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Abstract  

This study reports an analysis of the economics of options for strategic land-use 

change to attain future catchment level target combinations of salt load and water 

yield. Farm level survey information on land use, productivity, prices and costs of 

production were integrated with spatially specific soil, rainfall, topography, hydrology 

and salinity results of the simulation model CAT (Catchment Analysis Tool). This 

information was used to populate a two stage economic optimization model in which 

subcatchment economic results were combined for catchment level analyses.  This 

study is the first to exploit CAT results in an economic framework and the first in 

which economic results are mapped using CAT.  The 64,000 ha Bet Bet Catchment in 

Victoria, Australia, once deemed among the highest priority areas in the Murray 

Darling Basin for dryland salinity reduction, is the focus of this study.   The calculated 

current net present value (NPV) of agricultural production in the catchment is AU$ 78 
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million
1
 while providing 42 GL of water yield

2
 annually for use downstream with a 

salt load of 22,600 t.  Results show that salt loads may be reduced to 18,600 t 

(reduction of 4,000 t) through expansion of tree plantations and lucerne production, 

reducing water yield to 31 GL (11 GL reduction) and NPV to AU$ 63 million (AU$ 

15 million reduction).  Water yields could be increased from current levels by 2 GL 

while maintaining current salt loads. Alternatively, catchment NPV could be increased 

by approximately AU$ 7 million with little or no reduction in water yield; but there 

may be reasons (small farm size) why this is unlikely.  For this catchment, the 

maximum reduction in salt load appears insufficient to justify public investment in 

tree planting and perennial pasture establishment, particularly when the reduced NPV 

and reduced water yields are taken into account. The results for this catchment do not 

support regulation of land use for the sake of lowering river salinity.  However, the 

capacity of tree plantations to reduce water yields may support a regulation requiring 

purchase of water entitlements from downstream entitlement holders for new 

plantations. Despite millions of dollars of past public investment, it is now clear that 

Bet Bet catchment was never one where land-use changes could benefit downstream 

water users.  The approach described in this paper enables catchment management 

authorities to weigh costs of land-use change against downstream benefits and natural 

resource management (NRM) options elsewhere.  

 

1.  INTRODUCTION 

Dryland salinity is a notable problem in southern Australia. Land degradation and 

increased salt concentrations in waterways are among the major off site impacts 

(Adamson et al., 2007; Beale et al. 2000; Bell and Beare, 2000; MDBMC, 1999; 

Thomas and Cruickshanks-Boyd, 2001; Wilson and Laurie, 2002). A recent 

evaluation of the National Action Plan for Salinity and Water Quality indicates that a 

great deal of federal and state government money, and private money and effort, has 

been spent with limited tangible outcome (Pannell and Roberts, 2009a).  

 

Perennials such as trees and lucerne are capable of much higher water use than annual 

crops or pastures.  Except for salt interception schemes for point sources of salinity, 

such as engineering works pumping salt brine to evaporation ponds, the establishment 

                                                 
1
 AU$ 1 = US$ 0.9  December 2009 

2
 1 GL = 1 gigalitre = 10

6
 m

3
 = 10

9
 litres  
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of perennials in strategic locations is the only practical measure with potential to have 

an impact at the scale required for reducing diffuse sources of saline water yields. 

Both forestry and perennial pastures have been promoted to farmers as methods for 

reducing deep drainage: that is, reducing recharge of rising groundwater tables and 

subsequent surface scalds and base flows of salty water to rivers (Calder, 2004; 

Gilfedder et al., 2009; Heaney et al., 2000; Herron et al., 2003; Robertson, 2006; 

Stirzaker et al., 2002; Wang et al., 2008; Young and McColl, 2009; Zhang et al., 

1999; 2001; 2003; 2007). These and other studies demonstrate the physical potential 

that perennial plants have for strategically managing river salinity. In spite of this the 

question of how to minimise the direct and indirect costs of land-use change 

associated with achieving particular salt load and water yield targets has rarely been 

tackled (Schonfeldt, 2005; Nordblom et al., 2006). 

 

Inducing the strategic establishment of perennials on sufficient scales to dry up salt 

sources in a catchment, but not the fresh water sources, requires not only a desire by 

downstream parties to receive less salt, but an ability to plan such a strategy and to 

fund its implementation. Biophysical, economic and social considerations all come 

into determining the best locations for the expansion of perennials.  Optimising where 

perennials should be located to reduce salt inputs whilst maintaining fresh water 

yields may require providing strategic incentives or disincentives to landholders in 

different parts of the landscape. To assess where in the landscape these should be 

applied requires simultaneous consideration of both the direct establishment costs and 

the opportunity costs of land uses being displaced, as well as an understanding of the 

impacts of land-use options on salt loads and water yields. Care in use of incentives is 

needed to avoid encouraging the establishment of high water use perennials in the 

fresh water sources (Bennett and Thomas, 1982; Characklis et al., 2005; DWLBC, 

2009; Pannell, 2008; Pannell and Roberts, 2008; Schrobback et al., 2009).   

 

Much of the previous National Action Plan for Salinity and Water Quality funding in 

Victoria was spent on extension and small, temporary incentives (Pannell and 

Roberts, 2009b) to encourage adoption of perennial species (trees, lucerne, perennial 

grass pastures). There was an implicit but untested assumption that farmers would 

adopt perennials on the scale required to have a significant positive impact on dryland 

salinity.  However, this assumption was flawed as socially desired land-use changes 
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were not necessarily profitable for individual farmers compared with current land 

uses.  Landholders are unlikely to spontaneously make unprofitable land-use changes 

on a significant scale for the benefit of others downstream unless they are 

compensated for the direct costs of change and the opportunity costs of lost 

production. Current indications are that few perennial options are sufficiently 

profitable to achieve catchment level strategies without external policy interventions 

and regulation (Pannell et al., 2006; Roberts et al., 2009). 

 

The work reported here builds on previous work in New South Wales (NSW) 

(Nordblom et al., 2006, 2007a; Finlayson et al., 2007), which showed that it is 

possible to quantify trade offs among farm profitability and salt load and water yield 

exports to streams; where subcatchments exhibit heterogeneous soil types and 

groundwater salinities, there may be opportunities to strategically target land-use 

changes that reduce catchment level salt loads at lowest cost. Such information is 

crucial if public investors are to make informed decisions about public spending to 

target a reduction in river salinity while minimising adverse impacts such as reduced 

catchment water yield.  

 

Specific questions addressed in this study are:  

1. What is the current distribution of land-use systems in the catchment and their 

aggregate mean annual salt loads, water yields and net present values?  

2. What are the minimum and maximum limits of attainable salt load and water 

yield combinations from the catchment by changing land uses, and the 

minimum costs of these changes? 

3. What is the net present value (NPV)-maximising land-use distribution of this 

catchment and the associated salt load and water yield combination? 

4. What reduction in salt load is possible from the catchment with land-use 

changes that maintain water yield? 

 

This study links previous catchment level economic work in NSW with a strong 

Victorian biophysical modelling base. Despite all the information previously collected 

in the Victorian catchment studied in the present analysis, there has been little earlier 

focus on farm profitability or the issues of adoption of perennials in the places, and on 

the scales, required to reduce salt loads (Nordblom et al., 2009a). 
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This paper defines the methods used and data sources developed for integrated 

catchment modelling. In particular this has involved a sequential process where the 

outputs of one step are inputs to the next step and so on.  The final results are 

presented as a menu of technically feasible combined salt load and water yield targets 

and the least cost land-use changes for attaining these targets.  The results are 

disaggregated to show where in the catchment these changes are called for. The 

economic results in terms of strategic land-use change are mapped with the 

geographic information system (GIS) facility of CAT (Catchment Analysis Tool), 

demonstrating a novel approach for natural resource managers.   Finally, the results 

are discussed in comparison with those of earlier programs for salinity management 

and how the results could contribute to broader based priority setting in NRM. 

 

2.  METHODS 

The work reported here is quantitatively based on the Bet Bet catchment (64,000 ha 

area) in the Loddon river basin of north central Victoria, Australia. The small town of 

Lexton (37.267
o
 S, 143.517

 o
 E) is located in the upper (southern) catchment, and 

Dunolly (36.850
 o
 S, 143.733

 o
 E) is just outside the lower (northern) catchment 

boundary.    

 

The Loddon catchment is an important tributary of the Murray River and has been 

recognised as high priority for mitigation of salinity impact (Anon., 1992; Thompson, 

1997). Bet Bet creek is one of the largest exporters of salt (22,600 t/year) in the 

Loddon river basin and has been a major recipient of research investment, on ground 

works, and provision of incentive payments and extension advice to landholders 

through the National Action Plan for Salinity and Water Quality.  As such, it boasts 

some of the most detailed information available anywhere about dryland salinity 

processes in the Murray Darling Basin. 

 

Steps taken in the analysis are outlined in Fig. 1, which emphasises the logical flow of 

information and connections among the calculations described in this section. 

 

2.1   Geophysical layers in the GIS of CAT 
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Natural resource, land management and hydrology information on Bet Bet Catchment 

have previously been integrated in the simulation model CAT  developed by the 

Department of Primary Industry, Victoria (DPI Vic). The model predicts the 

hydrologic consequences of changes in land-use options (Beverly, 2004; Christy et 

al., 2006; Weeks et al., 2008).  The ability to integrate spatial soil, rainfall, topography 

and hydrology information was a key motivation for developing CAT. The model is 

well suited to assessing the best approach to manage dryland salinity consistent with 

minimising losses in land productivity and river salinisation.  The availability of key 

biophysical data and the CAT model inspired the present study as this supported 

economic analyses at both subcatchment and catchment levels.   

 

The CAT water balance model operates on a daily time step. Daily predicted runoff, 

lateral flow and recharge estimates are integrated spatially on a monthly basis to 

provide an estimate of monthly stream flow and salt load on a subcatchment basis 

using the method described in Weeks et al. (2005), where the validity of this 

modelling approach to predict measured stream flow and salt load data is reported. 

CAT-modelled responses, for each land use tested in this paper, were annual averages 

from runs employing historic daily climate data from 1975 to 2004. For the economic 

analysis it was assumed that hydrological responses to land-use change are reflected 

immediately by changes in catchment salt load and water yield. These simplifying 

assumptions reduced what would have been a vastly complex modelling effort down 

to the basis for a tractable economic model.  Of course in reality there is year to year 

variation in rainfall; and hydrologic responses to land-use changes are subject to 

delays of various time spans as functions of local topography, soils and groundwater 

flow systems.  However, because the aim was to capture long run (rather than year to 

year) consequences of strategic land-use change, in terms of salt loads, water yields 

and NPV, the simplifications made were justified. 

 

2.2  Biophysical considerations: land use, water use and water yield  

 

In a review of over 250 catchments around the world, Zhang et al. (1999, 2001, 2003, 

2007) demonstrated the profound influences that land cover and annual rainfall have 

on catchment water yields.  For a given mean annual rainfall level, annual pasture or 

cropping use the least water and are associated with the highest water yields (the sum 
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of runoff and deep drainage) ultimately flowing from the catchment.  At the other 

extreme are forested lands, which have the highest evapotranspiration; tree canopies 

intercept some rain, which evaporates directly back into the air, and the tree roots 

gather much of the remaining water, which is transpired back to the air through the 

leaves.  Between annual land covers and forest, perennial pastures such as lucerne 

exhibit intermediate water use and water yields.  Annual cropping in sequences with 

perennial pasture phases will, on average, have lower water yields than continuous 

annual pastures or cropping.  These relationships, including the Zhang equations, are 

reflected in CAT where daily water yield estimates are aggregated to annual amounts, 

with appropriate local adjustments for soils, topography, land use, hydrology and 

groundwater salinity. 

 

2.3  Agro-economic information from new survey 

 

The available land-use layer in CAT did not contain the detail required for this 

analysis. For example, it did not distinguish between different grazing system types 

on the basis of pasture species or levels of input. The dominant land use was simply 

described as „grazing‟.  This, combined with a lack of essential economic cost and 

yield information for the different land uses, indicated the collection of additional 

local data to fill the blanks. At a meeting with participating North Central Catchment 

Management Authority staff and the members of two local Landcare groups (3 May 

2007 at Lexton) ten typical land-use systems were defined. These were: (1) low and 

(2) high input (input referring to the amount of superphosphate fertiliser applied) 

native/exotic pasture mosaics; (3) medium and (4) high input sown pastures; (5) 

lucerne pasture; (6) volcanic soil cropping; (7) crop/lucerne rotations; (8) 

crop/perennial pasture renovation; (9) crop/annual pasture rotations and (10) forest.   

 

Members of the Landcare groups committed themselves to help by indicating the 

locations of each of these land uses, paddock by paddock on aerial photographic maps 

of the upper and lower parts of the catchment and to assist in developing cost and 

yield budgets for each of the identified land-use systems. The approach to identifying 

and spatially locating typical land-use systems, and developing budgets with 

information provided by local farmers is described in further detail by Nordblom et al. 

(2007b). 
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Collecting farmers‟ indications of land-use systems with hand written code numbers 

in each paddock on the large aerial photos was a task taken on by two Landcare 

leaders.  Information was provided as to which of the above defined land-use systems 

is found in each paddock. Of particular interest was how the land is managed in the 

long term and not simply which crop or pasture species was in the paddock at the time 

of the photo.  The next large task was digitising the new land-use information as a 

GIS layer compatible with the CAT model‟s soil, topography, rainfall, hydrology and 

other layers. This was carried out by DPI Vic staff who were then able to calculate the 

areas of each land-use system and, using CAT, map the locations of these throughout 

the catchment (Fig. 2). 

       

 2.4  CAT integrates geophysical, biophysical and land-use data for analysis 

 

Estimates of the salt load and water yield consequences at the catchment level were 

required for the economic analysis.  These were calculated for each subcatchment and 

each land-use system that could change to another land-use system. A decision was 

taken for the model not to consider removal of any existing forest.  There were two 

reasons for this: (1) over the past 150 years the majority of native forest had already 

been cleared, sparing only those areas regarded as not worth clearing for farming or 

pasture; that is, the parts with shallow soils and steep slopes, and (2) though clearing 

these remnant patches of forest could be expected to increase catchment water yields, 

the loss of forest habitat would not now be countenanced. This left nine land-use 

systems that could change to one of ten land-use systems. These calculations were 

performed for each of the 29 subcatchments.  CAT was used to generate estimates of 

the potential shifts in long term salt load (∆S) and water yield (∆W) for each of the 

2,610 (= 9 x 10 x 29) individual cases of switched land uses, taking into account the 

soil, groundwater salinity, rainfall, topography and hydrology of each particular area.   

 

2.5  Calculation of gross margin budgets and 30 year net present values (NPV) 

 

The typical costs, yields and gross margins of the ten land-use systems in Bet Bet 

catchment were summarised and budgets to estimate 10 year mean gross margins for 

each were developed. New tree plantations were assumed to have significant start up 
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costs, followed by thinning and trimming costs at 8 year intervals and harvest 

occurring at 30 years.  The mean annual gross margins of the ten land-use systems are 

summarised along with derived 30 year net present values (NPV) discounting at 7% 

(Table 1).  

 

Gross margins and NPVs increased with increased intensity of fertiliser. Low input 

pastures would have received little or no fertiliser compared with high input pastures 

and all cropping systems.  Cropping on the volcanic soils was the most profitable 

enterprise and low input pastures the least.  Detailed input, yield and gross margin 

budgets for each of the 10 land-use systems may be found in Nordblom and Hume 

(2009).  Tree plantations have a 30 year NPV of only AU$ 1,395/ha in Table 1, which 

is well below the NPVs of several other land-use systems.  This is due to the large 

initial cash outlay for tree establishment, the 30 year span of time until harvest and the 

assumed 7% discount rate.  A lower discount rate would increase the relative 

profitability of tree plantations, as would lower establishment costs or higher values at 

harvest. 

 

Shown in Table 2 are the technically feasible changes from one land use to another, 

when soil type and slope considerations are taken into account. Shifting from a high 

NPV land use to one with a lower NPV gives a negative change in NPV, and vice 

versa (Table 2).  The changes in water yields and salt loads with changed land uses 

vary among subcatchments as calculated with CAT. 

 

In the economic analyses that follow, any land-use shifts that are known in advance to 

be „physically infeasible‟ were blocked from consideration. For example, transitions 

from “volcanic soil cropping” to other land uses are possible but not vice versa. This 

is because volcanic soil cropping is only possible on the small areas of volcanic soil in 

the catchment while other land uses, from poor pasture to forest plantations are also 

possible on volcanic soils.  The other examples are the cases of low and medium input 

native/exotic pastures, which occur on the poorest lands: shallow soils, rocky or steep, 

unsuited to cultivation or even tree planting. It was assumed that land currently in 

these two land use categories may not be shifted to other uses.  

 

2.6   Subcatchment economic model (SE-CAT) integrates ∆S, ∆W and ∆NPV data 
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Here the changes in salt loads and water yields expected with shifts from the current 

to the other land-use systems for each subcatchment are combined with ∆NPV values 

to define land-use transition activities.  SE-CAT is configured as a linear 

programming (LP) matrix.  Each of the 29 subcatchments is explicitly modelled using 

SE-CAT.  The model constraints include the area of each current land-use system and 

the implications of land-use change for salt, water and NPV.  NPV-maximising 

solutions are found for a range of salt load and water yield targets that lie along a line 

between the minimum and maximum salt load and water yield combinations that are 

feasible in each subcatchment. 

 

Each combination of salt load / water yield targets provides new constraints for SE-

CAT along with subcatchment specific areas of land in current uses, permitting a 

solution for the NPV-maximising land-use distribution which attains the target.  For 

multiple salt load / water yield  targets in each sub-catchment, SE-CAT solves for 

NPV- maximising land-use changes, expressing the results for each target as a 

∆S,∆W,∆NPV triplet and details of the optimal From – To transitions in areas of land 

use. 

 

A data table specific to each subcatchment was assembled with a common format so 

that each could be copied from a „Land-use option database‟ and pasted into the 

subcatchment LP model as part of a large batch run.  The land areas are from 

integration of the new land-use survey through CAT; the latter was the source of 

estimates on changes in salt load and water yield.  Values from the NPV transition 

table (Table 2) were used.  

 

2.7   The whole catchment economic model (CE-CAT)  

 

 

The whole catchment economic model is a „meta model‟ that combines all of the SE-

CAT results for the 29 subcatchments to assess the highest aggregate NPVs to achieve 

targeted catchment level increases or decreases in salt load and water yield. 
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A file containing all the results for the 29 subcatchments from SE-CAT comprises the 

main body of the whole catchment economic model (CE-CAT).  CE-CAT is an LP 

model designed to optimise (least cost) land-use changes to attain particular 

catchment level salt load and water yield targets.  CE-CAT is designed to run in batch 

mode and follows a similar sequence of runs to those used to establish the SE-CAT 

options.  First, the minimum and maximum limits for water yields and salt loads from 

the catchment are estimated.  In these initial runs, land-use change is relatively 

unconstrained.  Subsequent runs involve constraining water and salt yields to ensure 

they occur in a series along the diagonal between the lower and upper limits of the salt 

load and water yield range for the whole catchment.  In these runs least cost changes 

in land use are estimated for each combination of water and salt targets. 

 

The solver used for both SE-CAT and CE-CAT was “What‟sBest! 4.0” (Lindo, 2000) 

 

2.8   Mapping of land-use systems that meet catchment level targets at least cost 

 

The current land-use distribution (c) was mapped in Fig. 2.  The GIS capability of 

CAT was employed to map the land-use distribution results from CE-CAT that will 

deliver selected targets for water yield / salt load at the catchment level at least cost.  

In particular, the focus is on finding the land-use distributions that deliver (a) the 

minimum salt load combination, (b) the maximum water yield, (d) the NPV-

maximising combination, and (e) the land-use distribution that minimises salt load at 

least cost without reducing water yield.  

 

3.  RESULTS 

 

Intermediate results of the new land-use survey (mapped in Fig. 2) and budget 

calculations (Tables 1 and 2) were presented above to illustrate the study area, to 

provide a context to the methods and set the stage for the final results. Specific 

questions relating to the quantitative aims of this paper are considered in this section.  

A summary of the catchment level results is provided in Table 3 for water yields that 

range from a 2 GL increase to an 11 GL reduction. 

 

In the „Points‟ column of Table 3 are five lower case letters defined as above. The 

letter „c‟ indicates the current levels of salt load and water yield estimated for Bet Bet 
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Catchment, which with the current distribution of land-use systems provide the 

baseline for catchment level analyses with CE-CAT.  The calculated current NPV of 

agricultural and grazing production in the catchment is on the order of AU$ 78 

million, accompanied by the release of 42 GL of water yield annually, bearing a salt 

load of 22,600 t.  This „current‟ land-use mix provides the basis for comparison of the 

costs and benefits of attaining other catchment level targets sampled.   Some of the 

main results are: 

 

 Target (a): Salt loads can be minimised to 18,600 t (reduction of 4,000 t from 

current), but this also reduces water yield to 31 GL (11 GL reduction) and 

NPV to AU$ 63 million (AU$ 15 million reduction) 

 Target (b): Water yields can be increased to a maximum of 44 GL (increase of 

2 GL from current) with salt loads similar to the current level and increasing 

NPV to almost AU$ 84 million (increase of AU$ 5 million) 

 Target (d): Maximising catchment NPV (AU$ 85 million, an increase of AU$ 

7 million from current), with little impact on water yield (reduced by 1 GL 

from present) or salt load (reduced by 900 t) 

 Target (e): Maximising the reduction in salt load without reducing catchment 

water yield, showing very similar results to current land use, but with NPV 

increased by AU$ 7 million (slightly below that of Target d). 

 

Table 3 contains indications of the key catchment outputs of water and salt as these 

are likely to be of interest to downstream water consumers.  The results indicate the 

highest aggregate catchment NPVs available for each W,S target.  To illustrate the 

tradeoffs among catchment salt loads, water yields and NPVs, the results from Table 3 

are plotted in Fig. 3 as changes from the current levels.   

 

Panel 1 of Fig. 3 is relevant to the question of the changes in salt load possible with 

changes in land use.  The mean salt loads from the catchment can increase from the 

current level („c‟) to negligibly higher level („b‟).  This contrasts with relatively larger 

reductions of 4,000 t („a‟) that could occur with a major shift to tree plantations and 

lucerne pasture, and an 11 GL reduction in catchment water yield.  The land-use 

configuration that maximises NPV in the catchment involves a reduction in annual 
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catchment salt load by some 900 t („d‟) and this is associated with a reduction in 

annual water yields of 1 GL.  The results also indicate that annual water yields can be 

maintained while salt loads are reduced by over 500 t („e‟). 

 

To the question „why not aim for the maximum reduction in catchment salt load?‟, the 

answer is obvious: this is likely to be accompanied by an 11 GL (26%) reduction in 

annual water yields and a AU$ 15 million reduction in catchment NPV („a‟ in panel 

2). 

 

In panel 2 of Fig. 3 it can be seen that „a‟ is at the lowest end of the ∆W, ∆NPV curve.  

The highest ∆NPV point on the curve is „d‟ and the next highest is point „e‟, at which 

the mean annual water yield of the catchment equals that of the current land-use mix.  

Point „b’ has higher mean annual water yield than „d‟ or „e‟, but a lower expected 

NPV than either of these.  Points „d‟, „e‟ and „b‟ represent the outcomes of the NPV-

maximising land-use mixes delivering their respective salt load and water yield 

targets.  It is possible to find lower NPV land-use mixes that deliver the same water 

yields.  Point „c‟ represents the current land-use mix and is associated with an 

expected NPV that is AU$ 7 million lower, and an annual salt load 600 t higher, than 

point „e‟. 

 

The question must arise: „Why have land owners in the catchment not already 

reconfigured their land-use systems to take advantage of opportunities presented by, 

for example, points ‘d’ or ‘e’, which offer higher NPVs than the current 

configuration?‟ It is remarkable that the highest NPV land-use configurations, „d‟ and 

„e‟, have expected annual water yields so close to those of „c‟, the current land-use 

mix.  Therefore, if catchment land owners were to shift their land-use mixes to those 

of „d‟ or „e‟ to capture the apparent NPV benefits for themselves, downstream parties 

would be little affected.   

 

There are a number of unlabeled targets in Fig. 3.  For example, there is one 

indicating a reduction of 2500 t in salt load, with no reduction in catchment NPV 

below the current level, but a reduction of 6 GL of water yield. Because the land use 

shifts to achieve this result would not be very profitable to landowners they are 

unlikely to be implemented unless subsidised by downstream interests.  As in the 
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extreme case “a”, downstream benefits from reduced salt loads would likely be 

insufficient to compensate for the large reduction in water yield.  

 

A summary of CE-CAT results for changes in shares of the various land uses required 

to attain the five labeled points („a‟, „b‟, „c‟, „d‟, and „e‟), and the points in between, 

is given in Fig. 4.  

 

CE-CAT calls for change only in some parts of the catchment, not uniform changes 

throughout. One reason is the exclusion from consideration of any removal of existing 

forest or any shifts away from low or medium input native/exotic pasture where these 

are the current land uses.  Within the total 64,000 ha catchment area, this leaves only 

some 27,000 ha with options to shift land-use systems (Fig. 4).  

 

Changes will only be called for by the model where they most cost effectively 

contribute to particular objectives.  In Fig. 4 the current mix of land-use systems („c‟) 

exhibits considerable use of medium and high input „sown grasses‟ and some „crop 

perennial pasture renovation‟.  CE-CAT effectively drops these land-use systems in 

favour of „lucerne pastures‟ and „crop lucerne rotations‟ which are assumed to be 

more profitable. Whether this provides a fair and true reflection of actual differences 

in profitability is taken up in the discussion.    In any case, these switches to „higher 

profit‟ land uses are responsible for the NPV curve being above the NPV of the current 

(„c‟) in the neighbourhood of current water yields. 

 

A gradual, systematic shift in proportions of land use is called for when moving from 

one extreme in salt load and water yield to the other, as from point „a‟ to point „b‟ 

(Fig. 4).  At point „e‟, for example, which has the same water yield as „c‟, the 

predominant land-use systems are crop lucerne rotations, crop annual pasture rotations 

and volcanic soil cropping. To increase water yields at least cost, to point „b‟, annual 

crops and pastures would replace some of the crop lucerne rotation areas. 

 

Least cost reduction in salt loads, say from point „e‟ to „d‟ in Fig. 4, calls for some 

replacement of crop annual pasture rotations with lucerne pasture and new tree 

plantation areas.  The greatest reductions in salt loads (to point „a‟) calls for the 
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largest areas of new tree plantations and expansion of lucerne systems to the rest of 

the land with options for change.   

 

Before moving to the question of exactly where in the catchment these changes would 

be called for, consider the distributions of changes in NPVs among the 29 

subcatchments for the extremes of CE-CAT solutions for minimum catchment salt 

load („a‟) and maximum catchment NPV („d‟) (Fig. 5).  It is clear that a number of 

subcatchments (i.e., numbers 1, 2, 8, 27, 28 and 29) are unaffected and show no 

change between the two extreme solutions.  This is because the model did not allow 

consideration of land-use changes away from existing forest or native/exotic pasture, 

which together comprised most of these „unaffected subcatchments‟. 

 

In the case of objective „d‟, maximising catchment level NPV, CE-CAT calls for 

changes which result in greater NPVs for about half of the 29 subcatchments, leaving 

the others no worse off (Fig. 5).  In contrast, the objective of minimising salt load „a‟ 

calls for less profitable land-use changes in about half the subcatchments.  However, 

one cannot expect farmers to willingly shift to less profitable land uses without being 

compensated or forced by regulation (Pannell et al., 2006).  

 

This sort of information is useful to catchment management authorities for weighing 

the desirability of the various attainable targets in light of their costs.  The full costs 

would further include those of providing extension information to „the gainers‟ and of 

providing financial support to „the indifferent‟ and the „loss makers‟.  The analysis 

provides quantitative estimates of exactly where in the catchment, loss making land-

use changes are needed to meet a catchment target and how much loss needs to be 

compensated in order for these changes to happen. 

 

For comparison with the map of current land-use „c‟ (Fig. 2), the land-use distribution 

results for the salt load extremes „a‟ and „b‟ were plotted by CAT in Fig. 6, and for 

the high NPV points „d‟ and „e‟ in Fig. 7. Target „a‟, which changes land-uses to 

minimise salt loads, presents the greatest contrast to current land-uses and could be 

realised only with a loss of at least AU$ 15 million in NPV to catchment land owners 

and an annual loss of 11 GL in water yield to the downstream water users 

accompanied by a relatively small reduction in annual salt load of some 4,000 t.   
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The non uniformity of changes in NPVs among subcatchments (Fig. 5) reflects the 

non uniformity of land-use changes (Figs. 6 and 7). Changes are called for by CE-

CAT only where they contribute to least cost attainment of a catchment level 

objective. Gainers may only need extension; losers would need tailored external 

subsidies and extension to undertake unprofitable land-use changes willingly, or 

coerced by regulation to make the changes.  Long run sustainability of unprofitable 

land-use changes induced by subsidies or regulations may be unlikely. 

 

Here the emphasis is on showing the high costs of significant reductions in salt loads 

from the subject catchment. The annual flow of water from this catchment is not 

sufficiently salty for low cost reductions in salt load to be attained by changing land 

uses. 

 

The question must arise of whether a reduction of salt loads by only 4,000 t is worth 

the loss of at least AU$ 15 million in NPV and the loss of 11 GL of stream flow to the 

downstream parties.  This is a complex question, the answer for which could involve 

numerous downstream interests, including urban areas, stock and domestic water 

users, irrigators and other industrial water users, and wetland environmental assets.  

Companion studies (Nordblom et al., 2009b, 2009c) do tackle the questions of 

upstream/downstream balances in a New South Wales setting, as a supply and 

demand problem and as a market experiment, respectively. 

 

4.  DISCUSSION 

 

4.1  Poor prospect of river salinity reduction without affecting water yields.  

 

The question is: “Can river salinity be reduced without affecting water yields?” When 

dealing with diffuse, moderate concentration salt sources such as Bet Bet Catchment, 

the short answer is “not much”. In this catchment salinity of the average annual water 

flow is between 500 and 600 mg/L.  These are at and just above the World Health 

Organisation threshold for total dissolved salts desirable in drinking water quality for 

humans: 500 mg/L (MDBMC, 1999; Blackmore et al., 1999).  Salt loads in the Bet 

Bet catchment may be reduced by only a minor amount before affecting water yields 
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from the catchment. Large reductions in salt loads would involve large reductions in 

water yields (4,000 t less salt with a loss of 11 GL or 26% of stream flow).   

 

The general answer on the attractiveness of different salt load / water yield targets will 

be conditional on the physical, biological and economic parameters of each particular 

catchment and those downstream of it.  For example, water users downstream of 

points where catchment stream flows are joined by fresher tributary streams would 

most likely object to any reduction of water yields from Bet Bet. However, if the parts 

of Bet Bet with the saltiest groundwater had been, say, 20 times saltier, similar 

changes in land use at similar cost could result in reductions of salt load on the order 

of 80,000 t accompanied by the 11 GL reduction in water yield. In such a hypothetical 

case, that trade off would likely be of interest to downstream parties (Nordblom et al., 

2009b).  Even with point sources, where salt brines may be intercepted and 

evaporated to prevent them entering a stream, there can be significant water loss 

(Young and McColl, 2009).  At the other extreme, desalination recovers most of the 

water but it is an expensive option. 

 

4.2   Whether water yield losses are large enough to consider regulating land use. 

 

Results from the model indicate there are economically viable options for increasing 

perennial land uses (lucerne and new tree plantations) in Bet Bet but these are neither 

enormous advantages, nor available in all parts of the catchment.  Of greater 

significance is that the high water use enterprise of plantation forestry can result in 

large reductions to water yield from the catchment should their share of land use 

increase.  Examples of private motivations leading to expansion of plantation forestry 

could be where carbon sequestration credits and/or tax breaks enhance the 

profitability of this enterprise (Schrobback et al., 2009). The present model can 

provide insights into such unintended consequences for water yield from a catchment 

due to large shifts in land use.  

 

In the description of NPV calculations for Table 1, the disadvantages which tree 

plantations face in terms of high initial cash outlays and the long time span until 

harvest were exacerbated by the high discount rate assumed.  It is obvious that higher 

value tree products or lower discount rates (which reflect risks and opportunity costs) 
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would improve the relative financial attractiveness of plantations to land owners.  It is 

also obvious what a large increase in tree plantations in this catchment would mean in 

terms of reduced water yields. 

 

Even if there were a way for the gainers upstream to exactly compensate the losers 

downstream, one should be cautious in expecting such changes to take place 

spontaneously.  At the moment there is no strict rule in Victoria or NSW constraining 

catchment land owners to sustain water yield.  However, legislation to regulate 

interception of water is anticipated by the National Water Initiative (NWC, 2004).  

 

Land owners who are in positions to improve their NPVs by adopting land-use 

changes that also happen to produce public benefits may only need to be informed and 

encouraged to do so.  Those who would face losses from making land-use changes 

which only benefit others (downstream) would need more than information and 

encouragement to act.  Realistically, one should expect no action from them without 

external support and/or coercive regulation.   

 

Target „a‟, which changes land uses to minimise salt load, presents the greatest 

contrast to current land uses. CE-CAT estimated that a relatively small reduction in 

annual salt load of some 4,000 t could be realised with a loss of at least AU$ 15 

million in NPV to catchment land owners and an annual loss of 11 GL in water yield 

to the downstream water users. It is unlikely that such a target, which is contrary to 

both the catchment and downstream interests, would ever be pursued consciously by a 

catchment management authority.  However, high incentives for expanding tree 

plantations could well see individual land owners pursuing this option because it is 

profitable to them, with catchment water yields subsequently drying up to the extent 

shown with target “a”. 

 

If all land in Bet Bet were managed for the benefit of a single land owner, one could 

attribute greater practical reality to land-use changes in the model results and talk 

about net private benefit as a single point.  However, there are more land owners in 

Bet Bet than there are subcatchments. Many of the former will have land overlapping 

subcatchment boundaries because land ownership and paddock fence lines rarely 

coincide with hydrologic features.  If plotted at some level of downstream net public 
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benefit, the net private benefits of the land-use changes at the subcatchment by 

subcatchment level would appear as a wide scatter, with many in the negative net 

private and public benefits quadrant, particularly for the extreme targets such as „a‟ in 

Fig. 5. 

 

A closely related problem is: “how to link the providers of beneficial environmental 

services (water yields and water quality) to those who want it?”  A corollary question 

is: “How to link upstream perpetrators of downstream damages to those suffering 

losses of environmental services?”  The idea of changing land uses to reduce salt 

loads may only find favour where there are much saltier sources than Bet Bet Creek.  

These questions are pursued with examples in the case of a NSW catchment by 

Nordblom et al. (2009b), linking upstream and downstream interests in water yields 

and water quality with a market and regulations.  Those theoretical market results are 

further examined experimentally by Nordblom et al. (2009c).  With incentives for 

forest products equivalent to AU$ 70/m
3
, and with no limits placed on interception of 

water by new tree plantations, Nordblom et al. (2009b) project uncompensated 

reductions in river flow to entitled downstream water users on the order of 42%. 

 

4.3  Implications for public investment in salinity reduction 

 

An NRM goal of reducing salt loads leaving the catchment in Bet Bet Creek would 

not be for the benefit of land owners in that catchment, but potentially of downstream 

water users. Investment in the Bet Bet catchment occurred under the National Action 

Plan for Salinity and Water Quality on the basis that land salinity in the catchment 

could be reduced, and also that downstream interests and assets in the Loddon valley 

and Murray River would be enhanced by salt load reductions in Bet Bet Creek.  The 

reductions in water yield were not considered, and neither were issues of realistic 

adoptability of land-use changes.  Considering that the mean annual salinity of Bet 

Bet stream flow is calculated as between 500 and 600 mg/L, with 500 mg/L being the 

desirable upper limit for domestic water, reducing Bet Bet Creek salt loads may be of 

concern to few downstream water users and perhaps not at all to those whose stream 

flows are diluted with fresh (less salty) water from other sources.  Further, those 

whose stream flows are diluted with fresh water would most likely object to reduced 
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water yields from Bet Bet, particularly if at the extreme of 11 GL, a 26% reduction in 

stream flow occurs.  

 

The present study was conceived as developing methods for planning toward an NRM 

goal of reducing salt loads (S) delivered from catchments at minimum cost and 

minimum loss of water yields (W).  However, a back of the envelope calculation 

((1000 x 22.05 kt S)/42.20 GL W) = 522 mg/L) revealing the moderate salinity of Bet 

Bet catchment would have indicated it is not a prime example of a catchment in which 

land-use changes could benefit downstream water users. Nevertheless, the exercise 

demonstrates that CAT may be integrated in an economic analysis of land-use options 

and downstream flows of water and salt. Such integrated analyses are of use in other 

catchments whether rising river salinity or reduced water flows are significant threats. 

In either case, the results would provide information allowing a menu of costed 

options for land-use change to be considered by land and water managers, as well as 

high value downstream water uses including urban areas.   

 

One of the starting assumptions was that, in the absence of profitable new 

technologies, or large changes among input or commodity prices, one should expect 

any major changes in land use to be costly, not only in terms of direct cost but also in 

reduced income earning capacity.  However, the results suggest shifting away from 

„medium and high sown grass‟ pastures in favour of expanded crop and pasture 

lucerne will give a boost to NPV (see Figs. 3 and 4).  While this could be correct, it 

may also be true that the model has not accounted for all the agronomic and socio-

economic factors that favour good grass pastures over lucerne from the farmers‟ 

viewpoint (i.e., small farm sizes, shallow soils, acid soils, steep slopes).   

 

Noted was the simplifying assumption in the methods, that land-use changes are 

reflected quickly in changed catchment salt load and water yield.  This means all the 

point estimates of salt load and water yield changes are uncertain, within unspecified 

probabilistic clouds and spread across time.  On one hand, this may suggest it is a 

folly to „fine tune‟ land use in a catchment to achieve small changes in salt loads and 

water yields.  On the other hand, the negative impact on water yields due to large 

increases in forest areas appears potentially large and relatively certain. 
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The two sources of variance in water yields noted above raise challenges for the 

accounting and trading of upstream and downstream water rights.  For example, if 

downstream interests wish to alter the environmental services flowing from a 

catchment by inducing certain land-use changes there, the outcomes are necessarily 

uncertain.  Another example is the attribution of culpability for reduced catchment 

water yields to new tree plantations; this is a classic case of externality damages but 

heavily obscured by year to year variations in rainfall, non uniform hydrologic 

response times and both technical (measurement) and „climate change‟ uncertainties.  

 

Other aspects of value could drive reductions in water flow associated with large 

expansions in tree plantations (Fig. 4 and Fig. 6a).  For example, benefits may be 

anticipated to Bet Bet land owners arising from greenhouse gas mitigation credits and 

/ or tax breaks for tree plantations. These benefits could be great enough to allow 

plantation investors to purchase water entitlements to offset downstream losses due to 

the reduced catchment water yields. Those downstream interests within the wider 

catchment management authority‟s jurisdiction could include individual irrigators, 

urban and stock and domestic water users, as well as wetland assets. Further 

downstream are other water entitlement holders who depend on the flow and quality 

of the Murray River.  

 

The North Central Catchment Management Authority (NC CMA) moved away from 

salinity investment in the Bet Bet catchment on the basis of previous studies (Ridley 

and Pannell, 2005; Pannell and Roberts, 2009a, 2009b), using the Salinity Investment 

Framework (SIF3), which found that there were insufficient public benefits. That 

decision is further justified by this work which has shown there are only modest 

reductions in salt loads possible and potentially large negative impacts on fresh water 

flows. There may be many other catchments in Australia where public money has 

been allocated ineffectively due to a lack of prior consideration of technical and 

economic feasibilities of land use change to mitigate river salinity. 

 

5.  CONCLUSIONS 

This study has shown that biophysical catchment modelling can be integrated with 

economic analysis to determine least cost targets for land-use changes to attain target 

combinations of catchment salt loads and water yields, and to plot the spatially 
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specific locations of the changes required. Results for the Bet Bet catchment in 

Victoria indicate that the calculated current net present value (NPV) of agricultural 

production is AU$ 78 million, accompanied by a release of 42 GL of water yield 

annually carrying a salt load of 22,600 t to downstream water users. It is possible to 

reduce salt loads to 18,600 t (reduction of 4,000 t from current), but this also reduces 

water yield to 31 GL (11 GL reduction) and NPV to AU$ 63 million (AU$ 15 million 

reduction).  Water yields could only be increased from current levels by 2 GL while 

maintaining current salt loads. Catchment NPV could be increased by approximately 

AU$ 7 million, but there are likely to be socioeconomic reasons not included in the 

model (small farm size) as to why this is unlikely.  For this catchment, the reduction 

in salt load appears insufficient to justify public investment, particularly when the 

reduced NPV and reduced water yields are taken into account. Integrated analyses as 

shown in this study could be of use in other catchments whether rising river salinity or 

reduced water flows are real threats. The results would provide information allowing a 

menu of costed targets for land-use change to be considered by land and water 

managers to provide a more robust basis for public investment to improve 

environmental outcomes.   
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Table 1.   Summary of mean annual Gross Margins (GM) and Net Present 

Values (NPV) of the ten land-use systems over a 30 year horizon 
   

 Mean annual 

gross margin, 

GM 

NPV to 30 year 

horizon, 7% 

discount 
a
 

Land-use system AU$/ha AU$/ha 

   

Low native/exotic pasture 21.00 261 

Medium native/exotic pasture 60.40 750 

Medium sown grasses 86.50 1073 

High sown grasses 211.90 2629 

Crop perennial pasture renovation 189.45 2351 

Lucerne pasture 211.20 2621 

Crop lucerne 226.45 2810 

Volcanic soil cropping 254.40 3157 

Crop annual pasture 199.95 2481 

New hardwood tree plantation - 
b
 1395 

   

Source:   detailed GM budgets for Bet Bet Catchment land-use systems are 

presented in Nordblom and Hume (2009) 
 

a
  the 30-year NPV of 1 ha of a land use system was calculated as follows: 

30

0

1/
i

i
rGMNPV                                                                     (1) 

where:  

NPV  is the net present value of a 30 year run of a land use system 

GM   is the average annual gross margin of that system 

i   is the year in the sequence of 0 to 30 years, and 

r    is the assumed discount rate (in this case 7% = 0.07)  

 
b
  In the case of a new tree plantation, annual average GMs in (1) were 

replaced by year-specific net cash flows as follows: Year 0, land 

preparation and tree establishment costs (AU$ 1,370/ha); thinning costs 

in years 8, 16 and 24 (AU$ 100/ha each); stumpage value at tree harvest 

in year 30 (AU$ 21,900/ha).  
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Note the picture below, is a place-holder for the word file:   new Table 2 for AGWAT 2419 21Dec09.doc 

Table 2.  Changes in net present values (NPV) with transitions from one land use to another (AU$/ha) 
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  NPV
 a

 261 750 1073 2629 2351 2621 2810 3157 2481 1395 

From:             

Low native/exotic pasture  261 0 N
b
 N N N N N N N N 

Medium native/exotic pasture  750 -489 0 N N N N N N N N 

Medium sown grasses  1073 -813 -324 0 1556 1278 1547 1737 N 1408 322 

High sown grasses  2629 -2369 -1880 -1556 0 -279 -9 181 N -148 -1234 

Crop-perennial pasture renovation  2351 -2090 -1601 -1278 279 0 270 459 N 130 -956 

Lucerne pasture  2621 -2360 -1871 -1547 9 -270 0 189 N -140 -1226 

Crop-lucerne  2810 -2549 -2061 -1737 -181 -459 -189 0 N -329 -1415 

Volcanic soils cropping  3157 -2896 -2407 -2083 -527 -806 -536 -347 0 -676 -1762 

Crop-annual pasture  2481 -2221 -1732 -1408 148 -130 140 329 N 0 -1086 
             
a
   see Table 1 for source of current NPV estimates 

b    
the letter N alone in a cell indicates a transition in land use thought to be infeasible in practice and not considered further in the analysis
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Table 3.  Current Bet Bet catchment level aggregate net present value (NPV) and 

mean annual salt load (S) and water yield (W) with tradeoffs among targeted 

S,W  combinations over the feasible range with least cost land use changes. 
     

  

∆W 

 

W 

 

S  

Max. 

NPV 

  

Change in  

Water 

yield 

 

Salt load  

 

given 

 water 

yield 

Target target   S,W 
target 

Points
a
 GL GL 1000 t  AU$ 

million  

     

b +2 44.20 22.68 83.58 

 +1 43.20 22.37 84.67 

e 0 42.20 22.05 85.37 

d  -1 41.20 21.73 85.41 

  -2 40.20 21.42 84.80 

  -3 39.20 21.10 83.69 

  -4 38.20 20.78 82.42 

  -5 37.20 20.47 81.05 

  -6 36.20 20.15 79.42 

  -7 35.20 19.83 77.53 

  -8 34.20 19.52 74.99 

  -9 33.20 19.20 71.73 

  -10 32.20 18.88 68.01 

a  -11 31.20 18.56 63.23 

     

c Current 42.20 22.63 78.16 
 

 

a   the minimum (a) and maximum (b) limits of the mean salt loads (S) and water 

yields (W) attainable by changing land uses in the catchment; (c) reflects the current 

distribution of land-use systems and its associated S,W, and NPV; (d) indicates the 

NPV-maximising land-use distribution and associated S,W; (e) indicates results for 

the most profitable land-use configuration that maintains current W while reducing S  
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Figure captions: 

 

Figure 1.  Sequence of analyses in this study emphasising the logical flow of 

information and calculations  

 

Figure 2.    Current land use in Bet Bet Catchment, based on the 2007 survey for the  

present study with the assistance of local Landcare members. 

 

Figure 3.  Least cost changes in Bet Bet Catchment mean salt load (S) (1) and NPV 

(2) with changes in mean water yield (W) from the current (c) distribution of land-use 

systems; where the extreme minimum (a) and maximum (b) are the limits of S,W 

attainable by changing land uses in the catchment; (d) indicates the S,W associated 

with the NPV-maximising land-use distribution; (e) indicates the least cost reduction 

in S possible with land-use changes that maintain W. 

 

Figure 4. Summary of land-use changes over the feasible range, giving: the minimum 

(a) and maximum (b) limits of the mean salt loads (S) and water yields (W) attainable 

by changing land uses in the catchment; (c) reflects the current distribution of land-

use systems and its associated S,W; (d) indicates the NPV-maximising land-use 

distribution and associated S,W; (e) indicates the land-use changes that reduce S at 

least cost while maintaining W. 

 

Figure 5.   The benefits and burdens of changes in land use for attainment of 

catchment level NPV-maximisation (d, open diamonds) or minimum catchment level 

salt load (a, solid dots) are unevenly shared among subcatchments. 

 

Figure 6.   Land-use distributions calculated to obtain Bet Bet Catchment objectives 

at least cost where these are the extreme minimum mean salt load (a) and maximum 

mean water yield (b). 

 

Figure 7.  Land-use distributions calculated to obtain Bet Bet Catchment objectives at 

least cost where these are: the maximum catchment level NPV (d) and reduction in 

salt load while maintaining current mean water yields (e). 
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Figure 1.  Sequence of analyses in this study emphasising the logical flow of 

information and calculations  
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Figure 2.    Current land use in Bet Bet Catchment, based on the 2007 survey for the  

                    present study with the assistance of local Landcare members.  
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Figure 3.  Least cost changes in Bet Bet Catchment mean salt load (S) (1) and NPV 

(2) with changes in mean water yield (W) from the current (c) distribution 

of land-use systems; where the extreme minimum (a) and maximum (b) are 

the limits of S,W attainable by changing land uses in the catchment; (d) 

indicates the S,W associated with the NPV-maximising land-use 

distribution; (e) indicates the least cost reduction in S possible with land-

use changes that maintain W. 
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Figure 4. Summary of land-use changes over the feasible range, giving: the minimum 

(a) and maximum (b) limits of the mean salt loads (S) and water yields (W) 

attainable by changing land uses in the catchment; (c) reflects the current 

distribution of land-use systems and its associated S,W; (d) indicates the 

NPV-maximising land-use distribution and associated S,W; (e) indicates the 

land-use changes that reduce S at least cost while maintaining W. 
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Figure 5.   The benefits and burdens of changes in land use for attainment of 

catchment level NPV-maximisation (d, open diamonds) or minimum 

catchment level salt load (a, solid dots) are unevenly shared among 

subcatchments. 

 



Least cost land-use changes for salt load, water yield targets 

 
41 

 

 

 
Figure 6.   Land-use distributions calculated to obtain Bet Bet Catchment objectives 

at least cost where these are the extreme minimum mean salt load (a) and 

maximum mean water yield (b).  
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Figure 7. Land-use distributions calculated to obtain Bet Bet Catchment objectives at 

least cost where these are: the maximum catchment level NPV (d) and 

reduction in salt load while maintaining current mean water yields (e). 

 


