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OF LAND SALINISATION

Graham Marshallt, Randall Jones® and Sally McGrath®

NSW Agriculture

ABSTRACT

In attempting to estinsate the agricultural cost of land salinisation, it is important to
account realistically for Tarmer response aimed at manimising losses of whole farm
profitability. One type of farmer response involves relocating enterprises according to
their salinity tolerance as the salinity status of land changes. An economic analy«:ix" of the

agricultural cost of salinisation in the Murrumbidgee Irrigation Area 15 reported in this
paper, The approach involved applying a linear programming model of regional
agriculture 1o systematically predict on-farm response of the above Kind to changed
salinity conditions. The modified approach was designed to account for delays in farmer
response to changes in salinity conditions. due to concerns that the previous approach
unrealistically assumed immediate Tarmer response and thereby substantially under-
estimated the agnieultural cost of land salinisation.

The estimated present value of the agricultural cost of salinisation under the preferred
assumption of a ten year delay in response was demonstrated to exceed that under an
assumption of immediate response by 60 per cent. The estimate under an assumplion of
no farmer response was found lo be 4.5 times greater than that under the preferred
assumption. The study has thus confirmed that accounting for farmer response to
salinisation is required i economic analyses are not to be responsible for excessive
allocation of resources to addressing the salinisation probl~m. [t has also demonstrated the
potential for significantly reducing the agricultural cost ot salinisation by providing
information to farmers which assists them to respond more rapidly to worsened salinity
couditions,
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1.1 Background

Land salinisation is a form of land degradation caused by capillary rise of saline
groundwater into the root zoene of crops and pastures. Various studies have concluded that
inereasing areas within irrigation schemes will be affected by this problear unless remedial
measures are implemented (for example, Guiteridge, Hasking and Davey 1985).

Large programs of investigations and eapital works have been instigated with the aim of
ameliorating this problem, Since as early as 1981, for instavee, an integrated groundwater
puniping/evaporation basin scheme has been operating in the Wakool and Tullakool
lerigation Districts, ot a capital and operating cost sinee 1978 of $56 million (in 1993
values) (D. Naunton and Co. er al. 1993). ‘

Proposals of such magnitude clearly warrant ex ante economic appraisal. As well as these
“big ticket items’, however, there are a range of furm-level and district-level salinity
minagement options currently being investigated as part of the process of Tormulating
Land and Water Management Plans for various irrigated regions of New Souwth Wales
(NSW). The investigations, apart from possible future implementation of the aptions, also
represent a considerable allocation of resources to ameliorating current and fyture Jand
salinity.

Economists are concerned with identifying economically efficient responses fo langd
salinisation, where economic efficiency involves applying all resources fo their highest
valued combination of end uses from the overall perspective of soeiety (Morris 1 al,
1988). From this standpoint, resources should be committed 1o mitigating land salinity or
its effects only to the extent that their marginal value does not exceed the marginal value
of salinity-induced “damage’ to social welfare,

In this task. valuation of resources proposed for use in addressing land salinisation {eg..
far constructing and operating a saline water disposal scheme) or its effects (eg., for
undertaking relevant agronomic research and extension) is usually relatively easy.
Estimating the valve of salinity-induced dumage generally requires greater thought, both
because of gaps or uncertainties in lechnical data and because the value of damage
depends on how those affected by salinity respond to it. Economists are not in a position
to rectifly the first of these problems, but are well equipped 1o consider how behavinural
response by farmers 1o changes in lund productivity should be modelled in valuing
damages inflicted by land salinisation.

1.2 Study Aim and Null Hypothesis

The atm of the study reported in this paper was to develop and apply a framework for
evaluating the economic impuet on agriculiure of land salinisation, The framework
developed is presented in Section 2. Previous evalustions of damages imposed by hand
salinisation have diffeved significantly with respect to the (often implicit) framework
apphed. A sclection of these studies are reviewed in Section 3. The way 1 which the




framework developed was applied in this stud> is ﬁﬁmw&mﬂ in Section 4.
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ise. ’I e null hypothesis fesicd wzm t}m
economic mpact of land salmis; insensitve to how farmers are zm*mmﬁti o
respond to land salinisation. The rmm of the economic evaluation and of the st of the
null hypothests are presented 1 Section 5. Conclusions are drawn in Section 6.

the 1}{5&&%1 of land use by ¢ '

1. 3 Case Study Area

The nudl hypothests was tested using troadacre agriculture within the Murrumbigges
Trrigation Area (MIAY in southern infand New South Wales (NSW) as 4 case study. The
MIA comprises 477 breadacre farms which encompass 110,950 hecmres and which have
an pggregate irrigation alfocation of 660945 megalitres (Jones 1991).

The predontaant broadacre land use is rive grown in rotation wath annual pasture and
winter cereals.  The area of rice geown in the MIA 1 1990/91 was 26,181 bectares thay,
aceounting for 32 per cent of NSW nice production . Wheat was grown over 20,726 ha
(Murray Darting Basin Commussion 19931, The area of alternative summer crops o rice,
predommantly soybenns, bus been approsimately 1,800 ha, lucerne 700 ba (1. MeCalfery,
NSW Agriculture, Griffith, pers. comm.y and vegetables 2,100 bectares (). Salvestrin,
NSW Agriculture, Griffith, pers. comm.),

Land salimity Tevels m the MIA have been predicted to worsen significantly aver the pest
30 years tvan der Lely 19930, The proportion of land aov or only manimally affected by
salinity” has been predicted 1o decline from 74 per cent m 1993 to 59 per cent in 2023
The proportion affected by highly saling’ condirons has been predicted to merease from 8
per cent to 12 per vent over the sume penod.
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ity x| mie impact of the agrienitural effect of
tand salinity within a region at aivy time, it was initially assumed that:

(iy  agricollure in the area of concern is comprised of a aing%x. industry, say the wheat
‘ industry, within which the same production function applies 1o all output;

(i) demand for output from the region is infiniiely price clastic;

(i) the industry demand schedule coincides with the mmguml sogial benefit (ixi‘i By

schedule; ;
(iv)  the industry supply schedule coincides with the marginal social cost (MSC)
sehedule;

(v) in the “with sulinity' scenario, all fand in the ares of concern is of the same salinty
level; and
{viy  apart from cffeets of salinity. all land is of waiform quality.

The framework that was developed consistent with the above assumptions is illustrated in
Fzgum 1.

The industry supply schedule without salinity’ is denoted by 8, and represented as sloping
upward to the right since duninishing returns to scale are assumed. Once land salinity has
increased suffici umfyg yield declines aniformly across the area of wheat grown. The
consequence is # divergent upward shift in the industry supply schedule, since the cost
impact of a yield reduetion increases with the unit cost of the output increment. The
industry supply schedule corresponding to the with salinity scenario is thus denoted by S,

The mdustry demand and MSB schedules are denoted by D.

The marginal net ndystry benefit (MNIB) at any level of production 15 given by the
vertical distance between the corresponding pownts on the industry demand and supply
schedules. The marginal net social benefit (MNSB) schedule ot any level of production is
given by the vertical distance hetween the corresponding pomts on the MSB and MSC
schedules. Given assumptions (i1} and (iv) above, the MNIB and MNSB schedules for a
particular industry and salinity scenario comngide.

The industry is in equiltbrium at the fevel of output at which net industry benefit is
maximised, This occurs where the indusiry supply and demand schedules infersect.
Equihibriom without salimty therefore oceurs where 8, and D unterseet,  The corresponding
level of output 13 Q. ussociated with an evonome surplus of wea abe. The cyutlibrium
level of output with salinity is Q.. corresponding with the intersection of 8, and D
FEconomic surplus at any level of production 1s caleulated by adiing the MNSE there
equivalent to the MNIB) of all bura-marginad levels of production,  Bcononne surplus with
salinity thus equals area ade. The economic impact of Tand salinity is given by the
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Figure 11 Economic Impagt of Land Salinity - Single Industry Case
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reduction in ceonomie surplus, that is, the area beed.

2.2 Multiple Industry

T ¢ framework was extended 1o consider the implications of a situation in which la
salinity oceurs within only a portion of the region and there is more than a single industry
suited to the region, with variation among industries in how their yields are affected by
land salinity, Thus asswmnptions (i) and (v) above no longer apply. To simplify the:
“exposition, it was further assumed that ‘

{vii)  all land affected by salinity is affected uniformly: and
{viii) there are only two industries suifed to the area of coneern {say, carrots and wheat),
 the yield of only one {carrots) being affected by the level of salinity in the affected
area, ‘

The economic impact of land salinity in the affected area is ilustrated in Figure 2,

Note that area cropped, rather than output, is measured on the x-axis. This is to facilitate
the discussion to come in Section 3. Following from assumptions (vi) and (vii} above,
yield for each industry is constant across the affected area (but depends on the salinity
status of the area). The cropped area of each industry is thus directly proportional to its
ourput, so industry supply and demand schedules can be represented against cropped area
similarly as against output.

The total arca affected by salinity is given by the distance O°O" in Figures 2(a) and 2(b).
The portion of this area cropped to carrots is measured by distance along the x-axis from
OF to the right, while the area cropped to - “eat is measured by distance along the x-axis
from O to the left.

The demand schedule for the carrot industry is denoted by D in Figure 2(a) and the
supply schedules without and with salinity by S,° and 8,° respectively.

The demand schedule for the wheat industry is denoted by D* in Figure 2(4). Since wheat
yield is assumed to be unaffected by the salinity level attained in the with salinity
scenario, the wheat industry supply schedules with and without salinity are both denoted
by S™.

Corresponding MNIB (ar  thus MNSB) schedules for each indusiry are derived in Figure
2(b). The above scheme is used to distinguish these schedules according to industry and
to whether they refer to the with or without salinity scenario.

For a particular industry and salinity scenario, MNIB for each level of cropped arca was
derived by subtracting the marginal cost of production (given by the correspanding y-axis
value found from the relevant industry supply schedule) from the marginal industry return
{given by the corresponding y-axis value found from the relevant industry demand
schedule).

wh
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Figure 2 Eeonotuie fmpict of Land Salinity in the Salinised Area - Two Industry Case
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carrots without salinity is ¢

* Por a particutar industry and @ particular salinity scenatio, econoimi
the intra-marginal area between the -axis and
econoinic surplus from both industeies, without
arei Q%abeO”,

Baquilibrium with salinity ocours where MNIB," and MNIB* interseet, ‘Thus the
equilibrium arey of carrots with salinity is O°A, and the equilibrium area of wheatis
OA,. Thus economic surplus from both industries, with salinity in the affected areq, is
given by area O%decQ™. | S A ’

The economic impact of land salinisation is measured by the difference in economic
surplus between the without and with salinity seenarios. This is comprised of tie
reduction of economic surplus from carrots {given by nrea abAA sed) and the increase in
economic surplus from wheat (given by area AgbeA,). The overalt economic impaet is
thus given by area abed,

~The znalysis demonstrates that farmer response to land salinisation of & particular area, in
the form of substituting a relatively salt-tolerant enterprise {eg., wheat) for a relatively sali-
sensitive one {eg., carrots) on some of the land allocated to the salt-sensitive enterprise
under the without salinity scenario, can be expected to oceur,

The effect of salinity identified sbove is in faet likely 1o be only part of the total effect,
hawever, since enterprise substitution within the ares hecoming salinised can be expected
to affeet production costs in the area remaining non-salinised. Substitution of wheut area
(within which frrigation is relatively non-intensive) for carrot area (within which frrigation
~ Is relatively intensive) in the area affected by salinity, for instance, releases irrigation
water (which is limited in total availability) for vse in the area remaining non-salinised.
The marginal opportunity cost of irrigation water therefore declines and downward shifts
of the supply schedules of both industries in the non-salinised aren occur. With carrots
being the more intensive water-user, the downward shift of its supply schedule for the

- non-salinised area is greater than that for wheat. As a consequence, some land in the area
remaining non-salinised will be reallocated from the relatively sali-tolerant enlerprise to
the relatively salt-sensitive enterprise {i.c., the reverse of the trend in the area becoming
salinised). This effect is lustrated in Figure 3.

The MNIB schedules for carrots and wheat in the non-salinised area under the without
salinity scenario for the salinised area are denoted by MNIB,® and MNIB,* respectively,
Fhe carrot schedules are located as were those denoted similarly in Figure 2(b} while the
wheat schedules are located as were MNIB* and MNSB® in Figure 2(b).

In deriving Figure 3, it was assumed that the areas of the region salinised and pon-

salinised are equal. That is, 00" represents the same tnumber of hectares in Figures 2
and 3. It follows from the above that, for the without salinity scenario for the salinised
are, economic surplus and areas of carrots and wheat in the non-salinised area are the
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Figure 3: Feonomic Impact of Land Salinity in the Non-Salinised Aron - Two Industry Case
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~ same as in the S:!;I‘izﬂisaﬂ mz@ :

The MNH;% w?mdxz es for carrots and wheat in the non-salinised arca, under the with
salinity scenario for the salinised ared, are ﬂenmaﬂ by M NI’B; and MNIB," wspm ively.

The upward shift in the MNIB *«:hud;x e for catrots in tha non-sulinised area due to sulinity
in the remaining area is greater than for the wheat MNIB schedule.  This follows from the
above reasoning that carrots are the more intensive user of irrigation water, the marginal
opportunity cost of which Ims declined as a cansequence of enterprise substitution in the

~ salimsed area.

The shifts in MNIB schedules for the non-salinised area arising out of salinisation in the
remaining area result in a new equilibriuny in the non-salinised area, such that the
allocation of Jand to carrots increases to O°A; and the allocation to wheat declines
commensurately to O*A;. Bconomic surplus in the non-salinised area under the with
salinity scenario for the remaining area is thus given by aren O°fgh0O”, Due to upward
shifts in the MNIB- schedules, mgnthcr with consequent enterprise substitution within the
non-salinised area. economic surplus in the pon-salinised area is thus higher in the with
 salinity scenario for the affected arca than in the without salinity scenario. T hxs increase
in economic surplus is ghven by area abohgf ‘

The é;:—mﬁmmif: impact of miim’ty across both areas thus equals the decline in economic
surplus in the affected area minus the increase in economic surplus in the area not
affected. The overall economic mmpact is therefore given by area abed in Figure 2(b)
minus areq abehef in Pigure 3.

This analysis has demonstrated how enterprise substitution in response to salinity within
the salinised areq, wherein enterprises with greater tolerance to salinity displace those with
lesser tolerance, leads to further enterprise substitution within the area remaining non-
salinised. 1In the case portrayed. the direction of enterprise substitution in the arca
remaining non-salinised 15 the opposite of that occurring in the salinised area. If the
refatively salt-tolerant enterprise were instead the more intensive user of water, however,
the direction of enterprise substitution in the area remaining non-salinised would be the
same as that oceurring i the area beconung salinised.

Accurate assessment of the economic timpaet on agriculture of land saliniy requires a
modethng procedure which can account for the enterprise substitution effects identified
shove. Testing the null hypothests pased m Secuon 1.2 will indicate, at least for MIA
broadacre agriculture. the seriousness of the toss of accuracy that oceurs if enterprise
substitution is nof accounted for,

3. REVIEW OF PREVIOUS STUDIES

A number of previous studies involving economic evaluation of the agricultural ympact ot
land salsation are now reviewed o light of the analytical framework presented in the
previous section,




3,1 Evaluations of Impact on Farm 151'3:. Revenue

Studies by C;mu,mdm H ,skmx. and Davey (1985), Grieve ef al. (1986} and vap der Iﬂely
{19931 appmaahs&d economie evaluation using similar frameworks which differed from
 the framework presented above in a number of important respects.  Firstly, the c¢conamic
impact of fand salinisation within the respective regions of conecin was defined as
equivalent to the fimpact on farm-gate revenue, This definition is likely to lead to
considerable over-estimation of the “true’ economic impact, as can be ilustrated for the
single industry case with reference to Figare 1. The true cconomic impaet was identified
i Section 2.1 as given by the area beed. The impact on farm-gate revenue, given by the
arca QueeQ,, is appreciably larger since this measure fails to recognise that costy are also
reduced as output declines. The total reduetion in costs is given by area QuelQ,.

Secondly, these studies did not account for farmers responding to land salinisation by way -
of enterprise substitution, thereby further over-estimating the true economic impact. The
“error cap be ilustrated with reference to Figures 2 and 3. Using Figure 2(b), land salinity
was shown, in the aren becoming salinised, 10 be associated with a reduction in carrot land
use from O°A, to O°A, and in increase in wheat land use from O¥A, to O%A,.

The approach used in the above studies, however, assumes that carrot land use in this area
wonld remain at O°A, after salinisation and wheat land use would remain at O*A,. 1t can
be seen that the MNIB (and therefore MNSB) from wheat exceeds that from carrots for all
of the area AyA, in which wheat would be substituted for carrots, Fallure 1o account for
enterprise substitution within the area becoming salinised thus results in over-estimation of
the economic impact in this arca of land salinisation, the extent of the over-estimate being
given by area bel, By failing to account for enterprise substitution in the salinised area,
the economic consequences of this enterprise substitution for the area remaining non-
salinised (as identified in Section 2.2) are also ignored. In the case portrayed in Figure 3,
the economic impact of salinity would therefore be further over-estimated by area abehgf.
By failing to account for enterprise substitution in the salinised area, the economic impact
of land salinity is therefore over-cstimated in total by area bef in Figure 2(b) plus area
abehgf in Figure 3.

3.2 Mumy-Daring Basin Commission Drainage Evaluation Model

In an attempt to ensure consistency in economic evaluations of capital works designed to
address salinity (and waterlogging) problems, the Murray-Darling Basin Commission
(MDBC) (1992) released the spreadsheet-based Drainage Evaluation Model. The model is,
in one respect, more consistent with the framework presented in Section 2 than the srudies
just reviewed. That is, it incorporates the effect of changes in output on cash costs.

The effect on cash costs, however, is unlikely to represent the full cost effect. It is likely
that there will also be significant effeets on opportunity costs of resources in limited
supply, such as irrigation water, irrigation channel capacity and farm family labour.
Assuming that opportunity costs of these resources are not affected, as is implicitly the
case with the MDBC model, is thus likely to lead to estimation error - The nature of this
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error can be :ilmtmtz:d for the amg,lc industry case with reference to Figure 4, whuh has
been modified from Figure 1. If the effect of changes in output on production costs are
approsimated only by effects on cash costs, the industry .suppw {and therefore MSC!
schedules for the witheut salinity and with sulinity seenarios are implicitly assumed to be
~as denoted by 8, and 8, respectively, Unlike the true sehedules, S, and S, these
schedules do not account for the phenomenon of diminishing returns to scale which, in
this stylised example, manifests as soon 4s oulput expands from zero. Economic surplus
without salinity would be estimated by arca abme and economic surplus with salinity by
area adoe, Estimated economic impact of land salinity would thus be given by arca
bmeeod. The frue economic impact is smaller, however, given by area beed (as
demonstrated in Section 2.1). This is because, by failing to recognise that MNIB (and
MNSB) declines as output increases, economic losses associated with output reduetions at
the margin are over-estimated.

As was the case in the studies discussed above, the MDBC model also eannot account for
the enterprise substitution effects of sulinity as detailed in Section 2.2, The consequent
estimation error is as discussed in Section 3.1,

3.3 NSW Agriculture Evaluation of a Drainage Scheme for Benerembah
Trvigation Distriet |

The approach used by Jones and Marshall (1992) addressed each of the concerns raised
above. A single period linear programming model of broadacre agriculture in an irrigation
district was developed in which:

m the objective function involved maximisation of district net farm income;

(i)  availability of land at different salinity levels was accounted for by incorporating
separate land use constraints for a number of land categories associated with
different salinity levels;

(iii)  the effect of land salinity on each entetprise was accounted for by specilying, for
each enterprise, a separate activity for each of these land categories, the yield of
which was specified according to a yield/alinity equation for each enterprise; and

(iv)  a range of additional constraints were included to account for the limited
availability of various resources, such as annual irrigation supply volume, monthly
irrigation channel capacity and permanent labour, thereby accounting for effects of
autput changes on marginal opportunity costs of these resoutces.

The economic impact of land salinity at a particular time was estimated by running the
model twice. the [irst time with land use constraints set assuming zero salinity and the

second time with the same constraints set according 1o land salinity levels predicted for
that time. The loss of economic surplus was calculated as the reduction in district net

farm income between the without and with salinity scenarios.

By incorporating constraints to reflect various limitations on resources availability. the

method endogenously accounted for changes in the marginal opportunity costs of these
resources as output levels of activities changed, thus overcoming one ol the problems

1
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identified above with regard to the Murray-Darling Basin Conumission todel. The
optimising nature of the method used also allowed farmer xu,;mnsu to salinisation through
enterprise substitution to be aceounted for,

An assumption implicit in the method, that enterprise substitution oceurs immediately
following a change in land salinity levels, has been guestioned by van der Lely (1993b p.
6) who suggests that "the flexibility of the choice may be subject to some rigidity, for
instance the adjustment to more saline conditions over time may involve a lag amd cost
{such as new paddock layouts)".

4,  STUDY METHOD

4.1 Application of the Framework Presented in Section 2

The framework presented in Seetion 2 was used in this study as a basis for quantifying the
ceonomic impact of land salinity 1n the MIA pver the period 1993 antil 2023, However,
- given that:

(@)  assumption (i) in Section 2.1 is unrenlistic in the ease of the rice ndustry’;
{b)  assumption (iv) is unrealistic as a result of regulated marketing of water®; and

therefore v
{¢)  economic surplus (net social benefit) at equilibrium differs from net industry
benefit;

it was necessary to develop a method whereby the impact of salinity on economic surplus,
rather than on net industry benefit, could be estimated. The method of accounting for the
difference between these two measures is discussed in Section 4.5.

Y Under the regulaied markenng arrangements for vice grown in NSW, returos from higher and lower

retusnmg markets gre pooled and an equalised prive pawd to farmgrs. With farmers basing
produetion decisions on the equalised price rather than the Tlower) margmal renum 1o society, the
MSB schedule 15 therefore Iocated below the industry demand schedule.

Regulated marketng arrangements by sineh water is alloeated b trigation, as well as exteralities
awsocusted with supplyieg water to irrigators, mead that the price paid by wrigators Tor water i
likety to diverge sigmficantly frony sts muarginal social cost (which can be estimated by applywg the
upportanity cost prmciple). tadividual farmers alw geperate external eosts as a resalt of thew
rngation practices and thewr replicement of deep-minted perennial vegetation with shallow-roated
annual vegetation. resulting 16 rising watentables and land salimsation. These costs gppear lirgely
to be incurred internally with the MIA, however, and therelore should ot in themselves be
responsible tor signdizant divergence hetween ndustry supply anid MSC schedules. Other external
costs relating to dramage leaving the MIA (for esample, contrbution 1o downstream Puoding),
however. may be responsible for some such divergence. As these extemal costs are yet jo be
vatyed, it was not possible to accoum Tor thets in this study. Excluston of downstream costs from
the analysis will lead to the ceotiamie unpact of fand salussaton during the period of interest to be
over-esiimated, to a degree depending on the magnuude of these costs

]




The assumption of infinite prive elasticity of demand mude in Seetion 2.1 was considered
-~ Tor output from the MIA, given the small share of each indusiry’s output aveounted for by
MIA production i each ease. :

ear Programming Madel

42 The R&*gmﬂ

Following Jones and Marshall {1992), a regional linear progranmymng (LP) model of
broadacre ngriculture was developed for the MIA. The objecuon function involves
maximisation of distrier gross margin {DGM) which, stnce fixed costs remain constant, is
equivalent to maximisation of net idostry benefit. Solwions of the wodel could thereby
be used 1o predict changes in equilibrium supply levels given changes in safinity
conditions. o

Aggregate supply from wndivadua MIA broadaere farms would of course have ideally been
analysed by constructing o model for each fiarm and by solving these models taking nto
aeepunt various inferdependencies between the farms. Howaever, the research costy
tvalved were profubitive. A commonly used alternative 15 o model one or more
“representative’ farmis and to estimate supply of the group by aggregating the solutions
from the representative farn models trough appropriate weighting Buckwell and Hazell
(1972) demunstrated that estimates of total supply obtained using tis approach will be
subjeet to aggregation bias unless stringent conditions are satisfied.

The method vsed in this study. constructing a single mode! to represent the full group of
MIA broadacre farms. 1s logically equrvalent to construeting a single representative farm
meded based on an average farm and then muluplying the estimate of supply by the
number of farms. The regional LP mode! approach can therefore he expected to lead o
some degree of aggregation bias. The resulung degree of estimation error is expected to
be minor, however, compared with the scale of the errors ieatified i Section 3 i
connechon with the alternative approaches reviewed.

4.3 Details of Regional LP Madel
4,31 Activities

A range of crop, pasture and hvestoek activities were specified in the model, us well as
hay muking and hay feeding activiies. Crop activities weluded were ree. winter cereals
trepresented by wheat and barley). grain legumesfoilseeds trepresented by sybeans) and
vegetables trepresented by ontons and carrots). Pasture activities were tucerne, irmigated
sub-clover based pasture, non-irrigated sub-clover based pastore. A selection of sheep
enterprises typieal of the MIA were also metuded. These were first- and second cross
prume lamb production and merino wethers

Agronomic fuctors influencing the sequencing of crops and pastures within cach land class

were accounted for by specification of rotattonal constraimis. Within each land eategory,
the following tie constraints were specified.
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. the areq of rice not-to exeeed the grea of annual pasture:
. the aren of winter ceredls not Lo exceed the area of annval pasture;
. the area of soybeans not to exceed the area of winter coreals; and

- the area of vegetables not to exeeed six times the area of rice,

The faet that farmers ehoose among enterprises on the bass of not only short-term

funancinl considerntions but also of other factors ineluding enterprise workloads, muchinery

requirements and demands Tor management and marketing expertise was accounted for by

specifying constraints on masimum areas of rice, winter cereals, graim fegumesfoilseeds,

- vegetables and lucerne. These limire were specified aceording to upper levels at which
each were undestaken duning the ecade.

4.3.2  Resousts vonsirints

Separate constraints were spectfied in the model for land categories distinguished
acoording to 11 level of sabmity (if anyn (i) whether or not predisposed 1o walerlogging:
and (it whether laser landformed or not, With respect 1o salinity level, salinity classes
were distinguished for salinity levels of 0.2 16y, 2.3 (3), 3-4 {4}, 4-6 {5, 6-8 (7 and
greater than 8 {81 dS/m. where the number parenthesised following a range is the pregise
salinity vatlue used in estimating the salinity-induced yield reduction for that salinity class.

The progress of land salimsation in the MIA from 1993 unul 2023 bas been predicted at
ten year intervals by van der Lely (1993a3. These predictions are shown i Table 1.

Table 1: Current and Puture Land Salinuy in the MIA

Lansd Sahney (d8in)
e of farm areay ;
93 203 23 | 2023

2 741 68.1 63.7 2
2-3 : 80 I M5 o i1

4

6

4.1 5.0 04 72
‘ 16 42 60 | 68
638 | 24 | 22 16 25

>3 77 | 100 114 12.2

ln arder to allow increased aceuracy in accounting for changes in the economic tmpact of
land salinity over time, land salimty predictions at five year intervals were hinearly
interpotated from the data meluded in Table 2.

The proporton of MIA broadacre land predisposed to waterlogging was estimated to be 80
per cent, and predicted to remain at this Jevel  The proportion of MIA breadacre land
already laser fandformed m 1993 was estimated to be 40 per cent and was predicted to
merease lngarly to 85 per cont m 2003 and thereafter remain constant,
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Al broadacre tand in the MIA svas assumed to be m’iﬂ; out for ‘i:fri’:gat;im.

Given that six land classes @
waterlogging status and rw‘ 2d sta
constraints for 24 (=6 x 2 X 2) ciistmc:t hmi tm%mw wis rn\qmmd

A constraint relating 1o the maximum monthly capacity for delivering water 1o farms in
the MIA was specified. The eapocity was a function of the size of supply chansiels, the
number of dethyrdge wheels and the flow rate of water delivered from the irtigation supply
channel. A constraint was also speeified with regard to the aggregaie annval water ‘
“allocation (o the MIA.

Total operators' labour available per scason. measured in hours, was also incorporated as a
consiraint.

433 Costs and returns

Farme-gate prices for crops were caleulated as the average over the five year period from
1988 10 1992. Variable costs of crop activities were obined from NSW Agriculure
Famu Budget Handbooks for 1992, Gross marging for sheep activities used in the models
were caleulated as the average over the four year period from 1990 to 1993, These prices,
gross margins and variable costs were assumed to remain constant in real terms during the
30 year planning horizon of the study.

4,34  Technical cocflicients

Technieal coefficients were derived from a varrety of sources, including NSW Agriculture
Farn Budget Handbooks. In some cases these coefficients were revised after discussions
with local NSW Agriculture district agronomists,

Variation in yield levels across land categories with differont salinity levels was estimated
on the busis of research which indicates there 1s some threshold level of land sahaity for
each crop and pasture, beyond which yields decline bnearly with increasing salinity (Maas
and Hoffman 1977} For example, wheat yrelds are not affected until tand salmity reaches
2.9 d$/m. For every 1 dS/m in excess of 29 dS/m, however, there is predicted to be a 13
per cent yield reduction. The threshold levels and loss factors for plant species of interest
in this study are shown in Table 2.
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Table 2: Yield Loss Parameters for %x;,;m;& Salinity

{ Crop # Pasture Yield Loss |
t - operdSim |
e (%) |
{ Wheat* 13.0
- Barley® 9.0
| Sub-clover* 15.0
- Dryland Sub-elover® 1540
{ Talt Wheat Grass* ; 4.0
Soybeans" 50 | 200
1 Rice* : 4.0 ‘ 12.0
{ Lueerne’ j 2.0 | 73
| Onions® ! 12 160
| Carrots® ‘ 1.0 ] 14.0

Source: * Grieve et al. (1986). ® Slavich and Read
| (1984). ¢ van der Lely (1993b). 9 Maas and Hoffman
1 (Y977}

- Technical coefficients refating to the impacts of wmmlogging and laser landforming are
detailed in Marshall et al. (1993),

4.4  Economic Values for inputs and Outputs

Economic values for inputs and outputs were assumed (o be equivalent to financial values
with the exception of rice output and irrigation water obtained through district supply
infrastructure, The reasons for these exceptions were given in Section 4.1,

A marginal value of medivm grain rice output over the next five years of $110 per tonne
has recently been predicted (pers. comm. J. Kennedy, Ricegrowers' Co-operative Limited),
This value has been used as the economic value of rice in this study. The economic value
of water used by MIA irrigators has been estimated using the apportunity cost principle to
be 330 per megalitre (NSW Department of Water Resources 1993),

4.5 Calculation of the Economic Tmpact of Land Salinity
Equilibrium supply levels under particular salinity conditions were estimated using the
regional LP model, as were equilibrium supply levels under the without salinity scenario.

The differences between scenarios in estimated supply levels were used 1o calculate the
impact of the salinity conditions on economic surplus. The impact on economic surplus
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ceonomic gross margin (DEGM ;

4

recaleulnting DOGM us
| gxeceds ceonomic sur

With fand salinity fevels predieted to incrense at five year intervals, the regional LP model
was re-run for each interval after respecifying area constrair ts for ench land category
accordingly, DEGM was recaleulated at each interval on the basis of LP salution activity
levels. ' , ‘ ‘ ‘ PR

The economic impaet of Tand salinity at a particular five year interval was ealeulated by
comparing the DEGM predicted without any land satinity with the DEGM predicied if i
land salinity Jevels are derived as explained in Section 4.3.1. The area laser landformed,
increasing as predicted in Seetion 4.3.1 regardless of whether the with salipity or without
salinity scenario was being evaluated, is the same for both scenarios at any particular time.
All LP madel coefficients other than those relating to salinity Jevel or area laser
landformed were assumed to remuin constant throughout the 30 year planning horizon.

The economic impact of land salinity was thereby obtained at cach five year interval. The
tconomic impact in intervening years was derived by linear interpolation.

Finally, the present value of the economic impact of predicted land salinity from 1993
until 2023 was then caleulated using a real discount rate of 7 per cent per year as
preseribed in NSW Treusury (1990).

4.6  Accounting for Benefits and Costs of Fanner Response to Land
Salinisation

As noted in Section 3.3, the regional LP approach to estimating the economic impact of
land salinity has been criticised on the grounds that farmers are implicitly assumed to
respond instantancously to changes in fand salinity. Response is in fact likely to be slower
than this as a result of lags in farmers recognising that salinity conditions have changed,
discovering an appropriate response and being able to afford to implement responses
which in some cases, as noted by van der Lely (1993b), may require some modification ro
fartm infrastructure. ‘

D. Naunton & Co. et al. (1993 p. 12.1) found that a significant statistical relationship
between fand salinity and farm financial performance within Wakool Trrigation District
could nat be established and concluded that this was due to farmers tending to:

" ... coneentrate their resources on the most productive, least saline aress of their
farm. "Therefore, the major production and revenue is generated from the areas of
the farm which are least likely w be influenced by salinity . . Any salinity impaets
are likely to have oceurred on the Tess intensively irrigated annual pasture and/or
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dryland areas wim:h m xmmmﬁy i‘«xrmcd Im*; intensi veiy :md mre Im pmdm: wu”.

Wc. amrmma therefore that an mumpﬁ{m of i%rmc.ﬁ wbmtut% and re}rmatmg
enterprises in response to land safini able, but that defuys and costs
fuvolved in response need %il;s() ‘ d-in an analysis 50 18 1o avoid under-
estimation of the economic mzpam of land saiumy

In Section 3.1 it was found that failure to avcount for effects of enterprise substitution in

- an area affected by salinity results in the economic impact of the agricultural effects of
fand salinity being over-estimated by the sum of the areas bef in Figure 2(by and abehgf in
Figure 3, Conversely, assuming that zmtamrm substitution has occurred when in fact it
“has yet to commence results in the ceonomic nnpact heing under-estimated by this same

- area, As enterprise substitstion begins to proeeed, however, the size of the under-estimate
dummhas until, when the process is complete, the estimate becomes accurate.,

The economic significance of delays in responses by fartners was accounted for in the
study by developing a spreadsheet for use in association with the regional LP model. The
method assumes that response delay is caused selely by the time taken for farmers to
recognise that the salinity status of their land has changed. This assumption is considered
reasonable, piven that (1) information regarding the relative salt-sensitivities of the varivus
crop and pasture species has been included in extension programs, such as Salt Action in
NSW, for o aumber of years and (ii) the costs to farmers of substituting and relocating
enterprises are likely in general to be minor compared with the benefits,

The procedure followed in accounting for response delays is hest explained by mampi
A description of the process of predhicting the economic effects of salimsation in 1998,
assuming a five year average lag in farmer response to salimisation, follows:

(a)  the LP model was run for 1998 using the sahnity predictions for 1993 That is,
farmers were modelled as acting i 1998 as f 1993 salinty conditions still applied.
Fhe LP solution thus provided a predichon of how farmers in 1998 would expect
crop and pasture activities o be allocated among each of the 24 land categories,
not of how they would be actunlly allocated;

{b} the expected 1998 allocation of crop and pasture activities by land category was
transferred into the spreadsheet model;

{c}  the change between 1993 and 1998 in the area within each salinity class (ie.,
derived as explained in Section 4.3.1) due 1o the change in salinity conditions was
caleulated within the spreadsheet imodel according to the land salinity predictions
for these yeurs;

(d)  these changes in areas per salinity class were apportioned wmong crop and pasture
activities in the spreadsheet model as follows:

(1) where the area within a salinity class was calculated to decline, the
decline was apportioned on a pro rata basis among crop and pasture
activities according to their expected areas within Jand categories
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corresponding withy that salinity class; and

(i) where 71h¢ arq wn

Iu'rx a "‘:alxmty class was caleulated to inerease, the

‘on a pro rata basis among erop and pasture
thelr expecred areas within I*md categories
mrr%pon : mv wuh the& immediately lower salinity class, If the total area
within the 4-3 dS/m salinity cluss was predicted to increase, for fnstance,
the mcrease was apportioned among activities en a pro rata basis aamrding
to their expected areas within lund categories mrrespondmu with the 3-4
dSim mass%

(&) The so-derived actual gl %c:vuumn of c:mp and pasture aetivities among lzmd
entegories in 1998 was transferred into the LP. Instead of re-running the model as
pmvmwy (i.c., with crop and pasture activity level variables specified as decision
variables}, crop and pasture activity levels were now fixed at these copied values.
Re-runuing the LI model in this way was required to predict activity levels other
than for crop and pasture getivities, such as for livestock, hay-making and. hay-
feeding activities. The actual DEGM given predmmd salinity conditions was thus
derived according 1o activity levels determined in the second LP run,

~ Given that there is no evidence on which to base an assumption regarding the average
fength of the response delay for MIA farmers, the economic effects of predicted -
salinisation were estimated in the base case by assuming an average delay of 10 years.
This length of delay was considered reasonable given that it can be expecied that the
length of the delay will vary significantly among farmers, with some farmers much slower
to recognise and respond to salinisation than others. In order to test the null hypothesis.
however, results were also obtained for alternative assumptions of 0 and 5 year average
delays and of no response at alf.

In estimating the cost of farmer response, the major constraint to substititing or relocating
enterprises in response to local changes in salinity conditions was identilied as the
flexibility afforded by existing farm infrastructure. OF particular relevance is the location
of fence fines and the design and location of irrigation chanpels and drains (pers. comm.,
lerigation Management Service, Yanco Agncultural Institute). In some cases specialised
management of a salinised area will be impractical and/or excessively costly due to

‘inconvenient design or location of existing structures and an investment will be required to

rectify the situation. It is important to note, bowever, that many of the locations in the
MIA predisposed to land salinisation have been known to farmers for some time. Hence
in many cases design and location of farm structures has taken this knowledge into
aceount,

The approach taken in predicting future impacts of on-farm response on fencing costs and
on-farm channels and drains is detailed in Marshall er al. (1993). The present value over
the 30 year period of these costs of on-farm response to land salmsation was thus
predicted, using a real discount rate of 7 per cent per year, to be $0.8 million for all
response delay scenarios other than that of no response.




5. RESU

esponse

5.1 Base Case: Ten Year Delay in Farer K

Estimates of district cconomic gross margin for selected years between 1993 and 2023,
~with and without salinity, are shown it Table 3. Also included is, for cach seleeted yoar,

the loss of economic surplus due to salinity, calenlaied by subtracting DEGM with salinity

from that without salinity, The present values of Vi without and witk

! 3 v salinily

between 1993 and 2023 are also presented, together with the present value of annual.

fosses of economic surplus over the perfod. Note that the sstimated Joss of $25.1 million

- inthe present value of economic surplus is equal to the $24.3 million foss of present vatue
of DEGM plus the $0.8 million present value cost of oh-farm response. o

~ Table 3: Economic Impacts of Salinity As.sumi;ng a 0 Year Delay in Farmer
Response to Salinity (Sm)

Year

DEGM
Without
Saliniry

DEGM With | Loss of

Salinity

Economic

| Surplus Due to |

; Ty Salinity
1993 T 168 | 1o
2003 19.7 17.5 2.1
2013 19.7
2023 19.7 74 | 22

Present value 240.9 216.6 I % |

Trends in DEGM over the 30 year period under the with and without salinity scenarios are
- illustrated  Figure 5.

The annual ioss of economic surplus in 30 years time due to land salunity is thus predicted
to be $0.6 million greater than the current loss.

The increase in DEGM under hoth scenarios between 1993 and 2003 is attributable to the
effects of landforming assumed to take place during this period. The stability of DEGM
after 2003 m 1he with salinity scenario is due to the cost of salintty-induced reductions in
productivity being offset by the benefit of farmers lowering aggregate water dso in
response to salinisation. which represents a significant cost reduction with the economic
value of water assum: . to be $30 per ML.
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egarding Length of Response Delay

5.2 Alternative Assumptions R
A compurison of the above estimates of annual losses of economic surplus for the base
case with estimates derived using aliernative assumptions of response delay is presented in
Table 4. Also included is a comparison of estimates of the present vajue (PV) of losses
of ceanomie surplus over the 30 year period derived using the various assumptions of
response delay. Note that the present value estimates corresponding with all but the “no
response’ assumption incorporate the $0.8 miltion present value cost of on-farm response.

‘Table 4: Estimated Losses of Economic Surplus Given Alternative Assumptions -
Regarding Farmer Response to Salinity ($m) ‘

Year | B Assumed Length of Response Delay o
Immediate | S Year Response | 10 Year No Response
| Response Delay Response Delay o
1993 09 13 | 16 70
2003 1.3 17 2.1 9.5
013 | 14 | 17 2.1 10.7
2023 1.6 1.9 22 2.0
PV | 158 205 25.1 1134

The significance for the predicted trend of losses of economic surplus over the 30 year
period of the assumption used with regard to farmer response is illustrated in Figure 6.

It is evident that the assumption made regarding farmer response has a si gnifrcant effect
on the size of estimated loss of cconomic surplus 1n any year. I an assumption of no
farmer response is used, for example, the resulting estimate of loss of economic stirplus in
1993 is $5.4 million (or more than four times) greater than obtained usi ng the base case
assumption. 1f the assumption of farmer response after u ten year delay is accepted as
reasonably accurate, this $5.4 million difference can be taken as a measure of the over-
estimate of the economic impact of land salinity in a single year due to ignoring farmer
response. This over-estimate corresponds with that identified conceptually in Section 2 2
as being given by the sum of the areas bef in Figure 2(b) and abchgfl in Figure 3.

The assumption made regarding farmer response is clearly also critical for estim.ting the
size of the present value of losses of economic surplus over the 30 year period. If an
assumption of no farmer response is wsed. for example, the resulting estimate of the
present value of salinity-induced losses of economic surplus over the period is 4 5 times
greater than obtained using the base case assumption. Alternatively, if the assunption of
immediate farmer response is used, the resulting estimate of the present value of losses of
economic surplus is only 63 per cent of that obtained using the base case assunuption.
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Figure 6: Estimated Losses of Economic Surplus Under Altemative
Farmer Response Assumptions
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gnificantly reducing the economic
prage delay in farmer

- The results alse indicate the potential in the MIA for
impact of land salinisation by 3
response Lo changed land salinity conditions. The results above indieate that the present
vilue of the economic impact of salinisation could be reduced by $4.6 million (18 per
cent) by reducing average response delay from 10 years to § years and by $9.3 million (37
per cent) by reducing the response delay from 10 years to 0 years.

si

)

6, CONCLUSIONS

In the case of the MIA, estimates of the economic impact of land salinity have been

- demonstrated to be sensitive to the assumption made with respeet to average delay in
farmer response to changed salinity conditions, partievlarly with regard to the choice of
whether to assume that Tarmers do or do not respond.  Within the range of response Jags
considered “reasonable”, from five to ten years, the estimate of the present value of the
economiic impact ranged from $20.5 million to $25.1 million. This degree of discrepancy
is probably not serious given the extent of errors in some of the technical parameters used,
particularly in relation 1o the effects of land salinity on crops and pastures tn practice
rather than under experimental conditions.

I farmers are assumed to not respond at all to salinisation of their Jand, however, the
estimate of the present value of the economic ympact was $113.4 million. Thas must be
considered a seripus discrepancy compared with estumates obtained when "reasonable™
furmer response is assumed. The null hypothesis is thus rejected and the alternative
hypothesss, that estimates of the economie impaet of fand salinisation are sensitive to how
farmers are assumed (o respond, accepted. We therefore conclude that evaluations of the
economic impact of lund salinity need to explictly nccount for how farmers may be
expected to adpust in response to the problem

The degree of sensitivity, however, can be expecled to vary across districts. The
magnitude of the discrepancy between estimates in the MIA, for instance, would be
expected to be relatvely high because the region mcludes a vegetable industry m which
unit returns are generally substanually greater than obtuined from other broadacre
enterprises,  Assuming that vegetuble crops, which are highly salt sensitive, would not be
relocated from salinised land to non-saline land. or at least Jand of Jow sahnity, obviously
leads to the economie smpact of salinisation on vegetable growing being substanttally
over-estimated.

- The results also indicate there ss potential for high pay-offs to be obtamed from assisting
furmers 1o recognise changes in the salinity status of they land, thereby allowing them to
more promptly reallocate thesr land amuong enterprises so as to minimise the damage to
profits and reduce the economic impact, Options include educating farmers o identify
symptams of land salinity or arcanging for them to have greater access (o salinity meters.
Pay-offs from oplions such as these should therefore be considered againgt those from
options involving capual expenditure, such as sub-surface drainage works, when deciding
how to allocate limited resources so as to minmuise the cvonomic impact of fand
salinisation. '
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