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Abstract

In the Australian Murray-Darling Basin (MDB) the rabination of severe and prolonged
droughts and historic water management decisiondiviert water for cultivation stressed
water resources in such an intensive manner thdamds went dry and rivers are now far
from a natural flow. More appropriate water managetpolicies must be implemented to
restore ecological function. However, with 39 % Aaistralia’s total value of agricultural
production, transitions in use need to be managedihimise economic and social impacts
on basin communities while they adjust. Recentistu@stimate that industries with high
water usage but lower or more volatile value prdéslweill be impacted more than higher
value products. Therefore, this study’s focus isatmlyse different water management
policies and their impacts on agricultural prodoicti particularly changes in production of
water low value and water high value crops andcagjtiral water consumption. By applying
the Water Integrated Market (WatIM)-Model, benefaad costs of water management
policies can be evaluated by identifying changeguantities, prices and economic welfare,
such as consumer and producer surplus. The WatldeMas a multi-market model
combining water low and water high value crop megland the water market with its supply
and demand. Since the MDB is a complex system dlifflerent types of agriculture and
water sharing rules in each catchment, economi@blas are aggregated in the WatlM-
Model to examine overall trends and changes inMiDEB. By the assumption that policy
decisions on one market cause reactions on prstggly and demand on other markets,
market interdependencies can be derived. With thesdts, the merit of shifting production
from water low value crops to water high value srap examined and advantages and
disadvantages of water management policies caretegndined. This enables refinement of

water management policies to optimise social, ecoo@and environmental outcomes.
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1 Introduction

On the one hand, by 1982 it was already reportatttinee to four year periods of particularly
low annual rainfall and drought periods were a camnfeature of the Australian climate
(Rees, 1982). But drought and water scarcity dit nesult in a sufficient adaptation of
agricultural habits to address environmental remuents. Water became permanently
overused resulting in unsustainable and unhealtimgitons of the Basin's rivers, wetlands
and floodplains. For instance, the median annoal fb the sea of the river Murray in South-
East Australia is now only 27% of the pre-developtmeatural flow (Qureshi et al., 2009).
The Murray’s water resources have been constraimesipport agricultural areas. Climate
change will increase drought conditions and sulbstén less precipitation especially in
Eastern Australia (World Water Assessment Prog2009). For instance, the MDB marked
a six year continuing period of lower rainfall thaverage since 2001. Water resources must
be protected and seem not to be available undesdh®e conditions for water intensive

agricultural production as in the past.

As reported by the Garnaut Climate Change Revieaypndeclines in agricultural production
may occur by mid-century under a no global climatange mitigation strategy. Particularly
affected is irrigated agriculture in the MDB whdvralf of its annual output would likely be
lost. This development would have huge impactsamd fexports as well as depopulation of
rural areas. Further presumptions under climateghatate the end of irrigated agriculture
by the end of the century caused by increasinguéreqy of drought, decrease of median
rainfall and a nearly complete absence of runofthem MDB if no mitigation of greenhouse
gases takes place. Otherwise, there is a 10% chahaeeetter conditions under a no-
mitigation case in Australia. In this case, thetihem part of the MDB would have a 20-30%
increase of rainfall by 2050. Irrigated agriculiupaoduction would be less than 1% greater
than with no human-induced climate change in theBV{@arnaut, 2008). Accordingly,
a 90% chance for a drier climate would affect ategl agriculture in the MDB tremendously.

On the other hand, Australia is one of the biggegtorters of agricultural products in the
world. For instance, in 2007 Australia was quatitiedy the second largest exporter of meat-
cattle boneless beef, as well as of raw sugartlenéfth largest wine and cotton exporter. An
export of 14,684,211 tons of wheat in 2007 broudirtralia to number three of the biggest

wheat exporters in the world and to number 18 efwworld’s major commodity exporters



(FAOSTAT, 2007). For such large-scale productioamstvinputs of arable land are needed,
and in the case of irrigated crops, water mustapdied for production.

We seek to examine the impacts of water managepudictes on agricultural production and
the economy in a partial equilibrium model framekvaoising the Water Integrated Market
Model (WatIM-Model).

After providing background information about irrigd agriculture, growing areas and water
consumption of selected crops in the MDB in secomwe outline the analytical framework
in section 3. Section 4 describes the data weaisstimate the model. Section 5 describes the
calibration method. Section 6 reports on the sgeraralysis and section 7 concludes with a

brief discussion and further steps to take.

2lrrigated agriculturein the Murray-Darling Basin

In 2008/09, a total area of 409,000,000 ha was fedgriculture, of which 1,761,000 ha
were irrigated using up 6,500,577 ML in AustraliBS, 2010a). More than half of this
amount of irrigation water is used in the Murrayridey Basin (MDB) where 39 % of
Australia’s total value of agricultural productienderived (ABS, 2008). The MDB covers an
area of 1,059,000 kim where 100% of Australia’s irrigated rice prodoati 90% of
Australia’s irrigated cotton production, and 60%/?afstralia’s irrigated grapevine production
takes place (ABS, 2010b).

More than 80 per cent of land used for cotton,, rigapes and vegetables is irrigated. Without
irrigation, some of these crops could not be preduat the present level. Irrigation allows
year round production in the Basin. It enables piog in summer when temperatures and
evaporation are high. In a wet year like 2010, miedis irrigation has been needed to grow
crops because of the nourishment of natural rdinfal

The volume of water used varies to a great extemivden industries (Bell et al., 2007).
Cotton farms used the most irrigation water fortigation by consuming 2,599 GL
(2,574 GL) in 2000-01 (2005-06) followed by riced?8 GL (1,252 GL). In contrast,
irrigation water used for vegetables was 166 GI12(GL) in 2000-01 (2005-06) (ABS, 2008).



As shown in Figure 1, crop producing areas areeqdiverse. For instance, the dominant
irrigated crop in southern Queensland (Border Rivaard Condamine-Balonne) and northern
New South Wales (Namoi and Gwydir) is cotton. Rgeultivated dominantly in New South

Wales Central Murray and Murrumbidgee; same asegafpuits and nuts which are mainly

produced in a number of locations in the Murrayaeg

Figure 1 Region shares of total Murray-Darling BaSVAP for selected crops
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Considering a comparison of crop markets suchcas dotton, grapes, vegetables and fruits
as performed in the Water Integrated Market (WatMfdel, observed regions must
comprise all crops cultivated. All of these crops water intensive crops, but the amount of
irrigation water consumed and value produced bpmrg vary widely. Therefore, we divide
crops into water high value and water low valugpsrim which water high value crops’ ratio
of Gross Value of Irrigated Agriculture ProducttoiGVIAP) to the applied water is higher
than $1,500 per ML.

Rice and cotton are representatives of water lolweverop$ since ratio of GVIAP to water
applied is less than $1,500 /ML (cotton $673 /Mid aice $274 /ML in 2007-08). That means
less than $700 of GVIAP can be derived by an imaest of 1 ML irrigation water. On the

contrary, water high value crops such as grapesdsfand vegetables have a ratio of GVIAP

L “GVIAP refers to the gross value of agriculturahumodities that are produced with the assistandeigétion. “ (ABS , 2010c)

2 Note that we derive the definition for low valuest from GVIAP in proportion to capital investigalt (return on investment would be
higher) but from GVIAP in proportion to quantity o§ed water for production.
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to water applied which is higher than $1,500 /Mtages $3,091 /ML, fruits $4,093 /ML and
vegetables $6,901 /ML in 2007-08) (ABS, 2010c).

The WatIM-Model is a multi-market model combinirtgetwater low value crop markets for
rice and cotton as well as the water high valu@ enarkets for grapes, vegetables and fruits.
With the examination of these five markets, we alde to see the effects of water
management policies on each of the assessed maiketsefore, it is possible to detect
different developments in the cultivation of walégh and water low value crops under water

scarcity.

3 Conceptual framewor k

To identify the benefits and costs of different @ananagement policies we develop a multi-
market model, following the microeconomic modellilgpproach of Kirschke and
Jechlitschka (2002). Changes in quantities, prana$ economic welfare such as consumer
and producer surplus as results of water managepwticies, can be derived. The WatIM-
Model is a partial equilibrium multi-market moddbserving water low value crop markets
(rice, cotton) and water high value crop marketaggs, vegetables, fruits). In order for the
WatlM-Model to work, we assume that policies suslpeotection policies are not given. We
can therefore assume that world market prices etprakstic prices within liberal markets in
the WatIM-Model.

The supply function is:

S S
Om(PR) =an @+ f) [T (Pmn) ™
m,n=1
withmn=1,..., 5. (1)

Each of the five markets, rice, cotton, grapes,etages and fruits, has its own supply

function q°()) and demand functiorgq® ()] depending on pricep in all markets The

parameteq®is the quantity supplied.

The non-linear WatIM-Model of the Cobb-Douglas typ&es account for quantity changes
on marketm due to price changes on all other marketEach market is influenced by itself
and the other four markets by the use of apprapriatvn-price and cross-price

elasticities . In this way, market interdependencies can beveeri



Wheres > is the supply elasticity anflis the exogenoushift parameter which is used to

simulate price policies in the first step (seeisach for further explanation).
a is the supply constant, defined for the initialigiQrium as:

By = ——m 2)
[ (P5) ™

m,n=1

Just as the supply function, the demand functiaegendent on pricgsin all marketam and

incomey:.

> d
Am(Pr s Y) = by [ () ™y 3)

m,n=1

Withmn=1,..., 5.

Where:s‘ﬁ']n is the demand elasticityy,, is the income elasticity of demand on market miand

is the demand constant, defined for the initialildejium as:

d
by =—5— " — (4)
[ ()™
m,n=1

The cost function of each markmatis defined as:

S AS > sénm > psfnmﬂ
Cn= 1+ f)-a,@+f —h—
m = Prdn@* D =an@+ 0 [1Pn = [ (5)
nZm n=m

with m,n=1,..., 5.

The shift parametdr is treated equally as in the supply function (1).
The inverse Cobb-Douglas demand function wouldnifiaite, as the integral value és. We

define a fictitious intersection of the demand euwith the price axis and cut off the integral

at an adequately high pr?tpfrl]o. Therefore, evaluating the level of total benefiid other

® This price is set at such a high level that it nahbe achieved in terms of stable currencies (tuiuld not be
true in hyperinflationary conditions).



functions which are based on total benefit sucltasumer and producer surplus must be
done with caution (Kirschke and Jechlitschka, 2002)
The total benefit is defined as:

dognm"'l _ dfnm+l

5 5
TB. = pdgl +b a ém L m o
m = Pmlm T Py mI;Ll Pm m|;|:1 £ +1 y (6)
nzm n=m

with m,n=1,..., 5.

We define the foreign exchange (FE) as exportedtifyaderived by subtracting quantity

demanded from quantity supplied multiplied by waridrket pricesp” for each marketn:

FE,, = (a5 —aq) Pm 7)
Further, we gain welfare for each market by apgyin
W, =TB,,-C,, +FE, (8)

5
Total welfare is consequentlf\WW = ZWm

m=1
5
Total expenditures argEPY = z pg]qg] (9)
=1
5
Total revenue iFRV ° =" pydy, (10)
=1
Consumer surplus is total benefit less expenditut&s,, = TB,,, — EPR,, (11)
Producer surplus is revenue less coBtS;, = RV, - C,, (12)

Economic variables are aggregated in the WatiIM-NMddeexamine overall trends and
changes in the MDB since the MDB is a complex systath different types of agriculture
and water sharing rules in each catchment. Thexeforices and quantities supplied and

demanded are portrayed as mean values acros4dah&1iB.

4 Data collection
To evaluate the different effects of water managempelicies on water high and water low
value crop industries, data is required for ricgfan, grapes, vegetables and fruits as well as

for the water market. The area of observation & ¥WatIM-Model is the MDB. Data is



collected for the period 2000 to 2006. Productiomrdgities for all crops are retrieved from
the Australian Bureau of Statistics (ABS) and thest#alian Government Department of
Agriculture, Fisheries and Forestry (DAFF), paniteased for the MDB (periods 2000-01
and 2005-06) (ABS, 2008), partly set into relattonAustralian quantity supplied published
in the Australian food statistics 2006 (DAFF, 2Q07)

Demand quantities for all crops except cotton atteaeted from the Food and Agriculture
Organization of the United Nations (FAO) statisiikOSTAT Food Balance Sheets and than
set into relation to the population of the MDB. TGAIN reports Australia, Cotton and
Products from 2000 to 2010 of the United Statesatepent of Agriculture (USDA) are used
to define the quantity demanded of cotton (USDAL®).

Australian producer prices and world prices for fale crops are taken from the FAO
FAOSTAT producer price statistics. Transport chargee not included (FAOSTAT, 2010).
We define world prices as the mean of all prodymeces of all countries available at
FAOSTAT for the five observed crop markets.

Data about water quantity consumed by crop indessin the MDB is derived from the ABS,
for the period 2000-01 to 2004-05 as a proportibrAostralia’s water consumption, for
2005-06 to 2007-08 we use available data of the MBd the sake of simplicity we assume
that the quantity consumed is the available quantitywafter for observed industries.
Therefore, quantity supplied and quantity demandékde same in the first step. The price for
water is estimated on the basis of the ABS’s Watectount 2008/09 which releases the
expenditures on distributed water of agricultuoes$try and fishing for the periods 2004-05
and 2008-09 (ABS, 2006).

To integrate interdependencies of markets, produi@@vn-price and cross-price elasticities
were taken from Bell et al. (2007). Since the eaten are short run in character, they are
applicable for our statistic model which makes owgl run projections for the future. Cross-
price elasticities are set to zero for our firgrsario (see section 6).

In addition, we use the Australian demand elagtifor cotton and the Australian income
elasticity from the 1996 ICP data derived by theDBA% Economic Research Service
(USDA, 2010b).

We derived the share of costs for water from th8912000 Corrigendum Agriculture for
cotton, fruits and vegetables (ABS, 2002). The &slfor rice and grapes are approximated
since no data is available.

The price for water we use for our scenario is $IM& derived by total expenditures on
distributed water in relation to the total physiaak of distributed water (ABS, 2010d).



5Model Calibration

For data error correction we calibrate the WatIMedb The calibration is taken into account
in the model by applying the supply function’s damé a and the demand function’s

constantb (see section 3). In the first step, we determinantjties of supply and demand
with a= 1 andb= 1. In this way we achieve model internal deriggentities which must be

constrained to real demanded and supplied quamntiBg dividing the real value by the

internal value we determine the constant of theplufunction a and the constant of the
demand functiob in the second step. After this stefp,and b are kept constant for all

scenarios and policy analyses.

6 Scenario analysis

The main objective is to evaluate impacts of wat@nagement policies on agricultural
production and to examine different consequencgsobties on water high and water low
value crop production.

Cross-price demand elasticities are set to zeam#éyse impacts of increasing water prices on
supply functions. Consequently, demand quantitpisstant.

As a first step, we consider five crop product netskand a price rising policy which has
impact on the input factor market of water. As shawthe conceptual framework above, the
WatlM-Model has no input-markets integrated foistecenario. Therefore, water prices are
given exogenously by applying the shift factawhich modifies the level of costs and the
level of supplied quantities. We assume total ctstse a result of water costs and all other
costs which we keep constant. Hence, a changests depends on a change of water prices
and the cost share of water. The idea of the f&ufor is to integrate an exogenous change in
variablesf is negative as a result of increasing water priEes instance, if the share of costs
is 18% for water in cotton production (5 % vegetabl10% fruits, 13% rice, 7% grapes) and
the water price increases by 50%, the shift factot0.088 for cotton (-0.024 vegetables,
-0.048 fruits, -0.066 rice, -0.033 grapes). Withimerease of the price for water by 100Rs
-0.176 for cotton (-0.047 vegetables, -0.096 fruis132 rice, -0.067 grapes). In this way we
are able to examine a shift of supply curve astitated in figure 2. If the price of the input
factor water increases, the supply curve shiftmf® to S*. Since we keep the product price
constant in this scenario, the production quamgtys generated on the supply curve S* after

shifting. The demand curve is not affected by thi& and is kept constant.
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Figure 2: Supply shifting effects as result of princreasing policies

Source: Own illustration

The initial values of production are from periodORE01 which are also the basis for the
model calibration (see section 5). Additionally, keep the relation of costs for water to total
costs constant. In fact, increasing costs wouldaeoé the share of costs for water and
therefore reinforce the effects of decreasing qtiestproduced. As shown in figure 3,
guantities produced decrease with increasing [oice/ater.

Mostly impacted are rice and cotton since thespsmajorly depend on irrigation water and
shares of costs for water are highest in the olkseavea. Therefore, produced quantities of
the water low value crops rice and cotton decreasee significantly than the produced
guantities of water high value crops.

As figure 3 illustrates, a doubling of water pridees not reduce crop production as
significantly as we expected. We suppose, thisused by the relatively small price of water
which is initially $115/ ML (ABS, 2010d) and thdte model is not sensitive enough for these
small price changes, since the relation of costsvider to total costs is small.

In this scenario harvest losses caused by severgllis are not integrated. We assume that

all planted crops can be irrigated as required.
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Figure 3: Impacts of increase of water price omgit\aproduced

1,000 tons

1.800

1.600

1.400

1.200

1.000

800

600

400 \ \
0% 10% 20% 30% 40% 50% 60% 70% 80% 90%  100%

—Rice — —Cotton Grapes Vegetables — - Fruits ‘

Source: Own calculations

Since Australia is a major export country of adtioal products, the excess production
decreases, with the result that exports of agucalltproducts drop as figure 4 shows by the

aggregated export curve.

Figure 4: Impacts of price change on revenue ohéas and exports
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With a decreasing production and an increase dasdoswater, farmers’ revenues decline.
With this simple scenario we are able to show that more dependent the industry is on

irrigation, the more this industry is affected bbglieasing water prices.
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7 Discussion and further steps

With our scenario we showed that different effeateerge depending on the volume of water
consumed. We conclude that the higher the rat@\ofAP to water of the crop production is,
the less vulnerable it is. Under water price insmeg circumstances, water high value crop
industries such as grape-, vegetable- and fruitlystion are going to exist longer on the
market than water low value crops such as riceotton. Hence, water price policies will
have an influence on agricultural structure accamgzhby a reduction of over-allocation of
water. Improvements of sustainable water consummam be achieved.

Which impacts these effects will have on economiegd to be explored in further research.
Our research is at an early stage. The WatiIM-Modelds to be developed to integrate water
as an explicit input market with interdependenttethe crop markets.

Additionally, water needs to be integrated as gquui+iactor into the model to see impacts of
water management policies not only with the hel@ofexogenous variable but as a result
solved within the model.

The water market of the MDB is very complex. Theeds to be implemented into the model
by considering water rights and water trade.

The WatlM-Model helps to find out more about ademss and disadvantages of
management strategies. Special attention has gvke to limits of available quantities for
irrigators and ‘the right’ price for water. Espdlyathe latter is the key for sustainability
because environmental, social and ethical aspeets to be integrated into the actual process
of price-setting. For this reason, external, envinental and social costs as well as periodic

scarcity of water during droughts need to be iraksed within the market price for water.
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