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ABSTRACT

This paper explores sone possible econonmic inpacts of worsening salinity
severity and extent in the grains industry across Australia. It also |ooks
at the potential to increase agricultural profits through renedi ation. The
analysis is based on a spatial nodel of agricultural profits and salinity
related crop/pasture yield losses. It is estinmated that grains industry
farmng profits across Australia would rise by an upper Iimt $138 mllion
per year were salinity costlessly removed from the |andscape. It is also
estimated that the present value of grains industry profit |osses from
worsening salinity extent and severity over the next 20 years is $237
mllion. These amounts can be consi dered against the costs of repair.

| NTRCDUCTI ON

As Australia nmakes increasingly large investnents in salinity mtigation,
it is inmportant to analyse the econonic consequences of the business as
usual or ‘do nothing’ scenario. This will allow inforned assessnents about
the economic net-benefits of intervention and better targeting of
resources, wdely recognised as a nmjor challenge facing policy makers
(Haj kowi cz and Young 2002, Pannell 2001).

This paper explores sone possible econonic inpacts of worsening salinity
severity and extent in the grains industry across Australia. It also |ooks
at the potential to increase agricultural profits through renmediation. The
analysis is based on a spatial nodel of agricultural profits and salinity
related crop/pasture vyield losses. Data are presented by the Gains
Research and Devel opment Corporation (GRDC) regions, as shown in Appendix
A

It is estimated that grains industry farmng profits across Australia would
rise by an upper limt $138 mllion per year were salinity costlessly
renoved fromthe | andscape. This anpbunt can be considered against the costs
of repair. It is likely that the econom c optinum | evel of treatment would
not recoup this entire anmount.

CONCEPTUAL MODEL OF SALINITY COSTS

Consider three alternative scenarios for grains industry profit resulting
from salinity outcones over the next twenty years (Figure 1). If salinity
were costlessly aneliorated profits would rise to the unconstrained |evel,
this is later referred to as the gross benefit. Cearly a costless ‘fix’ of
salinity is not possible, in some regions the project costs my easily
exceed the gross benefit.

If salinity is unchecked profits are expected to decline in problemtype
| ocations over the next 20 years. This lower profit can be considered the
i npact cost. The shaded area in Figure 1 represents the present value of
the inpact cost over the 20 year tinme period. The net loss in profits over
the 20-year period due to worsening salinity extent and severity is
referred to as the inpact cost of salinity.
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Figure 1 Conceptual nodel for grains industry profits

It is worth noting that the “unchecked” I|ine represents a worst-case
scenario. In practice, farners will respond to worsening salinity problens
through inproved nanagenent practices and enterprise switches. This wll
have the effect of reducing the present value of costs.

RELATI VE YI ELD

Crop and pasture yield loss is one of the main econonic inpacts of dryland
salinity to grains producers. The anobunt of yield |loss can be neasured
using relative yield. Relative yield is the ratio of actual vyield, as
currently recorded, divided by the potential yield that would occur if the
soil constraint(s) were not present. Relative yield can be expressed as:

Actud Yidd
Potential Yield

The relative yield for salinity was determ ned using data produced under
thene two of the National Land and Water Resources Audit (NLWRA 2000).
Surfaces of relative yield were nmapped to a ~1knf grid with national
coverage for 2000 and 2020. Data was drawn from hydrological salinity
nodel ling. Simlar surfaces were also produced for sodicity and acidity,
two additional soil attributes that limt crop/pasture yield.

RelativeYiedd=a =

SPATI AL REPRESENTATI ON OF GRAINS | NDUSTRY PRCFI TS

In order to determine the economic inpact of yield surfaces over tine, it
is necessary to give grains industry profits spatial definition. This was
achieved by mapping profit at full equity, which represents economc
returns to the natural resource base (soil and water), nmnagerial skill and
human capital. The profit function can be witten as:

PFE = [ QLx(P1xTRN + P2x@)] - [ (QCxQL+AC) +(\WRxWP)] - [ FOC+FDC+FLC]
Wher e:

PFE = Profit at Full Equity ($/hal/yr)

P1 = Farm Gate Price ($/ha or $/DSE)

Q = Yield or Stocking Rate ($/ha or $/DSE)
TRN = Turn-off Rate (Ratio), also synbolised as B

P2 = Price of secondary product ($/litre or $/kg)
(07 = Yield of secondary product (litres/DSE or kg/ DSE)
QC = Quantity Dependant Variable Costs ($/t or $/DSE)
AC = Area Dependant Variable Costs ($/ha)
R = Water Requirenent of Land Use (M./ha)
WP = Water Price ($/ M)



FOC = Fi xed Operating Costs ($/ha)
FDC = Fi xed Depreciation Costs ($/ha)
FLC = Fi xed Labour Costs ($/ha)
The profit function relates to a single agricultural |anduse, such as

wheat, barley, sheep, canola and others. It is distinct fromthe notion of
whole farm profit, which often conprises a mxture of |anduses. It can be
likened to a gross margin, less fixed costs of production.

A secondary product exists only for sheep |anduses, nanely wool. For all
other | anduses prices and yields of the secondary product are set to zero.
Water price, as used here, represents the charge inposed on irrigators by
the local water managenent authority. This charge varies for different
wat er managenent authorities across Australia. Irrigation of grains
industry related |anduses is not conmon. An inputed cost for farm | abour
was used based on standard industry award rates. Fixed operating,
depreciation and |abour <costs were sourced from ABARE data and
State/ Territory gross margi n handbooks.

Al'l variables conprising the profit function were mapped on a ~1km grid

covering all agricultural | and in Australia, including both intensively
used zones and the rangel ands®. A single |anduse was assigned to each 1km
grid cell, resulting in generalisations within intensively used irrigation
ar eas.

Landuse data were derived fromthe National Land and WAter Resources Audit
1996/ 97 | anduse map. This provides a snapshot for |anduse in the 1996/97
financial year. Sonme enhancenents were made in order to nap the |ocations
of commuodities.

Prices and Yields

Farmgate prices were assenbled from the Australian Bureau of Statistics
(ABS) for alnpst all comodities. Prices for some commodities were not
avail able from the ABS, these were taken from the Australian Bureau of
Agriculture and Resource Economics (ABARE). The prices were generally
assenbled by Statistical Local Area (SLA), then spread over the 1km grid
cells. For exanple, if the farm gate wheat price for an SLA was $198/tonne
— each grid cell within that SLA coded as wheat was al so assigned a price
of $198/tonne. M Ik and wool prices were not available at the SLA |level and
were taken from | arger ABARE regional franmeworks.

Yields were conpiled from ABS production data at the SLA level. Gven a
known area of production and a known quantity of production, a yield is
attai nable by dividing production by area. This approach was applied, with
a mnor variation. Yield was determ ned by:

NDVIi
L=Pg—— (2)
> NDVIi
i=1
Wher e:
ql = The yield of the crop (tonnes), or number of |ivestock (DSE),
wi t hin the lkmgrid cell;
NDVI = NDVI score for the pixel® i;
SL = Total nunber of pixels in the Statistical Local Area

3 The rangelands are the extensively grazed low-rainfall regions mostly covering Australia’s arid interior. Whilst
formally defined as ‘agriculture’, these regions have extremely low per-hectare productivity.

4 DSE stands for Dry Sheep Equivalent. The conversion factors used for DSE were taken from Agricultural
manuals: 1 Sheep = 1.5 DSE, 1 Dairy Cow = 10 DSE, 1 Beef Cow = 8 DSE.

> A pixel is a single cell in a raster (grid) spatial dataset. In this study a pixel is approximately 1km?.
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Landuse Area (000 ha) Landuse Area (000 ha)
Bar | ey 6, 175 Cat s 309
Beef 40, 964 G| Poppies 0
Canol a 444 Peanut s 19
Chi ck Peas 178  Saffl ower 1
Faba Beans 1,291 Sheep 54,522
Grain Sorghum 1, 089 Soybeans 21
Lentils 55  Sunfl ower 126
Lupi ns 182 Triticale 692
Mai ze 153 Vet ches 46
MII et 9  \Weat 9, 084
Mung Beans 22
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salinity «costlessly anmeliorated. As such it represents an estinmated
investrment ceiling on salinity expenditure ainmed at boosting crop/pasture
yields. G oss benefit (GB) is determ ned by:

_ql(:&%_v)
GB = _Ch(v_@l)

a

Wher e:
B = Goss benefit fromsalinity amelioration ($/hal/yr)
q, = Yield of primary product (t/ha/yr or DSE/ hal/yr)
p, = Price of primary product ($/t or $/ DSE)
v = Variable costs ($/t)
a = Rel ative yield
B = Li vestock turn off rate (>0 and <1), set to 1 for crops
Equation (3) essentially nmeans that gross benefit is the difference between
current profit and profit without salinity. In practice, the increase in
profit is likely to be sonewhat less than this anmount. Even if salinity



were removed other soil constraints, sodicity and acidity, would limnmt
yields. Table 1 shows the gross benefits for salinity alone, and the gross
benefit of salinity when constrained by sodic and acid soils.

I mpact cost is defined here as the decline in profit over the period 2000
to 2020 due to worsening salinity extent and severity. It can be expressed
as a present value using standard anortisation formulae. The un-anortised
i mpact cost (1C) is determ ned as:

IC:HCurrent_nzozozml(pl_v_wj (4)
al

\Wher e:

IC = Goss benefit fromsalinity anmelioration ($/ hal/yr)

a, = Rel ative yield in 2000

a. = Rel ative yield in 2020

2

If we assune that the decline in profits over the 20yr period is |inear
then we can obtain a series of paynents over time, which can be converted
into a present val ue.

RESULTS
Table 1 bel ow shows the gross benefit and inpact cost of salinity for each
grains region. Note that the gross benefit limted by acidic and sodic

soils isles than one-third of the unlimted gross benefit. The inpact costs
are shown as present values over the period 2000 to 2020 using an 8%
di scount rate. The results show that grains industry profits could be
raised by $138.2 nillion if salinity were renoved, or $38.6 mllion with
acid and sodic soil constraints include. If salinity were |left unnanaged
profits would decline by 3% causing |osses of $237 mllion in present value
terms.

These results should be tenmpered by sonme inportant considerations. Firstly,
there are nmany |ocations where gross benefits and inpact costs are very
high. These may be overlooked by broad regional aggregate statistics.
Secondly, the inpact cost does not incorporate any farner response or
adaptation. It nerely assunes the current practice is continued in the face
of worsening salinity. In practice, inpact costs would be significantly
| ower because farners would adapt new practices to avoid salinity related
damages



Table 1 Gross benefits and inpact costs of salinity in grains regions’

G oss Gross benefit, I npact Cost

benefit, di im 'aed b% Present Val ue

GRC Zone unlim ted Sedi ¢ and actd“5000 o 2020
($000/yr) ($000/ yr) ($000)

NSW Central zone 117 0 4,552
NSW Nor t heast — Q d Sout heast zone 2,787 531 17,081
NSW Nor t hwest - Q d Sout hwest zone 49 0 684
NSW Vi ¢ Sl opes zone 3, 868 240 43,542
Q d Atherton zone 122 0 563
Q d Burdekin zone 0 0 4
QA d Central zone 3,533 34 10, 353
SA & Vic Mallee zone 4,130 319 8,179
SA M d-North Lower York Eyre zone 11,232 190 10
SA Vic Bordertown Wnmmera zone 20, 084 640 58, 825
Tas Grain zone 765 296 807
Vic High Rainfall zone 3,231 576 21, 246
WA Central zone 46, 458 17, 601 39, 242
WA Eastern zone 20,701 9,497 0
WA Northern zone 10, 384 2, 317 0
WA Sandpl ain zone 10, 677 6, 444 32,378
Al'l Regi ons 138, 138 38, 685 237, 464

1. Refer to Appendix A for a nmap of these regions.

2. Determined using an 8% di scount rate. A high discount rate was chosen as
many of the economc inpacts will be endured by private |andhol ders.

DI SCUSSI ON AND CONCLUSI ONS

I medi ately apparent in the results presented above is the drop in gross
benefit when sodic and acid soils limt crop/pasture yields, a difference
of about $100 mllion/yr. This suggests that policies directed at
correcting only soil salinity, wthout accounting for other limting
factors, will lead to much lower levels of benefit. The additional costs
froman integrated soil renediation programmay be relatively |ow

Utinmately decision makers managing salinity in grains industries will be
seeking to nake investnents where benefits exceed costs. This study falls
short of benefit cost analysis, showing only estinmates of benefit. However,
other studies into salinity nanagenment show that costs of changing
| andscapes to the required amount are very high. For exanple, studies of
Western Australian catchnments show that as much as 70-80% of the catchnent
must be revegetated to have a significant reduction in salinity levels
(CGeorge et al. 1999).

When | andscape change of this nature was subject to benefit-cost analysis
by Hajkowicz and Young (2002) on the Lower Eyre Peninsula in South
Australia, a predominately grain growing region, all revegetation options
were found to deliver negative net present values. This was despite
consi derabl e variation of prices and salt yield | oss scenari os.

On the brighter side, though, evidence is enmerging that sonme salinity
benefiting agricultural plants nay be able to approximate, or even exceed
profits fromcurrent |anduse. For exanple, Lucerne, a deep-rooted perennial
fodder shrub, has been found to provide profits nearing or equal to current
annual crop/pasture production (Bathgate and Pannell 2002, Hirth et al.
2001). The study by Hajkowicz and Young (2002) suggested that salinity-
mtigating plants need only be 75-90% as profitable as current |[|anduse
options to make benefits of |anduse change exceed costs.
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APPENDI X A: GRAI'N REGQ ONS

These are developed by the Gains Research and Devel opnent Corporation
(GRDO) .
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