
In this chapter, the econonxic modelused to deterTwine efficientresource allocation for the

case study, the Mooki basin, is presented. The optiinisation process involves finding the

resource distribution that maxiiiiises social econointc welfare from a catchinent

manager's perspective, given resource constraints and environmental objectives. The

solution provides profitinaxiinising production Tmx for various water availabilities, in the

incidence of government policy changes or increased competition for water.

ANALYTICALFRAMEWORK

Chapter 5.

5.1 SOCIALOP'runlSATIONVPRIVATEOFTl^,:ISATION

There are two ways to model basin water allocation. One way is to deterTmne optiiiial

water allocation from a catchment nunager's perspective, and the other is from an

individual inIgator's perspective. The optiinisation process from both viewpoints is

sirntlar, since each would have a coriumon objective to maximise net benefit from

production subject to resource constraints. The main difference is that a catchment

planner would have the aim of maximiise social wellbeing, an integral part of which

involves maximsino profit to farmers' This is done by distributing water according to its

value at the margin across different users' From a private perspective, the opportunity

cost of resource use is confined to the farm-level. The water scarcity rent and

externalities which have not been priced, initie fonn of sannity and return flows, are not

internalised in the private inigator's water allocation decisions. As a result, a model

sinnulatino individual profitiiiaxiinising objectives may generate results that deviate from

what is socially desirable, due to the discrepancy in the opportunity costs included in the

objective. There would be undeniable benefits from an approach that examnes behaviour

of individual producers, since results from such an analysis could be used to predict the

effect of policy. However there remains the need for a policy direction towards socially

optimal outcomes, which would not be the case when the problem is only examined from

the perspective of individual producers. It is therefore useful to model from a social
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perspective, in order to provide policy direction as to the least-cost means of achieving

environmental targets and resource constraints at a basin-level. An optimsation model

from aperspectiveofcatchmentm;Inageris conceptualised below.

5.2 MODELLINGCOMPONENTS

The inigation water management at the catchment level will be addressed through an

integrated biophysical and econonitc modelling. The first componentis the biophysical

model, Sonarid Water Assessment Tool(SWAT). This is a basin scale, physically-based

hydrologic modelthat uses Geographic infomiation Systems (GIS) data to pertonn

parameter estimation and geographical analysis. The agronointc and hydrological outputs

fomi the input for an econonitc optiinisation model, which Inariinises net catchinent

profit given resource constraints and environmental targets. This involves intra-seasonal

static optirriisation, through a linear programming (LP) model, and inter-seasonal

dyriainic opthiiisation of groundwater use. This two-stage decision making process

ensures that net social benefitis infiximsed across the planning horizon, and enables the

value of inter-temporal trade-offs of groundwater resources to be integrated into

production decisions. Surface water allocations cannot be carried over and they have to

be used within one season, due to the ephemeral nature of the Mooki. A planning horizon

of ten years is considered. This is because the cut-back in funire groundwater allocations,

according to the gi'oundwater Water Sharing Plan, is to be phased in over ten years, An

additional reason is that amortization period of ten years was assumed for capital

investtnents in alternative inigation technology.

The econointc impact of increased competition for water resources is also evaluated, by

simulating the effect of an external water user in the regional water market. An

GinpiticaUy derived demand for water for a large coalmining company is used for this

analysis.
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5.3 MODELSPECIF'ICATIONS

The driving force behind the econointc modelling is profit Inariinisation by agents that
use scarce resources. This is done from a catchinent manager's perspective, for which

profit marlinising fomis an important component in attaining maximum social welfare.
The objective is to find the profit rumimsing distribution of water for the Mooki Basin

subject to water availability and deep dramage (DD) constraints, given choices in crops

grown, source of inigation water, itrtgation area, inigation systems, and the opportunity
to trade water. A benevolent catchmentInuringer who could hypotheticalIy exert control

over these choices would therefore mate optimal decisions with respect to these choice

variables in such a way that muxiinises the net social benefits from agricultural activities,

but at the sg, me time takes into account resulting environmental impacts. The

environmental impacts are predominantly caused by extractive water use and by DD,

resulting in increased groundwater and soilsalinity, and potential for water logging. Had

the groundwater salt concentration of the Mooki been low, there would also be the

externality of reduced return flows from improved inigation efficiency. These effects
enter into the catchment manager's decision probleni, such that resources are distributed

in a way that results with the greatest social benefit in the long-run. The foUowing

sections provide greater details of themodening components.

5.3. Z riteOpitmis@tio"Model

The optimsation process involves two-stages. One is a dyiiainic prograrnniing model to

martinise expected net present value (NPV) across Tperiods in the lightofthe possibility

for inter-temporal tradeoffs in groundwater allocations, currently in place in the case

study catchment. The second stage is a linear programming (I, P) model designed to

optiinise resource use across hydrological response units (HRUs) (N land parcels,
denoted by subscript i) within a single period, t. These resource use decisions are based

on the expected future surface water allocations. The objective function for the dynamic

optiniisation modelis given by the recursive equation:

14 IG* I ^ "!^,, IEl, ,, (G, ,)I+ ^El\j, , (I^;;,, -G, ,)I' (j ^ r, ..., I)
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Where:

14(.) is the optiinal value function from period tto the end of the planning period, T;

13 is the discount factor and equals 11(I+ r) ;

G, , is the volumeofgroundwaterpumpedby the i ERU in period t,

Go^, is the groundwater allocation available for extraction by the ith ERU in period

The terni ,z, (G, ,) is the basin profit in period t, as a function of the control variable, G, ,

(groundwater use decisions of ERUs in period t). The value of 72. ,(G, ,) is found through

the LP model, which is used to pertonn static optitntsation of resource use within one

season. This is done via decision variables for individual IRDS: surface water use for

cropj (Sty ), gi'oundwater use for cropj (G, ), crop choice (J, ,), irrigation system choice

(z, ,), and water amocations purchased (wd, ,) or sold (ws, ,)

This is represented by:

n, (G, ,) = ^I^:, z, (S, ,, G, rlZ, ,, I, ,)-AJ, - P, Wd, , + P, WS, ,I
where ?z, (sty ,G, ,,, Z, ,, I, ,) = (P, y, ,, - Co, )' J, , '

Refer 10 Iriset 5.1 for a full desctiption of the variables in Eqs. (2) and (3)

inioation water can either be diverted from surface water bodies or pumped from

groundwater. Application costs are higher when using the groundwater source for each

ittigation technology, because of pumping equipment and fuel (Sritith and Richards

2,003). Jl.qweyer groundwater is a more reliable source than the surface water, and is

thereoe the marginal source used whenever there is shortage of surface water.

' I""""'"'~I' am" 'un"""~'"' ' """ 'hymn'I'" '

(2)
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I, ,set 5.1

^,,(.) is profit per hectare in the i ERU in period t, expressed as the sum of profit per

hectare of loops produced in the i ERU in period t;

A1, , is the area planted under cropjin hectares of the i ERU in period t;

R, is the Inarket price of water;

wd tsuie amountofwater boughtby the i ERU in period tthrough the watermarket;

ws, ,is the amountofwatersold by the ith ERU in period tthrough the watermarket;
s, .. is the per hectare surface water applied to cropjin the i HRU in period t;

G, ,tsuie perhec^re ground water applied to cropjin the t ERU in period t;

I, is the crop choice in the i ERU in period t, given by:

I, , = I

z denotes to the inIgation system used for inigation;

r is the discount rate;

P, is the price received for cropj;

FCi, , is the annualised fixed cost per hectare including initial invesinients and
continued maintenance costs of using inigation technology z in the i ERU;

1sthe effective water consumption perhectare by cropjin i ERU in period t;It

WA, *(z) is the water applied per hectare to crop j in the i IRU in period I, and is a
function of the inigation system used;

a, ,is the application cost of irrigation, depending on the choice of inigation system z ;

It is the per unit cost of using surface water, including the pumping cost from the river

and usage charge;

P is the per unit cost of using groundwater, including the pumping costs from the

aquifer and usage charge;

othercad, is the fixed costper hectare of producing cropj, excluding inigation costs.

!f crop = i
othenvise
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A distinction is made between effective water consumed by crop j (111) and applied

water (wA, *) because the volume wA, *is likely to be greater due to losses in conveyance

and application, depending on the inigation system used (Foley and Raine 2001), The

variable wA, ,is contingent on the inigation requirement per hectare for the crop in the i

ERU, fujited by the volume of surface and ground water avatlable to it. This is

augmented by water bought, wd*, and diminished by water sold, ws, ,. The total volume

of water used for inigating crops I in the i'' IRU in period tis subject to the following
constraint:

The volume of surface water allocation available for extraction, s, ,, is aproportion of the

total river flow at time t, as"my, . The volume of surface water that con be extracted is

therefore subject to the followino constraint:

s, , = as"mr. (5)

The tenn srimy, refers to the maximum total extraction limitt, which is in turn detemtined

by the total available river flow in period I. This is discussed in section 5.3.2. The

conditions on G, , will be discussed further with reference to the dyiiainic programming.

O ^ Z WA, ,(^)- A1, , +W, ,, -Wd, , ^ S, + G, ,
J

1.1

5.3.2 Bini, iro, ,mental Cons, ,.@tints

The environmental constraints are imposed on an annual basis, in the fonn of DD (which

has implications for the occurrence of sannity) and environmental flow targets. These are

defined in the LP modelas:

Where ^:(WA, ,,-111, *) is the water lost to DD in application, given by the difference

between applied and effectiveIy consumed water for all crops in the N HRUs. The total

DD in water application must be less than or equal to a settarget for the basin in period t,

DD, ,. This constraint is to analyse the effect of meeting end-of-valley targets, aimed at

reducino satinity contribution from the basin to the Mumay-Darling River system.

J

j=I

(4)

N J

Z >:(WA, , -W, ,,) ^ DD,
". I J=I

Singx s FL, - CTR
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Constraint (7) specifies that sham, must not exceed the basin river flow in period t, FD, ,

less the Commence-To-Pump limitt, CTR (the levelthat in-river flow must reach before

extractions can begin). This constraint on surface water use simulates the surface Water

Sharing Plan for the case study, which linttsthe extractive water taken from the liver and
ensures that environmental flows are provided. The terni CT}: is synonymous to

environmental now rules, and these rules were implemented in SWAT. The effect of

further environmental flow rules is exemplified through the constraliit on water

extractions in Eq. (7), which is parameterised to evaluate the effect of different

environmental flow levels on basin profit. This essentially represents a reallocation of
extractive water use towards environmental purposes. Annual surface water adocations

are therefore successively reduced from the full allocation to simulate the econonitc

impact of increased environmental now requirements. Sirntlarly, the econonitc impacts of
DD targets are parameterised by varying the value of DD, in constraint(6). The value of

DD is also reduced successively from the unconstrained occurrence associated with full

water allocations. The relationship between these environmental constraints and its

associated econointc impact can thus be derived, and used to tonn cost functions for

achieving environmental targets. The following sections present the optimality conditions
given these environmental, and resource constraints.

5.3.3 SinticOp, tints"tio"Fr@", ework

The static optiniisation problem, for efficient resource use in the i ERU, con be
represented by the following Lagrarigian adapted from the modelpresented in profit Eq.
(3), and constraint Eqs. (4) and (6):

L(S, G, ,DD*) =IP, I, ,(TV;,,)-(^FCl, , +WA, -%, +BS** +P, G, * +OtherCosts, )IJ, , -R, .Wd, * +};Ws, ,
-^"-I^^^^^,--~,-I
~'"I^...,, .,.,, am, , _,,,,,, _,,, _,*I
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where ,I, , is the Lagi'angian multiplier on deep drainage constraint, which can be

interpreted as a shadow value of deep drainage coD), and ,I, , is the Lagrangian multiplier

on the water availability constraint, which can be interpreted as the shadow value of

water for the ith ERU. Drainage is regarded as 'pollution' that is conjoint with the use of

water to produce inigated crops. To simplify the discussion of theoretical solutions to the

LP problem, some notational substitutions are mude. The tenn ^^:(WA, ,*-I'l, ,) is

substituted byg(DD, ,), to denote the total drainage in the basin as a function of the

drainage in each ERU. Sinitlarly, the tenn ^:WA, ,-A1, ,+Ws, ,-Wd, , is substituted by

h(sly, G, ft), to denote basin water use as a function of surface and groundwater use in each

In^U. Assunting an internal solution exists, the first-order condition orOC) for optiinality

with respect to surface and groundwater used by the ith ERU, and the associated 'optmml'
pollution in the forrn of drainage, DD, ., are represented by:

aL am, (W, ,)awA, ag(DD, ,)
^ ^ ^

aDD. . ' aDD, . aDD. . '" it 00 aDDdy,

^.., 1, ,._!!_!t--~,;,--air, -}:IJ* -/!,,. I^!,;-!Lj=o

J

j=I

aL ;^f;,(114, )aWA, ah(sir, Gty, )_

N J

aG. . ' aG, ., aG. . us ' " ' aG, ,WWW or

aL
-. g(DD, *)-DD, ^o

aL
- . h(S, *, G, *)-S, , -G* ^ o

i=I j=I

Eq. (9) suggests that the optirnallevel of DD, * should be such that its marginal value in

production (alternatively the marginal benefit of pollution as defined in Hanwick and

016wiler, 1986),

o

^i;,("I*) ,, ,, , ,, ,, ,pi-^, equates with the application cost associated with reducing
91
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(10)

(11)

(12)
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deep drainage (marginal cost of abatement),

Glintting DD elsewhere in the CatchmGnt, ,IDD aDD, ,

associated with the water use in the basin such that, without water trade, reductions in

DD are confined to reductions in associated water use within the 111^. U. mule presence of

water trade, DD becomes mobile and can be transferred to various parts of the basin. This

then resembles a DD market, where DD is transferred through water trade, and the

'efficient' DD, . occurrence on a basin scale is then achieved as drainage is shifted to its

highest value use.

Eq. (10) suggests the optimal level of surface water use s, , should occur at a point where

aji, , (Inn

awAi'
^.@

aDD. . "'

88 (DD, ,)

its Inargirial value in production, F1,
asti,

At .,,, plus the opportunity cost of s, .
91

opportunity cost of s,

plus the marginal value of

factor cost) of sty, ,

The occurrence of DD is

' at

absence of water trade, the opportunity cost of s, , is zero and the opportunity cost of

water use is confined to the marginal value product(MVP ) of inigated production within

the ERU. Where a watermarket exists, water 1straded to its highest value use within the

catchmentsuch that the MVP of s, is equated acrossthe ERUs. This leads to an efficient

outcome that maximses basin profitttom surface water use.

am, it

, equates with the application cost(marginal

Eq. (11) suggests the optimal level of G, , is where its marginal value in production,

ill;,,(111^ dwarmarinalfatorcostG, ,,
I aG.

-Z-. aor, , and the opportunity cost of G*, in production elsewhere in the HRU,aG. .or" I

in the water nunket, and the
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ah(s, ,G, )
my aG,

is minted to the MVP of inigated crops within the ERU. Equations (12) and (13) denote

the requirement that resource constraints are exactly met.

5.3.4 DynemtcProgrm"mingFr@mework

The dyriainic constraint on using groundwater can be represented as follows. The volume

of groundwater pumped by ERU i in period t, G, ,, must be less than its gi'oundwater

allocations available in that period, G@". Excess allocations that are unused can be rolled

over to the nextseason, to ama, cimum of three consecutive years' maddition, in any one

season amanimum amountoftwo-season's worth of allocations can beexti'acted CDLWC

2003). This only applies for groundwater resources, because surface water con not be

banked in an unregulated system.

Given the inter-temporal nature of groundwater extraction, the opthiiisation of

groundwater use across ten years droughthe control variable, G, (ERU groundwater use

in period t), is represented by the recursive Eq. (1) which is reproduced here for the

convenience of the reader:

Assuining aplanning period of 10 years, the final value of stock remaining at the 10

(final) period:

14 IG, ,I ' ,I;^,, F1, ,, (G, ,)F13EIV;,, (Z^;;,, -G, ,)I (i ^ 9, ..., I)

Andboundary conditions:

11, IG, .,, I ^ F IG, .,, I

Gal 'G, ,,

"10 ' dF IdG@,. 10

(1)
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Where the first boundary condition, Eq. (15), is the initial stock level which equals the

available groundwater allocation in period one (Gun). The second condition, Eq. (16), is

the inter-temporal value of the stock at the final period.

The available water allocation in each period I(G@i, ) is the sum of seasonal allocations

(6, ,) over three-consecutive periods:

With a condition on the control variable, G, , that the jinximum volume used in one

period is confined by two-consecutive period's water allocation:

G* ^ :::t^,

And the necessary conditions formter-temporal optimality:

Gol, = ^:G,

This firsttenn suggests that the immediate gains QOSses) must equal to the present value

(PV) of future losses (gains) in detemtiningG, ,*. That is, the optirnal choice of G, , should

take into account the user cost: groundwater extractions should be increased untiltbe

marginal gains offset the PV of future losses, and vice versa, untilthe inter-temporal

optimality condition holds. The second condition suggests that the optimal increase in the

value of groundwater stock in period t, equals the additional period gain plus the

discounted value ofgi'oundwater stock at period t+I.

I+2

- -^^-+-!-'^.. I am ^- ^ ^--.+^^-+-!~I

I+I

I

5.3.5 Coinc, ;pt"@listing Water Trade

In any given period, an ittigatorcan choose to buy or sensorface water through the water

market. This decision can be conceptualised in the following way. An inigator offers to

sell some water on the rumket if the market price of water is greater than its MVP in

inigated agricultural production, and conversely the inigator becomes a water dem;Inder

aruie margin if the Trunket value of water is lower than the MVP in production (Figure

5.1). This buying and selling behaviour depends on each inigators' derived dellnnd for

(17)

(18)

(19)
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water, g, , at an exogenous price, R, ., and surface water allocation, g, , ceteris partb"s.

The mechanism for water trade for an individual inigator is illustrated in Figure 5.1, with

the gainsftom trade for the buyer denoted by areaADE, and forthe seller the gains from

trade are shown by areaABC.

P

Pw, =MVPQ2

Pw2=MVPQ3

MVPQi

IfPwj>MVPQj, then willseU (Qj-Q2);
ifPW2<MVPQj, then will buy (Q3. Qi)

-----------

Despite the perceived benefits of water trade, many producers in the Mooki do not

participate in the recently established water market because the purchase of water

allocations is considered too expensive. instead, some inigators have commented that it

is more cost-effective to invest in watersaving technologies (Morgan 2005, pers. corium. ).

There are also perceived risks associated with offioading entitlements now and buying

them back at higher prices in future. For the buyer, the entitlement only ensures a share of

available flows of varying reliability, which reduces the expected value of the investtnent.

For these reasons, water trading is regarded as unfavourable by many ittigators.

However, if the benefits of temporarily trading water as a commodity could be credibly

demonstrated, it may encourage trade, especially if it can be shown to augment the

returns -on ',,;, orients in water efficienttechnology.

Qin, "Q2 Qi Q3

Figure 5.1: inigator's water demand and supply behaviour.

C
'b

a

d
Derived demand for

water, Qd(MVP)

In this thesis, water prices are parameterised exogenously, such that market prices are

unaffected by the purchasing and selling activity of inigators in the catchment. The

modeltakes the fonn of an interregional competition model as per Heady 61 a1. (1973),

Q allocated
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whereby each inigator has its own resources but can also compete for a shared resource,

subject to transportation costs. in tenns of water, the transportation cost could be
represented as the water loss associated with 'transporting water upstream or
downstream. However, it is assumed that intra-regional water trade in a smallcatchment

would be relatively efficient and the transport coefficient would be close to 100%. This

interregional competition modelis stintar to spatial equilibrium models oralcayama and
Judge 1971), except that the price here is exogenously set, rather than endogenously
deternitned ill the model. While an interregional trade model does not result in an

equilibrium (endogenous) price of water in trade, the equilibrium water price can be
represented by the shadow value of water when the price of water is set to zero, R, . =0,

since, at zero cost, the lingator will continue to demand water untit its value of the

marginal product falls to zero. Where water supply is binding, its shadow value for the
considered ERUs would representthe rumket-clearing price.

5.3.6 Internal@"dBxter"@Iwater Trading

An external trader is introduced to the model by including an additional tenn in the

objective function, Eq. (2), to represent the value of water to an external agent:

A linear factor demand for water is assumed for the external buyer, in the tonn of

f(P, ) =a-bR, ., and the objective is to maximse the gain from water trade (internally) to

other inigators, or trade to the external agenc In the presence of an external buyer,

equilibrium trade occurs where marginal value product (MVP) is equated across the
ittigators and the external buyer of water:

"-^^--^ ^ ^I^,,-^,^. ^,--- - ,",^," + ,",,',-- 11^^,,,,"

Where w is the water den^ridedby the external agent.

My};(WIP=We, (Wky)=...=MVl^,(W, )

(20)
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5.3.7 W@terAZloc@, tom@"dCrop Choice

The optimal allocation of water from a social perspective is such that the MVP of the last

unit of water used for each crop is equated with all private and social costs associated

with the crop produced. It is assumed that the prt^y inigation water demand would be

sourced from the river until the cost of using surface water, F1, , outsveighs the cost of

groundwater, P, , or if surface water is litntting (Zilberman and Lipper 2002). The

producer has the option of growing dryland crops in response to water shortages if it

becomes the most profitable option. When the farmer decides to switch to dryland

production, the operating cost associated with ititgation is Giniitnated from the objective

function for that period. The fixed costs of the inigation technology, however, would be

sustained regardless of whether dryland or ittigated crop is produced because the

investtnent has already been nude. An additional condition has been defined to represent

the dryland production option, whereby ifj=in and in is a dryland crop, production costs

become the fixed costs of the inigation system plus other dryland production costs, i. e.

the cost function in Eq. (3) becomes con = ::: FCi, , +Idryiand costsi-

5.4 SUMlv^RYOFCllAPTER5

The combined linear programming and dynainic programintng econointc model used in

this thesis builds on theories of optimality, and is applied to the case study Mooki

catchment in the Namoi Valley. The underlying assumptions of the model are justified

based on the characteristics specific to the Mooki. The next chapter will provide a

description of specific feattires of the Mooki basin that fonn considerations for the

modelling framework.

Z
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A description of the case study considered in this thesis, the Mooki basin in the Namoi
Valley, is presented in this chapter. Firstly, a geographical description of the Mookibasin
is provided. This is followed by the various characteristics that are specific to this
catchment and are addressed in this thesis.

CASESTUDY-THEMOOKIBASIN

Chapter 6.

GEOGRAPHYOFTl^CASESTUDYAREA-TERMOOKllBASD^6.1

The Mooki River basin is a tributary of the Namoi River Valley located in northern

NSW, and fomis part of the Mumay-Darling Basin. The Moold basin ties between the

townships of Gunnedah and Quitiridi, and includes the upstream reaches of Phimips,
Warraliand QuitindiCreek watersources (Figure 6.1). These inigation areasfonnpartof
the Upper Namoi and produce 21% of the inigated production in Namoi, valued at
Aun$526 Twinion (11% of the value of NSW inigated industry). This is despite toml

inigated agi. iculture covering just 1.5% of the catchinent 0.1SW hagators' Council 2001;
A1uwihare or a1. 2001; Trewin 2006).

Figure 6.1: Location orthe Mookibasin (shaded) inithe Namoicatchment(Source: DIPNR 2004b).
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inIgators in the Mooki Basin hold unregulated licences, mealimig there is no upstream

head darn to 'regulate' flows downstreg, in. As a result, producers in unregulated systems

held area-based licences, and were confined by the area they con inigate rather than the

volume extracted. Due to the extreme variability offlows in the Mooki, inigators junke

the most of passing flows by pumping as much water as possible whenever the

opportunity arises. The median flow is 101vU. /day, but for 25% of the yearno flows occur

in the Mooki, and for almost 20% of the year flows are above 100ML/day (Figure 6.2).

Flows above 1,000MUday are rare, occurring just 4% of the time although this is highly

variable from year to year. Flows above 3,000ML/day occur less than 2% of the time

001PNR 2004b). Given this distribution of flow, large on-farm storages are therefore

coriumon in the MookiRiver basin and extraction occurs wherever there is enough water

in the river. Without strict rules constraining individual jingators' extraction level, there

is a tendency for inefficient(too high)levels of water being extracted.

3.5

^

" 2.5
,
.~
.
=
o
o
o

3

Cumulailve Frequency of River Flow In the Mookl

^

2

= 15
o
^
~

o I

r

0.5

As with many other catchments in the ^^IlDB, Namoi has recently had a number of

environmental policies put in place. All catchments in NSW are now required to have

Water Sharing Plans orSP) for both surface water and gi'oundwater, to limit extractions

and to ensure fair distribution. With the introduction of the WSP, these area-based

licences are converted into volume-based licences, essentially based on an estin^to of

jingation requirements from its history of use. Surface WSP stipulates a rimnimum

environmental flow requirement as well as a set of extraction rules for inigators sharing

o

Figure 6.2: River now fullhe Mooki(sources adapted from DIPNR2004b).

o 20 6040

%tlme flow exceeded
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the same hydrological system. Groundwater has been a significant water source for the
since the 1980s, during which groundwater entitlements have been offered asregion

supplementary water to river extractions. However, due to the over-allocation, there are
now plans to severely cut back the number of groundwater entitlements, up to 90% in
certam zones. The groundwater WSP is to be phased in overthe nextten years (CARE

2003).

The set of WSP rules governing the pumping of river flow varies depending on the

irrigation area and on the level of flow. Essentially, pumping cannot commence until
flows exceed a Conrrnence-To-Pump (CTP) level, which amounts to imposition of an
environmental flow rule. For the Mooki Water Source, the CTP is 1001vU. ,/day before

extractions mmy begin; for PhiUips Creek Water Source and Quitindi Creek Water

Source, the CTP is 2MUday; forthe Warah Creek Water Source the CTP is 4MUday

001PNR 2004b). However, flows above this level could be fully extracted. While the
Innits on individual extractions should mean equalshare of flows, the upperuiost inigator

inevitably has priority to available flow (up to his/116r daily extraction Innit) and less
becomes available to downstream inigators (POWeU 2006, POTS. coinm. ). These are

considerations that enter into biophysicalsimulations of surface water access by different

areas within the Mooki.

The total area of the Mooki Basin as reported in DinNR (2004b) is 3,7411^n

(374,100ha), which is somewhat smaller than the GIS referenced area mule biophysical

model of 4,525kin'. This discrepancy is due to the uricer^inty with regards to the actual

size of the catchment, since innood years surround water course flow into the Mookiand

affectthe delineation of the catchment boundary (Vervoori2006, pers. corium. ). However,

the difference in catchment boundary does not affectthe landuse distribution, which was

based on 2002 data from DIPNRas shown in Table 6-1. It was assumed that animgated

areas are producing cotton, whichmakes up 397 kin .
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Table 6.18 Landuses in MookiBasin (sources Vervoort2006, pers. corium

Landuse

Pasture

Row-crops

Irrigated crops

Forest-nitxed

6.2

Urban

The first inigated cotton operation in Australia began in the Namoi Valley during the

1960s (Thornson 1979), which has become the second largest cotton growing region in

Australia (CCCCRC 2007). Along with the production of cottonseed oil, a significant oil

seed crop in Australia, the cotton industry is regarded as the highest value crop in NSW

(Arithony 1998). However, it is also one of the highest water consiiming agricultural

industries. More than 84%of Australian cotton is gr. own under inigation, which accounts

for about 1,819GL of agricultural water use in 2004-05 (Cotton Australia 2007; Trewin

2006). This represents 18% of inigation water use in Australia, making it the second

largest consumer of water following pasture for glazing (28.7%). On a per hectare basis,

cotton also rates as the second highest consumer of water (Trewin 2006). The average

gross value of cotton per megalitt'e is lower than sugar but higher than rice, which are

also water intensive industries (Table 6-2). While the cotton industry in Australia has a

good reputation for being the highest yielding and most water efficient in the world

(Tennalcoon and Miroy 2003), there remains the case for improving the industry's water

use efficiency.

COTTONPRODUCTIONmTllENAMOIVALLEY

Water

Area ofBasin 01a)

273,939

105,759

39,700

22,631

6,690

3,426
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Table 6-28 Water use and value of irrigation industries in Australia (source: Trewin 2006).

Averageapplication AveragegrossvalueAverage volume

($1^^IL)rate (MDha)applied ('000ML)
16312.1618.9

5196.71,819.3

8365.51,171.9

5177.3

3.42,896.5

Crop

Rice

Cotton

Sugarcane

Fruittrees

asture for grazing

Of the six largest cotton producing regions in Australia, the highest crop water use

efficiency was found to be 3.2kg/hallnm in the Darling Downs, and the lowest was

2.0kgAia/mm in the Namoi 0'6nnakoon and Minoy 2003).'Ibis translates to 9.8 balesA1a
for Darling Downs and 6.2 balesina for Namoi, assuining crop water requirements of

7MUlIa, This derived yield for Nanoiis very low compared to figures reported in Boyce

(2005), which reported yields of 9.1-10.3 bales/ha for upper and lower Namoi. Anecdotal

evidence also suggests that inigators in Namoi get around 8-10 balesA1a, applying 7-

8MUha of irrigation water(Nome 2006, pers. coinm. ). Based on these figures, it appears

that cotton yield in the Namoi can range between 6-10bales/ha, with a water consumption
of around 7^^U. ,A1a (Tennalcoon and Miroy 2003).

6.3 DEEPDRAINAGEmTllENAMOIVALLEY

As discussed in the earlier chapters, satinity is closely tinted to groundwater hydrology.

The cultivation of shallow-rooted crops and clearance of native vegetation has increased

the level of deep drainage, leading to saline shallow watertables. Rising watertable levels
can contribute to soil satinisation and saline deep aquifers onawhinney 2005). Deep

drainage refers to water that moves below the maximum effective plant zone, having not
been absorbed by vege^ton, gradually tilting (recharging) shallow aquifers and biniging

salts to the surface. Saline water can also seep from the ground and peril^nently intersect

with the baseoftheriverasretum flow myL2007; DEW1^ 2007).

Some drainage is required to carry salts out of the soil, and the rate of deep drainage

should be kept to the natoral contribution from TaintaU. However, where this naturelrate
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is exceeded, excessive levels of drainage occur and contribute to rising watertable and

increased satinity levels. The dynarntcs of satinity, however, In^es it difficult to

establish exactly how deep drainage contributes to satinity, and how long it takes to reach

a new equilibrium; soils with high drainage rates can take as short as one year to achieve

equilibrium, but low draining soils cantake many decades (lorry et at. 2001). This ume

lag creates difficulties in establishing the damage drainage causes, given that by the time

an increase in satinity is detected the system has already shifted to anew equilibrium, and

the benefits of reducing drainage now will not be realised for several decades after

(Silbum andMontgomery 2005).

The amount of deep drainage which occurs in the Namoi, and other catchments, is

uncertain. It is generally assumed that deep drainage can be close to zero for heavy clay

soils in the northern inland areas. Namoi soils (sodic grey veinsols) have low, but not

insignificant, drainage due to lower penneability (Sitbum and Montgomery 2005). The

average drainage per irrigation is 0,015MUha (1.7%) for Namoi, which is very low

relative to the adjacent Gwydir vainey (14%). The review in Silbum and Montgomery

(2005) shows annual deep drainage for the Namoiruiging from 0.03-9 MLAia per year,

although averaging around 1-2ML/haper year.

The interception of groundwater aquifers with the river is not thought to occur in the

Mooki, since the shallow and deep aquifers sit far below the stream balk and rarely rise

enough to 'return flow' to the river (I. ,avitt 1999; Vervoort 2007, pers. corium. ). Deep

drainage does not become groundwater supply in the Mooki, due to the segregated

shallow and deep groundwater layers. The shallow aquifer sits on an uriconfined layer

above the deep aquiter which is where groundwater pumping occurs (Table 6-3). Deep

drainage, however, recharges the shallow aquifer which has a very high sannity and is

unsuitable for inIgation. Where there is significant drawdown on the deep aquifer due to

pumping, some shallow aquifer water could leak into the deep aquifer, potentially

increasing the satinity level (Vervoort 2007, pers. coinm. ). For the Namoi region, the

time lag between deep drainage and recharge to the shamow aquifer was found to be

relatively short (Karen Ivkovic 2005, pers. coinm. ). This suggests that any changes in
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deep drainage will be realised quickly. While the exact nature of the interaction between

deep drainage and the groundwater aquifers are up to conjecture, the focus should be to
reduce deep drainage thereby saliriity risk. For greater detail on groundwater hydraulics,

see Appendix A.

Land surface
Pump

Recharge ^-

Figure 6.33 Shallow and deep aquiterinteraction in the Mooki(source: Veryoort 2007, pers. coinm. )

Deep drainage
recharge

Shallow aquifer

6.4 SALmlTYmTllENAMOIVALLEY

Depending on the sumdard that is considered, salinity in Namoi con either be below
target or significantly over. According to the Australian and New Zealand Environment
and Conservation Council(ANZECC) recommendations, 330pS/cm is the litntt for

healthy ecosystem protection'. However, the Namoi Catchment Blueprint anows a higher
target of 5501iS/cm as a more realistic target due to the history of human activity in the
catchment (DLWC 2002), which is in fine with keeping the end-of-valley salinity target

at Morgan'(in South Australia) below 8001iS/on. Sannity readings can also be expressed
as decisiemens permeti'e (dS/in) or as a saltload according to the foUowing equation:

IdS/in = 1,000EC(or/, SICm) =qpprox. 640mg!kg

' PSIcm is the electrical conductivity (EC) reading for satinity concentration in water.
' Morganis wherethe sabiitty measurement is taken, upstream of the mouth of the riverMurrayin South
Australia

Deep aquifer

Water table

V

River

Uriconfined

layer ^. Discharge
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That is, one megalitre with an electrical conductivity (EC) of 1,000!ISIcm contains about

640kg of salts'. The soil saliriity that results depend on the class of soil; the slower
draining, the higher soil salinity is because the salt content of water seems to be retained

in the soil. Poorly drained clay soil can become three times as saline as the water applied,

so the water satinity Innit (the maximum EC of inigation water to avoid losses in crop

yield) should be about one-third of the soilsalinity. For example, for very slow draining

soils, the water satinity mint is 3301iS/cm given a crop EC tolerance of 1,000, ISIcm.

(NSWDP12006b).

A comparison of median EC at three locations downstream of major cotton-growing

areas, at Namoi River (Bugilbone), Mehi River (at BTOnte), and Banvon River

O\lungindi) is presented in Figure 6.4. This figure shows highest median EC readings at

Namoi Valley in most years onawhiriney 2005).

600 median elettilcalcondutilvi '

Figure 6.4: MeanEC formajor cotton growing vaineys(Sources Mawliimiey2005 p. 269).

While Namoiis relatively saline, currently there is lime impact on agriculture within the

catchment. The cost of salinity to agricultu^I producers in the Namoi, Gwydir and

Border Rivers region totals $61vim per year, maiotity of which is associated with

91192 92193

Bugilboiie
BIOnte

Nungindi

93194

' The saltload can varybetween 600-800 ing!kg depending on the chenitcalcomposition of water.

94,95 95196 96. '97 97.98 98199 99100 00/01
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infrastructure and maintenance costs. Less than $2MiU of this is attributed to losses in

agricultural income orrison and Ivey 2001). One reason for a satinity targetin the Namoi
is to amenorate the downstream impact of salinity discharged from Namoi on the

Bamon-Darling system, which flows into the Mumay-Darling. However, given the
relatively high salt tolerance of cotton, which has a salt tolerance level of 1,700!ISIcm,
there is little incentive for cotton ittigators in Namoi to internalise their satinity

contributions into their production decisions. However, river satinity as high as

1,000!ISIcm has been recorded in Gunnadah on occasion, which could cause crop losses
of up to 10% ifimigation is conducted during the seeding stages 0.1SW DPI2006b).

The median reading forthe Mookiover 2003-06 was 5341iS/cm, which suggeststhatfor
every megalitre onL) of deep drainage, 342kg of saltis carried into the river (assurning a
one-to-one ration between drainage and saltload). This reading places Mooki within the

target sannity level specified in the Namoi Catchment Blueprint of 5501iS/cm, with the
highest median EC reading recorded in MookiRiver(Breeza) and Cons Creek (Boggabri)
over 2000-2001.
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Figure 6.53 Median electrical conductivity in the NamoiCatchn, erut(source: DLWC 2002)

In ternis of salt load, the end-of-valley target for the whole of Namoi at Goangia is

127,600t/yr. This Blueprint salt load target suggests that the inariinum level of deep

drainage for the wholeofNamoishouldbe:

.2000-2001 median

D 10 year median
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For the Mookiitself, the saltload measurement is 3,000t/yr which translates to 5,618ML

of deep drainage assiiming an EC of 5341. SICm. This was an exceptionally low reading,

aimbuted to the low flows experienced during the 2003/04 season coLWC 2002). During

nom^Inow years, the saltload contribution from the Mookiis expected to be higher.

127,600,000kg

6.5

5341, SICm

inigators in the Namoi have developed a reliance on groundwater as a result of early

water policies. Conjunctive licences to withdraw groundwater were initially handed out

to inIgators to alleviate water shortages from severe drought in 1983-84, which

subsequently remained as a staple watersource (Hatsm^n 2005). Due to policies set at the

time, which effectiveIy innplied 'nitning' of the groundwater resources, the number of

extractive groundwater licences became over-allocated. This led to severe declines in

groundwater levels that were noticeable within three years of distribution (Hamparsum

2004). itrigators had become aware of the depletion and agreed to voluntary cuts to

entitlements of up to 35% in 1995. It was not untilthe end of the 1990s that the NSW

government had moved towards sustainable management of groundwater resources,

eventually resulting in the groundwater Water Sharing Plan (WSP) in 2002 following

from the witing of the Water Management Act 2000 (CARE 2003). The groundwater

WSP was gazetted in December 2002, although it did not commence untilthe 2004-05

ittigation season (CARE 2003). The intention of the groundwater WSP was to mintthe

aquifer access licences (AAL) to its 'sustainable' recharge level delennined for each

Zone, such that its use can be mumtained indefinitely without depleting the resource. The

estimated sustainable extraction rate will be reviewed and adjusted ifnecessary.

GROUNDWATERENTn'LEIky, :ENTREDUCTION

238,95UllL/yr

However, it stands to reason that all recharge estimates are subject to significant

uncertainty. It has also been suggested that there is no such thing as a 'sustainable' yield

that can be indefinitely maintained. This is due to long-terni effects on deep aquifer

discharge and recharges (see Figure 6.3), which changes from its equilibrium state when
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groundwateris pumped (Alley and Leake 2004). Groundwater pumping may increase the
upstream recharge rate while reducing the downstream discharge rate, which affects the
groundwater supply to jingators at both ends of the aquifer system. A more appropriate
tenn would be groundwater 'capture', which implies there are third-party impacts

upstream or doamstream of the pumping site (Bredehoeft 2006). kithis sense, there is a
trade-offbetween upstream and downstream use of groundwater that should be factored
into econontic decisions. Nevertheless, the concept of sustainable recharge has been used

by the Dep^lient of Natural Resources for its WSP detemiinations based on simulations
of rainwater infiltration, without consideration for changes in groundwater equilibrium

from pumping the 'sustainable' recharge (Volvoort 2007, pers. corium. ).

Each gi'oundwater source area is divided into zones; the Upper Namoi coN) covers

3,800km' upstreamofNanabri, containing 12 zones. The Lower Namoi(LN)ismanaged
as one zone, covering 7,630km' downstream of Nanabrito Walgett (Figure 6.6).
Groundwaterserves as the main source of inigation water in UN although surface water

is preferred due to lower pumping costs(CARE 2003; Morgan 2005, pers. connn. ).
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A Innjority of inIgators in the Namoi are expected to have their groundwater entitlements

(AAL) cutby between 41-87% in the UN, including Mookiarid its upstreamreaches, and

51% in the LN region. While these cuts are significant, the intention of the groundwater

WSP was to mint the aquifer access licences (AAL) to its sustainable groundwater

recharge level determined for each Zone. The reduction to entitlements is zone-specific,

with greater reductions in some zones than others (Figure 6.7 and Table 6-3). The

entitlement reductions to be made are inclusive of the voluntary cuts of 10-35% in the

nitd 1990s(CARE 2003).

WeeWaa

Narrabri

NAMOIRIV

5
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Boggabri

Coonabarabran

,

.

Quirindi
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Figure 6.7: The Upper Namoizones(source: CARE 2003).
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The amended accesslicences under the groundwaterWSP are based on areduction of the

yearly entitlements on existing licences. Essentially, the amended AAL is aportion of the

total avatlable recharge after high prtotity allocations (TWS) have first been met. At the

start of each water year (in July), available water deterTrimations are announced for each

water source for AAL, and supplementary licences and accredited to the licence holder's

water account.
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Table 6-38 Reduction in entitlementsinthe MookiBasi" (sources Aquil"ina 2003 p. 13).

Reduerion (%)

87

69

Zone

3

6

7

8

10

However, there Ternams no record of groundwater allocations on the public register of

water licences ON1^ 2007), even though the groundwaier WSP has been gazetted since

2002. In this thesis, it is assumed that the available sustainable recharge remains

unchanged and is fully allocated daring the planning period. Therefore, while the terni
'AAL' refers to groundwater entitlements, mittiis thesis its meaning is syiionyinous with

the share of groundwater recharge or groundwater allocations. These tenns will be used

interchangeably when retorting to groundwater allocations. The estirnnted annual

recharge detenmined in the groundwater WSP for all zones is shown in Appendix B. For
the relevant zones in this thesis, which lie within the Mooki Basin, the share of recharge

(net ofTWS)is shown in Table 6-4.

Given the siCnificant reduction in entitlements, there are obvious implications for

inigators in the Mooki. Supplementary water amocations (SPW) were issued to inigators

with a history of use greater than their new share component to reduce the economic

impact, given by history of use nitnus the amended access licence share component.

These supplementary licences will be reduced after year 5 and phased out completely

after year 10 of the WSP. During this time, financial assis^rice such as incentives for on-

farm water use efficiency investtnents, business diversification, fonti investtnent plans or

purchasing additional licences win be available.

41

67
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Table 6-48 Groundwaterallocations(anL), supplementary water (Spun and extraction minits.

Zones GWAAL

3

992

16,338

6,915

2,810

13,794

949

6

7

Yr 1-5

GWSPW

8

1,071

7,645

10

Yr6-10

While these policies have the objective of assisting inigators to adjust to the recent

changes, and to reduce the social impact of reductions in groundwater entitlements, it

appears to contradict the objective of achieving greater allocative efficiency in the water

economy. Reducing groundwater entitlement according to history of use is unecononxic

and unfair because it rewards those who were inefficient. Funhennore, financial

assistance for investtnents in water efficiency (such as trigation systenrs) or purchases of

water licences provide distortionary signals and allow for inefficient inigators to remain

in operation. This predudes the reallocation of water to its highest value use.

669

4,247

205

5,693

Yr I-5

GW Total

2,063

23,983

6,915

3,015

19,487

949

205

3,163

Yr 6-10

1,661

20,585

6,915

3,015

16,957

949

% Share Total

Allocation

Total

Banking allocations, which was previously notpemittted, has also been allowed in panto

compensate for the cut-back in groundwater entitlements. Unused volumes can be carried

over to the following year to a inarimum of 300% of the share component, and for one

water year a 200% extraction of the share componentis peruiitted. BasicaMy, in any year

the maximum groundwater use is the two-season allocation, and in any three-roMing

years total extractions must not exceed the three-year allocation. This banking rule also

applies to surface water allocations; however due to the uncertainty in river flow

ittigators in the Mooki Basin generally use the entire allocation within one water year

(Hamparsum 2006, pers. corium. ).

4

56,412

43

12

50,082

5

35

2
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6.6 WATERCllAR. CES

A surface Water Sharing Plan ONSP) has been gazetted forthe MookiBasin in 2004 and
there are now 26 Water Access Licences myAL) under the current Water Management

Act. The first Available Water Dotemiination (AWD) was mude on I July 2004 (POWell

et at. 2003). AWD is the volume of water available for extraction at the sum of a water

year. This is expressed as either apercentage or volume per unit of share component. For
example, the AWD for the 2004 water year for 'Unregulated River' licences was 2
megalitres O^^^U. ,) per unit share held by the inIgator (Table 6-5).

Although no gauges are in place between Breeza and the downstream gauge at Ruvigne,
the extraction rules are enforced through a penalty system. If the downstream gauge

records flow levels below the stipulated CTP, it indicates that inigators in the basin are

'cheating' and over-extracting above their licensed volume. As a penalty, if the averaged
extraction across three years exceeds the stipulated long-terni extraction himt by 5% or

more, the extraction rules will be revised downwards. inigators therefore have incentive

to comply, because otherwise the river access licences will be reduced by an amount that
brings total water extraction back in line with the long-tenn extraction litntt (POWell

2005, pers. cornm. ; DIPNR 2004b).

Table 6-53 Water Access Licences in Mookiwater sourceunder \!\'ater Management Act 2000

001PNR website 2005b)

Share
Cumulative

Component AWD
Unit

ML

AccessUcence No. of
WALCategory

Domestic and
Stock

Local Water

Utility

Domestic and
Stock

Unregulated
River

Totalshare

Component

3

o

23.5

9

o

26

82.0

29,526.5

ML

ML

200

Cumulative

AWD Unit

% of Share

Component

%of Share

Component

% of Share

Component

MLpershareunit shares

o

200

Water made
Available

(un)

47.0

2
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WAL holders are charged the greater of a base charge of $54.31/yr, a two-part tariff

consisting of an entitlement charge and usage charge per ML actually extracted, or a

volume of entitlement charge (doriars per unit share or ML). The maximum two-part

tariffs which applied for 2005 onwards are shown in Table 6-6, indexed to the CPI

(IPART 2005;IPART 2006). For the Namoi, a two-parttariffappliesto all inigators.

Table 6-68 Water chargeror21}"5-06 onwards(sourcesltPART2005 p. 9).

Border

Gwydir
Namoi

Peel

hachian

Macquade
FarWest

Murray
Munumbidgee

North Coast

Hunter

South Coast

Areabased

charge
($/ha)

Volume of
entitiement

charge
($1^^IL)

12.26

12.26

12.26

12.26

13.57

13.57

13.57

7.72

13.57

13.57

11.75

13.57

Maximum annual charges

Two-parttaiifE

entitlement

($1h^ILOf
entitlement or

$1unit share)
3.82

3.82

3.82

3.82

3.07

4.52

2.07

3.09

5.43

4.1

2.65

3

Groundwater licences are also subject to entitlement and usage charge indexed to the

CPI. The applicable charge for the extractor depends on whether they are located in

Groundwater Management Areas (GMA) that are metered, orin non-nunaged areas that

are not metered. hagators within a GMA are subject to a base charge per property plus

ontimement and usage charges, while non-GMA extractors are subject to a base charge

per property plus an Gadttement fee GPART 2005). The gi'oundwater management plan

for the Mooki has not been finalsed myIC 2005), which suggests that the groundwater

source is non-GMA and inigators only pay a fixed cost for water Crable 6-7). This is

discussed further in the following chapter.

2.3

2.3

2.3

2.3

1.85

2.71

1.26

1.85

3.26

2.47

1.6

1.8

Usage
($1h^IL)

Usage charge only
Cocal water utilities
and major utilities

($1^^IL)

1.53

1.53

1.53

1.53

1.24

1.8

0.84

1.24

2.16

1.65

1.07

1.2

1.72

1.72

1.72

1.72

1.88

1.88

1.88

0.97

1.88

1.88

1.63

1.88
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Table 6-78 Charges for ground water accesslicenceholders fullheNamoi(sources in'ART2005 p. 21).
Usage ChargeEntitlement chargeBase charge

($ML)($/un)($/ property)
0.430.85187.72

0.8581.48

CMA

Non-GMA

6.7 IRRIGATIONSYSTEMS:PIVOTVDRIP

The main inigation systems used in the cotton industry is furrow, pivot and drip

ittigation. in NSW, the total area under drip systems is 54,000ha and for pivot inigation
systemsis 63,000ha, while fomw irrigation occupies 678,000ha (Trewin 2006). Relative
to 910,000ha of inigated area, drip and pivot represent 5.9% and 6.9% of ittigation

systems used. in Australia, the proportion of cotton inigators that have adopted water
efficient inIgation technologies is even sinnller. Less than 4% of Australian cotton crop is

grown under large irrigation machines, while less than 2% are gr. own under drip systenrs

(Raine et a1. 2000; Foley and Raine 2001). There are different reasons for the low

adoption rate of water efficienttechnologies.

One of the reasons why pivots are not more commonly used is due of land constraints,

which restrict inigation system choices to furrow or require expensive earth works to

prepare the land for pivot systems. There are also maintenance problenrs with pivot
systems; in particular there is a steep learning curve to operate the lunchine (Figure 6.8a
and b). The water savings, however, makes investing in pivot a more cost-efficient

alternative to purchasing water entitlements. Field expetiments have shown yield

improvements while using 35-37% less water compared to furrow systems, due to greater
controloverwaterapplication 00/6yand Raine 2001).

Due to the high costs of installation and maintenance, drip inigation systems have

generally not been favoured. The system itself costs around double that of pivot systenrs,
but with a relatively short fifespan. It also needs to be removed every year when the

cropping area is being prepared or cultivated. While anecdotal evidence suggests that drip

inigation allows for significant water savings, there is only a small yield increase to
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offsetthe capital investtnent. The capital is thought to be better spent on purchasing water

Gritittements 0110rgan 2005, pers. coinm. ; 0'Halorari 2005). Therefore, while the levelof

water savings is beneficial, unless there is chronic water shortage it does not appear to be

cost-effective.

*~

^-

^^

^

Figure 6.83(a) Landprepared for centre pivotirrigation systems(source: ^^inBC2006c);(b) centre

pivot orlateralmove muchine (sources roley andRaine2001)

6.8 SUM^RY

The characteristics inherent to the case study, the Mooki basin, have been presented in

this chapter. This was to clarify the assumptions that have been made in the modelling

approach, and to highlight the environmental and resource concerns relating to this

particular catchment. In the following chapter, the data and methodology used to mm'y

out the analysis in this thesis is presented.
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In this chapter, the alln is to describe the steps taken to carry out the analysis based on the
case study basin, the Mooki, using the conceptual model developed for this thesis. The
data assumptions for this study, the methodology used and the different scenarios
simulated for the analysis are discussed in detail.

DATAANDMETHODOLOGY

THEBIOPllYSICALMODEL:SOILANDWATERASSESSMENT'1'00L7.1

Avallable Geographical infom^lion System (GIS) and geophysical data specific to the

case study Mooki were used for this research. The GIS used indude Digital Elevation
Model OEM) data (Geosciences Australia) and soil data layer runiversity of Sydney

Database and Deparmient of Naturel Resources - DER), agricultural Inariagement data

(NSW DPI), precipitation data and other cliinntic data (Commonwealth Bureau of

Meteorology - BOM), and stream flow data ON}^). Land use data were also derived

from a land use survey by DER. In SWAT, the catchment was partitioned into 32 sub-

basins, defined as a unique collection of streams that drain to a single outlet. Together,

the 32 sub-basins contain 608 hydrologic response units (}ERUs). An 1/1^. U is defined as a

homogeneous land unit with a specific soiltype and land use. A GIS image of the
modelled catchinentis given in Figure 7.1.

Chapter7.

The total number of inigated cotton ERUs referenced is 53, making up total area of
3971^n'. These ERUs are scattered across three inigation areas referenced as Ruvigrie,

Caroona, and Breeza. Each of these inIgation areas roughly corresponds with the Mooki

River Water Source, Phillips and WaraliWater Source, and QuitindiWater Source in the

surface Water Sharing Plan, respectively.
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Figure 7.18 GIS delineation o11he Mooki.

Within Ruvigiie, inigated cotton ERUs are situated mule downstream sub-basins 2-5, 7,

11, 31, 32; in Caroona, these IRDS are situated in the upstream sub-basins 16, 22-27;

and in Breeza the IRUs are located in upstream sub-basins 15, 18, 19. Each of the three

itxigation areas has a 'node' in SWAT that measures how much water is available for

ERUs within the inigation area (Figure 7.2). The scope of the analysis is narrowed to

these 53 ittigated cotton ERUs, each of which is regarded as an individual fonti. This

assumption was mude in line with the conjecture that soiltypes dictate the crops that are

grown, so it is reasonable to assume that these land parcels could be modelled and are

indeed asindividualfanns, even though they may be a part of a larger farm in a cadastral

sense, or more farms linghtbe situated in an 1/1^U.
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Figure 7.23 SWAT defineation of irrigated areasin the MookiBasin (in orange).

Simulations were run in SWAT over ten years to obtain production outcomes for each

ERU under the simulated activities outtined in Table 7-I. For each production activity,

the SWAT model generated biophysical information, significantly relating to water use,

associated deep drainage, and yield. The yield obtained for the ERUs generated in

SWAT was weighed against the average yield over the ERUs, to reflect its relative

productivity. This relative yield was then fitted to a discrete probability distribution of

yields for corresponding northern NSW crops, based on the period 1965-2005 (ABARE

2005), The distributions for the crops under consideration - inigated cotton, dryland

cotton, dryland wheat, and grain sorghum- were used.
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Activity number

2

3

4

Table 7-18 Set orpossible production activities for each HRU.

Source of waterCrop production

Cotton

Cotton

Cotton

Cotton

Cotton

Cotton

Grain/Sorghum

Wheat

Dryland Cotton

5

6

7

8

9

The biophysical infonnation generated from SWAT were used as an input into a

catchinent level matheniatical progi'Rinming model with an objective to maximise net

social benefit from the ERUs, subject to environmental constraints and constraints on

water availability. The revenue, variable and fixed costs, and profit were calculated for

these outcomes using price data obtained from NSW Department of Primary industry

Budget Sheets(NSW DPI2006a). The revenue for cotton was given by income obtained

from sale of cotton lint and cotton seed, and the cost was given by a per hectare cost of

production (othercosts, in Eq. (1)) plus variable costs associated with inigation. These

variable costs indude usage charge per megalitre onL), taken from the 2005-2006

IPART water price deteiiLitiiation , and pumping costs under furrow inIgation per ^^it,

according to figures from NSW Doparmient of Primary industries. The pumping cost

varies depending on the source of water used, with groundwater being more expensive

due to higher pumping costs.

Surface

Ground

Surface

Ground

Surface

Ground

None (Dryland)

None (Dryland)

None (Dryland)

Irrigation

Furrow (120mnV10,000m')

Furrow (120min/10,000m2)

pivot(50mnV10,000m2)
pivot (50min/10,000m2)

Drip (according to soil deficit)

Drip (according to soildefidt)

None

None

None

The water availability constraint was set according to Eq. (4), and the deep drainage coD)

constraint was set according to Eq. (10). The environmental flow constraint, CTP, was

jinposed by setting a command in SWAT which requires that a specified nitnimum river

flow levelis present before water extraction for ittigation can begin. This was set

'100nun per 10,000m'= IML over I hectare
' The current pricing arrangements do not factorin the water scarcity rent in pricing water, and is priced
only for cost-recovery of waterservices.
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according to the surface Water Sharing Plan orSP), dependriig on the water source in
which the ERU ISIocated. The value of these constraints wasthen varied (parameterised)

to determine the impact of various environmental policies on the basin economy.

7.2 SMULATIONSCENARIOS

Simulations of the econonitc model were run using the optirntsation program, 'What's

Best!' (Litido Systenrs 2007), with the objective to detemiine the profit-Inarirnising

combination of choices for the whole basin (including crop choice, source and quantity of

water in inigation, inigation systems used, and amounts of water traded), given resource

and environmental constraints. Each scenario was designed to address the research

questions framed in Chapter I. There were four separate tieattnents under which every
simulation scenario was run. The first tieattnent is the Status Quo (Treattnent One),

which was simulated to establish a baseline to be used for comparison. Under this

tieattnent inigators only undertake furrow infigation, and use only the water allocated

initially without the opportunity to trade water. The second tieattnent (Treattnent Two)

simulates a differenttechnological setting. inigators are able to use alternative inigation

technologies (furrow, pivot inigation, or drip). However in this tieattnent, there are no

opportunities to trade water. in the third iteattnent erreattnent Three), alternative

inigation systeins (AIS) can also be used, and in addition there is the opportunity to buy
and sen water in a water Trunket. mule fourth ti'eattnent, an external agentis introduced

to the watermarket and competes for water with internal jingators.

Under all four treattnents, the coriumon choice variables were crop choice, water source,

and cropping area. lingation water per hectare was assumed to be fixed. The reason for

this was that crop water demand is fairly melastic, and anecdotal evidence suggests dial

inigators generally reduce inigation area rather than inigation rate to rumimse yield per

hectare. Therefore, factor input per hectare and yield is assumed to be in fixed

proportions, as are econorntc revenue and costs, in line with proportionally assumptions

underlying tinear prograrnimng (I, P) models (Paris 1991). As a result, the shadow value

to water use is reflected through the additional area that can be inigated. Profit is

therefore linearly increasing with water applied, and imposing a constraint on water use
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reduces the number of hectares under ittigated cotton. So the pattern of optiiiiallocation

of irrigated industries across the basin landscape would be established, rather than an

optimal irrigation rote for an inigation enterprise.

Surface water allocation for each ERU is proportional to its size, so larger ERUs have a

greater share of allocations available to its ittigation area, and sriialler IRUs have a

sillaller share. Meanwhile, the deep drainage coD) constraintis set on a basin-scale, such

that the total drainage occurring is constrained at the basin level, and its spatial

distribution is dependent on its associated water use across tile basin. Under each setting,

the impacts of DD and water caps are exainined by parameterismg the water and DD

constraints. Water caps are successively reduced from the 2004 season's surface water

anocation of 59,000ML, while drainage caps are reduced from the DD occurrence given

the season's water allocations. The change in profit with gradual falls in these constraints

is then used to fonn cost curves for reducing drainage or increasing environmental flows.

The difference in the costs of meeting the environmental targets between each setting is a

proxy for the benefit of adopting water efficient technologies (AIS) and water trading,

while the difference in the costs under scenarios within each tieattnent represents the

benefit of each policy instrument. A comparison is also nude of the DD (which

contributes to saltload), water use and profit obimied under each scenario. This is done

in part to detennine the efficacy of water and DD instruments to achieve environmental

targets, pertaining to environmental flows and sannity reduction, at the least cost.

The results from these simulated scenarios shed some light on the value of markets in

amenorating the econointc impact of environmental targets on the catchinenL Where the

water rumket is present in the third tt. comment, the cap on DD essentially resembles a

(indirect) drainage cap-and-trade scheme. This is under the assumption of perfect

infonnation regardino the relationship between water applied and DD. The introduction

of a separate DD instrument to contend with sannity is an attemptto remedy the market

failure arising from the conjoined nanrre of water use and salinity. However, the

usefulness of dual-instruments to manage these conjunctive resources is debatable since
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the adjiimistrative costs of dual-instruments win be quite high, meanwhile there is much

uncertainty regarding its effectiveness mireducing environmental darng, go.

The presence of an external water buyer (a coal nitne in this instance) is also simulated,
and the effects on water use patterns in the catchment is analysed. For a given water

market price, P , inigators could choose to trade internally to other inigators for crop

production, or externalIy to the coal mine. It is assumed that only surface water could be
traded. For simplicity, the gain from external water trade is calculated in tenns of net

benefit to the external agentttom being able to use water, based on its derived demand

for water estimated from industry data. The (exogenous) water price is parameterised in

the interval from zero to $160/ML. Water sellers can make a profit from the volume

which meets market demand at the given price, both internamy and externalIy. As P,

increases or decreases, an inigator would become a water supplier or demander

depending on its derived demand for water, implicit in theLP. This allows for an analysis

of the effect of water price changes on water demand and supply in the water market.

fuset 7.1. presents a sunnniary of the four iteamients and the three policy scenarios:
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Jinset 7.1

Treatment One - Status Quo, reo alternative irrigation systems (AIS) or water trade

Scenariol. I Base Case: no constraints except current environmental flow

stipulations setout in the WSP.

Scenario1.2 Water Cap (successively reducing watersupply)

Scenario 1.3 DrainageCap (successively reducing allowable drainage)

Treatment Two - Simulate use of@Item@tive irrigation technologies (AIS), 00 water trade

Scenario2. I Base Case: no constraints except cument environmental flow

stipulations set out in the WSP, introduce AIS

Scenario2.2 Water Cap

Scenario2.3 DrainageCap

Treatment Three- Simulate the introduction of water trading andAIS

Scenario3. I Base Case: no constraints except current environmental flow

stipulations set out in the WSP, introduce water trade

Scenario3.2 Water Cap

Scenario3.3 DrainageCap

Treatment Four- Simulate waterti. oding, Alsond on External Water User.

Scenario4. I Base Case: no constraints except current environmental flow

stipulations set out in the WSP (identical to Scenario 3.1)

Scenario4.2 Increase water prices successively, with trade among agricultural

users only

Scenario3.3 Increase water prices successively, with trade among agricultural

and non-agricultiiral users'
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7.3 DATAANDASSUMPTIONS

73.1 SI, doceW@, er@110c@tio"s

It is difficult to detemiine the actual history of use with respect to surface water for

unregulated river systenis. There is no legislated meteting required for umegulated
systems, and any private meters are regarded as confidential intonuntion that is not

publicly disdosed. As a result, there is insufficient infonn;, tion to accurately deterTrime
river now and implement extraction rules according to the flow class, or check on

compliance. Withdrawal volumes could therefore only be Gsmiiated according to best

guess (Hudson 2005, pers. coinm. .).

Therefore, although the number of licences issued and consequently the entitlements are

observable for each Zone, it was not possible to identify the exact location of trigators

who hold water licences. Based on minted infoniiation, only an Gsmnate of extractions

could be mude. The IRDS were divided according to the Zone in which they are located,

and the Totalshare Component CTSC), which refers to the surface watertights held, were

slimmed together. This was used to Gsmnate the proportion share of the basin water

supply received in each Zone Crable 7-2).

The water availability for the zones was then compared to the estimates of river supply

from SWAT. At each 'node' for Breeza, Ruvigne and Caroona there would be storage'

for an in^. Us to extract from, with the 'storage volume' deterTimed tm'ough SWAT

estimates of river flow at each node. On average, the estimated storage volume in one

year was 34,5181vU. ,, with 2,762^^^U. , extracted at Caroona (8%), 10,679ML extracted at
Breeza (31%), and 21,077ML extracted at Runigne (61%).'1116 totalstorage water supply

was rounded to 35,000ML for ease of calculation. While the totalsurface water available

is quite stintlar between the SWAT estiinates and the TSC recorded, the distribution
between zones is somewhatdifferent. According to CARE (2003), zones I, 7 and lobave

no surface water entitlements, which suggest that inigators in these zones are solely

Tenant on groundwater. However, SWAT simulations show that some surface water is

actually available to these zones. It can be assumed that these inigators will junke use of

the passing in-river flows to supplement their groundwater supphes.
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Table 7-2: Surface water accessin each SWAT nodecompared to SWAT estimates

(adapted IromCare2003, p. 35),

SWAT
Node

Ruvigne

Caroona

Zones

Breeza

3

8

Redistribution was therefore made to account for the access to surface water, such that

access to river water is possible in all zones. This was done according to the inigation

water requirement for individual zones. The total surface water requirement for each

ERU was estimated assuniing that all^Us produce jingated cotton using surface water.

The proportion share of Water Made Available is given by the ratio of surface water

requirement in aparticularZone to the sum of water required by all zones. Each ERU has

a share of the water available to its Zone, proportional to its size. This leads to a

distribution which corresponds to the size of the inIgation area: Ruvigiie receives 51% of

the total Water Made Available; Caroonareceives 35%; and Breeza receives 14% Crable

7-3).'Ihe methodology of distributing water based on land size and history of use is akin

to the way government initially issued area-based water licences in unregulated systems.

It was assumed that the proportional share of total availability in each Zone is unchanged,

such that the water available in each Zone is in fixed proportions of the Water Made

Avatlable to each inigation area.

Sub-basins

6

10

2.5, 7, 32

31, 11

7

22, 24-27
23

TSC

(ML)

15, 18, 19

16

25,158

4,989

SWAT estin^te

Area 01a)

Total

332

12,113

5,502

33,241

SWAT estimate
Surface Water

onL)

13,064
200

8,217
601

39,699

21,000

3,000

11,000

35,000
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Table 7-3: Surface water requirementsin each Zone and share of water available, based on outco"us
or SWAT simulations.

SWAT

Node

Ruvigne

Caroona

Breeza

Zone

73.2 Grow, ,dw@rer@110c"tz'ons

The purpose of the groundwater Water Sharing Plan (WSP) was to reduce water
extractions to sus^inable levels, equal to the recharge rate deterrntned for each

groundwaterZone in the Upper Namoi. This is envisaged to allow groundwater use to be
main^med indefinitely into the future, at a consistent rate of use that has been stipulated

for the nextten years. As mentioned earlier, the zones examined in this thesis are I, 3, 6,

7, 8, and 10, which fall within the Mooki Basin. While it was not possible to verify the

exact overlap of these zones and the sub-basins in SWAT, the GIS delineation of sub-

basins in Figure 7.1 and the Zone referenced in Figure 6.7 were overlain to estimate the
boundaries of each Zone. The groundwater entitlements and the supplementary water

(SPW) for each of the relevant zones, as well as the inigation areas in which the zones

are located, are presented in Table 7-4. It is uncertain which of these ERUs belong to

Groundwater Management Areas (GMA), for which the usage charge associated with

groundwater use is different 10 non-GMA zones (see Section 6.6). To keep factor costs
constant, it was assumed that the water usage charge (price per ML of water used)is the

same as for the surface water. This then confines the cost differential between water

sources to pumping costs, which fomi a more significant poriion of costs associated with
water use. It was also assumed that the proportion of groundwater allocation in each Zone

is unchanged, such that the groundwater available to a Zone is in consimit proportion of

the total availability ("% Share Total Allocation").

3

8

6

10

Surface Water Required

7

ToT

41,643

61,857

65,556

3,128

28,190

1,044

201,416

% share of total

availability

20.67

30.71

32.55

1.55

14.00

0.52

100

120



In this SUIdy groundwater allocations werenotreduced beyond the specified reductions in

the groundwater WSP, so that total extraction remained at its estimated sustainable

groundwater use across the planning period. Based on the groundwater entitlements,

Ruvigiie has the greatest share of groundwater resources, tonowed by Caroona then
Breeza.

Table 7-43 Groundwater (Gw) annocatio"s according to irrigation areas within Mooki.

Ruvigne

Zone

Caroona

Gw

Entitlements

3

8

Breeza

6

16,338

13,794

10

There are also carry-over rules that apply to groundwater allocations. in any year, a

maximum of two-season's allocations can be used, while total extractions across three-

rolling years must not exceed allocations received duntig this time. The limits on

groundwater extraction over the planning period are shown in Table 7-5. The drop in

allocations after year 5 is due to the phasing outofsupplementary groundwaterextraction

licences.

6,915

949

Yr I-5

GWSPW

7

7,645

5,693

992

2,810

Yr 6-10

4,247

3,163

1,071

205

GW Total

Yr 1-5

23,983

19,487

Yr6-10

669

205

6,915

949

20,585

16,957

% Share Total

Allocation

Yr

Total

Table 7-5: Annual groundwater (Gw) allocations and extraction lintts.

2,063

3,015

14

5

6,915

949

GW Total Armual

Allocation onL)

56,412

6-10

43

1,661

3,015

35

12

56,412

56,412

50,082

50,082

2

4

Two-yearGW Total

Extraction Lintt(ML)

5

100

112,824

106,494

100,164

Three-year TotalGw

Extraction Lintit (ML)

121

162,906

156,576

150,246



With reference to the dynainic programming model, the groundwater available for

extraction each period, Ga", is subject to the two-year extraction and three-year
extraction Innitsshown above

73.3 PCr@meterAss""!prions

Crop yields7.3.3.1

Assumptions for jingated cotton yields were based on the 10-year trend reported by

ABARE (2005), NSW DPI(2006a), Boyce (2005) and Tenna1:o0n and Miroy (2003).

The average ittigated cotton yield coales'ina) has increased from 5bales/11a in the 1960s,
when inigated cotton first began in Australia, to 8bales/11a in 2001(ABARE 2006). From
NSW DPI(2006a) and Boyce (2005), it has become common to achieve yields of 8-

lobalesnia. Anecdotal evidence also suggests that yields between 8-10balesAia is fairly

common. However, Tennalcoon and Miroy (2003) have reported yields of 6 balesA1a in

the Namoi Valley. The yield estin^to from SWAT was therefore standardised to a yield

range of t6, 101, assuimng a nomial distribution with mean of 7.4 balesA1a and standard
deviation (S. D. ) of 1.3. Dryland cotton yield assumptions were based on NSW DPI

(2006a) and Marshaller a1. (2002). The yield muge for dryland cotton was assumed to be

[0.9, 4], with a mean of 2.6 balesina and S. D. of 0.9. Cotton seed was also sold as a by-

productto cotton lint production. Based on NSW DPI(2006a), the ratio of seed to lint
was assumed to be 1.59; i. e. for every kilogi'am 0<g) of cotton lint, 1.59kg of seed is

produced,

Other dryland crops grown in the Namoiregion indude wheat and sorghum. These

dryland crop yields were sirntlarly based on NSW DPI(2006a) and ABARE (2005). A
distribution with mean 3.6 tlha and S. D. of 1.4 was assumed for wheat, with yield range

of t1.5, 61. A mean yield of4 una was assumed for dryland sorghum, with a yield range

of t3, 51 and S. D. of 0.6.

7 one bale is 2271cg
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Crop Prices andlnp"t Costs7.3.3.2

Price and cost data were based on ABS (2005) and NSW DPI(2006a) forthe Northern

Zone. 'Ihe 10 year-average price received for cotton was $211:g, with production costs,

excluding water, of around $2,333/lIa. The price of cotton seed was assumed to be $175/t.

For dryland cotton, prices received for lint and seed were the same, except that the

production costs were much lower at $965/lIa. Of course, the yield of drylandcotton was

also much lower compared to inigated cotton. The price of dryland wheat was around

$150/t while the cost of production was around $309/ba. The average price for gr. am

sorghum was $140/t while production costs were $375/lIa (NSW DPI2006a; ABS 2005).

For the punoses of this study, all prices were assumed in realterins to exclude the effect

of inflation. The crop yield, price and costassumed in this thesis are shown in Table 7-6.

Irrigated Cotton

Dryland Cotton

Dryland Wheat

Dryland Sorghum

Clop

Table 7-6: Crop yield, price and cost assumptions.

Mean yield

7.3.3.3 Water Cltorge

The water prices assumed were according to the independent Pricing and Regulatory

Tribunal derenminations. Only the usage charge of $1,5311vlL has been included in

variable costs, since the entitlement charoe is regarded as a sunk cost for holding the

watertight. Nevertheless, the charge for water itselfmakes up only a fraction of the costs

associated with using water. Most of the costs of using surface or gi'oundwater were due

to expenditure on fuel used for water pumping (see Table 7-9), which fonns the most

significant factor in water use decisions. Again, all prices were assumed to be in real

7.4 bales/ha

2.6 bales/ha

3.6 11ha

4 t/ha

S. D.

1.49

0.9

1.4

Crop Prtce ($)

0.6

ternlS.

21kg

(4541bale)

73.4 Irrig@tio"Sened"ling

In SWAT, there are a set of 'management tiles' through which HRUs are given

commands, such as crop planting, harvest, inigation, fertilisation etc. in this study, the

1501t

Cost per hectare ($)

1401t

2,333

965

309

375
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only inIgation crop considered is cotton, for which inigation scheduling is regarded as an

important deterTrimant of yield. Too much or too little water at mudaltimes in a season

could cause significant yield losses nunroy or a1. 2002). The sensitivity of cotton crops to

ititgation is in-built into SWAT, and much attention was given to the fomiulation of a set

of appropriate ittigation scheduting. The decision criterion in SWAT of whether to

ittigate or not was to satisfy crop water demand, given the in-stream flow at the
scheduled itfigation time and the trigation rate specified by the user.

There were two ways users can define inigation events: by heat-unit inIgation and date-

jingation. inigation according to heat-units is more realistic, since ittigation can be timed

according to the stages in crop growth. However, this method has high computational

requirements and through trialsimulations did not produce good yield response. Date-

inIgation sets specific dates for irrigation to occur, although scheduled inIgation events

are not necessarily in sync with crop requirements. Both heat-unit and date-ittigation

scheduling have disadvantages in which imigation tmiing was not perfectly aligned with

water requirements; but in this instance date scheduling was more accurate than heat-unit

inigation and was chosen for this study. Full details regarding the setup of itxigation
scheduling is given in Appendix C.

73.5 Exter"@IB, ,yer-Derived DemandforWater

Production data taken from a large Australian-based nitning finn production and

sustainability report was used to delennine the water demand function in coal Twining

Due to the relatively more constranied access to water resources for the Thine, coal

production was taken as a function of water available. A quadratic relationship was

assumed, and a regression was run using the available data set, consisting of six years of
observations.
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Table 7.78 Coalproductionand water use (source: BER2006; BER2007).

Yr

2001

2002

2003

2004

2005

2006

Tot production

('000 t)

Assuimng no coal can be produced without water, such that the intercept is zero, the

estimated production function was Coal=-0,1721W' + 4318.2W , with R =0.81 and s. e. of

1,169,471. The factor demand function was then obtained by invoking Hotelling's

Lemma:

4,877

4,997

7,783

9,692

9,695

10,089

Fresh Water Intensity

Oitresft)

" . P (-0,172W ' + 4318.2W )- P W

290

290

-^:-= P, (^). 344W+4318.2)-P, = Oaw' "

' I~'--4318.211^). 344)

Inferred Water demand

(ML)

240

290

220

230

Where P, is the output price for coal, P, is the market price of water, and w is the

quantity of water used in coalproduction. Assiiming P, =$45 perton (ABARE 2006), the

coalintne's derived demand for water is W* =12,522-R, ./15.48 .

4318.2 I Pay
0,344 0344 P

1,414

1,449

1,868

2,811

2,133

2,320

73.6 Water I^Incie"tm'jg@hamsyste", s

Once an investoient is mude in an alternative system, the inIgator is locked into the

system due to the need to recoup initial invesinienL The repayinent period is assumed to

be ten years, with annualsed fixed costsincorredby the inIgator for the remainder of that

period once the invesinientis mude. The average capital cost and annualised repayments

(at 5% interest overten years) are shouniin Table 7-8.
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Table 7-8: Capital investment and annualised fixed costs (adapted from roley and Ramie 2001).

Capital Cost/Ha$(aye) AnnualisedFixedCosUHa($)Annualsed Fixed Costs

$246.682,000Pivot or Linear Move low pressure (river)

$296.012400Pivot orLinearMove low pressure (bore)

$555.024,500DripUetspray

The operational cost of water efficient inigation systems is shown in Table 7-9. The cost

of operation is based on the fuelconsumption required to deliver water to the field, which
.increase with pressure requirements ("pumping head") for the system. It is assumed that

all inigators use diesel-fuelled systerrrs at a cost of 75cAitre, which is considered to be the

higher end offuelcosts (Smith 2005, pers. coinm. ).

Table 7-98 Operational costs olditrerentirrigation systems(source: Srintth and Richards 2003)
Assumed Pumping

Pumping Costs $ per Megalitre
Head (metres)

DieselCost permreIrrigation

System

Surface Furrow

(River)

Surface Furrow

(Bore)

Pivot orLinearMove

low pressure (river)

Pivot orLinearMove

low pressure (bore)

Drip/Jet spray

Labour

requirement
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30

^

low

low

30

10

40

@ cents = $

5545

5.06

10

25

35 17.70

15

5.69

10

19.91

6.95

15.17

75

50

10

24.33

17.06

9.48

25.28

50

33.18

20.86

25.28

28.44
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7.4 0TllERCONSIDERATIONS

74.1 Dec;!, Diningge@"dRet"rin Flowsi" the Mookt

As mentioned in earlier chapters, increasing water use efficiency would have two

opposing effects; the reduction in deep drainage (to the naturellevel of recharge) would

lead to reduced salinity risk, but on the other hand it would also have an adverse effect in

reducing return flows (}leaney and Beare 2001). Ifwater quality has negligible effects on

crop growth then the upstream user would only reduce deep drainage to the extent which

does notimpede with downstream supply.

The contribution return flows make to in-stream or groundwater supply can be estiinated

through SWAT, which simulates groundwater recharge and return flows through water

balance equations. However, the 'optimal' level of return flows for rumimsing basin

profits would require that the deep drainage and Tenmiflow relationship for every ERU,

under every production activity is considered in the optirntsation problem. This would

commandenonnous computational expense, because each time one upstream IRU varies

its landuse activity, there are downstreamrepercussions in tenns of water supply changes.

The number of possible outcomes is therefore a peruiutation of the number of choice

variables and ERUs (see Appendix D). Moreover, a new simulation needs to be

conducted each time a constraint changes. From a programming perspective, one

optimsation would require an amount of time and technical resources beyond the scope

of this thesis. It is therefore not feasible to include the entire range of possible outcomes

in the presence of Tenminows. An alternative would be to aggregate the ERUsto reduce

the number of possible outcomes, which at best could be lumped according to the

ittigation areas (Ruvigiie, Caroona, and Breeza). However, this takes away the advantage

of using spatialy explicitinfonnation.

The effect return flows have on river satinity depends, amongst other factors, on the

salinity of gi'oundwater where return flows originate (Heariey and Beare 2001). If the

recharge is high and ground water saliriity is high, the salt concentration mmy decrease if

the amount of saline recharge transported to the river system is reduced. Reducing deep

drainage therefore lowers the negative externalities imposed on downstream users' in

127



contrast, if Tenmi flows originate from irrigation areas with relatively low underlying

groundwater salt concentration, it can provide dilution flows downstream. Retuniflows
would then provide positive contributions to downstream water supply and diluting
effects, so trade or improved inigation efficiency reduces these beneficial return flows.
For the Mooki, there are no signifi^It satinity problenrs within the catchment, but the

saltload andEC reading fortheMookiandNamoiRivers are relatively high compared to

other cotton producing catchinents (see Section 6.4). The main concern is the salt load
contribution to the doomstt'earn Banvon-Darling River, which carries the salt into the

Mumay-Darling system. Given the relatively high salt concentration in the Namoi and
Mooki Rivers, and its high river-aquifer connectivity, it is considered optimal to

miniinise the level of saline return flows since it generate gi'eater negative than positive

externalities.

7.5 SUMlv^RYOFCllAPTER7

In this chapter, the data and the methodology used in the modelhng process were

presented The interdisciplinary approach, involving the use of the biophysical model,
SWAT, was first described. Attention was given to the way SWAT delineates the basin,

which allows for a spatialIy explicit examiination of the water resource use. This was

followed by a detailed discussion of the data and assumptions made in the model, which

were according to the characteristics of the case study basin, the Mooki, as introduced in

Chapter 6. in this next chapter, the results of the empirical study are analysed, to shed
light on the effectiveness of various catchment policies aimed at correcting these
distributionalproblems.
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In this chapter, the results of the empirical research based on the case study of the Mooki

catchmentare presented. The results are discussed in the fomowing way. in Section 8.1, a

sunniuny statistics of the different simulation ti'eattnents is provided. This enables a

general overview of the outcomes under the assumptions mude for each iteainient. '11nsis

followed by a review of the inter-temporal resource use, focusing on the role of the carry-

over rules for groundwater allocations, in Section 8.2. An analysis of the change in

production activities, with respect to changes in water allocation and deep drainage, is

then presented in Section 8.3. Changes in basin profit and water use for various

environmental flow policies are then exainined in Section 8.4. in Section 8.5, the effect of

a dual-instrument on basin profit is assessed, through sirnulimieously imposing deep

drainage caps and surface water caps. This is followed by a comparison of the

effectiveness of using each instrunnent separately in achieving environmental objectives

and Tmnimsing the impact on basin profit, in Section 8.6. For each of the above sections,

the focus in on the three treamients: Treainient One (Status Quo: furrow inigation only);

Treattnent Two (with alternative inigation systems - AIS -pivot and drip trigation); and

Treattnent Three (with water trading and AIS). in Section 8.7, the results under

Treattnent Four (external water trade) are presented. This is to exainine the econonitc

implications of increased competition for water from an agent outside of the region. A

comparison is then mude to the outcome where only internal water trading is allowed.

Where water trading is considered, under Treatoient Three, the market price for water is

assumed to be zero, such that water trading is costless. Any 'trade' of water is simply a

reallocation to its highest value use, and represents the nunimum value of establishing a

water market in the case study basin. The impact of water market price changes is only

considered in Treattnent Four.

RESULTSOFTHEE^^IPIRICALSTIJDY

Chapter8.
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8.1 SunniARYSTATISTICS

8. l. z SICmm@, yqfAc, tvtties

As mentioned in Chapter 7, there are nine production activities that are considered. These

are reproduced here forease of reference (Table 8-1).

Activity number

2

3

Table 8-13 Description of activities.

Crop productionSource of water

CottonSurface

CottonGround

CottonSurface

CottonGround

CottonSurface

CottonGround

GratinSorgbumDryland
WheatDryland
CottonDryland

4

5

6

7

8

9

The average SWAT outputpararneters and profitability of each activity is shown in Table
8-2. Between the nine possible activities, pivotirrigation using groundwater (activity 4) is

the most profitable activity. However, this is very sirntlar to the profit under activity 2,
which also source groundwater but using the less water efficient. furrow systems.

Likewise, pivot inIgation using surface water (activity 3) is also coinparable to furrow

inigation using surface water (activity I). This suggests that, the yield increase under
pivot systems just offset the increased capital outlay, making it rumginally more
profitable than traditional furrow systems. However, pivot systems have additional
benefits in ternrs of reduced water use and deep drainage coD), allowing for greater

water use efficiency. Drip inIgation (activities 5 and 6) has the lowest average profit/ha

of the inigation systems, although it has the gi'Gatest water savings and DD reduction

compared to other inigation systenrs. This is because of the signiticontly gi'eater capital
investtnent required, which is more than double the cost of pivot systems. Funhennore,

crop yield does not increase appreciably. Drip ittigation is therefore not very profitable
because the yield improvement is inadequate to cover the significant capital outlay. These
outcomes are in line with anecdotal evidence; many inigators report water savings and

Irrigation

Furrow

Furrow

Pivot

Pivot

Drip

Drip
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yield increase under pivot systems, but riotsignifiomit yield increase under drip inigation.

This niakes drip an unfavourable option because there is no yield increase to recoup the

capital invesunent, despite significant water savings. In this regard, pivot systems have

the advantage of allowing ittigators to mumtain profitability in situations where water

supply is scarce.

Activities

2

3

Ave.

Profit ($ina)

4

Table 8-28 Summnry of activities.

5

1,074.18

1,199.80

1,097.29

1,209.03

585.59

648.90

308.61

136.40

475.02

6

7

8

9

Ave.

Irrigation (Mona)

A general trend that is observed from the above table is that, for any inigation system, the

profit where groundwater is used (activities 2,4 and 6)is greater than where surface water

is used (activities I, 3 and 5). This is despite the cost of groundwater being higher than

surface water. The difference in profit between ground and surface water is on account of

the reliability of the water source, which affects crop yields. mule SWAT model, on-

farm storages cannot be modelled for each ERU so surface water cannot be pmnped and

stored on-trim, . Therefore water sourced from the river is applied directly to the crops

when it is available. The irregularity of river flow in an unregulated system means that

inigation occurs less frequently, and can be insufficient to meet crop water requirement,

leading to lower yields. On the other hand, the relative reliability of groundwatermearis it

is more readily available and fun ittigation occurs at regular intervals. As a result,

ittigation water, yield and DD are lower when sourcing surface water and higher when

groundwater is used. Therefore, even though groundwater is more costly to use, the

6.30

8.44

5.63

7.65

5.37

6.09

Ave.

DD (ML)/ha

1.25

2.03

1.18

1.52

1.14

1.33

Ave.

Yield' ina

6.89

7.41

7.47

7.95

6.99

7.26

3.93

3.77

2.49

' Cotton inhales perha (activities 1-6, and 9), wheat and sorghumin tons perhectare (activities 7 and 8).
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security of supply allows greater crop yields which offsets the pumping cost. in a sense,
the extracostofpumping groundwatercan be regarded as a prenitum paid formcreased

security of supply, which is compensated by increased yields. It is therefore the water
source that is relied upon by jingators in the Mooki basin, which is in line with reality.
This result also reflects the significance of secure water supplies, which enables the

capital cost of water efficient technologies to be recouped and provides an incentive for
ittigators to make the investtnent.

Considentig dryland crop choices, dryland cotton (activity 9) is the most profitable

dryland production. While this is less than half the profitability of ittigated cotton,

compared to wheat and sorghum, it is the preferred dryland crop as water becomes
scarce. This will be observed in the following sections.

8. Z. 2 Coinp@riso"of Base C@seSce"arms

In this section, a comparison is made between the Base Case scenarios under each

tieattnent. The following table shows the resource use and annual profit given the 2005
surface water allocation of 59,0001vU. ,, and 56,412ML groundwater allocation (Table

8-3). Seasonal water allocations are assumed to be fixed throughout the planning period

of 10 years,

Treatment

Table 8-3: Base Case scenarios water use and annual profit

Base Case Scenarios

Total Water

Use(ML)

109,687

114,898

115,241

One

Surface Water

Use onL)

53,628

58,698

59,000

Two

Three

The increase in annual profitmoving from TreamlGrit One (status quo)to Treattnent Two

(no water trade, with alternative ittigation systenrs - AIS)is $1.5 Mill, which the increase
in surface water use is 5,070ML. Total water use increases by 5,211ML. That is, when

AIS are available profit increases by 4% while surface water use increases by 9%, or

Groundwater

Use(ML)

56,059

56,200

56,241

DD

(ML)

25,419

24,200

24,710

Profit/yr

($^u)

35.32
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4.7% in total water use. This is while DD falls by 1,219ML, or 5%. This result suggests

that, water use efficiency increases where AIS are used, although inigators take

advantage of the increased water efficiency to expand production, leading to an increase

in water use and profit.

A comparison between Treainient Two and Treatment Three (with trade and AIS)shows

that profitincreases by $3.3Mill, and surface water use by 3021vn. ,. Relative to Treattnent

Two, this equates to a 9% increase in profit for a I% increase in surface water use. in

tenns of total water use, an increase of 0.3% is observed. This result suggests that a

relatively Iaroe increase in profitis achieved for a smallincrease in water use where there

is water trade, althougli DD increases by 2% relative to Treattnent Two. However, DD is

stilllower relative to Treattnent One; drainage falls by 3% despite an increase in total

water use of5%, while profit increase by 10% compared to the status quo.

Considentig the relative change in profit to water use under each treattnent, it appears

that AIS and water trading can improve catchment profit and water use efficiency. This is

despite an increase in total water used. Some producers that initially could not grow

ittigated cotton profitably under furrow systems erreattnent One) find it possible to

profitably produce inigated cotton where water efficient technologies are available

(Treattnent Two), which leads to an increase in water use and fewer losses to drainage.

Fortliennore, where water trading is possible, water demand in the catchmentis further

increased as previously inactive allocations are mobilised (Treattnent Three). While

water trading leads to greater water use, it also allows for the highest profit due to greater

allocative efficiency, and reduced unproductive water lost to DD. There is a natural

incentive for water to be used efficiently by creating amarket value for water, since there

is an opportunity cost associated with water lost to drainage. The objective of reducing

DD can therefore be achieved through the creation of a water rumket or promoting the

use of AIS, without the need for additional adjninistrative controlover water use.
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I^ITER. TEMPORALRESOURCEliSE-STOCHASTICSURFACE

WATER

Due to the carry-over rules for groundwater allocations, dyiiainic resource use decisions
need to be made with respect to groundwater use. Each year, extractions must notexceed
the two-year water allocation, while total extractions within three-rolling years must not

exceed the three-year allocation. While the same rules apply for surface water, the

ephemeral nature of the river flow in the Mooki(an unregulated system) means that it is
optimal to extract river water whenever the opportunity arises, such that surface
allocations are exhausted within the season (Hamparsum 2006, pers. coinm. ). Due to the

phasing-out of supplementtary groundwater entitlements scheduled after year 5 of the
groundwaterWater Sharing Plan, there are two sets of extraction constraints over the 10-
year planning period. The extraction litntts were shown in Chapter 7 but are replicated
here for ease of reference (Table 8-4).

8.2

Yr

Table 8-4: Groundwater (Gw) allocations and extraction lintts.

GWAnnualAllocation Two-yearGWExtraction Three-yearGWExtraction
Dintt(ML)Dimt(ML)onL)

162,906112,82456,412

156,576106,49456,412

150,246100,16450,082

14

5

Under the Base Case scenario of each of the ti'eattnents, the rate of gi'oundwater

extractions is much lower than the two-year and three-year extraction mints, as shown in

the previous section (see Table 8-3). Rather than exhausting the entire two-year

groundwaier anocation within one season, optmml extraction appears to be at a point
close to its annual allocations. The reason for this is because the temporal value of

groundwater resources is integrated into the resource use decisions, such that the rate of
extraction is reduced to where the discounted value of the groundwater resource is

equated between periods. Where there is no stochasticity in surface water supply or other
parameters, surface and gi'oundwater use (and hence deep drainage occurrence) is fairly
consistent because optimal production in one season is not different from year to year.

This is a consistent trend unoughout animee treamients, and after year 5 resource use

6-10
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drops slightly due to cuts in entitlements, but also maintains a regular production pattern.

Under conditions of stochastic surface water supply, ceteris portbws, the optiiiial

groundwater extraction rate is expected to differ from year to year depending on the river

flow available.

Stochastic surface water scenarios were analysed for anti'Garnients, to examine how

inigators Inny choose to 'bank' or 'borrow' groundwater allocations. The surface water

supply was set annually according to each of the 8 years simulated in SWAT, from 1996

(year I)to 2003 (year 8). Water allocation for 2004 (year 9) was assumed to be the same

as allocations for 2005 (year 10) of 59,000ML (Table 8-5).

Year

Table 8-58 Stochastic and deterministic water supply.

2

3

4

5

6

7

8

9

10

SurfaceWaterAllocation

(MUyr)

Stochastic

27,579

31,265

97,346

33,727

64,840

64,623

14,931

26,394

59,000

8.2. Z Tre@men, 013e-Sac, "s g"o

Under Treamient One, where surface water is stochastic, the rate of groundwater

extraction moves in the opposite direction of surface water supply (Figure 8.1).'11ns is

expected because, where surface water is erratic, some banking or borrowing of

groundwater allocations is needed to compensate forthe irregularity of the alternate water

source. Where surface water is detenninistic, however, it is not necessary to hedge

groundwater allocation so the rate of groundwater extractions is cons^nt and close to the

annual allocation, It can be inferred that, where surface water is stochastic, some banking

and borrowing of groundwater allocations occur, but where surface water is deremntnistic

DeterIntritstic

Groundwater Allocation

(MUyr)

59,000

DeterIntrxistic

56,412

50,082
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and cons^It, annual groundwater allocations are used up every year. That is, there is no

banking orborrowing. This suggests that the carry-overrule for groundwateris especially
important for inigators in an unregulated system, to reduce the econointc impact of the
scarcity and irregularity of surface water.
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rigure 8.1: Groundwateruse (Cuse) with stochastic surface water (Suse), Treatment One'

8.2.2 Tre@in, e"t Two-NO I'i. @de, with Airer"@tive Irrig@, to, , System, s (AIS)

Under Treattnent Two, the observed trend in groundwater use is sirinlar to Treattnent

One, although there is less carry-over of groundwater allocations. Groundwater extraction

generally moves in opposing direction to surface water supply, at a rate that compensates
for the lack of (or sumlus in) surface water (Figure 8.2). Where surface water allocations

are cons^nt from year to year, groundwater use is constant and no borrowing or banking
occurs. On the other hand, where surface water is stochastic, some groundwater banking

or borrowing would occur although under Treattnent Two only a sriiall amountis carried
over.

5

Year

6

^-Guse

Suse
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Figure 8.2: Groundwateruse (Guse) with stochastic surface water (SIrse), Treatment Two.

8.2.3 Treatme"t Three- With Trade@"dAiter"@tire Jrrig@fom Systems 64.1S)

Under Treattnent Three, the water use pattern is also similar to Treattnents One and Two.

There is a negative correlation between the rates of groundwater extraction and surface

water supply, where surface water is stochastic (Figure 8.3). Where surface water supply

is certain and consimit, groundwater use is likewise consimit and the full annual

ano00tion is used without any banking. This again highlights the importance of the carry-

over rule for the Mooki, since, under alumee tt'eattnents, the banking and borrowing of

groundwater appears to be a significant adjusmient mechanism to the erratic nature of

surface water supply.
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Figure 8.38 Groundwater use (Guse) with stochastic surface water (Suse), Treatment Three.
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8.2.4 SI, min@, yoff"ter-temporal Reso"ree Use

Where surface water is certain and unchanged from year to year, the groundwater carry-

over rule does not appear to have much currency since the optimal extraction rate is

essentially the annual allocation. This is because the profit-maximsing production

pattern is unchanged from year to year. However, where surface water is stochastic, the
carry-over rule is essential to amenorate the econonxic impact of the erratic nature of river

supplies. However, the rate of banking or borrowing does not appear to vary significantly
between iteainients. As con be seen in Figure 8.4, groundwater borrowing occurs when

surface water (Sw) is low, and b:, nking occurs when surface water supply is high. The

groundwater-borrowing behaviour corresponding to Treattnent One (T. One), Treattnent
Two (T. Two) and Treamient Three (T. Three) are positive when borrowing (above the x-

axis), and negative when banking (below the x-axis). Where there is no carry-over or

borrowing of groundwater allocations, the lines sit on the x-axis, which occurformuch of

the planning period. This is because the rate of extraction is subjectto the two-year and
three-year extraction Innits, such that groundwater use Teniains relatively close to its
annual allocations each year. Given that there is effectiveIy an 'expiry date for

groundwater allocations, it is optimal to extract groundwater at a rate corresponding to
the increase in groundwater stock. It seems that the carry-over rules are the dormnating

factor in banking decisions.
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For the sections to follow, the analyses are based on the expected value of annual water

supply, such that surface water is detenninistic and constant over the planning period.

This is to separate the impact of uncertain watersupply from the impact of environmental

policy on inigators in the Mooki, such that the focus remains on the expected outcome of

policy changes and how inigators can adjust at least cost. It is assumed that for each

season, the expected volume of surface water available is as Gsmnated by the Departtnent

of Natural Resources (2007) of 59,0001vn. , for the Mooki. Annual groundwater

allocations are also assumed to reinatn arthe expected volume of recharge according to

the groundwater Water Sharing Plan (CARE 2003).

8.3 PRODUCTIONACTIVITYCHANGES

In this section, production activity changes under water and deep drainage coD)

constraints are discussed. Results are presented in three sub-sections, according to the

tieattnent being considered. Each sub-section begins with a discussion of production

activities under the Base Case scenario of the treattnent (with full season's water

allocations and no constraints on DD). This is followed by a discussion on the changes in

production activity when water caps are imposed, and when DD caps are imposed. With

surface water caps, the outcome under water caps of 55,000ML, 40,000ML and

20,000^^it, are compared. This is to simulate the impact of future reductions in surface

water supply, potentially from the government buy-back of entitlements for

environmental flows. With DD caps, the outcome under DD caps of 20,000ML,

14,0001vU. , and 10,000^^U. , are also compared. The purpose is to simulate the impact of

basin-wide DD caps that mmy be required to meet end-of-valley satinity targets. Under

each scenario, the results are further disaggregated into inigation areas (Ruvigiie, Breeza

and Caroona), which allows for a clearer understanding of the trends observed.

Production activity changes are exg, mined based on one season, which is representative of

an other seasons due to the relatively consistent production across the planning period.
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8.3. I Tre"me"tO"e-Stains 91, o

8.3.1.1 Scenariol. I-BaseC@se

For now, only activities I and 2 (furrow inigation sourcing surface and groundwater,

respectively) are considered, since the assumption under Treattnent One (Stains Quo) is
that only traditional furrow inigation systenrs are used. Water trading is also not
considered in this tieattnent. Dryland crops that can alternatively be produced include

wheat (activity 7), sorghum (activity 8) and dryland cotton (activity 9). These dryland

cropping options are cons^It for antreattnents.
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Figure 8.53 Scenario 1.1 production activities.

Under Treamient One, the area of inIgated cotton ERUs is almost at par with the number

of}^DSSuited to drylandcrops(Figure 8.5). Drylandcotton and wheatmakes up around
half the area of the basin, and the other half of the catchment produce furrow irrigated

cotton equally sourcing either surface (activity I) or groundwater (activity 2). This could

suggest that, where there are no alternative ititgation systems (AIS) or water trade, much
of the ERUs which are currently under inigated production may be more profitable under

dryland production. This mmy reflect an overdevelopment of inigation enterprises in the
Mooki currently, and that some areas could be retired from imgation at relatively low

econoimc cost.
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Disaggregating production activities by inigation areas shows that at the optimum

inigated cotton has the highest prevalence in Ruvigne, foUowed by Caroona and Breeza

(Figure 8.6). This suggests that, under the status quo optimum solution, irrigation should

occur mostly in the downstream region of Ruvigne, which has a heavy reliance on

groundwater (activity 2). With regards to surface water, however, Caroona appears to be

the main user considering it has the greatest area under activity I (furrow inigation

sourcing surface water). Breeza seems to be the least suited to inigation, since it has the

sriiallest proportion of its area under inigated cotton. The relatively large areas under

dryland cotton in am inigation areas implies that the distribution of water according to

area - the way area-based licences were issued to inigators in unregulated systeins - was

not efficient. There is scope to reallocate water and improve allocative efficiency and

basin profit.
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Figure 8.63 Production activity by irrigation area, Treatment One Base Case.

Scenario 1.2 - Water Caps8.3.1.2

Under scenarios with water caps, the outcomes where surface watersupply is capped at

55,0001vU. ,, 40,000ML and 20,000ML are presented. This is compared to the base case

where the fullseason's surface watersupply, of 59,000ML, is available.
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Figure 8.78 Scenario 1.2 production activities.

The impact of water caps on production activities, at the aggregate scale, is shown in

Figure 8.7. As expected, where water caps are imposed, the area under surface ittigated
cotton (activity I)is reduced successively with a corresponding increase in the area under

dryland production. Since groundwater is unaffected by the water caps, the total

groundwater used remains unchanged for allconstraints.
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Figure 8.83 Production activities by irrigation area, Treatment One under Water Cap.

The change in production patterns, by inigation area, is considered under a water cap of

20,000^lit, (Figure 8.8). Irrigated cotton under activity I (surface furrow inigation) is
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reduced significantly in all inIgation areas, particularly in Ruvigne where all surface

inigated cotton is elmiiinated. However, Ruvigne still has the largest ittigated cotton

production, under activity 2 (gi'oundwater furrow inigation). This suggests that cotton

production in Ruvigne is relatively less affected by surface water caps since it is reliant

on groundwater sources. On the other hand, Breeza and Caroona, which rely on surface

water as its primary water source, experience comparatively greater impact from

reductions in surface water allocations. It can be expected that, if environmental flow

requirements are increased, the upstream irrigation areas would bear greater econontic

losses than Ruvigiie. It will be seen later that the overall opportunity cost of meeting

environmental flow targets is also greater than necessary, since surface water resources

have not been distributed efficiently.

Scenario 1.3 -DeepDr"triage Caps8.3.1.3

Under scenarios with DD caps, the outcomes where drainage is capped at 20,0001vU. ,,

14,0001vU. , and 10,000ML are presented. This is compared to the base case where DD is

unconstrained, at 25,000^^^n. ,.
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Figure 8.93 Scenario 1.3 production activities.

Where DD caps are imposed, the area under irrigated cotton sourcing both surface

(activity I) and groundwater (activity 2) are reduced as the DD target becomes stringent

(Figure 8.9). There is a distinct drop in inigation areas under activity 2, compared to
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where water caps were imposed. This is because a constraint on DD affects all inIgators

- ground or surface water users - rather than just inIgators Tenant on surface water.
While this means that only the least efficient inigators switch to dryland production, DD

also affect the level of groundwater use, which has been set to the estiriiatedcaps

'sustainable' recharge rate according to the groundwater Water Sharing Plan orSP).

Assuining this recharge rate is correct and can be maintained indefinitely, reducing
groundwater extractions below this level would result in a sub-optirnal outcome since the
full capacity of gi'oundwater resources is not utilised. This is a conmnon trend under each
tt'earnientwhere DD caps are imposed.
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In Figure 8.10, the change in production activities under a DD cap of 20,000ML is
disaggregated into inigation areas. The impact of a DD target is more evenly spread

between production under groundwater inigation (activity 2) and surface water irrigation

(activity I), compared to a water cap. It can be inferred thatDD targets aimed at reducing

salinity would affect all inigation areas, since both surface and groundwater use are

affected by a cap on drainage. This suggests that the econointc impact on inigators

located in Ruvigne inigation zone would be relatively higher, while those located in
Caroona and Breeza zones would experience lower econonxic impacts under a DD cap,

relative to a water cap. However, the effect of DD caps on groundwater would be
additional to the substantial reductions in groundwater entitlements that have already

Figure 8.10: Production activities by irrigation area, Treatment One under DD Cap.
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occurred in the Mooki. This may inflict unjustified costs on inigators Tenant on

groundwaterresources in downstream Ruvigiie.

8.3.2 Treatment Two-with Airer, ^tirelrrig", tom Systems(AIS)

8.3.2.1 Scenario2. I-BoseCose

Under Treattnent Two, it is assumed that ittigators are given the option to invest in pivot

jingation systerns (activities 3 and 4) or drip inigation systems (activities 5 and 6) where

iris profitable. Otherwise, irrigation could remain under the traditional furrow inigation

(activities I and 2). Water trading is still not possible, such that ittigators must produce

only with the initial water allocations given.
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Figure 8,118 Scenario 2.1 production activities.

In Figure 8.11, it can be seen that most inigators would opt for pivot inigation systems,

with aimost equal areas sourcing surface (activity 3) and groundwater (activity 4). In fact,

aimost all surface water is used conjunctiveIy with pivot systems. Only a handful of

ititgation areas Ternaln under furrow inigation, sourcing gi'oundwater (activity 2). This is

rational because pivot systeins allow for greater yields for the same level of water use as

furrow inigation. Some ERUs adopt drip inigation conjunctivay with groundwater

(activity 6). This could be explained by the reliability of groundwater, which allows

greater crop yields to be achieved since inigation could occur regularly, and ensures the

capital investtnents in drip systems (which have higher capital costs than pivot) are
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recouped. Dryland cotton (activity 9) still dormnates the catchinent, with a SUIall portion
producing dryland wheat(activity 7). Given the areas under dryland cotton and wheat are
relatively unchanged compared to Treattnent One, it can be inferred that many IRDS
may in fact be more suitable to dryland crops. Environmental flows Inny be sourced from
these areas at relatively low cost to the basin, since they are more profitable under

dryland production.

Considering the activities by inigation area, the most irrigation stiU occurs in Ruvigiie
which remains heavily Tenant on groundwater (Figure 8.12). The difference is that pivot

systems have become the most profitable inigation technology, followed by drip
inIgation systems and by furrow inigation.
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Figure 8.12: Production activities by irrigation area, Treatment Two Base Case.

It can be seen that, where AIS is used, the pmiiary source of water in animigation areas

does not change. However, it is almost always optimal to switch to water efficient

technologies. The area under dryland cotton still donitnates a significant portion of each
ittigation area, which is sinnlar to Treattnent One' This relterates the notion that water
has not been efficiently distributed in such a way that reflects its highest value use. The

use of AIS can improve the productivity of water; butthis improvement is confined to the
farm-level.
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Scenori0 2.2 - Water Caps8.3.2.2

In Figure 8.13, the aggregate effect of water caps, under Treattnent Two are presented.

Water caps are again imposed at 55,000ML, 40,000^^U. , and 20,000ML. The outcomes

are compared to the base case surfacewatersupply of 59,000^11, .
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Figure 8,133 Scenario 22 production activities.

It can be seen that, where water caps are imposed, most of the ERUsthat sourced surface

water (activity 3) switch to dryland crops, while itxigated production sourcing

groundwater (activities 2, 4 and 6) is again relatively unaffected. This result is logical

since water caps only affect surface water users, and is a consistent trend under each

treattnent.

2 a 4

The impact of water caps by inIgation area is presented in Figure 8.14. Since almost no

surface water is used in Ruvigne, much of the water reductions occur in Caroona and

Breeza. The Inatn impact of water caps is therefore inflicted on Caroona and Breeza

inIgators, while Ruvigne is relatively unaffected. Sillitlarly to Treattnent One, where

greater environmental flows requirements are imposed on the Moold inigators, the most

econonitc impact would occur in the upstream ittigation areas.
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Figure 8.14: Production activities by irrigation area, Treatment Two under Water Cap.

Scenario 2.3-DeepDrain@ge Caps8.3.2.3

In Figure 8.15, the changes in production activities as DD caps are imposed at 20,0001vn, ,,
14,0001vU. ,and 10,000MLare presented. This is compared to the outcome under the

unconstrained scenario with a DD of 25,000ML.
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Figure 8.15: Scenario 2.3 production activities.

A considerable reduction in both surface and groundwater use is observed where DD

caps are imposed. A distinctive change is the area under pivot inigation sourcing surface

water (activity 3), which falls significantly at stringent DD targets. While groundwater
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use (activities 4 and 6) is not reduced as dramatically as observed under Treamient One

(Scenario 1.3), its extraction level nevertheless drops below the sustainable extraction

rate for allDD constraints.
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Figure 8,168 Production activities by irrigation area, Treatment Two under DD Cap.

The impact ofDD caps according to inigation area is shown in Figure 8.16. Much of the

reduction in water use occurs in Ruvigne, where gi'oundwater use is reduced significantly

under activity 4 (pivotsystem) and activity 6 (drip system). Again, the economic impact

of DD caps on groundwater may lead to excessive costs on inigators Tenant on

groundwater resources, particularly in Ruvigne, due to the subs^ntial cuts ill

groundwaterentitlementsthat have already occurred.
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8.3.3.1 Scenario3. I-BuseCose

Under Treamient Three, water trading is introduced and inigators have the choice to use

AIS. Given the option to trade water and use water efficienttechnology, the area under

dryland cotton (activity 9) falls considerably, with a corresponding increase in the area

that under inigated cotton. This is distinctly different to previous tt'eattnents without

water trade, under which a significont portion of the landscape is under dryland crops

(Figure 8.17).
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Figure 8.17: Scenario 3.1 production activities.

Based on the changes in production observed, it appears that under previous treatinents, a

significant area of the catchment was forced to produce dryland crops due to minted
access to water. Therefore, where surface water could be obtained through the water

market, these IRUs switch to irrigated cotton under pivot inigation systenrs (activity 3).

Pivot trigation sourcing groundwater (activity 4) remains a prominent production

activity, although drip systems (activity 6) become unfavourable, and are not used. Given

the possibility of purchasing surface water, the ERUs that were using drip inigation

(activity 6) in previous tieattnents, appear to find more profitable to invest in pivot

systems and source surface water instead. That is, where it was not possible to purchase

water through the water market, these ERUs were Iimted by the availability of surface

water and were confined to inigating with groundwater under drip systeius. This also

implies that these ERUs had higher values for surface water than other ERUs that

initially had a greater allocation of surface water.

Closer inspection of the production activities by inigation area shows that much of the

surface water is traded to downstream Ruvigne, such that almost all ittigation occurs in

this area (Figure 8.18). While Caroona reinalns the second largest area under irrigated

cotton, the proportion under inigation has shrunk signifionitly compared to previous
tieattnents.
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Figure 8,188 Production activities by irrigation area, Treatment Three Base Case.

This change in production pattern between Treattnent Three and previous tieattnents con

be explained by the location of Caroona and Breeza, which are the upstream-most

jingation areas with first access to surface water. Where no water trade is possible,

surface water is extracted by these upstream itrtgation areas, despite Ruvigne having the

highest value for surface water. With water trade, surface water is almost completely

traded downstream. This suggests that Ruvigrie is the most productive inigation area in

the Mooki basin, and that basin profit can be maximsed by establishing a system of

water trade inithis region. Since Upper Namoiis thought to have the highest conservation

value, the trade of water downstream would result in a socially optimal outcome. Not

only would the profitability of the basin be enhanced, the upstream environment could

also be protected.
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Scenario 3.2 - Water Caps8.3.3.2

As per previous treamients, as water supply is reduced, the inIgated areas sourcing

surface water (activity 3) fall and areas under drylarid cotton (activity 9) rise. This is

while areas Tenant on groundwater (activities 2 and 4) remain relatively unchanged.

Compared to treattnents without water trade, however, surface water is distributed

efficiently under Treattnent Three such that its full value is realised, and only the least

efficientsurface water inigators forego water use. This leads to lower overallopporiunity
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costs compared to where water has not been distributed efficiently under previous
treattnents.
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rigure 8,192 Scenario 3.2 production activities.

Consideting the impact of water caps by irrigation area, it can be seen that the economic
burden has also shifted from Caroona and Breeza to downstream Ruvigne (Figure 8.20).

Under previous treattnents, much of the econontic impact occurs in Caroona and Breeza,
since these areas relied on surface water. With water trade, most surface water shifts to

Ruvigiie from upstream inigation areas, such that surface water caps affect only inIgators

in this region.
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Figure 8,208 Production activities by irrigation area, Treatment Three under Water Cap.
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While the econointc impactis more pronounced in Ruvigne, lingation still occurs in this

region, while in Breeza and Caroona inIgation ceases completely. This suggests that,

even where surface water allocations are cut significantly, Ruvigne remains the most

productive inIgation area where much jingated production would occur. This is while

groundwater use (activities 2 and 4)is not affected.

8.3.3.3 Scenario 3.3 -DeepDr"triage Caps
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Figure 8.21: Scenario 3.3 production activities.

Where a DD cap is imposed under Treattnent Three (Figure 8.21), a sillitlar rate in water

use reductions occur in pivot itfigation sourcing surface water (activity 3) and

groundwater (activity 4). Compared to where water caps are imposed, however, it

appears that the impact on groundwater use is more dramatic under a DD cap.

Considentig the changes in production by inigation area (Figure 8.22), it can be seen that

much of the impact ofDD caps are also inflicted on Ruvigrie since water is mostly used

in this inigation area.

5

2 a 4 5

neon, y

. 26,000

. 20pOO

. 14,000

10,000

6 7 e 9

153



12

Production Activities by rigaliori Area, Treatment Three
(co Cap)

10

^. 8
E

o

8
.,

"
o

^4

6

Figure 8,228 Production activities by irrigation area, Treatment Three under DD Cap.

As DD caps are tightened, groundwater use under furrow systems (activity 2) ceases in

all inIgation areas. This is while pivot ittigation sourcing groundwater (activity 4) and
surface water (activity 3) are also reduced considerably. Therefore, DD caps will affect

both water sources, with the greatest impact being in Ruvigiie. This is the case regardless

ifDD caps or water caps are imposed, since Ruvigne has the largest area under irrigation.

This is in contrast to previous treamients where the upstream inigation areas bear greater

econointc losses under water caps, because water has not been distributed efficiently.

Where water trade is possible, the overall opportunity cost of meeting environmental

targets would be much lower, because water has been shifted to its highest value use (in
Ruvigne).
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8.3.4 ShadowPi'icesjbr Water

The shadow values for surface water (Sw) and groundwater (Gw) were obtained forthe

Base Case scenario under each treamient for the ERUs in inigation areas Ruvigne,

Caroona and BTOeza. The shadow price for each ERU within the irrigation area were

sunnied then averaged for Treattnents One and Two, since the value under non-trading

tieattnents vary between HRUs. A single shadow price is reported for all inigation areas
under Treainient Three since it is the same for all ERUs in the presence of a water

market. The shadow prices obtained in this section help shed light on the trends in
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changes in production activities observed, and can assist in explaining results in the

subsequent sections in this chapter.

It can be seen that under the status quo erreaiment One), Ruvigne has the highest shadow

value for resources, foHowed by Caroona and then Breeza (Table 8-6). This corresponds

to reality, since it is kilown that most cotton inigators are located within Ruvigne, with

fewer jingators in the other areas (Sriitth 2006, pers. corium. ). Considentig the production

activities in Figure 8.6, much of the surface water was initially used in the upstream

Caroona and Breeza regions. This confimis the finding that at the outset surface water

resource was not allocated efficiently to where it has the highest value. Groundwater

appears to have the highest value in Caroona, although only slightly greater than

Ruvigiie.

Treatment One

Table 8-68 Shadow values under Treatment OneBasc Case.

Ruvigne
Breeza

Caroona

Under Treattnent Two (no water trade, with AIS), the value of surface water is increased

for animgation areas; with a signiticant rise observed in Ruvigiie Crable 8-7). This is

while the shadow price of groundwater is reduced (or unchanged) for all areas. This

could suggest that, where AIS are available, the value of surface water is enhanced such

that the relative value of groundwater fans.

Ave. Sw shadow value

118.69

73.19

87.24

Treatment Two

Table 8-7: Shadow values under Treatment Two Base Case.

Ruvigne
Breeza

Caroona

As expected, where water trade is introduced under Treamient Three, the shadow value

of surface water is equated across animgation areas (Table 8-8). Much of the water was

traded to the downstream area of Ruvigiie, where, in the absence of a water market, the

Ave. Gw shadow value

68.05

49.70

71.61

Ave. SWShadow value

129.79

80.29

89.28

Ave. Gw shadow value

47.51

49.70

64.26
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shadow value for surface water was highest. The equilibrium shadow price is

$111.45ML, which represents the market-clearing price in the water niarket. The

equilibrium quantity traded is 37,5001vU. , and much of the water is moved into
downstream Ruvigne. This reflects the changes in production activity observed in Figure

8.18, which shows that almost all inigated production occurs in this inigati. on area.

Under scenarios without water trade (Treattnent One and Treainient Two), much of the

surface water is used upstream, although it can be seen from the shadow price that it has

the highest value in downstream Ruvigne.

Treatment Three

Ruvigne
Breeza

Caroona

Table 8.88 Shadow values under Treatment ThreeBase Case.

The equilibrium shadow price obtained from the model reflects the empirical water

observed for the Namoi. From the WaterEXchange websitemarket Prices

myaterExchange 2007), the market price for temporary water trade in the regulated

system in Namoi averages $100/ML, with a high of $120/hlL over the last season. This

market price seems to correspond wento the shadow value of $111.45/A^it, for the Mooki
umeoulated system This validatesthe econonitc model, which generates a shadow value

for water stintlar to that observed in the water markets in the Namoiregion. Forthennore,

it appears that there is scope for water trade to occur between the regulated (downstream)

and unregulated (upstream) systems within the Namoi Valley, perhaps with more surface

water flowing towards theregulated areas. This may result in an efficient outcome, due to

the conservation value of Upper Namoi, given the presence of high value species and

wetlands (Hudson 2005, pers. corium. ; DLWC, 1998). However, the extent of trading Inny

be minted since the rumginal values are very sillitlar. in addition, in the absence of

groundwater, the shadow value of surface water grows to $148,9111i^^n. ,. This has

implications for future reductions in groundwater entitlements, which may create a

Sw shadow value

(with Gw)

11 1.45

Sw shadow value

(w/o Gw)9

148.91

Ave. Gw shadow value

62.27

44.19

70.48

' Two shadow prices for surface water were calculated: one with fun groundwater allocations available and
one without (w/0) any groundwatersupply available. This was to deternine the value of surface water in
the absence of an alternative watersource.
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