than those used to generate these results, the present value of
salinity prevention 20 years or more hence is relatively small.
Overall, the results show that, for realistic assumptions about treatment

impacts and lags, the indirect bene¢ts of perennials due to salinity prevention
will be small relative to their direct, short-term bene¢ts and costs. Thus, a
relatively narrow and short-term measure of on-farm pro¢tability will be
very important in determining the likely net social bene¢ts of revegetation.
On-farm bene¢ts from salinity prevention are likely to contribute relatively
little to the economic attractiveness to farmers of perennial-based farming
systems. For adoption to be ¢nancially attractive to farmers, perennials need
to be directly pro¢table, or nearly so, without considering the bene¢ts of
salinity prevention (or the indirect or non-¢nancial bene¢ts other than for
salinity need to be su¤cient).

Dryland salinity dimensions 529

# Australian Agricultural and Resource Economics Society Inc. and Blackwell Publishers Ltd 2001



Management of salinised resources

Possible agricultural and non-agricultural uses for saline land and water were
presented above. There appears to have been little economic analysis of these
practices (which seems an important oversight). However, there is reason to
expect that they will become of considerable economic importance. Much of
the forecast salinisation of land is not technically avoidable without im-
plausibly large changes in land use. A feature of salinised land is that it has a
low opportunity cost, in contrast to much of the land on which perennials
would need to be established for e¡ective salinity prevention. Therefore,
provided that up-front establishment costs are low enough and/or adequate
productivity can be demonstrated, the prospects for widespread adoption of
new salt-tolerant plants for economic production on salt-a¡ected land appear
good. Such plants would su¡er few of the adoption di¤culties highlighted
by Pannell (2001) for preventative perennials.
The other approach to management of salinised land is amelioration by

engineering means. An economic analysis of deep open drains on agricultural
land by Ferdowsian et al. (1997) reached negative conclusions about their
cost e¡ectiveness, but given new evidence emerging about their e¡ectiveness
in some situations, further analysis is needed. The economics of pumping
strategies for protection of six rural towns in Western Australia have been
analysed, with mixed results regarding the economic attractiveness of the
intervention (Dames and Moore ö NRM 2001).
Some people view approaches for `living with salt' as `defeatist' and for

use as a last resort when preventative measures fail. On the other hand, the
methods might equally well be considered as alternatives to prevention. The
more pro¢table are the available uses for saline land, the less ¢nancially
attractive are methods for salinity prevention.
Another potential avenue to improve e¤cient management of salinised

land is the establishment of systems to ease transfer of ownership. Salinised
land may o¡er opportunities to more innovative and entrepreneurial
managers or to environmentalists which are not realisable while the land
remains legally tied to larger parcels of non-saline land.

4.2 Non-agricultural bene¢ts and costs

Reduced saline discharges

Saline discharges are the primary causes of most of the non-agricultural costs
in table 2, although surface waters are relevant in some cases (see below).
Pannell et al. (2001) outlined six reasons why external costs from o¡-site
discharges of saline groundwater are less important in Western Australia
than has been commonly perceived:
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1. For a proportion of the landscape, little groundwater moves across
farm boundaries; groundwater £ow systems are localised (National
Land and Water Resources Audit 2000).

2. Even in regional £ow systems, it can be possible for treatments to be
e¡ective locally, at least temporarily (e.g. deep open drains). This is
particularly relevant to landscapes with low slopes and low trans-
missivity of soils, such as the wheatbelt valleys of Western Australia.

3. Damage to key rivers will continue for many years (centuries in some
cases) even if large-scale revegetation programs are implemented
(Hatton and Salama 1999).

4. As the process of farm consolidation and enlargement continues, it is
increasingly likely that discharge and recharge sites will occur within
the same farm. Over time, fewer farmers are su¡ering from saline
discharges that originated outside their own farm.

5. Discounting of future bene¢ts and costs is necessary to allow valid
comparison of economic impacts occurring at di¡erent times. Given the
slowness of some key o¡-site bene¢ts from treatments, discounting
causes the signi¢cance of these bene¢ts in present-day terms to be
small.

6. Given the adverse economics of currently available perennial plant
systems (particularly in drier regions), the optimal balance between the
costs and bene¢ts of salinity prevention measures may involve very little
prevention of salinity, even when o¡-farm bene¢ts are considered. The
¢ndings reported earlier about the large scale of revegetation needed to
prevent salinity on relatively small areas of land (George et al. 1999b;
Stau¡acher et al. 2000; Campbell et al. 2000) and the discussion
surrounding ¢gure 2 reinforce the ¢nding that external bene¢ts per
hectare of treatment are low.

For some public assets, the greatest need and justi¢cation are for highly
localised treatments, within or adjacent to the assets themselves, rather than
treatments dispersed across surrounding agricultural land. The impacts of
dispersed, catchment-wide treatments alone would be too little, too late to
prevent severe damage to the assets. In some cases this is because the
primary cause of rising groundwaters is recharge on the site of the non-
agricultural asset, rather than recharge in the surrounding catchment. This
applies to most of the rural towns in Western Australia which have been
evaluated under the state's Rural Towns Program (e.g. Matta 1999). The
broader point about placement of treatments adjacent to threatened assets is
relevant to the Murray^Darling River system, where the Murray^Darling
Basin Commission is investing heavily in pumping schemes to intercept
saline water before it enters waterways.
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Nevertheless, there is variation in both the responsiveness of o¡-site
impacts to treatments (National Land and Water Resources Audit 2000) and
in the value of the o¡-site resources at risk (environmental, economic and
social). In some locations, the combination of hydrological responsiveness
and asset values at risk will be such that the public bene¢ts of on-farm
treatments are high. However, it is now clear that this will apply to only a
minority of agricultural land.

Surface water £ows

Heaney et al. (2000) noted that revegetation with perennials results in a
reduction in surface water runo¡ and emphasised the importance of this
e¡ect in the Murray^Darling Basin. Fresh water from runo¡ in the Basin
provides domestic water for the city of Adelaide and other towns, irrigation
water for important intensive agricultural industries, and environmental
services of various kinds. In an analysis of the Macquarie^Bogan catchment,
Heaney et al. (2000) found that perennials may have higher external costs
due to reduced runo¡ than their external bene¢ts in the form of groundwater
management. This is, in part, because the impacts of revegetation on runo¡
are rapid, while the impacts on discharge of saline groundwaters are often
very slow.
Runo¡ increases disproportionately with rainfall. Stirzaker et al. (2000)

noted that 38 per cent of runo¡ entering the Murray^Darling river system is
collected from just 2 per cent of the land area of the catchment. Therefore,
the result noted by Heaney et al. (2000) is more likely to occur in high
rainfall zones. Unfortunately, woody perennials are more likely to be eco-
nomically viable in these zones (Heaney et al. 2000; Stirzaker et al. 2000),
creating an additional tension between public bene¢ts and the incentives
faced by private land managers. It seems a cruel irony that where trees are
most needed to manage groundwaters, their private economic performance is
relatively poor, while in some locations where they are more economically
attractive to private landholders, establishing trees may result in negative
bene¢ts overall.

Additional bene¢ts from salinity management

We have seen that the economic value of reducing saline discharges by
revegetation with perennials is often lower than many might expect.
However, it is important to recognise that perennials have a range of
additional bene¢ts, both public and private:

. Carbon sequestration, particularly by woody perennials.

. Biodiversity (e.g. provision of habitat).

. Reductions in wind and water erosion.
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. Diversi¢cation of farm income.

. Farming systems bene¢ts, such as use of perennial pastures in a strategy
to manage herbicide-resistant weeds (e.g. Pannell et al. 2001).

. Regional development and regional employment, particularly where
woody perennials are processed in rural areas.

. Aesthetics and amenity value (van Bueren and Bennett 2001).

Whether these bene¢ts are su¤cient to justify greater areas of perennials is
an empirical question on which evidence is limited and patchy.

4.3 Bringing together public and private bene¢ts and costs

It has commonly been assumed that external costs from salinity are pervasive
across all or most agricultural land, and that they will result in `market
failure', meaning that the free market will not maximise net bene¢ts to the
community as a whole. In situations where this is true, intervention of some
type by government is potentially called for. However, the economics of
public investment in reducing saline discharges will be sensitive to a number
of factors already discussed, including the level and timing of treatment
impacts, the value of assets at risk, and the farm-level economics of the
treatments.
Suppose that in each catchment, a similar proportion of land is to be

converted to perennials. The net cost to farmers of doing so varies widely. In
some catchments, perennials may be pro¢table independent of salinity con-
siderations (i.e. a negative marginal cost) while in others the cost is very high.
Ranking the hypothetical catchments from lowest to highest revegetation
cost produces the hypothetical cost curve shown in ¢gure 3.
On the bene¢t side, based on the earlier discussion, one would expect a

highly skewed distribution. A small number of catchments would contain
highly valuable assets and responsive groundwater £ow systems, so that
bene¢ts of revegetation are high. However, in the majority of catchments, o¡-
site bene¢ts of revegetation are low. There is likely to be a weak relationship,
if any, between bene¢ts and costs across di¡erent catchments. In ¢gure 3,
bene¢ts are distributed independently of costs among the catchments.
This hypothetical graph illustrates some important insights:

. A number of catchments with high o¡-site bene¢ts from revegetation also
have high on-site costs. In some catchments with high o¡-site bene¢ts,
government intervention to capture these bene¢ts would generate positive
net bene¢ts for the community (catchments 34, 39 and 65) while in others
the costs would exceed the bene¢ts (77, 81).

. Some catchments with low o¡-site bene¢ts from treatments have suf-
¢ciently low costs of revegetation to potentially justify policy e¡orts to
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directly address external impacts (catchments 11 to 16). However, the
net bene¢ts of doing so would be small, especially when one considers
transaction costs, which are not included in ¢gure 3.

The catchments where the net bene¢ts of revegetation would be high will be
particular, readily identi¢able individual catchments, containing assets of
exceptional value. Apart from these catchments, the potential gains to the
community as a whole from government intervention to reduce o¡-site impacts
from salinity are not great. This has important implications for policy.

5. Salinity policy

5.1 An appropriate role for government in salinity management

As noted earlier, resource economists in Australia have tended to focus on
reduction of negative spill-over e¡ects (`internalisation of externalities') as
being the most important role for government in relation to salinity (e.g.
Hayes 1997). This is re£ected, for example, in considerable interest in the use
of economic policy instruments, such as tradeable emissions permits, and
auction-based systems for allocating rights, charges and subsidies (e.g. Bell
et al. 2000). These approaches have been given priority for further investi-
gation in the National Dryland Salinity Program, in the Commonwealth
Government's National Action Plan and in at least two of the state salinity

Figure 3 Hypothetical model of marginal costs and bene¢ts of salinity prevention across
100 catchments
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strategies. While market-based instruments do, no doubt, have a role to play
in promoting change on farms, recent developments in our understanding, as
re£ected in ¢gure 3, reveal that the potential bene¢ts of market-based
instruments are likely to be somewhat limited. The main bene¢ts will be in a
small proportion of locations where o¡-site bene¢ts from on-farm revegetation
are outstandingly high. For the majority of agricultural land, o¡-site bene¢ts
from revegetation are low, or on-site costs are high, or both. In these situations,
use of market-based instruments is unlikely to be e¡ective in altering farm
management on the scale needed for technical e¡ectiveness unless the
incentives created are greater than the o¡-site bene¢ts which are the object of
the exercise. The use of such large incentives would actually reduce economic
e¤ciency, rather than increase it, because they would encourage adoption of
perennials in situations where the total costs exceed the total bene¢ts.
This also has implications for other policy approaches, such as command-

and-control regulation, and use of moral suasion. To the extent that these are
successful in altering farmers' management strategies, they run the risk of
reducing community bene¢ts unless carefully targeted to situations where o¡-
site bene¢ts are greater than on-site costs.
Although negative spill-overs from salinity seem less important as a cause

of market failure than previously thought, there are a number of other
aspects of salinity for which market failure seems likely:

. Divergence between public and private rates of time preference (Tietenberg
1996). Given the long time scales involved in achieving some of the bene¢ts
from salinity mitigation, any divergence between social and private
discount rates may have a substantial impact on evaluation of investment
decisions. A key example is investment in R&D to develop improved
farming systems based on perennial plants. Time scales on such R&D can
be long, and must be added to the time lag between technology availability
and widespread adoption and the lag between establishment of perennials
and avoidance of saline discharges.

. Divergence between public and private attitudes to risk. Bell et al.
(2000) emphasised the considerable uncertainties that remain regarding
the links between speci¢c salinity treatments and speci¢c salinity
mitigation bene¢ts. These uncertainties are di¤cult to reduce because of
the long time lags involved and the geological complexity and diversity
of catchments. For farmers, the normal route to reducing uncertainty
about an innovation is a small-scale trial, but for several reasons outlined
by Pannell (2001) the value of information about salinity e¡ects from
such a trial is likely to be low. Uncertainty about long-term prices of
products from woody perennials may also be higher than for traditional
agricultural products, even if only because the products are less familiar
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to farmers. These uncertainties are highly likely to inhibit farmer
adoption of new perennial-based farming systems, even in situations
where the perennials would, in fact, be bene¢cial to the farmers (Pannell
1999a, 1999b). High uncertainty about payo¡s is also a feature of long-
term R&D, and may have contributed to the very limited private
investment in development of commercial perennials for low-to-medium
rainfall areas.

. Information and some environmental bene¢ts are `public goods' which
may not be adequately provided by the market. In the case of information,
this argument is commonly proposed as a potential justi¢cation for
government investment in R&D and information provision services such
as agricultural extension (e.g. Alston et al. 1995; Marsh and Pannell 2000).
For salinity, the argument is reinforced because some of the bene¢ts at
stake are themselves public goods. In particular, non-market environ-
mental values are under threat. Despite the limited available evidence,
there are reasons to expect that in some locations the non-market values at
stake are high.

In some situations, this last issue points to a spill-over problem, where on-
farm management is needed to protect an environmental asset. However, in
others, the greater requirement is for direct government management of the
public assets under its care and control. Protection of physical public infra-
structure can also fall into this category of requiring government action
because the management problem is already predominantly within the sphere
of government. They have responsibility for the asset, and the socially
optimal salinity management strategy does not require actions by others in
the community (e.g. drainage in a roadside reserve to protect the road).

5.2 Past and present policies

There are numerous government programs in place across Australia which
are intended to promote conservation of land and water resources (e.g.
Industry Commission 1997). Although salinity is one of a number of causes
of resource degradation, it has increasingly been seen as the most serious and
important of them, as re£ected in the growth of major policies and programs
targeted speci¢cally at salinity. This subsection is a brief review of only the
major policies relevant to dryland salinity over the past decade, including the
new National Action Plan.

National Landcare Program and Natural Heritage Trust

Concerted e¡orts to address salinity in Australia began with the National
Landcare Program (NLP), launched in 1989 from the foundation of the
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National Soil Conservation Program. The NLP started with the premise that
land degradation in agriculture could be solved by awareness-raising,
education, and catchment planning processes for groups of farmers (Curtis
and De Lacy 1997; Vanclay 1997). A stewardship ethic was to be cultivated
among farmers. For over a decade, this paradigm has been the dominant
force shaping resource management policies for agriculture. The NLP
approach has been very successful in raising awareness of resource con-
servation issues among farmers, and in some cases this awareness has led to
changes in farming practices. It has also clearly had bene¢ts in areas other
than salinity. However, for dryland salinity, the changes achieved have been
too small to prevent ongoing resource degradation. To be fair, the land-use
changes required to e¡ectively prevent salinity are now known to be very
much more substantial than was believed when the Landcare Program was
conceived. However, the contributors to Lockie and Vanclay (1997) identi-
¢ed a range of problems with the objectives and underlying assumptions of
the NLP. Barr notes the inadequacies of relying on voluntarism and a
stewardship ethic: `There is a signi¢cant body of research that demonstrates
that links between environmental beliefs and environmental behaviour are
tenuous' (1999, p. 134).
The primary instruments used in the Landcare Program have been

provision of paid facilitators and organisers for Landcare groups (often
without strong agricultural or technical backgrounds), the development of
catchment plans, and subsidies for partial funding of relatively small-scale
on-ground works. There has been little economic analysis done of these
catchment plans or on-ground works. The NLP was subsumed within the
Natural Heritage Trust (NHT) in 1997. The basic approach and philosophy
of Landcare have continued and have also been applied to other programs
within NHT such as Bushcare.
Although reported levels of membership of Landcare groups are high,

farmers are increasingly jaded with the Landcare approach. Many are
dismissive of the unrealistic expectations embodied in the Landcare
Program.
A concern is that, despite this, and despite our new understanding of the

salinity problem, some areas of government continue to advocate the
Landcare paradigm for salinity management. Although `empowerment' and
`participation' (buzzwords within Landcare) are important elements of good
extension practice, they are not su¤cient weapons against salinity. After a
decade of exhorting farmers to action on the basis that `every little bit helps',
it will be di¤cult indeed for those deeply wedded to the Landcare program
to accept that it may not. Given what we now know, continuation of the
Landcare policy approach to address salinity is, in many situations, both
inequitable and ine¤cient.
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Integrated Catchment Management

Ghassemi et al. observed that, `In Australia, since the early 1980s an
emerging enthusiasm for the concept of integrated management of water and
land resources on a catchment-wide scale has become evident' (1995, p. 84).
Most of the national and state salinity policies have included so-called
`Integrated Catchment Management' (ICM) as a prominent theme. The
mantra of ICM has had a strong in£uence on thinking about salinity and its
management. One outcome has been a common belief among farmers,
agricultural extension agents and others that localised management activities
will not generate bene¢ts unless replicated across the entire catchment.
Pannell et al. (2001) have argued on several grounds that in Western
Australia this is frequently a misconception, and the National Land and
Water Resources Audit (2000) has revealed that some of the arguments also
apply in the Murray^Darling Basin. One issue is that surface water catch-
ments (on which group boundaries and catchment plans are based) may
di¡er substantially from groundwater catchments.
The concept of ICM has also in£uenced planning processes, at least in the

sense of them being spatially inclusive of entire (surface water) catchments.
However, the task of integrating all elements of the salinity problem into a
meaningful planning process at the catchment scale seems intractable. It
would entail consideration of hydrology, economics, social impacts, environ-
ment, agriculture, spatial variability, and timing. The perceived requirement
for consultation and participation would not ease this burden, especially as
community understanding of hydrogeology is often limited. In practice, most
plans developed for agricultural catchments have involved consultation and
participation but have been technically weak. Quantitative modelling of
outcomes, for example, is very rare. The plans have also lacked mechanisms
to achieve implementation, beyond the Landcare approach outlined above.

National Action Plan

The 2000 National Action Plan is an evolution from Landcare and ICM.
The document released to announce the program, Our Vital Resources ö
National Action Plan for Salinity and Water Quality, emphasises `Integrated
Catchment/Region Management Plans' to be developed `by the community'.
The community is to be supported in this by the existing facilitator and
coordinator support network, by skills development programs, by extension
of technical information, and by a major public communication program `to
promote behaviour change and community support'. In all this, the program
sounds disappointingly similar to the existing programs.
Novel elements of the National Action Plan include the setting of

targets for salinity, with funding to achieve these targets being directed
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to community-based groups in the regions. The setting of targets for each
catchment or region raises a number of issues. If they are not based on
detailed empirical analyses which account for the hydrological and economic
realities of the catchment, targets might easily de¢ne outcomes which are
inferior to a business as usual approach. If they are based on scienti¢cally
credible analyses, targets for the available budget will be very modest, even
allowing for unrealistic expectations about the sacri¢ces to be made by
farmers. As noted earlier, likely response times in river salinity to major
revegetation activities in the Murray^Darling Basin are 100 years or more.
This means that achievement of short- to medium-term water quality targets
for the rivers in the Basin will probably depend on the viability of engineering
schemes, such as pumping/evaporation to intercept saline groundwaters.
The option of desalinating water for domestic consumption in Adelaide may
also become attractive.
It is apparently intended that targets should enhance accountability, which

has been a serious weakness in previous programs. However, long time lags
and scienti¢c uncertainty erode this advantage. Many of the bene¢ts from
the policy, if they occur, will be decades in the future. Even a retrospective
evaluation of the policy at that time will be di¤cult because of uncertainty
about what would have happened without it.
The regional groups to which funds are to be channelled will ¢nd it very

di¤cult not to spread much of the money thinly and non-strategically among
farmers. The groups will need very high levels of information and leadership
if they are not to allocate the money in ways that will be socially and
politically attractive but technically and economically ine¤cient. It may be
expecting too much of them to make the di¤cult but necessary decisions
about priorities, especially where it involves fewer funds going directly to
farmer members of their communities, many of whom are su¡ering ¢nancial
hardship. Provision of high levels of technical information from government
and research organisations will be essential for the process to operate
e¡ectively.
The plan does allow for technical and economic evaluations to be con-

ducted to back agreements with regional groups (and ABARE has already
conducted modelling studies for parts of the Murray^Darling Basin, see
Heaney et al. 2000). It remains to be seen how in£uential these evaluations
will be on the contents of the agreed plans.
The other relatively new element in the plan is an improved `governance

framework', including clari¢cation of property rights for water, limits on
land clearing and greater use of economic policy instruments (salinity credits,
subsidy payments, etc.). These changes seem broadly positive, although I
have argued earlier that achievement of bene¢ts from use of economic policy
instruments is likely to be highly site-speci¢c.
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A high pro¢le component of the plan is airborne geophysics using electro-
magnetics and other techniques to identify salt deposits and £ows. While
information from these methods no doubt has some value for diagnosis and
planning, it does not in itself address the problem in most locations of lack of
viable technologies for salinity prevention.

5.3 Policy needs

The technical and economic information presented earlier in this article and
the experience from policy measures over the past decade point to the need
for a clear change of policy approach. Key implications for policy from the
foregoing discussion are outlined below.
In most locations across the agricultural regions of Australia, the bene¢ts

from perennials due to salinity prevention or delay are small relative to their
costs and direct production-related bene¢ts. It is therefore unlikely that policy
instruments to provide incentives for adoption of perennials, whether econom-
ic or regulatory, would be socially desirable except in one of two situations.
Either the perennials would need to be almost as economically attractive as
existing farm enterprises (which is currently only true in a minority of
situations) or they would need to be in locations where they provide protection
to assets of outstanding value. There is, however, considerable opportunity
to introduce salt-tolerant perennials and annuals in saline areas and, thereby,
continue to realise moderate levels of production from them.
This points to the need for direct public investments in salinity prevention

to be carefully targeted and site-speci¢c, rather than distributed broadly
across rural areas (Heaney et al. 2000). A proportion of this targeted
investment would not be directed to farmers, and much of it will be directed
to engineering works. This conclusion has consequences which are likely to
be highly unattractive to some politicians and to those with a stake in the
existing approach. Farmers are already concerned that salinity money is not
all spent on farms (Industry Commission 1997), and farming lobby groups
have regularly stated that it should be.
The other way that public money could be targeted to achieve bene¢ts

from salinity prevention would be by investment in development of new
farming systems based on pro¢table production of perennials. This option
has been neglected in past funding decisions. Its attractions include the
following:

. Scientists believe that substantial improvements in the range and scope
of pro¢table perennials are achievable. The current paucity of pro¢table
perennials re£ects a low investment in development rather than intract-
ability of the task.
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. Some bene¢ts are probably only achievable if pro¢table perennials
became available (e.g. di¡use bene¢ts such as avoidance of £ood risk,
protection of remnant native vegetation on farms, watertable control in
regional £ow systems).

. Where subsidies for perennials on farms are used, the subsidy can be
reduced by any pro¢t improvement. Less costly perennials increase the
area over which economic policy instruments could be bene¢cial.

. In the case of woody perennials, pro¢table options will attract private
sector ¢nance to meet the establishment costs, which are beyond the
means of many farmers.

Of course, the challenges involved in creating a new perennial-based industry
are formidable. The tasks required vary from one case to another, but for
shrubs, for example, they would include screening of plant species, identifying
potential products, developing harvesting and processing technologies,
conducting market research, establishing marketing bodies, obtaining ¢nance,
and establishing perennials over large areas. For perennials pastures, the
technical challenges of development are probably less, but the reliance on
livestock to convert plant biomass to marketable products may be seen as a
weakness, particularly at present. So this strategy does involve delays and
uncertainties. Nevertheless it appears to be the only prospect for prevention of
salinity on most of the threatened agricultural land.
Inevitably there will be large increases in the area of salt-a¡ected land.

Investment in development of improved systems for making productive use
of saline land and saline water appears certain to be attractive. Like
development of perennials, this too has been under-resourced in past and
present programs.
Engineering methods for use on-farm are already attractive to some

farmers. There are methods relevant to prevention, adaptation and re-
mediation. R&D to improve and better understand the available methods is
another priority which has been neglected.
If funding for group facilitators is continued, there needs to be an

emphasis on enhancing their technical and agricultural knowledge, so that
they can contribute more directly to the development and testing of the
farming innovations that are needed. There also needs to be a commitment
to full and honest disclosure to farmers about the problem and the results of
high quality evaluations of the treatments. Honesty needs to temper the spirit
of forced optimism which has fuelled the Landcare Program to date.

6. Conclusion

The emphasis of salinity policy has developed in waves, with di¡erent ideas
or approaches periodically coming to prominence. The scienti¢c and
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economic basis for much of the policy design has historically been poor and
the quality of decision-making about policy approaches has su¡ered
accordingly. We are now reaching an understanding of the hydrogeology of
Australia's agricultural regions which has profound implications for the
economics of salinity management and the design of policy.
The experience with salinity highlights the critical importance of high

quality scienti¢c information to guide policy design. It also reinforces the
importance of bringing together the perspectives of di¡erent disciplines
to properly address such a complex and multifaceted problem. Pro-
nouncements about what is needed for salinity policy have been made by
physical scientists, biological scientists, social scientists and economists
(among many other groups). In cases where the protagonists from any one
of these discipline areas have failed to adequately consider the other
disciplines, their contributions to the debate have been limited, at best, or
even counterproductive. There has been a lack of rigour and critical
evaluation in the policy process, perhaps to avoid con£icting with the spirit
of forced optimism which pervades natural resource management policy in
Australia.
The 2000 National Action Plan contains positive elements. Nevertheless,

a substantial change in policy approach is needed. The two most important
broad areas of change identi¢ed in this review are (a) better targeting and
more rigorous analyses of proposed public investments (along the lines of
Heaney et al. 2000); and (b) a greater emphasis on the development of tech-
nologies, both for salinity prevention (e.g. perennial plants, engineering
methods) and adaptation to a saline environment (e.g. salt-tolerant plants,
engineering, commercial use of saline water resources).
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