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I INTRODUCTION

Salinity 5 a natural component of Australian landscapes.  Recently, however, salinisation has
been on the increase in productive parts of the country. While first reports on secondary soil
salinisation date back to the 19205 (Wood 1924y, salinity was publicly recognised as a serious
problem m the early 1980s. The estimated arca of lind affected by diviand saltnity has rsen from
- 426000 hectares in 1982 to 1.2 miltion hectares in 1993 (Robertson 19935, For the Murray Darling
Basin, the most pmﬁucni‘wz region i Austrabia, there are I80 000 hectares i the early stages of
salinity and more than one million hectares at risk (Powel] 1993),

Dryland salinity is a complex land degradation problem. Soil sulinisation involves ume lags and
spatial effects thus creating extenlities in the current property rights framework, while the cause is
of & non-point source pollution character. There are a range of management options avatlable which
address either the sympltoms of salinisation {}r its causes.  However, significant changes in current
regional land-use practises towards increased ecological sustamability will be adopted only if the
financral viability of farming can be expected to benefit.

This paper presemts a mathematicad programming model which has been developed to
mvestigate the economics of salinity management options m the Liverpoo! Plains in N.S.W.. For a
modet farm focated in the salinisation zone in the floodplains of the catchment, best management

aptions are examined under a range of potential scenarios.



2 CAUSES, EX ’L\’l) AND ;Mz\N:\(xm IENT OF I}R&*LAND SA LINI’I‘Y
2.0 The bio- ph)‘swul causes of soil st ;!miwfmn

While primary salinisation of soils pccurs naturally, ie. without human impact, secondzry soil
stﬁmmmm is man-made and is likely to occur inter alia where Lhmz is a risk of salt xmumummm in
top soils due to a rise in the fevels of saline groundwater, Rise of water tables can oceur in
combination with itrigation, where artificial water imports into a region govern its hydmlmm*i
balance. Salinity can also be caused through ¢ i’mug«:x in land use which involve the replacement of
native vegetation with less water consumptive forms of vegetation whicl, again, results in 3 change
of regional water balances towards increused recharge,

. The bio-physical processes involved in salinisation are well understood, however it is difficult to
guantify the complex interactions between a range of environmental conditions such as land use,
landseape hydrotogy, geomorphology, hustoric salt foads, climatic and soil factors that determine the
degree of risk of soil salinisation (Seaboles 1989),

2.2 Behaviouralexplanations of soil salinisation

Three behavioural @xmanmiem why human activities cause any form of soil degradation have
been generally accepted.  First, even though the general processes creating salinisation are wel)
understood, there has been and stifl 15 a lack of knowledge concerning the complex bio-physical
relationships with respeet to speeilie loeations and carchments. Knowledge about the costs and the
effectiveness of possible remedial measures is sketchy and hence action is inherently fsky (Quiggin
1987). This insecurity preserves salinity provoking land use practices. and hampers salinity
anagement onee the problem is recognised.

Second. due 1o the prevailing property nghts structures, there are externalities involved in the
sulinisation problem. Long time-lags create ‘intertemporal externalities’ where an agent will not
suffer the consequences of hus own action due to delays in the systemy’s reaction. For present fand
management decisions, future costs of the available aptions are not, or imul‘i*iciém}y taken mgo
dccount and hence over-exploitation of the hydrological system’s natural resifience oceurs, “Spatial
externalities’, je. the fact that the agents causing a problem and those suffering it are different parties,
enhance soctatly non-optimal land use. The single farmer does not budget for the off-furm costs that
hefshe: generates. These social costs can be internalised once an cconomic or fegal feed-back 15

established that addresses the desertbed market failure associated with the no-cost esploitation of



common properties. ﬁthggm fi*)‘%"%} nppht,d thc common pmpmv apprmc,h or a desmptmn nt‘
institutional arrangement and as an wnalytic mec,\mr&\ to dryland salinity.

* Third, farmers use discount tates in degision making. The rate they apply depends on their
pmfemmex for present and future income. Beeause most practices resulting in land degradation are
likely to increase present income at the expense of future income, the higher the discount rate used

by the decision maker, the more rapid will be the rate of kand degradation {Quiggin [987).

23 M}mmtmu inethe Liverpool Phaing

The Liverpool Plains lie in the north western stopes of NSW and form part of the Namoi
cachment within the Murray Darling Basm, While the surrounding sandstone and basalt ridges are
pure grazing couniry. there 1 muxed fuming on the red-brown carths on the stopes and antensive
croppmg is prevalemt on the floodways and Moodplains of the catehment with their tughly productive
black earths. Current estimates suggest that 50 000 heciares of the 750 00U hectare hasin will go out
of producton m this decade due to secondary soil salung unless vigorous preventatve action is
taken, (Schroder et af. 1991y, ;

European settlement took place shontly after the remon was explored by Oxley m IRI8 Wih
the European settfenent came exiensive clearing of native bush for grazing purposes. The Plains
Girass Stipa arstighumiss donunated pastures on the alluvial black earths in the Hood pluns were
mnaily grazed but with the avalabiliy of increasingly more maclunery i the 1960 the hlack
vertisols were surrendered to extensive cropping 1St and Urwin 19801, Paddock sequences i the
area are charactertsed by a long-fallow-based wheat - sarghuin rotation,

In eomparison to the native vegetation, the new agnwultural Tand management sysiens have a
higher mfiltration rate of rainfall, with ugher rec harge causing regronal groundwitter levels to nise
and inducing soil salimsation in the highty fertile black sois fluodplains of the catchment,

OF partseulir interest in the regron has been the Goran Basin, an alniost secluded sub-cateliment
i the south-west of the Liverpool Plains, wineh displays water table rise and sod salnmsation
distinctively (Greiner 1993) Lake Goran, a once ephesneral Take has hecome a permanent feature n
the catchinent and its water 18 invreasingly saline {Ahhs 1993, persaml comments)

Ax is the case 1 many catchiments (McBarlane ¢ af. 19893, there is mo such thing o a clow
thiinction between recharge and discharge zones i the Liverpoud Piuim, and bence between
wespansible agents and salimity sufferers. Furthee complications 1 the quantficaton of relattonships

arse i calchments, where there are geological structures which act as groundwater carners which
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dov not coincide with-topographie eitchunents (Lewrs 1‘391'; There is evidence for the mexml
Plains, that such structures exist that tmmpcm water to the discharge aren from ﬂd;agmm or even
distant topographical atchments (Broughton 1993, personal comments).

With sespeet to the social costs mmposed on the focal communitics by mfrastructure dange
from salimsition, it has to emphasised, that they have hitherto been nounshed on the wealth that
fegonal agriculture hus ereated thyough multiplier elfects. Given this range of aspects, a black-and-

white-approach canpot do the analysis of the salinisation problem justice.

24 Recommended action for safinity management

As Nulsen (1993} makes clear, there is no single, practical, aniversilly applicable method of
managing the water bulance of catchments prone to mhmwmn e, there s no panaced’. Generally,
the problem can be addressed by reduci myg recharge dmj ncreasing discharge, to reduce the guantity
of water stored in the saturated zone of a catchment.

Amaongst the agronomic measures available (o landholders, choice of plant speeies is of key
importance.  Luceme has been propagated as an ceononucally attractive crop with high water use
due to its fonger growing period than anmial crops which prevents recharge.

Given the posttive relationship between plant bomass praduction and water use, rm:h;mg;é B
teduced i current lund use systems by growing crops and pastures at therr potential production
fevels (Nulsen 1993y,

While agronomic measures may provide a means of recharge reduction, and despite the fact that
there are examples where lacerne has suceessfully been used tn the Northern Great Plains of the
United States) to veclam saline seeps (Miller o1 af. 19815, freex are the only rehable option tor
feversing water Luble rises, Nulsen (1993 guotes examples where the ground water depth was
reported o Lyl between 05 and 1.2 metres per year umder newly establishied tree stands. Revagse of
their high water use trees can have significant impact when apphed 1o a selative small area 4
catchment. Hen ~ thewr enviconmental value when stradegically planted might be high even if there
noor hitle commereial vatue (Wilhiams ef ol 199%)

Winle trees can be seen as a biologeal means of discharge entumcement, aroundwater pumping
provides an engmeering option that is dealing with the symptonss of the problem rather than as
cases tuigen 19975, creating new problems such as cisposal of the saline efthient. George amd

McFarlane € 19931 expect that the high cost of establishing and Mantunmg most systems will prevent
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widespread adoption. Howeser, they see seape and justification for engineering measures when they
can provide unmediate reliel eg. Tor townships from raising water tabiles,

Tt 1 widely vecognised that only theough joint action involving the svt;c’;ia Tarming community
and other stakeholders can the existing and emerging x:lmli‘engﬁ of dryland salinity be confronted
Dryland Salimty Management Working Group 19921 The foundation of the 1;,:-,%;?13:{;«&! Plains Land
‘Mﬁmgemem Committee in 1992 that mﬂx»mc,ihmtm 12 landeare groups, is a clear indication of the
awareness of land holders of the fportance of sustimable land management and their willingness to
undertake combimed action. A recent survey of land managers i the area also emphasises their

progressive conservaiionist attitades (Flavell 1991y,

3 ANALYSING THE ECONOMICS OF SALINITY MANAGEMENT
&1 General considerations

As has been outhned carher, there is a fuck of miormation concermng the Fnancial lopg-tenn
mmpheations of adopting potentral salinity management options This aceounts for the reluctance of
farmers to drastieally change their cusrent fand use practises according to the recommendations that
they are given. This is partcularly trie m times whon there = Bittle Hanciad soope for svestments
and avtion due to harsh economic conditions as are presently predonunant (Crremer 1995

There are two kinds of quantitative approaches avatlable when ditferent futures are 1 be
examined, which are smulstton and programnung models (Heady and Vocke 19921 Beoth methods
can be of an smventory and deseriptive character or they can be designed to have predictive value

A range of quantitalive catchment studies into salimity moanagement have been undertahen which
provide recommendiations as how to change Land managenent m the cawchments and nubigale
sithindsation.

Sumulation models ke SOILEC have been apphied m o number of case studies. For the Ason-
Richardson catchment, Oram o2 af (1992 calculated that s dryland saliuty problem can be
“contralied” by miroducmg one opportunity crop into the carrently presalent mtations at Jeast every
four yeurs. This strategy abs iraproves farmoncomes. For the Dookie Hills, Oram 119935 suggests
a vomhination of pereamal pastire on the skeletal soths and locerme on the dlay Joam sols o weduce
recharge and amprove farm peofits. Oram's calonlations shaw for the Goran Basin that opporasity
wropping waonld reduge recharge i combination woth a benetical mcome eftect, while lcerne woubd

he mone effective in rechirge control but would come at a igher cost to landholders However,
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ance off-farny Losts created h» salmisation are mmrpmmtm inte dm ugxmum;,, A grun crop-pasture
votition i assessed most favourable, ; , '

I vase of the Kyeamba Valley, Wilson (1993 has applied the same methodology and suggests,
that farmers may substantially reduce groundwater recharge aod increase their gross nmq,m income
hy ;mlmim perennial pastures i their rotation mix.

“The yuestion that s to be asked concerning these results is, why gross n*xzir,gin m;miini«;mg
& mmm have not been universally axc;impt&d by farmers” The answer lies ‘pmizmy in the nmrntmﬁix!:
ease of current priactives in comparison (o the more management denunding alternatives which bave
“heen recommended. Other esplanations that farmers in fugt pudget on after-tax income rather tin
or annual gn'm margin figores and consider a fonger time horizon.  Also, some of the
recommendations invelve investiments, which the indiadual farm financial situation might not permit
ar which cannot generate the expected long-term henetits.

On a sigle-farm basis, & comprehensive financial approach has been developed by the Western
Australia E)ﬁ’pzlrtanizﬁt of Agriainre (Kotuky 1993y Within a specific farming framework, st places
emphasis on the social and economic objectives of the farm howsehold and accordingly develops a

Jong-term whole-farm plan

3.2 Rationale for a poly-period mathematical programming approach

In order to evonomicatly evaluate the costs and benefits of salimity management eplions
available o landholders in the Liverpool Plains, 2 mathematcal model v being developed. It
vaptures. i abstract form, the eswential characterstics of the salinisation phenomenon iy sogios
ecenonme amd catchment coptext Mesterton Gibbson 1959),

A normative approach s chosen in contrast to the positive sunulation approaches mentioned
ahove, so an objective funicton can be established which represents the belaviound [ramework of
tarming  The classic economic approach of profit maximsation has been eritieised frequently in s
imitation to explan human motivation for acton. Nevertheless, objective functions of various forms
provide an escellent means of incorporation a behavioural component into a guantitative analysis.
And programming models provide a means of invesbgating, what “ought” o be given the particular
decrsaon framework. How close the analysis comes to meality iv inter alia a question of choosing and
tormulating the adequate objective function and icluding reasonable constraints to characterse the

deciaton frework,



Progranuni ng models are pm:cuiariy stted w}m there nre no time series avai Mblg, y pmz which
mmmmtm or smmumi ntodels ean be based, I’Lu'mmg 4}1‘ ten u,hez, an mmih;.erm and scarce duta
as ls the case xthm mwxwtmg b pmmméuwm like xnhmmlmm that is wt - mpptzn uhz dy and
Vicke 19923, ' ‘

\\mhm the nge of mathematical programming mhmqnm Iumr yrng,mxmmn,g, (LP; s a
mpiuxucawﬁi azmlvuwi and pl‘mnmb tool used i the LCONONNCS d;smp}sm I‘u agrieylture, it %m been

mzemxwi dm}hﬁ’d to farm mammmm pmhlwm, for optimising the alfocation of Jintited resources

mto competing enterprises, Hqually important is the apphication of LPs for regional mxl:yw«. 10
:mdxmm optimal spatial allocation of agrieultural pwdm,imn {eg. Meister and Heady 1992).
The rationale and aims of the Model of the Farm Economics of f Deyvland Salinity IMOFEDS)
programming model have been discussed in Greiner (19935 with- tespect to the role the mmm} results
iy play in managing dryland salinsation in the Laverpool Plams Wile the wkmiea«;:awhmam model
framework is outlined in the same artiele, this paper wants to present one model Farm which is
located m the salinisation area of the eatchment and m\mtt;,uw 1t salinity munagement options under
different md: ological and land management scenarios,

4 MODEL OF THE FARM ECONOMICS OF DRYLAND SALIN

ATION IMOFEDS)
4.1 Programming model of & single farm affected by salinisation
The LP model forms a simultaneous eyuation system of restrant equations and an objective

function to be optimised. The ohjective function s to maximise I where:

T [‘ )
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The objectve function equation 1y maximises the total aviulable income after tax (/) gengrated
by the moedel farm over aperiod (i of T years, It sums tp thie xmmummat reventie lmm ﬁw w,xh' of
phant and livestock produce 10 at a price P less the sariable costs of production (€3, w;:;}iml ks
if‘xi foand tax ;mu} and tinageial obliganon (£ A discount rate (79 1s applicd to future ineomes.

o The mawr consirunt tequation 21w every farm management model a;mlm to the tamm size 141 |
The area is split up o & salinisation stuges {87 that may he dedicated om0 different land

MRIgeMEnt options tny. The salinisalton stages 1n year £ are determined by the groundwater level

at the end of the preswms year tGWTy, p7 tequation 31, The model distinguishes three sulimsation

stages for black soil. Stage 1 is unaffected by sabinity and hence fully productive. Stage 2 mpwwﬁ!k

teversble salinsation inpheations m wundy from water Mng.mg, which resudt m o seduced chowe of

potenttal crops and reduced vields. Stage 3 apphies to tereversibly salted land which s suitable for

salthind agronomy only.

Bquation (4 caleudates the recharge (R oceurring under the production area through the
randomly deternuned annual ramfall (RF' 3 apd the evapatranspuation (5T meursed by the various
Izmtji use options. The groundwater Jevel tequation $) depends upon the grounds ater fesel at the end
af the previous year, the recharze caused (83 and lateral water meverment %m&x:zw or “upward.
leakage” applicable o the location (L1

The feedhack from mncreasing salinsation onte production and productivity ss lormulated
cquations (23 and (6. Salmisation does not only determuoe different soi! vategories with respect 1o
their production petential but also controls the land use options avalable on the soil categores and
the yields from these options. I apphied m a catchment context, equation (51 ks the model farms
together which represent the range of Tand management units w the Liverpool Plans (Gremer and
Parton, {993

Resource constramts dealing with avalable captal, which 1 of magor importance to the analysis.
apply but have not been incorporated into the abose eqaiion listing

The optimisation period T s ten years This s considered o reasonable decision ime franwe
when wil degradation problems are involved. Tt cun be expected that Lumers are willing o forege
some short term prolit from taking sall action if it can be shown that this investment vields econonuy

and ecological benefits 1 the deetsion period,
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42 Moﬁiulutruclum , , |

halmlw mmj Hma re“q‘mms umt 4 series of rcqmmmcnlx and conditions are mel wineh arg
outhined in Grewner and Parton £1993).  Some of them hdw ah@mjy beett addressed in 1he
presentation of the equation 1;.1:;1&\&*1’»‘1\‘ eg. the requirement that a loop be calahhs yed from land se
o safmmmm and back to soil productivity and future land 1 management options. S

- Because the wsu,m modelled is highly comples, the model consists of 2 series of modules w lmtﬁc 8
' dm;.,gmgme the mmpiex HEronamy- Ii)dmlngmalaumimwmmumm relat mtxslup i a numhm.r of
~mudnles tsat deal w azh different aspects separately, Tt ey inelude:

e e %:gmnnmm features of “conventionally” farnung ditferent soil types,

o the charactensties of salthand agmmmy‘ - |

¢ the mipheatons of seasonal weather conditions and the dynamics of watter fable movement and its
eonseguences for salinisation,

+  sale of products and purchase of input factors needed in the prdueion process,

o dhe whole-farm long-term finaneial sysiem wvolving taxation, existmg and new habilities and on-farm as
well as off-Farm investments
The modules are linked through a network of activities an Vor constraints. Lach module

consists of 4 data section and a separate spreadsheet programming matitx.  The medel is solved by

eXtended Application (XA, a pr ogramming softwire based on the simplex algorithm,

£ Discrete Stochastic Progeamming

Recharge 15 not a continyous phenomenon but rather of sporadic nature. Recharge events oceur
after high-imtensity storms and in hugh-rainfall seasons. Climatic variability thercfore explas the
oecurrence of recharge as do land use and soil type (Thorburn ef i, 1991). A diserete stochastic
programming (PSP approach s taken to meorporate a range of seasonal rnfall figues mio the
munlel.

Three season types are defined for both summer and winter seisans with direct impact on
recharge from the range of vegetition covers and erop yields. The season defimtions are based on
the seasonal ramfball observed w the region over the past 100 years. The diest 25 < of yeirs form
the “diy-season” option, the 25 % yesrs recording the ghest seasonal rainfall are sunumarised nthe

“wetsenson” and the remaining 50 7¢ form the "uverage -season”,



'I‘htz DSP npru*o.mix o xpmm the hi g,h tainfull wmﬁ nhw in the r%mn wium bis ;Jmmum ised by 4
wgﬂmml of varjation of () lt pmwdm A lmxs for mwmgann;ﬁ the impuet of weather seenarios |
oon ma sulinisation process aml the ;zmmmy dnd economics of nmnaycmwm ujﬂmm (Greer ﬁm! '

Partan i")‘)’s) and is not primauly designed 10 M'ﬂsl wilh modelling an expertise hwmx* in farm
decision makmg (Kingwell et al. 1991,

44 Sv isonal Rechar o0 Figures _

For the pmpcm of estimating seasonal rather than average snnual rechurge under ditferent land
management systems, the comprebensive saif-plant simulation model PERFECT, which sumulates
""I”mﬂm:tivﬁsv Erosion, Runoff Functions to Bvaluate Conservation Techniques” Littlehoy et al.
19891 is adjusted to tns requirement and applied  The elimatic database of PERFECT comhines the
daily rainfall over the past 100 years with the soil conditions of the Liverpool Plains, and hence it is
able to estimate recharge as a function of seasonal runfall for specific fand uses.,

For the black earths in the Liverpool Plains, functional relationships between the amount of
seasondl rmnfall and crop yields could be established. In (he case of recharge, however, the
correlation coefficients were too low (R2 between 0.2 and 0.3 1o justify a regression. This indicates
that the amount of rainfall per season 15 not the predominant vartabile to explain the variation i
recharge to groundwater under soifs with Tugh moisture storing capacity.  Hence, a non-parapietric
approach was adopted, where the simulated recharge of the 25 % wettest, 25 % driest and the
average seasonal rainfall years were averaged

For red-brown earths the correfation between rainfal} and yields as well as ramfal and rechurge

were sutficiently signtficant to fornlate regressions (Gremer 19945,

4.5 Non-Crapping Land Use Opions

The range of Land uses which PERFECT covers for vield and recharge estitation s restricted to
the most mportant winter and summer crops. Besudes, the soil water model can be applied to
pastsre aptions and lucerne growiag to caleulate recharge under perennial vegetation coser For a
wide range of land aves including vanous degrees of trew cover and dilferent saltland agronomy
aptien, the recharge figures had 1o be estimated. The only reltable duta base available that covers a
camprehensine range of vegelation covers was established by Greeawood (19851 In order o
transter his fimdings m Western Australia onto a rather ditferent Tocauon hike the Erverpool Maps,

the PERFECT revharge estimates were used for ranking the crops and other Jand uses amd thereby




1

wumatm" reeh ‘ugddmhnrgﬁz vitlues.  Admin l»d ;y, this l.s b mug provedure - “considering the
absenee of mcmz reliable data sources, it is mgsxmm as nppmpmmzz approach for ﬁsummx:sg miide]
coeflicients, '

§ SELECTED PRELIMINARY RESUL)

81 Inteoductory notes ,

; MOFEDS is still being developed and currendy undergoes testing and evaluation of existing
parts, revisions and further development. The preliminary results which are presented heimv‘ we
based on a0 optimisation period of three years which is applied to test the correct mmpmml fows
vuhm the model concerning both water table and salinisation related processes as owell as Fam
financial flows. The model farm which is investigated in this testing p shase m located in W,
salinisation zone of the Liverpool Plains. For ease of result interpretation, the area is assumed to be

- 1000 hectares of black swil,

Some of the techmeal coefficients are of preliminary character, namely the salinisation rates for
both reversible and irreversible safinisation once critical water levels are exceeded. Potential fand use
options are restricted to waditional crops with the first optimisation year set at the wheat-sorghum-
longfallow-rotation.  In the following years the paddock rotations can change to short-fallos
systems which currenily exclude legumes for npportunity cropping.  On reversibly salinised, ie.
witerlogged urea, the enly cropping option is barley.  Saltland agronnmy  options apply 1o
irreversibly salted area or the salinised land can be Teft unused. Sensinvity testing is applied for the

inttial water table which describes the risk of soil salinisation during the optimisation perod.

5.2 Model assumiptions

Twa sets of model rims are presented below. The first three runs assume “average” ramfall
conditions for both winter and summer season over the aptimisition period. For the following runs
“wet" conditions apply during the winter season to test the effects an salinisation and fanm meomies.
The three runs within each weather scenario ook at

tad a suuation where the mitial water table is two metres below the critical level so that there s
ey inmediate threat of sahinisation given continuous water table rise and the fallowing system can be
revised using the currently predominant Crops,

thy w siuation where the initiad water table is set equal to the critical level so that salimsation
will nceur and the feedback of salinity v soil productivity can be shown — again, the tatlowng

system s being resised. and




fe) the same growndwater condition as in (1) apply bt lucerme can be established as a high-
WREr-Use-¢rop. ;

“The objective function isimises available household income over the three years. For fiiture
incomes 3 discount rate of 5 % applies.  Available income is derived from earmings before inm:r(ﬁsl
and tax (EBIT), interest received and paid, income tax applicable, and repayment obligations. Price
conditions of 1993 apply (Patrick 1993) and an annual price rice of 4 % for gosts and 3 % for
commadities is assumed.

An witial debt of $ 150,000 applies to the Onancial conditions of the model Farm, taxation is in
accordanee with the present regulations applicable (Australian Master Tax Guide 1993).  Initial
sivings is set at $ 1000, Houschold consumption equals $ 35,000 in the first year and increases by
5 % pa, '

The critieal grovndwater ). s 2m. Bvery millimetre tmm) of exceedence incurs
waterlogging (reversible salinisation) on 0.3 heetares of black soil. When the water table rises above
1.9 m from soil sutfuce, irreversible salinisation affects 0.15 hectares for every mm of water table
rise. It is assumed that only a percentage of the farming area is susceptible to salmisation. Hence,
maximum areas for both forms of salinisation apply. Lateral groundwater replenishment equivalent

to 10 mm recharge applies (Broughton 1993, personal comments).

53 Model results

The results of the land-use scenarios given “average” rainfall conditions are summarised in
Table 1. Table 2 presents the equivalent "wet" winter season seenarivs. The tables show the land
use over the three model years in the upper table section and display the farm financial implications in
the battom seetion. Some trends are visible from the results:

(1) There is a trend away from Jong-fallow rotation systems, The higher crop yields under long-
fallow canditions are outweighed by a larger harvest received from an inereused area planted under
short-fallow conditions. The transition to shoet-Fallow based  paddock sequences requires a period
ol several years.

(£} Lucerne is a profitable fand use aption and the high mtial mvestment costs and the nsk
related to establishment pay off even over a three-years-only optimisstion period.

(3) With only marginally changed cropping systenws which include decline in long-tallow and

introduction of lucerne on part of the areq, saliisation remains o progess on the merease. More

dramatic changes in land use are required to manage the problem.




Table 1: Model results under "average" rainfall conditions

Conditions
Land Management Options

Initial water table depth

‘Objective Value ($)

Salinisation
Salt-unaffected area (ha)
Reversibly salinised area (ha)
Irreversibly salt affected (ha)
Water table rise {mm)

Land Use (ha)

Wheat {long fallow)

- Wheat (short fallow)
Sorghum {long fallow)
Sorghum {short fallow)
Sunflower
Lucerne establishment
Luceme crop

Farm Finances(3)

Sales Revenuves

Variable Production Costs
Fixed Costs

Eamings before Interest and Tax
Interest received

Interest paid

Taxable Income

Tax paid

Loan Repayments

New Debe

Total Owing

Total Savings

Run i

reverse cropping/Tallowing system
{no ppportunily crops)
4m

10731

Year 01 Year 02 Year (3
1000 1000 1000

0 0 0

0 0 0
TS o 95

333 333 283
0 ' 4 50
333 333 283
0 0 50
0 50 50
0 0 0
0 0 0

7,720 274040 280014
93,400 100802 104,205
61,655 63.490 67,100
02,687 09,748 WO3519

1060 448 1,288
22,500 20004 18813
70,287 89,293 - 81993
24,646 33,389 34,631

15,229 13,936 12,542

4,589 o 0
139,359 125423 112881
7.968 9,820 34,354

thirt;B' :

‘reverse cropping/fallowing system

~ {no opportunity crops}
2m '

107,540

980 945 910

20 40 60

Q 15 36

110 S 100 96

333 327 278
0 4] 37

333 327 289

0 0 26
0 49 47
0 0 0
0 0 0

U 2732 277409

93400 101995 105442
61,633 63,708 66,351
92,687 107,521 105,616

100 386 1052

22500 20904 18813
70,287 87,003 87,855
24,646 33,389 32,727
15,229 13,936 12,542
4,589 Q 0
139,359 125423 112881
1,000 6,732 7.586

Year(l  Year02 Yi@ezﬂé

introduce. Iucarnc

rcvcrsa creppmgff aﬂowmg sysxem

; m

113,264

YearOl  Year02  Year03

981 %2 93
19 38 55

0 g 13

9 8
312 B M9

o 0 ®
312 288 251

0 o 3z
0 43 43
65 65 0

0 50100

231,618
87,329
58,167
86, 1’«‘2

' 3 235 36099
55548 102139 157793

17,866 39,298 64899
2385 26157 24066

256318 2400661 212,595

0 1684 33828

38,073
95,102
60,939

| :g‘t



Table 2: Modelresults under “wet" winter rainfal conditions

Run A Run B RunC
Conditions
Land Management Options reverse cropping/fallowing sysiem reverse eropping/lallowing sysiem intraduce luceme
{no opportunity crops) {no-opportunity ctops) reverse cropping/fallowing sysient
Initial water table-depth dm 2m 2m
Objective Value ($) 230,365 218726 ; 264057
YearOl  Year02  Year(3 YearOl  Year02  Year03 YearOt  Year02  Year03
Salinisation ~
Salt-unaffested arca tha) 1600 1000 100 D68 928 874 feyly D54 885
Reversibly salinised area tha) 0 ] 0 32 63 94 30 58 6
Irreversibly salt affected tha) 0 o 0 0 Y 32 o} 8 29
Water table rise (mm) 101 101 95 159 157 155 151 142 13
Land Use (hu) ;
Wheat (long fallow) 333 333 283 333 320 283 313 232 259
Wheat{short fallow) 0 0 50 0 4] 18 0 0 12
Sorghum (long fallow) 313 333 283 333 320 302 n 282 270
Sorghum {short falfow) 0 0 30 0 0 0 0] 0 g
Sunflower 0 50 50 g 37 45 4] 23 41
Lucerne establishment 0 0 6] 0 0 4] 65 65 g
Lucemne crop 0 o 0 0 0 0 0 50 100
FarmFinances t$) '
Sales Revenues 315,892 331,687 362,902 315,892 335954 341,896 295,359 349,600 423970
Variable Production Costs 93,400 96,202 103,826 93400 101,031 105,369 87329 88,693 94951
Fixed Costs 6,655 63490 65403 61,655 63627 65317 58,167 57,321 59,692
Eamings before Interest and Tax 00850 171,995 193,673 160859 171,296 171,210 149,863 203,675 269,285
Interest received 1,768 5,644 10,912 1,768 5,625 10,248 956 3788 9,020
Interest paid. 22500 20,250 18,225 22,500 20,250 18§.228 326715 35783 0 32204
Taxable Tncome 140,126 152,389 186,360 140,126 156.671 163,234 120,144 171,682 246,101
Tax paid 56721 64713 78039 56721 64,382 67401 47,580 71,288 105,520
Loan Repayments ' 15,000 13,500 12,150 15,000 13,500 121,550 20,450 23855 21,470
New Debx 0 0 0 ] 0 0 106,000 0 0
Total Owing 135000 1,215,000 109,350 135000 121,300 09,350 238,550 214,695 193,236

Total Savings 3,354 78,530 139702 34,354 78,142 78,142 R L 48,153 84,111

Pl



4) Above average rainfal] smmii‘z;ims-exnm!mm the salinisation problem.

(53 The increased crop yields in high rainfall seasons translate into bxg financial benefits for the
farm that are not uu;wei‘gﬁed by inereased salt-affected arcas over the three year period. Lucerne is
particularly profitable in ;tbmmﬁammge rainfall years.

(6} Luceme gmwing shows a mitigating effect on the rate of salinisation but lucerne cannot be
m_gmeﬁ to control salinisation i a situation witl high literal groundwater replenishment rates as it
s given in the floodplains in the Liverpool Plains, ' k

: {7y The fomm financial calculations show closesto-reality  investment behaviour  where
investments are taken once they prove pm-ﬁiahlﬁ amd are affordable, and where debts are used o
reduce the annual tax bill. |

54 Discussion of the results and implications for model development

The model reactions as displayed above are reasonable in that they describe plausible decision
taking behaviour in 4 short teem (3 years) planning horizon. The optimisation period of three years
proves 100 short fo economically justify any serious sulinity abatement action It can be expected,
that ather land use options at wl salinisation stages will be adopted once the optimisation period will
myolve ten years. While tax-deductions on expenses refated to salinity management iie. tree planting
and fencing) do not provide any incentives in the short term, this might change with increased
number of years under mvestigation. |

The model results show rational farm financial management. This is important in that the major
aim of this modelling exercise s to provide decision support for salinity-affected of salinity-
threatened farmers. Taxation issues and full-budget considerations including investment potential are
an essential component of farm management.  MOFEDS will be able to provide nanagement
information related to producuon and financing issues over a period of ten years if a medivm-term
income perspective is aceepted.

The model resulis show a linear trend in salinisation once the water table threshold is exceeded
by groundwater rise. While the rise in water table calewluted by the model 15 1n the range of what has
heen observed on the Liverpool Plains. the salinisation rate will require some fine-tuning.

The assumed farm size in the model testing phase v 1000 hectares which is only 22 hectares
helow the holdings ares of the statstical model farm representing a cluster of 101 cropping farms m
the plains (ABS 19931, so 1t can be claimed that the testing is done in g seostble farm struetural

framewaork, The model has to he exended to apphications for other farm types. including mixed
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hrms (grazing and eropping} and fatms: whme other soil types apply as weﬂ 1t is m‘\pmmm ta state,
that MOFEDS, ur order to caplure the essentials of salinity management i the Liverpool Plans,
mestigates into nodel farms rather than existing faris which would fequite a farm-specific dats
wput with resalts that would not necessarily be applicable to a whole land management unit with the
catchment.

The fingd perspective of this modelling exercise remains the vision, that a total catchment model
can be developed by laking farm models through the fateal groundwater movement component to
develop an answer to the question, what Tand use systems mn which parks of the catchment at which
extend would maximise the medivm-erm income of the whole frming commumty.  This approach
will also reveal the would-be winnees and losers in a catchment-opimal setup. Esternal costs of
dryland salimsation which relate to mfrastructore damages born hy the wider regional community are

ot subject of tis approach.

6 SUMMARY

This paper mtroduces the concept of a mathematical programming Model 1o myestpate the
Fapm Economies of Dryland Salimsation (MOFEDS) m the Lierpool Plaim an NSW. Land
management plays the key role m the development of salinisation through determmag recharge to
the groundwater system of a catchment. Wiale a range of salimty management options have been
recommended and stmulation moders hove shown thew henelivial effects with respect o reduced
grovmdwater rse and iereasad Loy ot meomes, farmers bave been reloctant to adopt the
recommendations. . MOFEDS provides a tool 10 investigate medium-term farm optunal Jand
management strategies under sahinsation crcemsiances w that o apphies an objective Banction of
after- tax-income-maximsation o a 10 year planning period. 1ts important features are the feedbak
of f».‘ximmmm on agrealtural production and the whole farm econamics of potential management
actton. Prehminary model runs have svestigited Farm management over o three-vear perted which s
too short 10 economically Juaudy mvestment mte long term salimty management  Lucemne s Jiown
to he a preferred Tand use option as an alernative 1o grain craps but cannet contol sabinisapon. Wt
years exacerbate the rate of salinsation once a coitical water lovel s esceeded Yuold moreases from
tugh ramball ouisweigh lost production through sabimsation i the short teem MOFLEDS deprets tarm
fmanesal strategivs v a readntic manner m tat Jebt s osed 1o reduice tax pasments and van be

expected o provide usetul decison support for fong run onentated Fam management
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