	
	


	
	



9
Salinity externalities
	Key points

	· The incidence and extent of salinity vary across irrigated areas of Australia and across industries.
· Salt interception works can quickly reduce instream salinity. But, with the costs of existing and potential interception schemes rising, and opportunities for low-cost schemes limited, other approaches to address salinity will be required.
· A single market mechanism for salinity management is unlikely to be appropriate in all situations. In some cases, a mix of mechanisms and/or a regulatory approach will be required.

	

	


The focus of this chapter is on the environmental externalities associated with salinity caused by rural water use. Section 9.1 describes the salinity problem. Section 9.2 describes the policy context that surrounds the application of market mechanisms to manage salinity. Design issues for using market mechanisms to manage salinity are considered in section 9.3. Chapter 10 assesses the feasibility of market mechanisms for irrigation salinity-related externalities.
9.1
Salinity

Salt is a natural feature of the Australian environment. In the dry season of 1829 the water of the Darling River was too salty for Charles Sturt and his horses to drink (MDBC 2006d). That was not because of agricultural practices, but because the Murray–Darling Basin is a naturally saline environment. 

However, farming and other land management practices, including irrigation practices, can exacerbate the incidence of salinity. Salinity is a well-known environmental change associated with supplying and using irrigation water. The physical processes associated with irrigation salinity are generally well understood and described. Salinity arises from activities that change the hydrology of the landscape and accelerate the movement of salts into rivers and to the soil surface. Irrigation tends to increase salinity because it can increase the amounts of dissolved salt entering adjoining rivers and streams. Further, the manipulation of rivers, dams and lakes can also increase instream salinity by changing natural surface water and groundwater flows (NAPSWQ 2001).
Salinity occurs in some form in all irrigation areas in Australia, either as water entering or exiting the irrigation area (river salinity), or as salt retained within the districts (dryland salinity). Both have complex links to saline groundwater. Saline groundwater is the primary source of river salinity and can affect an entire river system and nearby environments downstream of entry to the river (MDBMC 2005). Salinity levels in the rivers are a result of a combination of flow (volume of water) and salt load (quantity of salt). Dryland salinity tends to be localised and, in some cases, contained within a farm or neighbouring farms. 

Generally, there is a considerable lag between land-use changes and the emergence of salt and the movement of it to rivers and in the landscape (MDBC 1999b). Consequently, if irrigation practices were to change today, downstream river salinity will, in many areas, continue to increase as a result of past activities. However, salinity impacts sometimes occur in a relatively short period of time (Barr and Cary 1996). Salt emergence occurs more rapidly in irrigation districts where recharge rates are very high and the sources are close to the rivers (MDBC 1999b). However, recharge rates are highly variable, depending on site-specific conditions, and climatic conditions also have a significant impact on the emergence of salt. Uncertainty surrounding the likely future incidence of salinity complicates salinity management and the design of market mechanisms.
Irrigation is only one source of human-induced river and groundwater salinity in Australia. Dryland salinity contributes to river and groundwater salinity, particularly in south–west Western Australia and parts of the Murray–Darling Basin. Addressing irrigation salinity will not counter the impacts of dryland salinity. Changes to vegetation cover — especially the replacement of deep-rooted perennial vegetation with shallow-rooted annuals that have lower water requirements — have, in many areas, resulted in an imbalance between rainfall and plant water use (MDBC 1999b). This imbalance increases the amount of water entering groundwater systems (recharge). As watertables rise through naturally saline soils, potential salinity problems include increased discharge of salt into streams (where groundwater is more saline than river flows), waterlogging and the relocation of salt in the soil to the soil surface.
Table 9.1 presents some examples of externalities that are associated with irrigation-induced salinity. Salinity imposes costs not just on irrigators (through reducing the yield of crops), but also on others in the community by affecting the environment, infrastructure, drinking water quality and amenity. 

Table 9.1
Examples of externalities associated with irrigation salinity

	Source
	Transmission
	Effectsa

	(a) What is the production or exchange activity?

(b) Who undertakes this activity?
	What changes to environmental conditions can occur?
	Who can be affected? Are there external costs or benefits?

	1. Land salinisation

(a) Application of irrigation water in excess of crop requirements, where drainage is insufficient to prevent groundwater rechargeb
(b) Irrigators
	Hydrology — increases groundwater recharge and results in waterlogging

Water quality — relocates salt in the soil to the soil surface

Habitat — may cause freshwater habitats to become salinised

Biota — changes the biota in response to increased groundwater levels and salinity
	Agricultural producers — costs from waterlogging

Household/business — costs from damage to buildings, infrastructure and appliances
Individuals — costs and benefits from changes in amenity, biodiversity, habitat, culture, heritage, and indigenous values

Commercial and recreational fisheries (and associated tourism) — costs from decline in catch yield following lost fish-breeding sites

	2. River salinity

(a) Application of irrigation water in excess of crop requirements, where drainage is insufficient to prevent groundwater recharge, leading to increased base flow to streamsc
(b) Irrigators 
	Hydrology — increases groundwater recharge and the flow of water into streams; leads to seawater incursions into surface waterways

Water quality — increases the discharge of salt into streams (where groundwater is more saline than river flows)

Biota — changes the biota in response to increased stream salinity
	Downstream water users including agricultural producers, other industries and domestic consumers — costs or benefits, depending on water quality

Commercial fisheries — costs or benefits from decreased or increased catch yieldsd
Recreational users — costs and benefits from changes in catch yield and flow regime

Tourism industry — costs and benefits from changes in tourist expenditure

Individuals — costs and benefits from changes in amenity, biodiversity, habitat, culture, heritage and indigenous values


a May be positive or negative, unless specified. b It is not possible to achieve 100 per cent irrigation efficiency. Some leaching to groundwater is considered necessary to prevent salt build-up in soils. c Increasing the base flow to streams may be beneficial, where groundwater is less saline than river flows. d Several experimental saline aquaculture schemes, which intercept and pump saline groundwater, are being trialled or developed in Queensland, South Australia and New South Wales. 

Sources: Dwyer et al. 2006, based on Ball et al. 2001; MDBC 1999b; PC 2003.

Wilson (2004) estimated the costs of salinity in the Murray–Darling Basin at $305 million per year. The Murray–Darling Basin Commission noted that the full cost is likely to be considerably higher because the study did not consider ‘the impacts on irrigated agriculture, cultural heritage, the environment and the city of Adelaide’ (Murray–Darling Basin Commission, sub. 31, p. 8). There do not appear to be many studies that have estimated the contribution of irrigated agriculture to the costs of salinity. 

Careful consideration needs to be given to the analytical approach in studies of the costs of salinity in agriculture. A major problem is specifying the baseline against which salinity costs are assessed. It is unhelpful for practical purposes to compare the net economic output of agriculture with current salinity levels and with zero salinity. It is likely to be more useful if studies focus not on the ‘costs of salinity’, but on comparison of the benefits and costs of initiatives that reduce future levels of salinity.
The effects of waterlogging and land salinisation display threshold effects — when the saline watertable rises to around 2 metres of the land surface, for example, capillary action, transpiration by plants and evaporation at the land surface draw up the saline water and concentrate the salt. Several studies have examined the effects of salinity on agricultural productivity and infrastructure (for example, Hajkowicz and Young 2002). Salinity thresholds also exist for ecosystem health (box 9.1).

	Box 9.1
Salinity thresholds for ecosystem health

	Salinity exhibits threshold effects for ecosystem health (and presumably the values derived from ecosystems) at a concentration of about 1500 EC (electrical conductivity). At low concentrations, increasing salinity levels result in minor increases in ecosystem effects, because many species of invertebrates, and aquatic and riparian plants can tolerate salinities up to 1500 EC. Beyond this concentration, however, several species exhibit adverse lethal and sub-lethal responses, including loss of vigour, reduced species diversity, and progressive depression of growth and plant size. Although 1500 EC is commonly cited as the ‘threshold level’ for ecosystem effects of salinity, the rapid increases in ecosystem effects generally occur over a range of 1000–2000 EC.

	Source: Hart et al. 2002.

	

	


The incidence and extent of salinity vary across irrigated areas of Australia and across industries. According to the Australian Bureau of Statistics (2002), South Australia had the highest percentage of irrigated farms showing signs of salinity in 2002 at around 16 per cent, followed by Victoria (15 per cent), Western Australia (10 per cent) and New South Wales (9 per cent). Only 4 per cent of irrigated farms in Queensland showed signs of salinity. Salt is a significant problem in the Murray–Darling Basin — due to its hydrogeology, most of the emerged salt remains within the basin (Goss 2003). In other catchments, salt can more readily reach the sea.
In this chapter, the Murray–Darling Basin (and areas within it) is used to provide examples of salinity from irrigation and to investigate the management of salinity and the potential role of market mechanisms. Many of the insights may have applications in other irrigation areas. However, significant uncertainty in the measurement of salinity and its effects suggests caution. 
Instream salinity in the southern Murray–Darling Basin (as measured at Morgan) has decreased in recent years. Goss (2003) argued that salinity management actions over the past decade have contributed to these trends. Salinity trends are also driven by longer-term climatic conditions. Much of Australia experienced relatively wet conditions in the 1970s, which were then followed by relatively drier conditions since the early 1980s. The wet conditions of the 1970s raised watertables, and salt became more observable in parts of the landscape in the mid–1980s. The dry conditions experienced in the late 1990s and in the 2000s appear to be delaying the emergence of salt in the Murray–Darling Basin. 

These longer-term climatic trends affect the baseline around which the irrigation effect on salinity occurs:
Due to a sequence of drier than average years, there has also been a reduction in groundwater recharge and hence a decline in groundwater levels in parts of the Basin. (Murray–Darling Basin Commission, sub. 31, p. 14)

Relatively drier conditions have contributed to lower watertables. Hence, effects of irrigation leading to the emergence of salt are lower than they would have been under the same irrigation practices in wetter years. In addition, drier conditions lead to fewer flood events that move salt from the floodplains to the river.
FINDING 9.1
Recent dry conditions have reduced and delayed salinity impacts, including those from irrigation activities.

Many factors influence the extent of salinity and explain its spatial variation, including groundwater recharge rates, underlying groundwater salinity, water-use efficiency, soil types, the type and connectivity of aquifers, and the location of irrigation relative to waterways and land use (Beare and Heaney 2002). For example, one reason the salinity is more evident in the south of the Murray–Darling Basin is that this region is underlain by a sedimentary aquifer that has limited storage capacity and is largely saturated (MDBC 1999b). 
Salinity is difficult to observe and monitor, but this is becoming less so as technologies used to monitor salinity at the farm and catchment level become increasingly sophisticated. Examples of technologies currently being used include airborne geophysical survey techniques and hand-held electromagnetic induction tools. The NSW Government stated that some of these techniques may have drawbacks in terms of high cost and are not able to indicate whether or when stored salt may be mobilised (sub. DR93). However, combining modern measurement methods with advances in modelling techniques can improve predictions of the origin, impact and eventual destination of stored salts (CSIRO, pers. comm., 25 July 2006).
The groundwater recharge and instream salinity changes that may result from one property’s irrigation are generally not observable. Several studies have modelled salt loads from different regions or subcatchments, based on information about soils, crop types and technology (for example, Heaney and Levantis 2001; Heaney et al. 2001). Combinations of these factors can be used as ‘proxy indicators’ of the potential salinity effects resulting from irrigation and can be used as the basis of market mechanism design. 

9.2
Policy context

There are five broad approaches to managing salinity, which may be used separately or in combination:

1. stabilise or reduce its source — take actions to prevent salinity from occurring

2. stabilise or mitigate its effects — prevent saline groundwater from entering rivers

3. adapt to the effects — sometimes the most appropriate action is to learn to live with salinity. The Murray–Darling Basin Ministerial Council’s Basin Salinity Management Strategy acknowledged that ‘living with salinity is the only choice in some situations’ (MDBMC 2001, p. iii)
4. store it in saline aquifers
5. dispose of the salt — by flushing salt out of the system at times when economic costs are likely to be low.
Most salinity management in Australia has focused on the first four approaches. In general, less attention has been given to developing policies to flush salt out of basins to the ocean (one exception is the Hunter River salinity trading scheme). Currently, the broad focus of salinity management in the Murray–Darling Basin is to retain salt within the basin, primarily via salt interception works in highly saline irrigation areas (particularly where there is potential for the saline groundwater to enter the river system). Other types of instruments currently used to manage irrigation-induced salinity include providing incentives to irrigators to improve on‑farm management practices, constructing infrastructure such as irrigation district drains, and imposing regulatory controls on water use and trade. There have also been some trials of market mechanisms.

Given that private gains are often low and transaction costs are often high, downstream water users have little incentive to collaborate in order to encourage investment upstream to improve water quality. The usefulness of property right solutions that can capture the benefits of trade between parties is limited. As a consequence, policies need to be directed to activities that are the source of pollution or provide abatement opportunities (Heaney et al. 2005).

Salinity management plans

Broad management plans guide and coordinate salinity management approaches in most irrigation districts. Salinity management in the Murray–Darling Basin centres on the Murray–Darling Basin Salinity Management Strategy — an intergovernment and inter-agency initiative developed by the Murray–Darling Basin Commission. The strategy aids the implementation of the National Action Plan for Salinity and Water Quality (NAP), state salinity strategies (South Australia, Victoria and New South Wales) and regional salinity or catchment management plans. (Queensland has regional salinity plans but no state salinity plan.) Catchment management authorities and water utilities play important roles in implementing these strategies. 
Under the strategy, jurisdictions are allocated salt credits for undertaking salt mitigation works to offset salinity caused by development after 1 January 1988. Salt interception works were established in high salinity impact zones. They can allow for expanded irrigation in those areas and the reclassification of the area as low impact (South Australian Government, sub. 36). Jurisdictions lose credits for developments that increase salinity.

States may jointly undertake salinity interception works and split the resulting salinity credits (in line with the cost shares). This adds flexibility to individual state salinity caps by permitting investment in salinity abatement opportunities that may be located across state borders.

The Morgan salinity target established by the Murray–Darling Basin Salinity Management Strategy, and the system of credits and debits for achieving the target, derive from biophysical modelling of salinity, salt load and flow regimes, given the baseline agricultural development and water management situation in the basin and benchmark climate conditions (box 9.2). Because there are often long lags before the effects of various activities on saline emissions into the river are apparent and measurable, modelling is necessary to predict the effects of different activities and to take timely action to ensure that salinity levels do not exceed the Morgan target (which is based on the World Health Organization’s upper salinity limit for drinking water desirability). Physical monitoring of salinity levels is also undertaken in order to gather information to improve knowledge of salinity processes and ensure that the models remain consistent with actual physical conditions. Physical measures can also be used to assess the impact of activities with relatively quick effects on salinity, such as salt flushing.
	Box 9.2     Murray–Darling Basin Salinity Management Strategy 2001–2015

	A key feature of the strategy is the Murray–Darling Basin Ministerial Council’s basin target to maintain the average daily salinity at Morgan at a simulated level of less than 800 EC for at least 95 per cent of the time, during the benchmark period of 1 May 1975 to 30 April 2000. In addition, end-of-valley targets for each tributary valley are in place for the majority of tributary rivers in each of the basin states. New South Wales, Queensland and South Australia finalised their targets in 2004, and Victoria finalised a number of targets in late 2005. Interim targets remain for the Australian Capital Territory, and the Kiewa, Ovens and Wimmera rivers (MDBC 2005b).

The system of credits and debits for achieving the basin target at Morgan is managed through the ‘A’ register (for tracking salt disposal entitlements) and the ‘B’ register (for tracking the ‘legacy of history’ impacts). The Commission ‘B’ register assesses the effects of actions (for example, revegetation) to address salinity from past actions. The Commission registers operate together using the common currency of equivalent EC at Morgan. The Commission registers keep account of all significant actions within the basin after agreed baseline dates — 1 January 1988 for New South Wales, Victoria and South Australia and 1 January 2000 for Queensland. 

The effect of actions is assessed with models using an agreed climatic/hydrologic sequence (based on the period from July 1975 to June 2000). An action will be considered as significant and included in the registers if it is assessed to cause a change in average EC at Morgan of 0.1 EC or higher within 30 years.
In 2001, partner governments agreed to a new joint program of salt interception works to achieve a reduction of at least 46 EC (and potentially up to 61 EC) in average river salinity at Morgan within seven years. Of the minimum 46 EC reduction, 31 EC has been allocated as legacy of history offsets, and 15 EC as salt disposal entitlements to offset the downstream impacts of future developments. 

Each state government allocates its salt disposal entitlements (earned through contributions to salinity mitigation works) to catchment management authorities to implement their salinity management plans. Salt disposal entitlements are taken up for various actions which involve disposal of salt into the River Murray, including new irrigation development and the construction of surface and subsurface drainage for existing irrigation schemes.

	Sources: MDBC 2005a; MDBMC 2001.

	

	


The South Australian Government noted that state legislation has been established that allows salinity credit trading among South Australian landholders. Although no trading has yet occurred, the scheme will, via an exchange rate mechanism, allow for trading across low and high impact zones.

This trading scheme operates under a ‘no net impact’ rule … Under the scheme, the Minister will retain ownership of the offset credits but landowners will be able to trade them to suit their water needs. The scheme is not available between high and low impact zones and so areas covered by a salt interception scheme are not eligible. (South Australian Government, sub. 36, p. 6)
Engineering works and salt interception schemes

In many regions, engineering works have been constructed to mitigate the impacts of irrigation salinity. At the regional scale, surface and subsurface drainage reduces the incidence and impact of on-farm waterlogging and land salinisation. These projects may be funded jointly by the Australian and state governments and water utilities (who collect drainage charges from irrigators). Land and water management plans often outline details for irrigation drainage upgrades or installation. 

Some engineering works have also been related to salinity management. Excessive channel seepage, for example, has been linked to localised waterlogging and salinity in the Emerald Irrigation Area in Central Queensland. Fitzroy Basin Food and Fibre Association claimed that a major source of salinity in the area had been seepage from delivery channels, which are now being lined (sub. 11).
In some areas of Australia, groundwater pumping is used to manage high watertables. In the southern Murray–Darling Basin, there are physical constraints on subsurface drainage because of limits set on salt disposal in rivers. Other disposal methods considered are the re-use of saline water in combination with fresh irrigation water and evaporation basins (Christen et al. 2001).

A key engineering approach to managing river salinity in the Murray–Darling Basin is large-scale salinity interception schemes through which saline groundwater is pumped and disposed of by evaporation (figure 9.1). Salt interception works, by their nature, reduce river flows, and this water is not included as part of the Murray–Darling Basin Cap. In 2004-05 salt interception schemes in the basin diverted a total of 22 gigalitres with a salt load of 420 000 tonnes, although some of this water may not have been diverted from the river (Murray–Darling Basin Commission, pers. comm., 19 July 2006).
A major benefit of salt interception is the timeliness of its effect. By intercepting saline groundwater that would have entered the river, these schemes can quickly reduce river salinity.
Figure 9.1
Salt interception schemes
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1( Waikerie Groundwater Interception Scheme 2 Woolpunda Groundwater Interception Scheme 3 Noora Drainage Disposal Scheme 4 Bookpurnong Groundwater Interception Scheme 5 Rufus River Groundwater Interception Scheme 6 Curlwaa Groundwater Interception Scheme 7 Lake Hawthorn Drainage Diversion Scheme 8 Buronga Groundwater Interception Scheme 9 Psyche Bend Drainage Diversion Scheme 10 Mildura-Merbein Groundwater Interception Scheme 11 Mallee Cliffs Groundwater Interception Scheme 12 Barr Creek Drainage Diversion Scheme 13 Pyramid Creek Groundwater Interception Scheme.
Source: MDBC 2006d.

The costs of salt interception are high — engineering works are required to construct the scheme, and there are ongoing pumping and maintenance costs. The South Australian Government observed:

[Salt interception schemes] are now prominent in the high salinity impact zones. The operating cost of these schemes is between $2 and $3 million per annum. (sub. 36, p. 6)

The costs of constructing, operating and maintaining new salt interception works has increased over time (figure 9.2). While past engineering approaches have been successful in mitigating salinity where it was rapidly increasing, it is important that appropriate benefit–cost assessments of proposed salt inception works are undertaken. Assessments should include the costs of water used in salt interception works.
FINDING 9.2
Salt interception works can quickly reduce instream salinity. With the costs of existing and potential interception schemes rising, and opportunities for low-cost schemes limited, other approaches to address salinity will be required.

Figure 9.2
Cost of salt interception schemesa
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a Cost over 30 years, at 4 per cent return for construction, operation and maintenance.
Source: Murray–Darling Basin Commission, pers. comm., 17 March 2006, unpublished data.
Incentives

Incentives are available to farmers across most irrigation districts to reduce land salinisation and downstream salinity, including subsidies for whole-farm planning, irrigation water re-use technology and irrigation layouts. Incentives for on-farm works are commonly implemented by catchment management groups through partnership agreements between communities and government, such as land and water management plans. Funding for on-farm incentives is commonly provided by a combination of Australian Government, state government and landholder contributions.
Zoning

A salinity zoning scheme has been adopted by the Victorian Government to implement water trading and the salinity management provisions of the River Murray Water Allocation Plan. Zones along the River Murray have been established to indicate the likely impact of irrigation on future salinity: low impact zones, high impact zones, and areas of existing high salinity impact (which have salt interception works). 
Under the Victorian scheme, levies have been introduced to ensure that purchasers of water internalise salinity impacts. A levy is charged on trades that shift water use from outside the salinity impact zone to salinity low impact zones (LIZ1–4) or to the salinity high impact zone (HIZ). The rate of the levy varies according to source and destination of water trade, and increases as water is shifted to higher impact zones — for example, trade in seasonal allocations from LIZ1 (lowest) to LIZ2 is $3.90 per megalitre, while from LIZ1 to LIZ4 it is $23.40 per megalitre. Levy proceeds are used to invest in salt interception schemes.
Introduction of the levy reflects the fact that, in some situations, relocation of water away from salinity impact zones may be more cost-effective than salt interception:
… water traded away from highly saline areas has substantial benefit. Irrigators in the Kerang Pyramid Hill Boort region claim that trading has enabled them to reduce the extent of salinity they produce by around 20 EC (electrical conductivity) at Morgan (Young et al. 2005). This should be compared with a gain of only 6 EC achievable using infrastructure funding offered under the National Action Plan for Salinity and Water quality. (CSIRO, sub. 24, p. 5)
The Victorian Government aims to reduce the need for expensive salt interception works or other actions to reduce river salinity and uses levies to discourage irrigation expansion in areas identified as high salinity impact. The policy also establishes rules for the approval of licence transactions and allocation of salinity credits within the zones. The Victorian Government stated:
The scheme is designed to encourage irrigation development to areas that have the least impact on river salinity to ensure new irrigation occurs within a cap on the limits of the Salt Disposal Entitlements available … through the Murray–Darling Basin Ministerial Council’s Basin Salinity Management Strategy (BSMS). (sub. 39, p. 11)

The levy scheme has, however, been criticised for not encouraging the removal of water from salinity impact zones to reduce salt mobilisation. For example: 
Victoria’s salinity levies are a means of internalising the externalities which arise when water is traded into LIZs [low impact zones]. However, they do not encourage trades out of these salinity affected areas. The use of symmetric exchange rates may resolve this issue, although this mechanism would not provide funding for the implementation of region-wide salinity abatement measures … the use of levies alone does not encourage the implementation of private salinity abatement measures. Tradeable property rights for salt are a potential alternative to levies on water trade, although the cost and practicality of such a scheme would have to be considered. (ACCC, sub. 42, p. 8)

South Australia has a salinity zoning policy for the River Murray that differentiates between high salinity impact, low salinity impact and salt interception zones (South Australian Government, sub. DR79). There are no charges associated with the policy at this stage. Irrigation development in the high salinity impact zone is subject to an offset requirement. Development in the salt interception zones is subject to available scheme capacity, and development in the low salinity impact zone is subject to salinity credits available to South Australia on the Murray–Darling Basin register.

FINDING 9.3
Salinity zoning schemes provide incentives to affect landholders’ water-purchasing decisions. Incentives may be needed to encourage the removal of water from salinity impact zones to reduce salt mobilisation.
Management of groundwater recharge
Within individual irrigation districts a variety of arrangements have been established voluntarily by industry agencies to manage the recharge of groundwater. In the southern Murray–Darling Basin, for example, the Ricegrowers’ Association of Australia has established industry codes of practice that constrain the production of rice to certain soil types to limit groundwater recharge. Water-use standards have also been introduced in some areas. Murray Irrigation, for example, reduces future allocations to irrigators with water consumption patterns above prescribed standards. In some areas, water trades are not approved to irrigators that exceed defined water-use standards.

Individual irrigation areas are also undertaking initiatives to manage salt. For example, Coleambally Irrigation Area is affected by shallow watertables which, if left unchecked, are predicted to result in 25 per cent of the land area being affected by salinity by 2023 (Coleambally Irrigation Co-operative, sub. 3). Coleambally Irrigation Co-operative described several initiatives under the Coleambally land and water management plan to address salinity, including a proposed net recharge management scheme. Experimental modelling by Whitten et al. (2005) indicated that the scheme would provide relatively low expected benefits relative to costs (box 9.3).
Addressing salinity problems through reductions in groundwater recharge is a longer term strategy than salt interception since the effect of these actions can take a long time to provide benefits. If close to a river, preventing groundwater recharge may, under some conditions, have relatively quick positive effects on river salinity as well as negative effects on river flows, sometimes as short as several years (but typically decades). When recharge occurs further away from the river, it can take hundreds of years for instream salinity to be affected. However, the rate of groundwater movement is highly variable and depends on the hydraulic conductivity of the soil and the hydraulic pressure of the system (Department of Agriculture (Western Australia) 2004).

	Box 9.3
Coleambally Net Recharge Scheme

	The Coleambally Net Recharge Scheme was one of ten pilot projects run under the first round of the National Market Based Instruments Pilot Project, funded through the National Action Plan on Salinity and Water Quality. The object of the pilot project was to explore the potential application of a cap and trade approach to manage net recharge in the Coleambally Irrigation Area. 

Cap and trade mechanisms operate by placing a limit on the overall level of an activity or pollution associated with the environmental damage, allocating rights to the agreed level of activity and then allowing individuals to trade these rights. The premise behind cap and trade schemes is that, by allowing trading rights, greater efficiency, effectiveness and flexibility can often be achieved relative to other policy instruments.

The final report on the pilot project, which was released in July 2005, highlighted some important considerations with respect to adopting market mechanisms:

· the additional costs incurred in developing, implementing and operating the cap and trade schemes can be higher than the costs of administering existing policies

· these costs may offset gains from adopting the market instrument.

The pilot also highlighted the importance of the scientific knowledge underpinning institutional design.

	Source: Whitten et al. 2005.

	

	


FINDING 9.4
Reducing groundwater recharge can reduce the incidence of salinity at its source, but generally takes a long time to affect instream salinity.
Tree planting can reduce instream salt loads by intercepting water that would otherwise transport salt stored in the soil. These benefits are not uniform across the landscape — in some areas it may intercept water that would otherwise dilute instream salt. Careful selection of sites for tree planting, based on a detailed understanding of where runoff is produced in a catchment in relation to where salt discharge occurs, is essential to identify opportunities to maximise salinity benefits while minimising stream flow reductions.

Figure 9.3
Indicative effects of tree planting on stream salinitya
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a The Murray–Darling Basin Commission has advised that this map should not be used for operational purposes as conditions may vary significantly within catchments. In this example, it is assumed that tree planting in each catchment would reduce subcatchment salinity and flow by 50 per cent. Without tree planting, flow weighted salinity at Loddon Weir is 650 EC.
Source: MDBC 2006j.
Figure 9.3 illustrates, for the upper Loddon catchment, very broad areas within which tree planting is expected to produce either positive or negative effects on instream salinity. To identify actual beneficial tree planting sites, however, site‑specific conditions within these broad areas would have to be assessed since conditions within these areas will vary. Within the broad areas identified as likely to produce positive effects, some sites will be unsuitable for tree planting. Similarly, areas classified as broadly unsuitable for tree planting may contain specific sites where tree planting would produce positive effects on instream salinity. The NSW Government observed that ‘[t]he appropriate level for targeting is at about the paddock scale’ (sub. DR93, p. 11).

It may be possible on a regional basis to recognise the positive, or in some cases negative, salinity effects of tree plantations within the existing credits and debits system operating under the Murray–Darling Basin Salinity Management Strategy. Establishing tree plantations in suitable locations could give rise to credits that offset other activities within the region known to increase groundwater recharge. Debits would accrue to tree plantations in less desirable locations (from the perspective of salinity). However, inclusion of tree plantations within the credits and debits system would require sufficient scientific knowledge to incorporate the estimated effects of tree plantations in specific locations into salinity modelling. It is doubtful whether such detailed knowledge presently exists. 
Some other benefits of plantations may include addressing problems of soil erosion, water pollution and inundation in low-lying areas. Carbon sequestration is another consideration. The full environmental impacts, positive and negative, are not fully captured in timber and other markets, hence there is potential for suboptimal outcomes. While important, such issues are outside the scope of this report.

9.3
Design issues
This section explores a number of key factors that need to be considered before developing market mechanisms to manage salinity.

Using existing institutional arrangements

One of the more important design considerations is the potential to build on the existing institutions and instruments used to manage salinity. This can reduce transaction costs and improve the acceptability of the new instruments.
Under the Basin Salinity Management Strategy, jurisdictions can design salinity management strategies that incorporate market mechanisms. They can develop abatement strategies, for example, at different geographic levels — such as catchments, valleys and/or tributaries — that are consistent with their obligations under the strategy. Consequently, it may be possible to design market mechanisms that link the different levels from the basin to the farm level. Cap and trade mechanisms that build on the existing interjurisdictional credit framework could be designed for the farm or regional level. For example:

· basin level — cap and trade salinity at the jurisdiction level (as measured by EC effects at Morgan) and undertaking abatement activities within and across state borders (a form of limited trade in offsets that potentially moves salt across state borders)
· jurisdictional level — to meet jurisdictional caps, develop mechanisms that require catchments/valleys/districts/irrigators to be responsible for the salinity effects of development or abatement activities, such as under the South Australian credit/debit scheme

· catchment level — develop mechanisms to link individual irrigator activities to catchment level arrangements.
In regions outside the Murray–Darling Basin, market mechanisms could also be designed to build on existing schemes and institutional arrangements.
Conflicting and linked policy objectives

It is important to consider the potential for instruments to have conflicting objectives or to counter other environmental management objectives. In some cases, salinity management objectives may conflict with objectives or approaches in other areas of water and land management. For example:
· Increasing river flows could affect instream salinity. As noted in chapter 7, if flows are increased to improve floodplain connectivity, saline groundwater that could reach the river may be mobilised.
· Improving water-use efficiency could reduce return flows and increase the concentration of saline water flowing to downstream water users. Reducing return flows from irrigation regions could result in the build-up of salt within irrigation regions.
· Facilitating the rapid removal of salt from basins may contravene existing modelled instream water quality standards, such as the Morgan target. Some flexibility of the modelled target may be needed to remove salt from the basin in winter during high flow events (see below). Physical monitoring of instream salinity may also be necessary.
· Creating river flushes and flooding events for ecological sites can have implications for landholders adjacent to the river. Increasing river flows would need to be carefully managed and it may be necessary to make arrangements with landholders to address the negative impacts associated with flooding. 

· Revegetating dryland areas is a means of addressing dryland salinity over the longer term, but revegetation can reduce surface water runoff and affect the availability of water downstream for irrigators or environmental purposes.

As noted in chapter 6, an environmental manager would need to weigh the benefits and costs, and address the complex tradeoffs that may be required between environmental objectives. 

Links between policy objectives can improve the effectiveness and reduce the costs of implementing market mechanisms. For example, managing salinity outcomes is closely linked to managing environmental flows (chapter 7) and land-use management. These links mean that mechanisms need to be coordinated to achieve policy objectives.
FINDING 9.5
Market mechanisms for salinity and environmental flows need to be coordinated to capture synergies and ensure mechanisms do not have significant unintended detrimental effects.
The effect on urban water supplies of flushing salt from a catchment or basin would have to be carefully managed. For example, an average of 40 per cent of Adelaide’s mains water is drawn from the River Murray, with the other 60 per cent coming from storage in the Adelaide Hills. However, intake into these storages is variable and, in a dry year, up to 85 per cent of mains water may be taken from the River Murray (Water Proofing Adelaide 2004).
When urban water supplies are being drawn from the River Murray, sufficient dilution of saline flushes would have to occur to ensure that the salt concentration at Morgan (which is near off-takes that supplement urban water supplies in Adelaide and Whyalla) did not exceed desirable drinking water quality standards. At other times, when adequate alternative water supplies or storages are available such as during average to wet winters, larger saline flushes down the River Murray could be scheduled, even though they may be expected to temporarily (during the flush) raise the salt concentration at Morgan above acceptable water quality standards. The level to which the target could be raised depends on expected ecosystem effects, which may vary spatially and temporally (box 9.1). Such seasonal flexibility in water quality standards would facilitate the flushing of salt out of the basin.
FINDING 9.6
Flushing salt out of a catchment or basin may be an efficient approach to managing salinity. Seasonal flexibility would be needed in water quality standards to facilitate flushing salt from the Murray–Darling Basin.
Measurement

Measurement of salinity is critical to the success of market mechanisms. The appropriate metric (volumes versus concentrations) must be carefully chosen together with the level of the target. Often the design of the instrument will be critically affected by the availability of information on salinity incidence and source.
There are several ways to measure, or estimate, salinity. Direct measures include:

· electrical conductivity — can easily measure the in situ concentration of instream salt
· total dissolved solids — a true measure of instream salt concentration which can be inferred from electrical conductivity (with variation due to the ionic composition of the water) or obtained directly from an expensive chemical analysis

· salt load — the mass of salt moving into the landscape. However, the effects of salinity are often related to the concentration of salt and, therefore, additional information on water flow is needed.
In addition to direct measures, salinity estimates may be made through the use of proxies or simulation results. While instream salinity can be measured at the basin or catchment level (such as EC at Morgan or end-of-valley targets respectively), there is no equivalent measure at the farm level. Observed effects on groundwater can be the culmination of activities on a number of farms and there is no point source to measure the quantity of recharge. Hence, estimates of groundwater recharge from the property — based on farm characteristics that can be altered through landholder actions and those that have a close scientific link to the salinity outcome (box 9.4) — may be an appropriate proxy for farm contributions to salinity through the mechanism by which they add to rising saline watertables.
	Box 9.4
Estimating groundwater recharge

	There are various methods that could be used to estimate groundwater recharge. Quantitative estimation of recharge is important in assessing alternative land management options, as well as for providing input into groundwater models that assess impacts on groundwater systems. 
Models and maps of groundwater recharge often use soil types as a surrogate measure. The theoretical basis for this is the empirical relationship between deep drainage rates and soil type.

	Sources: Cook et al. 2001; Petheram et al. 2000.

	

	


Simulations of salinity levels are made for two reasons. First, some activities lead to increases in measured salinity only after substantial time lags. Modelling of these delayed effects permits assessment of the expected salinity impacts of various activities and allows mitigating action (such as offsets) to be taken before environmental damage occurs. Second, while impacts on ambient water quality, such as salinity levels, can be readily observed, pinpointing the exact source can be problematic, given that pollution can enter water systems over a broad front. This uncertainty can be mitigated where biophysical modelling can demonstrate a strong connection between action (especially on-farm) and effect. However, these links can be difficult to establish, and even when such a connection is made, they may not hold up across a range of conditions. The National Water Commission has argued that tools to measure the environmental benefits of management decisions are vital as they ‘increase transparency and help limit ad hoc decision making’ (sub. 22, p. 3).

The Murray–Darling Basin Commission and CSIRO, in conjunction with private industry, have developed a model called the Salinity Impact Rapid Assessment Tool (SIMRAT) to simulate salinity effects from changing irrigation land use (box 9.5). It enables the: 

… rapid assessment of groundwater discharge and associated salt load and salinity impact … The model can assess new irrigation development that occurs as a result of water trading and simulates the impact of both new irrigation and the retirement of existing irrigation. (Murray–Darling Basin Commission, sub. 31, p. 10)
This tool (along with other models) assists in implementing a number of states’ salinity policies. Victoria’s salinity impact policy stipulates that irrigation developers be held accountable for their salinity impacts and imposes a levy on water trade to specified high and low impact areas along the River Murray. South Australia also uses SIMRAT to assist in monitoring water trade approvals because trades are restricted in high salinity impact zones (Murray–Darling Basin Commission, sub. 31). The SWAGMAN (Salt Water and Groundwater Management) model is a farm-level water and salt balance model for the farms in south–eastern Australia and can estimate net recharge and be used for designing offsets (as was done in the Coleambally Irrigation Area).

	Box 9.5
Salinity Impact Rapid Assessment Tool (SIMRAT)

	The Murray–Darling Basin Commission, in collaboration with partner governments, has developed a rapid assessment tool known as SIMRAT to assess and account for the salinity impacts of irrigation and interstate water trade in the Mallee region of New South Wales, Victoria and South Australia within the Lower Murray–Darling Basin.
The model supports the system of salinity credits and debits under the Murray–Darling Basin Commission’s Basin Salinity Management Strategy 2001–2015, and it has been peer reviewed and accredited for assessing the salinity impacts of interstate water trade between New South Wales, Victoria and South Australia and the associated irrigation development in the region.
SIMRAT simulates movement of rainfall and applied excess water vertically through the soil zone to the aquifer using wetting or drying functions. In the aquifer, a response relationship is used to estimate the aquifer discharge at some point remote from the area of application. Allowance can be made for the loss of salt to floodplain processes, or partial connectivity of the aquifer to a river.

SIMRAT enables rapid assessment of groundwater discharge and associated salt load and salinity impact (EC at Morgan and economic cost) based on aquifer recharge and subsequent discharge to the River Murray within an area of 15 km either side of the river from Nyah (Victoria) to Goolwa (South Australia). It draws on detailed geographically specific characteristics of the landscape to identify the source of irrigation salinity impacts.
It can be used to estimate the salinity effects of:

· water trade

· changes in water-use efficiency

· changes in land use on infiltration rates (such as revegetation)

· environmental watering.

When the salinity impact is assessed for a new irrigation development (water arrival site), the trade type is called an ‘arrival type’ and the impact is generally a salinity debit. Conversely, if the salinity impact is assessed for a site from which water is sold (retired site), then the trade type is called a ‘departure type’ and the impact is generally a salinity credit.

	Sources: eWater 2006; MDBC 2006b; Miles and Kirk 2005; Murray–Darling Basin Commission, sub. 31.

	

	


As discussed throughout this report, Australia has a wide variety of soil and vegetation types and climatic regions which affect the natural state of surface water and groundwater. Thus, policy objectives are often stated in terms of specific areas or regions. Determining standards that affect these natural levels, including the natural characteristics of river basins and the capacity of the aquatic ecosystems to assimilate salt, is essential to support the establishment of more site-specific guidelines (NLWRA 2004).
Improved knowledge of salinity and hydrological relationships is increasing the ways in which market mechanisms can be designed and implemented. Improved knowledge of groundwater recharge, for example, has provided new ways for market mechanisms to target salinity. Developments in biophysical modelling also improve the feasibility of implementing market mechanisms. However, increasing the accuracy of measurement is costly, and may not significantly increase the effectiveness of the market mechanism. Decisions to improve measurement or estimation accuracy must be based on assessments of the costs and benefits of doing so.
Temporal and spatial issues

As highlighted earlier, salinity can exhibit high spatial and temporal variation that can have important implications for the design of market mechanisms. The Murray–Darling Basin Salinity Management Strategy (box 9.2) attempted to recognise some of the temporal dimensions by recognising and allocating responsibility for legacy effects of past management decisions that result in salinity. 

The relative net benefits of establishing market mechanisms to manage salinity depend, in part, on the physical relationships between the land management practices and the incidence of salinity and the effectiveness and efficiency of the economic tools used to influence land management decisions. Heaney et al. (2001) found that the location of the salinity problem is an important consideration and the net benefits of action are usually more pronounced for salinity in the upper catchments and for salinity located above high-value land uses or key environmental assets. 

The diffuse nature of irrigation salinity renders many market mechanisms impractical. Performance-based mechanisms, for example, are difficult to implement given the difficulties in measuring outcomes or the source of the salinity. Salinity management can require both local and system-wide responses. The diversity of ways non-point sources of salinity can occur means that a single market mechanism will not be appropriate. For example, rapidly rising salinity levels in groundwater might require a combination of regulation in high recharge areas and the use of long-term easements to retire marginal cropland. The tool, or combination of tools, best suited for a particular problem is an empirical issue based on policy goals, local conditions and the costs of acquiring information (Ribaudo et al. 1999). 
Market mechanisms need to be robust to change. Instruments, such as cap and trade, are often discussed in a fixed context, but the specification of a cap can also occur in a dynamic fashion (for example, caps can be expressed in terms of percentages rather than volumetric amounts). However, there is a tradeoff between the certainty desired by irrigators and the flexibility required for effective environmental management, especially in the face of changes in information and understanding of biophysical processes. Adaptive management may also be required to account for uncertainty in the environmental impacts. Further, it may be desirable to vary design features to ensure acceptance and promote participation in the new markets. 
Time dimensions also affect the choice of action to address salinity. For example, tradeoffs will need to be made between engineering options that provide immediate salinity benefits but treat the symptoms not the causes; landscape change options that treat the cause but do so where benefits may only be felt in the longer term, and where there may be less certainty about benefits; and flow management options that can provide immediate salinity benefits (such as dilution flows) but can affect availability of water for irrigation and other environmental purposes.

Salt can have threshold implications for ecosystems and drinking water standards. Depending on local hydrological factors, thresholds can be quickly reached, and some market mechanisms may not be appropriate because environmental or instrument responses may be too slow. In such cases, regulation may be required. Where the effects are gradual and not likely to reach a threshold, market mechanisms that involve slower market and environmental responses may be a more cost-effective option.
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