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Rapid technologicnl advancements and genetic inprovements have
masked the consequences of soil erosion for Australin's croplands.
Tightening cconomic pressures and growing environmental awareness
demand greater focus on changes in productive potential and off-site
consecuences of degradation, Lack of reliable quantitative data on the
rate and extent of erosion In different ecologieal environments, land-
use systems and geographical reglons increases the risk that policy
Initiatives will be Inefficlent and even counter-productive.

This paper presents a CIS-based natural resource accounting
framework for the assessment of the economic costs of land
degradation over extensive geographical arcus and its use for policy
analysis. A framework for the estimation of NAIL (net agricultural
income loss) and EVIL (external value of income loss) across space
and through time Is presented, Praliminary results of an application 1o
agsess the costs of sheet and il erosion over an area of KHSW are
disoussed,

* Py presented (o the 37 Aunual Conferencs of the Austritian Agricnliur) Beonomies Soclely, University of
Sydney, 911 Februney 1993,

U The suthor gritefully neknovwledges tis contriiutions from Mike Young, Pasl Walker, Bob Smyth und the voluable
nasistance of Heather Lyneh,
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Land degradation i$ & u(i»mpléx plu,mmenon. 1t leads to changes In resouree productivity al

he polnt of orligin (on=farm) as well as in localities further away (off<farm). Its implications
are therefore differant for primary producers and other Australlans and vaty from reglon to
region, From the view point of the farmers, advances in technology and changes in land use
patterns bave led to rising farm yleids, T ‘echnologioal progress concenls the effects of
degradation, Often the effects are comulative, lagged and only cconomically signiﬁctmt
beyond a certain threshold, Qeeurrence of degradation may therefore, not become u problem
to o farmer until the state of degradation causes significant losses in profitability, This has, in
the past led some analysts to consider land degradation as primardly a 'private’ economic
issue not warrantng public intervention (Kitby and Blyth, 1987). However, Chisholm
(1987,1988) and Sinden (1988) have argued that the existence of off-site effeets and the lest
welfare of the non-furm members of the society us sufficlenf reasons for government
involvement in abatement and restorative action,

Mare recently this view has gained populaity with the growing awareness of the potentially
irraversible nature of the degradation process and its effeets on the wider community by way
of declining environmental quality, Pressure 18 also mounting on farmers to increase
productivity due o falling commodity prices and weakenlng demand, These and the
invreasing concerns over luture sustainability of present agricultural systems have made land
degradation an important publie policy issue in the 1990s.

Land is a finfte resource that Is conditionally renewable in nature (Young 1992}, It is the
primary medium for food production and an essential element of the envizonmental support
system, The challenge for today's agriculture Is therefore 0 bregk the nexus hetween
production pnd degradation--both within and beyond the perimeter of the farm. Meeting this
challenge requires wider community participation, effective policy support and efficient
program development, A broader understanding of the associated costs of sofl degradation to
the private landholder and the community at-lacge Is 8 vital prerequisite in this process.,

Howaver, there is o genetal lack of information on the severity and extent of the problem, Its
ceonomie costs to the society are not clear, Available national estimates rely heavily on two
studies conducted in the seventics employing objective assessment criterin (Standing
Commitiee on Soil Conservation, 19713 DEUC, 1978),

Glven the vastness of the Australlan terrtory and the fragile nature of its environment, dat
for policy anaiysis weed to be obwined with reference to different ecological environments,
land use systems and geographical regions, This paper deseribes o project that tntends to
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data was oblalned niataly from the Australial Burcaw-of Stitlstics (ABS) and ho NSW“"
Information Contre and supplemented with data from various CSIRO and ABARE ol
Progressively the analysis will be extended to cover the other-forms of lzm(_ chmd'sl o by
applylng the methodology developed in this paper with approprinte varlations over NSW,

2 Land degradation Processes

Land degradation is o natural resource depletion problem, Therefore 1t 1s associuted with the
reduetion of benefits enjoyed by the use of that resource. Different definitions of land
degradation have reflected this view (Charters 1987, Barrow 1991), The essence ol these
definitions are thut; it oceurs as o result of seversl forces including human activity and the
process fs oot towlly reversible, and therefore Tnvolves potentisl loss of social benelits,
Humun interforence can be positive in terms of restorative sind conservative manngement or
negative—as  believed In most cases—-through  aceeleration of nawral forces, Also
consldering the spatinl and temporal dimensions of the problem, land degradation muy be
defined as follows;

Land degeadation can result from any causative factor that changes the physical,
chemical or biologieal gtatus of the Jand tn o manner that elther reduces its value or
the vidue of reluted rasources located on other sites,

Values thut cap be affeeted both ‘o’ and ‘oft* farm include the present and future worth of
hoth tangible and intangible goods and services. Deeling in production potential, habitat
value, lost storage of reservolrs and reereation und aesthietic values wre some such exumples,
They can also be eharacierised by Ingreased water trentrent and infrastructure nrintenance
costs,

Land degradation is considered to be the most serious environmental problem confronting
Australin, It stems from the fiet th nearly hidf the arable fand is constdered to be degraded
to some exient in o country where around 90 per cent of the land cannot support vinble
commercial cropping 8; s (Woods, 1984 DAHE, 1986), Furthermore, Austeatin's major
rivers Indicate increasing trends in salinity, heavy sediment loads wnrd buildup of nutrient
levels leading to inereused incidences of algal blooms and distupdon of aquatic habitats,

The physical processes of lund degradation are well vrderstond, The varlous forms of
degdation and the faclors Hmiting its geographicil spread are reasonubly well studied
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Inltiatives will be inefficient and: even t:nunwr produciive,

Varlous forms of land degrdation oceur throughout the countey. Soll erosion, salinisation,
acidification, struetural depletion and dogradation of vegetaton are the gencrally identified
forms of degradation commonly ocenrring over arable lands, Summatised in Figure | are the
varlous processes of lnnd degradation, factors affecting thelr distribution and thele assoclation
with the economic wellsheing of the fiuem,
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Figure 1: Causes and consequences of land degradation
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vary closely with rainfull erosivity aod gencrally-inerease northwids in Australia, Raies vary
from around 0.02-0.2 t/ha In Waggn Wagga in the South, 10 around 80=300-t/ha fn Inalsfall
in the north (Freehairn 1992), Shinilarty, wind erosion-results from the removal of fier soll
purticles by the forees of wind. Essentially most forms of eroslon ure frreversible,

Dryland Salinity Is s condition caused by sn excess of salt or alkaline material in the root
zone, 1t occurs In the southeen regions where past land cléaring has contributed to rising
water tables. Capliliary rise brings molsture with dissolved salts to the sufuce and when e
soll dries ot through evaporation It leaves dissolved salts hebind In Jarge concentrations
suflicient to impair crop productivity, This leads to partial abandonment of fand only o be
infested with highly salt tolerant serub vegetaton, thus further depleting the land's productive
capacity, Often these lands become vulnerable to wind erosion during drought seasons due 10
top soil exposure through overgrazing induced by the saltslick availuble to grazing stock. In
some neeas (his leads to the exposure of saline subsoil and the formation of salt sealds.

Besides this, suline seepage also oceurs on footslopes und in drainage depressions during wet
seasons, This paves the way for the formation of salt pans during dry seasons and salination
of surface streams. Therefore, dryland salinity, wind eroston, and serub invasion could oceur
in tandem over certain urens of southern Austealin,

Irrigation salinity oceurs primarily fn assoclatiors with mujor Irdgatdon schenses such as
those along the Murray-Darling (ME) Basin, Serlously affected areas Include the Rerang,
Wakoul and Shepparton distriets. Inefficient Irrigation manngenment, inudequate drainage,
leakage from delivery systems and niturally occurring subssurface water movement gre
believed to be the principal causes. Apart from agricultural losses, this Is also leading to
significant exterral costs as the MD river sysiem also serves 8 large urban community in the
south, where progressive salt buflt up has led 1 serfous water quality prot lems. This is also
assochuted with lost reereationsl apportunities.

Actdification s u recently recognised problem in the wheat-sheep belt of southern Austratin
with annual rainfull exceeding 500mm, ‘This Is believed to be eoused by sceeleration of the
nutural Jeaching process of solls due to certaln ugronomie practices, Repeated eultivation of
logumesbused pastures or graln legumes, continued removal of alknling plant and animal
produce, organie aeld butld up from ineregsed level of soll organie matter and the excessive
uses of neidifying nitragenous fertilisers are found to be the major causes, 'There 18 o non-
linear relationship between crap yields and soll acidity, As crop yields deetine farniers cither
change crops or upply Hme to restore soll pH to profitible levels. Some neldity Is
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Fertillry depletion 18 o complex phenomencn arfsing us o consequence of one or more
processes discussed ubove, 1t Is ofien ussockuted svith nutelet sacling from 1op solls, Joss of
organie mutter affecting the physieal propertics of soll that regulites the avatlability of plant
nutrents, such as the soff pH and the eation exchange capucity, It could Fead to sigalficant
productivity Tosses by constraining {he ceap growth and altering the soll micrablal aetlvity
aned making ceops vulnerable to pathogenie nfestations. Reclanimtion costs vary malily
depending on the cause.

Degradation of vegetution and engroachment by woody weeds 18 generafly o culmination of o
series of other degradational processes that alter the big-diversity through changes in plant
density, species camposition, plant vigoue aad the abllity of vegetation t compete with cich
other and naturally oceurting pests and predutors, Woody weeds tire seriously depleting the
productivity of Australia’s mngelands but weeds are also o problem elsewhere for native
vegetation. Buealypt deeline In farmlands Is o common example, As also noted eastier, the
degruded vegetative cover allows the srosive encrgy of wind and wiler (o act directly on the
soil thus enhaneing the rate of sol) crosion,

3., Analytical framework

Having briefly defined land degradation and identified its effects on faem productivity and
management costs, the followlng discussion alms at developing o framework (o analyse and
85088 these impacts,

Effeess of soll erosion are inevitably long term in nature and are potentally lereversible,
Therefore it deals with sovial welfare of Tuture generetions, Supply of lnnd in the cconomy I
fixed but supply of products from it vanes with its quality, Tndividual facmers are lnegely
price takers angd henge the demand curve they fice Is nearly perfeetly elostie (e Do In
Figure 2).
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Figure 2: Economic cost of land degradation

Thug one way of measuring the costs of degeadation is 1o estimate the loss In cconomie reit
assoctated with the shifts in the supply curve (idjusted for changes in relative prices and
costs and also technologieal change). ‘This, however, requires knowledpe of fndividual
supply curves on a product by product basis, The alternative approach Is (o estimate thie
capltalised present vatue of the reduction In future Ingcome from the asset, Conventionally,
this is done under eurrent prices but given the conditionally renewable nature of (he asset,
there seeins to be o good case for nssuming increased scarcliy.

3.2.1  Concept of opportunity cost

The concept of opparunity cost offers & mauns of imputing values (o the use of resources
where markets do not provide & meaningful estimate of costs, The intricacies involved in the
definition of opportunity cost for soil erosion e best documented in the exchunge between
van Kooten, Weissensel and de Jong (1989) and vin Vuuren and Fox (1989),

Opportunity costs arise due to allernative management reghmes and/or uses of resources and
defined as the benefits forgone jnr the profit muximising alternative, Eeonomie theory tells us
that profits wili be maximised when the value of Marginal Physical Praduct (MPP) equals Hs
market price, Alternatively we can defing this as the minimura income the farmer would
forgo by tosing one unit of the resonurce, which In turn Is the private opportunity cost of the
resouree depletion,
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Budyet constraints and fiicore pressure

The reatides in Tarming busieass of budget constraints and luck of knowledpe coupled with
the assoetuted risks due 1o bo natural and market fctors aften: do not atlow the faraers to
profit magimise in an wiconsteained mannce, For ingtance, firmers' commitments 10 lenders
and the nature of thelr other fixed costs may require them 1o ensure o higher tetuen on their
business than can be sehieved without endangering potential future Income--s often Is the
case partieulaely In poor ceop yeass, The practinal Inibility of farmers 1o dingnose

economieally sound tnput Jevels may iso contribute to this sitwation, Use of extra doses of

fertiliser to offset Joss of top soil ts thken as such on cxample {n this unalysis.

As foriiliser used in production increases, the margingl product per unit ol feriiliser
diminishes, perhaps beyond its uetual cost. Tn the same way tie value (mputed) of vutpul
lost through crosion must incrense, Therefore the total opportunity cost of soll eroston (on-
gite) Is the sum of the losses in MPP of fertiliser due to over application of foriiliser beyond
is m:mmmlc., optimal level, plus the net value of crop losses forgone due o eraded top sofl,
This is klentical o tie cconomic cost of onssite effects of soll erosion we have defined
carlier.

This illustrates that the opportunity costs of soll eroston Include both increased operating
costs and reduced bepetits. Same of these costs are also associated with degradation fnduced
ehanges to erap mixes and rowtion practices, Ullimately, however, it all translates through to
income and averall farm profitubility.

It would also yield costs to the wider economy as that portion of inputs used on inefficient
netivities could be used on more productive aetivities elsewhere, s the economic optimum
altocation is found whien the value of the marginal product Is cqual In all uses, As such, both
in private econoimic sense as well ag society's polnt of view, one needs to onsider both exra
costs on production du 1o soll erosion, as well as, the vatue of forgone benefits 1o mensure
the dectine In profit-maximising Income stream due to Tost productivity of the natural
entdowment.

We also need (o consider gt this stage, the repetitive value of the land resource that brings
time Into our analytical framework, Although valuation of piivate and soeial time preference
Is an aren of somie debwe In ecconomics, wt this stage we ean clearly assume that at least there
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We can therefore summattse different soucces and measures oft ;)p;mtmity oty cramted on
aind off G due tosoll erosionas glvendnFable 1,

Table 13 Soutces and mensures of différent cost ytreams

Net Agrienltural neofie Loss (NAILY.___Externg

Private Community Private C;wrrnunny

lost net gome lost pel liane externnl privite exterunl soefl

ot farmgte price ot farket price opportuilty costs oppuunity-loss
disconnted ut diseaunted at i anarket opportunity loss aud inntket opportunity
markel Interest sowlal Intorest abeket priw Toas ok soehal price
ey riles discounted @ markett  disconnted @ routal |

These definitions do not capture the mtural Guctuations in erop productivity aeising through
climutic varlabitity, ete., and the changes In economic variables (hat affect frmer behaviour,
In reality however, these varfables are significant and cannot be lgnored, ‘The actunl
estimation procedure diseussed (nter on would  secommodite such variability within the
availabitity of date, For example, effect of soil crosion Is mainly felt when other
environmental fuctors are least condueive (Lal 1987), Therefore, erosion Increases the
fncome risk due to uncontrotiable weather conditions,

4,  Natural Resource Accounting (NRA)

Why NRA?

The alm of any sccounting system 15 to provide management Information suitable for
annlysing the past performance and to plan for the future, That s why all businest
enterprises, big and smatl, construet their annual accounts, The same pringiple applies to o
natlonal economy. The only difforence §s that there is o standurd practice of ‘wrlting of??
fnvestment costs in business accounss, ut least as un exerelse of mx mintmisation, As we do
not pay explich texes for the use of natural endowmenis-~otlier than in the form of
deteriorating environment and lost income apporfuntties--deprecintion of niawral ussets 18
neither ingluded tn national accounts nor In most models used for much poliey assessment,
This approach, however, only makes sense 1 “autural resources are so abundant that they
have no marginal vidue” and oan be regorded as “lree gifls of natre” (Repetio 1992),

! Atr (Coha, 19923 However NAIL B wsed horo with » different detinbion,



Nuturil Resource A¢co
the eavitonment md (e ¢ E ‘ bepin
with  conventional neeomnting frumework id {high deduot he- 2ot resouree dependalon
anddepletion,

'Fo do this, however, 1L1s neeessary to-love necess (o large: AMOUnS of sAVIFORMENL, 180UFee
and production data organised-nto o cohierant, temporal-and spatial framework,

Gengraphie Wnformation Systems (OIS) pravidis an axmlimat platfarm 1o orgaolse such data
and then construet o CIS-bused resource necounting system (Young 1992), On completion,
suel geconms will show uselul informuation such as the animal costs of soll erosion, cost of
Disdld up of soll ueldity, nunual cost of deforestation; ¢le,

The procedure for the consirugtion of o set of GIS-bused aeeonnts capable of estiraating the
annual cost of Taad degradation Involves several steps,

L Pevetopment of soll and climatie database
i, Pevelopment of the agrieutiural landuse and producion databise
Hi. Computation of estimates of sununl degradation mtes and thely effects on

produetivity and income.
4. 1.1, Development of the soil und climatic database

Detailed soll and stope maps of the study region are available from the Murray-Durling
Basin Commission and the CSIRO Division of Solls, with varylng degrees of aceuraey for
different soll parameters, A map overlay process was employed using GIS soltware 1o extragl
the best available Information from these two sourees, These Information were supplemented
by data from Yapp und Gibbons (1987) to develop new maps dellneating spatial distribution
of different soll types and slape categories for the study arew,

4.1,.2. Development of the agriculiural landuse database

Datn on agricultural Tanduse and production was obtained from (he 198990 ugricultural
census of the Australian Burcau of Stutlstics(ABS) and corrested for spatial Inconsistenclos.
There are three categories of principal tanduse recordad by the ABS. They ure o cropping
aren, sown pasture ares and o residual which containg unimproved pasture, trees, ete, 'The
distribution of these three eategories vary aver different farmns, but are reluted Lo the overall
farm size, The average frm stze gencrally Ingreases westerly from the coust, and so does the
magnitude of restdual farm nreq,

ABS datn howover, are nelther organised by soll types nor do they coniain fnformation that
ean be used to esthmate the disirbution of crops across them, ‘Therefore 8 combination of
techniques Involving CIS<bassd map overlay process, satellite Imuge analysls and
mathemuatical progeamming was employed for tie reallocation of observed cropplg treus



over varfous soll classifications® Bssontall
“greanness® profile for wrops ol il
Tnformtion with-o set of constralii abaut um nammn : ,susg 1o Menufyw
typxs i8 located,

bnm éhm t;m
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41,3 Assessment of costs of land degradation

The Tand degradation agsessment problem Involves two major steps; developing physieal
cstimates of the extent of soll degradation, and imputing values to derive cconomic estimates
bused on degradationsproductivity erfterta,

There are (wo common spproaches to the physienl assessment of land degradation:

. Current stafus assessment based on visual observation of existing degradidon
and;

. computation of potential degradation hazard through process-based prediciive
mogols,

Bach of these approaches hos Its own strengths and wenknesses, Direct measuremonts
provide » broader overview and are ugeful for setiing up benchinarks for future comparisons,
However, being objective orlented they are more likely o estimate the extent of degradation
with e emphasts on the degree of ogeurrence of o particular problemy, Process bied
estimates on the other hand provides o basls for estimating degree of Impaet and can be
amployed us a cosl-elfeetive (ool for developlng tme serics estimates, They are particulprly
powerlul when good beachmark estimutes are avallable, For the present purpose of deriving
annual estimates for natual tesource aecounting purposes the process-based modelling
approuch was constdered more relevant, as it provides o useful way of Interpoluting between
banchmark data which is only available atcourse seale and for seattered time periods,

42 Lostimating sollerosion - the physical.aeeoun

The physical assessment of soil erosion Is based on the process model Universal Soll Loss
Hquation (USLE) devetoped In the US (Wischmeler and Smith 1978), Modified versions of
the equation adopted to Anstrallan conditions are also available (Rosewell and Edwards,
1988), A revised computerised vewsion of USLE, RUSLIE has recantly been released in the
US (Renard 1992),

Application of this cquation 18 not uncorimon under Austeallan conditlons (Frechairn et al,
1989, Yapp 1989, Wa 1990), However, the avallabllity of dat to run USLE under

L Mathotdolaglen) sbwithess e I these sreny will s raportsd in Walker and You 1992 aml othee fottoming
puhlanttons from di projent.
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Mie USLE computes soll Toss thioujzh sheet and ¢l émx;h:m based on the four major factors
aifeeting sotl eraston, They are represented by;

’ R, elininie erostyityy

. K, soll eradibllity;

o LS, topography: und

. CP, landuse of erop-manpgement,

Tho USLIE Incorporates these fctors (o give AsRKLSCP, where, A 1s the computed soll loss,
R is the rainfllsrunoff erostvity factor, & 18 o soll erodibility factor, L 1 the slape length
fyetor, 8 15 the glope sieepness factor, € 18 & cover management faeton, and P 1 w supporting
praciiee etor. A 1s generatly estimated ng o longtime averagd annual soll loss under climatle,
soll, topographleal und crop management pragtices represented by the data, However, with
appropriate selectlon of 15 factor values and some controversy, USLE can be used 1o
estimate the average soll loss for o particulse ceopping practes under glven ralnfll-sofl
management roglmes. ‘The Ideal soludon 1o thia problem 18 to tun USLE through
PERFECTYLItebay oL al, 1989) but this requites much more Information und s seen ns o
relinement best faft untdl a pllot accounting system Iy operational for o lpe aren,

Bused on the data gathered in the OIS soll erogion estimates were computed over pixeels with
uniform attedutes, These were later apgrepated over (he entife SLA. In the pllot study USLE,
factors € and P were combined to form o single faclor €2, based on Yapp and Gibbons
{198,

4.3 Listimatlon gl produc,

4.3.1  Erostonsproductivity relatlonships

Bifect of erosion on erap yields results from complox Interactions among soll prapertes,
crop characteristles, and the prevatling elimate. As Indlented eartivr, management proctices
that refleet technologlenl progress ean mosk the effeets of erosion on crap productivity (o o
Inege extont, It 1s, therefore, diffioull t catablish direet causal relationships between rutes of
soll eroslon and reduetlon In erop ylelds due 1o eroslon-induced soll dogradution (Lol 1988),

This I8 reflected in the paucity of nyailable quantitative research eviden ¢ on eroslon's impaet
on erap production around the globe desplie vast hiernture dealing wh - the subjoct, Reseirch
reported i two recent reviews firmly estoblish that eroslon lowers die productivity of the

A FELRITICT 15 0 process b mode) (Nt slimilates plabssoll-watersmanagement dynamites In o arlenltural systom .
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snils aud thcir va pcmr commrim wl“h those o Eumpe *md North Amerlen ,ndcr
extrapolations based on experienees overseas even hurder (o Justfy, Therefote, s smdy
relfes heavily on the scant Informaton available from the limited Australion sources,
Whenever data was found to be inconclusive or conflieting decisions were made on the basis
of collective knowledge of several informed sources,

Aveyard (1983) reported that grain yield reductions atributed to erosion are around 0.52
percent per tonne/ha as abserved on small plots of o red duplex solls of NSW, White (1986),
in his review of soll eroston and agricultural productivity swted that duplex soils appeared to
be more prone (o produetivity losses due to erosion,

4.4.1 Net Agricultural Income Loss (NAIL)

In the analysls that follows it is assumed that, ¢rosion results in productivity Tosses, and that
the future landuse practices would not significantly improve the produetivity of land, The
costs of any restoration activitics are separated from normal farm costs as they have thelr
own opportunity costs, For exumple, development of land-substituting technology is
expected 10 reduce the costs of soll loss ~—greenhouse production, However, technological
developments and applications are not soclally costless as resources employed have
onportunity tosts elsewhere,

The following model Is used to compute NAIL. The model treats farm's fixed and variable
costs separalely. Fixed costs (CFy) are not expected to change with loss in productivity,
Declines In soll productivity, however, are assumed to change vardable costs (CVy) like
harvest labour, processing and selling expenses which are a function of final output level,
Reduetion In variable cost Is a saving to the farmer, while it 1 an Income loss to the sellers
of thase Inputs,

4 Alihoagh seitiment clalawamm; s eoniribuied-to high fertllity i most of the alluyint solls in Austrulia and overseas,
selective deposition nasociated with eroplanil srosion cases slgniticant damaga to ageioltural lnnds,



Al =AL <AL, (0

Al = KX (LY~ C¥)~CF, o
AL = X X (L g % (LY, = €V)) = CF, (3)

Al and Al denofes the agrioultural Income per ha for u crop with and without soll erosion
respectively,

Assuming that the effect of the farm income losses at the plxeel level depend on the leyvel of
output ¥; (tonnes/ha) local vatue of output LV, (farmegate price, $ionne), the observed
eroson rate 13, (tonnes/lia), and the assumed productivity losses x (per cent), Therelore,
when the area of crap £ in pixeel o A, (he) is known, the nel agricultural income loss (NA/L)
can be computed by the (ollowing equation,

NAIL, =3 Ally, % A, X D, (4)
{

Althpugh this tncome is measured for o glven erop year, there Is a perpetual loss of that
income ns there is 8 permanent loss of endowment, Therefore given the market rate of

Interest (), the privawe value of NAIL, NAIL, van be obtained by dividing cquation(4) by i
1o obtain the discounted value on perpetulty?.

Similarly the value of NAIL (o the community, NAIL, can be obtained by dividing
equation(4) by *, which represents the sovial interest rate,

4.4.2  Bxternal Value of Income Loss (EVIL)

The external value of income loss (EVIL) is different to NAIL in that EVIL nieasures non-
farm Income losses as o oirect consequence of NAIL. This represents the value of income
fosses 1o the Individuals beyond the farm gate where the erosion originates. I also varies
depending on whether the effects are seen as a private individual or as a community but
Includes lost marketing, transport and proceasing opportunities.

3 Disgounting over perpetuity Iy assuined here dise (o Uhe perpatual nnture of he nsset loss, although frmors ure
asswmed to have ¢ st e planiing hothaon iy serms o wopltal-allocation,
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Using the comparable notatlons and wilts fof NATL ad for a glven produciivity loss of 5%
per unit of soil loss for each crop { In o given pixcel a, the value of external fnconie losses
EIL,, may be computed as follaws:

EIL, = EI} - B, 16
B, = ¥, VA, (7)
EL = ¥ % VA X (14 &) (8)

Therefore, when the arca of crop ¢ in the pixeel a, Ay, (ha) Is known, the EVIL can be
computed by the following equation,

EVH,, = Z ElL, % A, % D, 9
i

Although this in~ome loss is measured for a glven crop year, there is a perpetual loss of that
income us there s o permanent loss of eadowment, Therefore given the market rate of

interest (), the privale BVIL, EVIL, can be obtained by dividing equation(8) by { to abtain
the discounted value on peepetuity, Similarly the value of BVIL to the community, EVIL,
¢an be oblained by diviatng evuation(d) by i*, which represenis the soetal interest rate,

Once NAIL and EVIL hiave been computed tor each pixeel it is & relatively easy GIS exerelse
torun these for any reglon, resource type or policy constraint, The two entities can be added
to obtain the Net Income Loss (NIL) by the society due to land degradation.

NAIL + EVIL = NIL (10)

In order to obiain a pre-flavour of the difference In magnitude between NAIL wnd EVIL,
value added In erop commaodities, VA, was approximated by the difference between the farm

gate price and the unit Gross Value of Production (GVP) of commodities for this pllot study.
This may not be 4 realistic assumption as the value added includes not only marketing and
service opportunities included in the GV but also o myriad of other processing opportunities
as well,

These are diffieult o measure in a static framework and truly represent dynamic relatlonships
with temporal effects, Full uppreciution of such cffects warranis o complete input-output
analysis with sectoral linkages in 4 general equilibrium framework, Such an analysls would
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5. Water Eresion in NSW: The case of Orange

i this section the physieal extent and the economt costs in terms of NAIL and BVIL orising
through water erogien for the statistical local aren Orange is computed and discussed,

Orange 15 o relafively small SLA in the Central Tablelands of NSW and covers an area of
28,645 ha out of which 24443 ha were under ogriculiural uses In 1989/90-(ABS 1991), The
soil is predominautty of duplex group with relatively small areas of struetured clay, "The main
land use practives of the ureh are grazing, horueulre and 1o o Umited extent cereal and other
annpal cropping. More than 50 per cent of the orea is in slope cluss above 10 per cent,
although much of the cultivation is restricted 1o lower slopes,

In this analysis the physleal extent of eroston was computed only over the agriculiural areas
and thus exclude those areas considered as residual in the ABS statsties. Nonetheless most
of those residugl areas ure also under native pasture and are in fuct oceaslonally used tor
grazing,

Phe annual uverage sofl erosion estimate over four main agricultural land usos are given in
Table 2. Given the very high proportion of grazing propertios over liigher stopes and the high
eradibility of duplex soils relatively high erosion figure for grazing arcas is expected,

Table 2:--Estimated solt erosion for different erop industries

"Lund Use © Ostmuled soll loss Annual tota) soil movement
et ; ATonnewhwiyeary . (Toanos)

Ciimzing 11,30 411,83)

Cereals 2.94 4,840

Other unnunls 2,54 488
Hortleultuee S LS8 s 5,366

"The ceonomie costs of soil erosion on agricultural properties in terms of NAIL Is presenied
I Table 3 with the private discount, It Is noteworthy that despite the low levels of estimated
soil eroslon over hortfeultural Industries, the estimated economic fmpact of erosion upon
them s substantially higher per unit area due 1o the high value of erop they produce,
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LandUse VAL

C‘mzing 0:62

Cereals 1,31

Other sanuals - 8672 16,657
Hortlenlure S 10,115 SRR . .| S
All uses N 564 e ALLTGO

The external value of on farm Income loss due to sofl erosion refieets the Tost income
opportunities to non-farm. individuals. Accordingly the largest impuet Is seen on those
industries which produce output with high level of offfarm foputs—both goods and
services--such as hortieuliure (Table 4).

Table di—Gross Bxternal Value of tnmmg Loss (EVIL)

L:mc Use 711,55‘) )
szingg 23;‘)77

Cereals 2,863

Qther annuals 2,220
Hortigulture 125,507

All uses 153,666

Grven the permanent natire of the Ingome opportunities forgone due to soil eroslon, the total
cost to the praducer s well as the non-liuem individuals were compuied al a privite diserunt
rate of 0,155 and o real discount rate of 0.075 prevailed In 198990 (ABARE, "/91),
Resubtant estimates of peivate and community costs of soll degradation sre given in Tabde 5,

”NM{ T aeesns a0
BV ONA00 2048800
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that enables policy annlysts 1o examine the likely effeers:of policie. alfeeting na
managenient on e overal cconomic perforimance.

However, the best use of this tool cannot be mude unless relfable information on the comples
interralntion Yips Involved betwesn natural resource use options and the behavioural tmpacts
on ather eeunnnie agents are also avaflable, Therefore §t 15 Intended to oxtend the scope of
this research to tmik the present GIS-based NRA upprouch to o gencral cquilibrium
framework, This extenston will be used not only for » thorough investigation of BVIL, but
also 1o evaluate the off-site fmpacts of vardous forms of Tand degradation neross the stite.

The pilor applieation indivates that, while considerable viration fn eroston rites could be
expected among different crop Indusirles, the cconomic impact varles considerably
depending on the profitability of the enterprises. This presonts an imporant dilemma. in
devetoping conservation policies, as cost-benefit of targeting conservation effort on more
vulnerable areds may net be satsfactory, On the other hund a5 much of the sofl loss is
recorded In low Income industries, their impact on offsite costs not considered in this
analysis would be substantial, ‘This highlights the Importance of considering tolal eatchment
management eriteria In developing such polivies,

7. Bibliography

ABARE (1991), Finaneial Performance of Australinn Fatms', Farm Surveys Report 1991,
'AGPS, Canberra.

ABARE (1991), Commodity Statistical Bulletin 1991, AGPS, Canberra,

Barrow, C.4. (19913, Land Degradation, Cambridge University Press, Cambridge.

Charters, €. (1987), * Anstrall's Jand resourees ot visk', inChisholm, A, and Dumsday, R,
(eds) (1987), Land degradation: problems and policies, Cambridge University Press,

Chistiolm, A, (1987, * Abatenient-of land degradation: regulations vs cconomic lncentives’
InChisholm, A, and Dumsday, R. (eds,) (1987), Land degradation: problems and
polieies, : Cambridge Unlversity Press, London, pp, 223-48,




, evatlon Study, Ref berrs,

Department of Arty, Heri yvironment (1986), Stare of e Environment iy Australiar
Souree book, AGPS, Canbora. |

Dragovich, D, (1990), Dacs soll erosion maiter 1o people in metropolitan-Sydney?,
Anstralian Jowrnal of Soil and Water Conservation, 3(1)129-32,

Fisher, A, €. and Hanemann, W. M, (1990), "Option valug! theory and measurement',
European Review af Apricwlral Economics, 17; 167+180,

Freebairn, DM, (1992), Managing resources » the soll resource: erosion, stubble manngement
ad catchment, Procaedings 6ih Australion Society of Agronomy Conference,
Amiidile 1992, pp 3847,

Freebairn, .M., Sitburn, DM, and Loch R.J, (15:9), Bvaluation of three soil eroston medals
for ety salls, Australlan Journal of Sofl Research, 27(2):199-211,

Cirolis, 1%, (1992), Monetarizing Environmental Damages, o Tool for Development Planning?
A ease Study on Soil Erosion in Zimbabwe, Paper presented-at the second meeting of
the International Soclety for the Eeologieal Beonombes (ISSE) * Invasting in Natwrnl
Capltal, A prerequisite for Sustainability®, Stockholm, Sweden, August 3+6,

King, D, A and , J, A(1988), Influence of soil conservation on farm land values, Land
Evonomies, 64(3)1242-255.

Kirby, M G and M J Blyth (1987) An Economic Perspective on Government Intervention in
Land Degradation, Tn Chisholm, A, and Dumsday, R, (eds.) (1987), Land
degradation: prolilems and policies, London: Cambridge Untversity Press,

Lal, R, (1987), ‘Effeats of sol} erosion on crop productivity’, Critical Reviews in Plant
Sclences, 5(4) 303+367,

Lal, R., Hull, G, B, and Miller B, P, (1989), Soll degeadation: I Basie processes, Land
degradation & Rehubllitation 1(1):51:69,

Lal, R, (ed.) (1088), Sall Erosion Research Methods, Soil and Water Conservation Society,
Ankeny, Towa,




f$ e, J;CIQS&) L
Sinden, J}i Acand ¥

Sty B,y Brkmmch' M, Mizﬁ"’ R Yo
mplications of soil eroston for futu
Geafortim, 92)t 245259,

Stunding Committee on Soil Conservation, (1971), Study of Commailty enefits of, and
Finance for Soil Conservation, AGPS, Canbeérra,

van Koolen, G, C., Weisensel, Ward P, and da Tong (1989), ' Estimating the costs of soll
erosion: reply's Canadian Journal of Agrienltural Econonties, 37, 555-562,

van Vuuren, Willem and Fox, Glen (1989), 'Estimating (he costs of soll erosion: eomment',
Canadian Journat of Agriciltural Economies, 37, 549883,

Walker, P. A. and Young, M, D. (1992), ‘Strateglc environmental assessment through GIS
(ramewark’, Working Document 92/14, AMNRS Program, Division of Willife and
Ecology, CSIRQ, Canberra.

Wai, L, A, (1990) 'Bffeots of soll erosion on produetivity - a review of experimental resulty'
Australtan Jouraal of Soil and Water Conservation, 3(2):50-52.

Woods, L, B, (1984), Land Degradation in Australia, 204 Edition, AGPS, Canberra,

Yapp, T. (1989), The costs of depradation 1o the community: Issues and estimates, Ausicalian
Jonrnal of Soil und Warer Conservation, 2(3):32-36,

Yapp, G, A, and Gibbons, B, R, (1987), Water Erosion Inhe Deyland Cropping reglons of
Australln 1, Land and land use dati {or o relative assessment of potential soil
movement i New South wales, Technical Memorandum 87%/8, CSIRO Division of
Water Resources Research, Canberei,

Young, M. ), (1992), Sustairn  Invesiment and Resource Use: Equity, environmental
integrity and economic efficiency. Mun and the blosphere series v, 9, UNESCO,
Parls,






