greater demand for surface water in the Mooki and cause water to be traded upstream

from Lower Namoi.

8.3.5 Summary

The results presented above have useful applications for policies designed to target water
use or salinity reduction, and the impact it has on basin crop production. It can be seen
that the impact of environmental targets, in the form of environmental flows or salinity
reduction, will have varying impacts on production activities depending on the irrigation

technology used and the possibility for water trade.

Initially, without water trade, the main areas reliant on surface water are upstream
Caroona and Breeza, while downstream Ruvigne relies mainly on groundwater. Where
DD caps are imposed to mitigate salinity contribution, both surface and groundwater
users are affected since the DD cap indiscriminately reduces drainage from both water
sources. Much of the impact occurs in Ruvigne, because groundwater is used primarily in
this area. However, DD caps cause groundwater extraction to be reduced below its
sustainable level, which leads to a sub-optimal outcome because the full capacity of
groundwater resources is not used. In addition, surface water extractions are relatively

less affected which means that a smaller amount of environmental flow is generated.

On the other hand, where the objective is to achieve greater environmental flows through
limiting surface watér extraction by imposing a cap, only irrigators sourcing surface
water are affected. This means groundwater use remains at the estimated sustainable
extraction rate according to groundwater Water Sharing Plans. Without water trade, much
of the economic burden of water caps is incurred upstream in Caroona and Breeza.
However, where water trade is possible, water is traded downstream to Ruvigne where it
has the greatest productive value. Ruvigne becomes the main area of irrigated production.
This suggests that, rather than clawing-back surface water from upstream Caroona and
Breeza, where most surface water is initially used, it may be optimal to rely on market
mechanisms and encourage surface water to be traded downstream. This allows

inefficient users upstream to voluntarily exit the irrigation industry, and also enables
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environmental flows to be sourced at the least-cost. There is an additional benefit in that
irrigation is concentrated in Ruvigne and reduced in upstream Caroona and Breeza,

leaving a greater area of Upper Namoi for environmental conservation purposes.

Overall, it can be concluded that environmental targets would have different impacts on
basin crop production, depending on the technological setting and the possibility for
water trade. The associated opportunity cost of achieving environmental targets will
therefore vary under these different circumstances, and will also depend on how stringent
the targets are. The cost of achieving environmental targets, and how they can be

achieved at least-cost, is considered in the following sections.

84 ESTIMATED COSTS OF ENVIRONMENTAL FLOWS

In this section, the cost to the irrigation industry associated with meeting environmental
flow targets is analysed. A comparison of the total cost (TC) of achieving environmental
flow targets, between each treatment, is made. A TC function is estimated for each
scenario under Treatment One (status quo), Treatment Two (no water trade, with
alternative irrigation systems — AIS) and Treatment Three (with trade and AIS). The
effect of increased environmental flows was simulated by successively reducing surface
water allocations from 59,000ML to zero, and the TC functions are calculated relative to
the profit under Treatment Three. That is, the cost functions obtained represent the
opportunity costs of providing environmental flows, relative to the basin profit in the
presence of water trade, without requirements for additional environmental flow above

that stipulated in the surface Water Sharing Plan.

As can be seen in Figure 8.23, these cost functions are fairly linear. This is an artefact of
the assumption that, as water supply is reduced irrigators do not reduce water use per
hectare. Instead, the area under irrigation is reduced such that each area receives the full
crop water requirement. In this way, the value of water is reflected in the additional area

that can be irrigated and translates to linear cost curves as water supply declines.

158



Total Cost Curves for Environmental Flows (With Gw)

- —_
[e-] o N
1

TClyr ($Mill)
»

-y
L

—&— Treatment One
—e— Treatment Two
Treatment Three

nN
1

10 20 30 40 50 60
Environmental Flow Requirement ('000ML)

Figure 8.23: Total cost of meeting environmental flows.

The difference between the TC functions for Treatment One and Two represents the
value of having the option to choose among various alternative irrigation systems (AIS),
while the difference between TC functions for Treatment Two and Three represents the
value of having a water market in the catchment, for any given environmental flow
requirement. The cost difference between the functions suggests that, when the option of
choosing among various AIS is present the total opportunity cost of meeting
environmental targets can be reduced by $1.5Mill/yr. When the water market is in place
in the catchment, the opportunity cost can be reduced by $3.3Mill/yr. The distance
between the TC functions under each treatment is the greatest at low environmental flow
requirements, and becomes smaller as environmental flows increase. That is, as the
environmental flow requirements increase, the values of having the water market or
having the option of AIS both diminish, and tend towards the same point. The non-
convergence where all extractive water is reallocated to environmental flows is due to the
available groundwater, which has a different value under different technological settings
(water has a different value where AIS is used since it is used more productively,

compared to furrow irrigation).

This trend implies that the benefit of AIS and water market is limited if extractive water
use is reduced substantially, since the use of water trading or AIS can only do so much to
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reduce the opportunity cost incurred. If a significant amount of extractive water is
reallocated towards the environment, there would be significant economic costs imposed
regardless of what adjustment mechanisms are available. Unless there is a high valuation
of the environmental benefits that the conserved water would provide, it may not be
efficient to reallocate a substantial share of extractive water towards environmental
purposes. The efficient allocation of water between extractive and non-extractive uses
should be where the marginal value in production equates with the marginal value of

water for environmental purposes.

8.4.1 Marginal Costs of Environmental Flows

The equilibrium shadow values of surface water, under water trade (Treatment Three),
are presented in Figure 8.24. These shadow prices also represent the marginal cost of
providing extra environmental flows diverted from extractive allocations. Where the
catchment manager wishes to source environmental flows from the water market, the
shadow values provide a useful guide for the marginal cost of additional environmental
flows. It can be seen that the value of surface water is relatively constant, since the
shadow price is unchanged for a range of surface water allocations. Again, this is an
artefact of the assumption that irrigators use extra water to expand production. The
shadow value of water reflects the additional area that could be irrigated, rather than the
increased rate of irrigation. This also explains the relatively constant TC curves observed
in the environmental flow cost functions in Figure 8.23. In addition it suggests that, for
various environmental flow targets, the marginal costs are not different and a greater
volume of water could be obtained without increasing the marginal cost incurred by

irrigators.
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Shadow Value Surface Water (Treatment Three)
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Figure 8.24: Shadow value of surface water at different surface water allocations,
under Treatment Three.

8.4.2 Summary of Estimated Costs of Environmental Flows

It can be seen from the above results that investing in water efficient technologies and
establishing a water market will be valuable for the Mooki basin, since it can improve the
productivity of the irrigation sector significantly, as well as minimise the opportunity cost
of securing environmental flows in the river. For the Mooki, it appears that the marginal
cost of providing additional environmental flows is fairly constant, and environmental
flows could be increased without increasing the marginal cost incurred by irrigators.
While this suggests that setting a higher environmental flow standard will not increase
the marginal economic impact, the overall cost will still be high. Efficient water
allocation should be where its marginal value in production equates with the marginal

value of water for environmental purposes.

8.5 DUAL INSTRUMENTS: DEEP DRAINAGE AND SURFACE
WATER CAPS

In the previous section, the costs of achieving environmental flows were presented in
order to assess the impact of environmental flow objectives, and how alternative
irrigation systems (AIS) and water trade can reduce the economic burden. Suppose now

that the catchment manager is also concerned about the level of deep drainage (DD), and
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must evaluate the usefulness of DD caps as an additional instrument to manage salinity,

independently of environmental flow policies.

In this section, the economic cost of imposing DD constraints on the basin, in conjunction
with surface water constraints, is analysed. The outcomes represent the impact of ‘dual-
instruments’ that may be used by a catchment manager to control salinity and
environmental flows separately. These results could shed light on the current situation in
NSW catchments, whereby an end-of-valley salinity target has been imposed as part of
the MDB Salinity Management Strategy. This has been introduced on top of surface
Water Sharing Plans for individual valleys in NSW, with the prospect of increased
environmental flows in the near future. The question is whether the combined use of a
separate instrument is useful in controlling the ‘joined’ pollution, given water use and DD

are interrelated.

Firstly, a comparison of the resource use, profit and the associated salt load, under the
Base Case scenario of each treatment, is presented. This is done in order to appraise the
estimated level of DD and salinity contribution from the Mooki, and put into perspective
the effect of water and DD instruments. This is followed by an assessment of using dual-
instruments to manage salinity risk, under Treatment One (status quo), Treatment Two
(no water trade, with AIS) and Treatment Three (with water trade and AIS).

8.5.1 Salt Loads
A summary of outcomes under the Base Case scenario of each treatment is presented in
Table §-9.

Table 8-9: Comparing outcomes under Base Case scenarios.

Base Case scenarios

Profit/yr  Deep drainage  Saltload  Surface water Groundwater Total water

Treatment
($Mill) (ML/yr) (t/yr) use (ML/yr) use (ML/yr) use (ML/yr)
One 35.32 25419 8,693 53,628 56,059 109,687
Two 36.85 24,200 8,277 58,698 56,200 114,898
Three 40.15 24,710 8,451 59,000 56,241 115,241
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The EC reading'® for Mooki was reported as 534pS/cm, which means each megalitre of
water carries 342kg of salt. This is based on the assumption that 1,000pS/cm equates to
640kg of salt per megalitre (NSW DPI 2006b).

It appears that DD and associated salt load are fairly similar between the three treatments,
although there is a significant difference between the levels of water use. As observed in
earlier results, water efficient technologies (AIS) seem to significantly improve water use
efficiency. A reduction of 5% in DD is observed under Treatment Two (no trade, with
AIS) relative to Treatment One (status quo). Where water trade is introduced (Treatment
Three), DD and salt loads increase by 2% relative to Treatment Two, although a net
reduction of 3% is still achieved relative to the status quo. This suggests that, even
without additional policy instruments, DD and salt load could be partially reduced by

simply encouraging the use of AIS and water trading in the basin.

The salinity concentration of water in the Mooki (534 uS/cm) is not a significant concern
for the Namoi, since it is not sufficient to cause crop damage to cotton which has a salt
tolerance level of 1,700 pS/cm. However, the main implication of saline return flows is
its downstream impact on the Barwon-Darling system. It is thought that Mooki and the
Peel River are the main contributors of salinity to the Namoi catchment. Considering that
the Namoi end-of-valley salt load target is 127,600t/yr, the estimated contribution from
the Mooki, of around 8,693t/yr, represents just 7% of the target. However, the salt
contribution from Mooki relative to its area is moderately high. The Mooki study area, of
397km?, comprises 1% of the total area of Namoi of 41,998km?. This suggests that the
proportional salt contribution from Mooki should be 1% of 127,600t, or 1,276t/yr.
Compared to the estimated salt load of 8,693t/yr, the salt input from the Mooki is seven
times greater than the proportion it may be expected to be contributing.

Where the objective is to reduce salt load below the Base Case scenario level of
8,693t/yr, an additional instrument to control DD contribution may be required and would

19 Electrical conductivity (EC) is the measure for water salinity.
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be imposed separately to surface water caps to control the conjoint pollution. The results

of an analysis of such a dual-instrument are presented in the next section.

8.5.2 Dual-Instruments

Under each of the three treatments, DD constraints were reduced successively from
26,000ML to zero drainage. This is done under different water cap scenarios, holding
available surface water at 59,000ML, 45,000ML and 25,000ML. The DD constraint is set
on a basin-scale, such that the total DD across the 53 HRUs cannot exceed the target
drainage level. The opportunity cost under each treatment are in terms of annual profit,
and is relative to the profit under Treatment Three (with water trade), at 59,000ML
surface water allocation without any constraints on DD. At zero allowed drainage, the
HRUs are forced to produce dryland crops only. The total cost (TC) at zero DD is
therefore a proxy for the value of irrigated crops, given the surface water allocation and
treatment. To better convey the changes in TC between treatments, the results are
discussed in the order: Treatment Three (water trade and alternative irrigation systems —
AIS), Treatment Two (no water trade with AIS), Treatment One (status quo: no water
trade, no AIS).

8.5.2.1 Treatment Three

Under Treatment Three, the impact of DD caps is considered in the presence of a water
market and AIS. This is done while simultaneously capping surface water at 59,000ML
(full season water allocation), 45,0000ML and 25,000ML.

For the set of TC functions in Figure 8.25, the impact of DD constraints are exemplified
through the slope of the curves, reflecting the change in shadow price at different DD
targets. The impact of reduced surface water availability is shown through the shift in the
TC curves, which reflects the opportunity cost of diminished water availability relative to
the full-scale water supply of 59,000ML.
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TC curves for DD (Treatment Three)

—e— 59,000
—&— 45,000
—u— 25,000

TClys (SMIN)

& &

30 25 20 15 10 5
DD constraint (000ML)

Figure 8.25: Total cost (TC) of DD constraints under Treatment Three, with Water Caps.

In the presence of a water market and AIS, the slope of the TC functions are initially
different across the water constraint levels, but converge as the DD target falls below
13,000ML. This suggests that, at tight DD constraints, the shadow value of DD is
unchanged under different surface water caps, such that the impact of DD targets does
not vary much for different water constraint levels. That is, if a stringent drainage
constraint is set, it would not affect the marginal cost incurred by the irrigators. On the
other hand, at lax DD targets, the marginal cost of drainage reduction depends on the
water availability. It appears that for some water caps, the marginal.cost of DD is actually
zero. This is implied by the point of inflection in the TC functions, whereby at lower
water availabilities its slope does not begin to rise until tighter DD targets. For example,
with a water constraint of 25,000ML, the marginal cost of DD targets is zero until the DD
target falls below 16,000ML. Under a water constraint of 59,000ML, the marginal cost is
$630/ML for the same drainage target. This is because when water use is reduced, DD is
mvariably reduced also. Therefore, it appears that stringent water and DD constraints can
be simultaneously imposed without additional economic impact. However, it is perhaps
meaningless having an extra constraint on DD if its occurrence is already limited by the
reduced availability of the surface water supply. This is a consistent trend observed under

each of the treatments, which are discussed in turn below.
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8.5.2.2 Treatment Two
Under Treatment Two, the impact of DD caps are considered where there is no
possibility to trade water in the water market; however there is the option to invest in
AIS. Like in Treatment Three, water caps are simultaneously imposed at 59,000ML,
45,000ML and 25,000ML.

TC curves for DD (Treatment Two)
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Figure 8.26: Total cost (TC) of DD constraints under Treatment Two, with Water Caps.

Under Treatment Two (no water trade, with AIS), the TC functions shift up relative to
Treatment Three, reflecting the opportunity cost of water trade (Figure 8.26). The impact
of DD is exemplified through the slope of the TC functions, which are slightly less steep
than Treatment Three. This suggests that, without water trade, the shadow price of DD is
lower because water has not been reallocated to its highest value use. Therefore without
water trade, the marginal impact of DD caps are less than when water market is in place,
although the total opportunity cost of no trade (expressed through the upward shift in TC

functions) is significant.

Similarly to Treatment Three, the slopes of the TC functions initially vary at lax drainage
caps. Its marginal cost under low surface water availability is low and sometimes zero, as
implied by the flatness of the TC functions. The inflection in the TC does not occur until
tighter drainage constraints, since DD occurrence is already reduced by the water cap.

For example, under a surface water allocation of 25,000ML, the opportunity cost of
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reducing DD is zero until DD targets fall below 16,000ML. For the same DD target, at a
higher water allocation of 59,000ML, the marginal cost is positive, at $430/ML. This
reiterates the finding under Treatment Three, which suggests that an additional DD
instrument may be superfluous if a water cap has already been implemented.

85.2.3 Treatment One

Under Treatment One, only furrow irrigation is used and there is no opportunity for water
trading. DD caps are imposed while holding surface water caps at 59,000ML, 45,000ML
and 25,000ML.

TC curves for DD (Treatment One)
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Figure 8.27: Total cost (TC) of DD constraints under Treatment One, with Water Caps.

Under the status quo (Treatment One), the TC functions shift up further compared to
Treatment Two, which represent the value of having options to choose AIS to the
irrigators in the catchment (Figure 8.27). The shadow price of DD is also reduced relative
to previous treatments, as indicated by the gentler slopes. This is due to the lack of water
trading to shift water to its highest value use, and also because water is used inefficiently
under furrow irrigation so each unit of DD has a lower marginal value. Consequently,
irrigators incur lower marginal costs for reducing drainage under Treatment One.
However, the overall cost of not using AIS or the water market is significant, as indicated

by the upward shift in the TC functions.
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As was the case previously, the slope of the TC appears to be relatively unaffected by the
water availability at tight drainage constraints. This result reiterates the finding that, even
with stringent DD targets, it is not significantly more costly to reduce drainage given
there is no substantial difference in the marginal cost of DD under different water
supplies. The main difference between the TC functions is the point of inflection, which
occurs at a more stringent DD constraint as water supply is reduced. With a 25,000ML
water cap, the marginal cost of DD is zero for some drainage target levels, whereas the
same DD at higher water supplies has positive marginal cost. This is a consistent trend,

which is also observed under previous treatments.

8.5.3 Summary of Results for Dual-Instruments

The implication from the above results is that, although it may be difficult determining an
efficient DD target at a basin scale, the difference in the marginal cost of reducing DD
while simultaneously imposing water caps will not be excessive. This is evidenced by the
similarity in the slope of the TC functions for drainage reduction, across different water
caps. This implies that the marginal cost of reducing DD is independent of water supply
for most DD targets, and may be set separately. The total cost incurred for stringent
drainage targets, however, is considerable, and at tight DD constraints the overall

economic impact on irrigators will be significant.

Under stringent water cap levels, for some DD constraints the marginal cost to reduce
drainage is zero because drainage occurrence is limited by water availability. While this
suggests that surface water and DD constraints can be jointly imposed without additional
economic impact, an extra instrument to control the conjoined pollution, in the form of
DD, may be unnecessary. This is because its occurrence is already reduced by low

surface water supply.

It therefore stands to reason that water caps on its own would suffice in achieving DD
(salinity) reduction. However, water caps also have associated opportunity costs of
production. If one instrument suffices in achieving the desired outcome in water resource

use or in salinity reduction, the question then becomes, which instrument could achieve
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the objective most cost-effectively. A comparison between DD and surface water caps
are made in the following section, and will illustrate the effectiveness of each instrument

under different treatments.

8.6 SEPARATE INSTRUMENTS: DEEP DRAINAGE v SURFACE

WATER CAPS
The efficacy of deep drainage (DD) and water instruments to independently achieve DD
reduction, under each treatment, is presented in this section. The total cost (TC) of each
instrument under Treatment One (status quo), Treatment Two (no water trade, with
alternative irrigation systems — AIS) and Treatment Three (with water trade and AIS) is
examined. The opportunity cost is relative to the annual profit where full water
allocations are received and with no constraint on DD, under the given treatment. Where
the drainage or water cap is zero, all producers must grow only dryland crops to satisfy
the constraint. This causes the TC function under each instrument to converge at the

origin.

8.6.1 Treatment One

Cost Curves for Deep Drainage (Treatment One)

16
14
12 _
10 &
o
- 8 ;-
[
(-3
L 6 (1]
L 4
L2
30 25 20 15 10 5 —e—DDcap
DD/yr ('000ML) Water cap

Figure 8.28: Total cost (TC) of deep drainage reductions under Treatment One, comparing
instruments.
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In Figure 8.28, the TC functions of achieving DD reductions under Treatment One
(Status Quo), are presented. As the DD target becomes stringent, the shadow price of DD
with surface water caps (pink line) appears to be fairly constant, since the TC function is
linear. In contrast, when DD caps are imposed (blue line), the shadow value appears to

increase at a slightly increasing rate.

Under a water cap, only irrigators sourcing surface water are forced to forgo water use,
whereas under a DD cap both users of surface and groundwater are affected. Since the
constraint on DD causes the most inefficient irrigators to forego water use regardless of
the water source, the DD cap has a cost-advantage of up to $2Mill/yr. However, water
caps have an additional benefit of generating extra environmental flows since it reduces
only extractions from the river. On the other hand, under a DD cap, in-river extractions

are not reduced as significantly (Figure 8.29).
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Figure 8.29: Water use under each instrument, Treatment One.

Tt can be seen that with water caps (Figure 8.29, blue lines), only surface water use (Suse)
is reduced while groundwater extractions (Guse) remain unchanged. However, with DD
caps (red lines), some reduction in groundwater use occurs as DD constraints become
stringent. This is because DD caps impinge on overall water use, such that both surface
and groundwater users are affected. While this allows the least-cost way of reducing DD,

it also means that there is less environmental flow provision under DD caps for most
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target levels. Furthermore, groundwater extractions are reduced to a level below the
estimated sustainable extraction rate according to the groundwater Water Sharing Plan.
Water caps allow groundwater extractions to be maintained at the sustainable rate of use,

while at the same time generating greater environmental flows (Figure 8.30).
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Figure 8.30: Environmental flows v deep drainage, Treatment One.

The above figure shows the environmental flow generated for a given drainage
occurrence, under each instrument. It can be seen that, for all drainage levels, water caps
have a significant advantage over DD caps in generating environmental flows. If the
catchment manager has the dual-objective of providing for environmental flows and DD
reduction, water caps could achieve this objective more cost-effectively than DD caps for

most target levels.

8.6.2 Treatment Two

The results under Treatment Two (no trade, with alternative irrigation systems (AIS)) are
similar to results under Treatment One, except the cost differential between the two
instruments is diminished (Figure 8.31). The TC function under a water cap is again
fairly linear, which implies that the shadow price on the DD constraint is constant where
water cap is imposed. Where a DD cap is used, the TC function increases at a slightly

increasing rate.
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Cost Curves for Deep Drainage (Treatment Two)
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Figure 8.31: Total cost (TC) of deep drainage reductions under Treatment Two, comparing
instruments.

Like Treatment One, DD caps affect overall surface and groundwater use, and allow for
the least-cost means of achieving DD reduction. However, it also reduces the rate of
groundwater use to below the estimated sustainable level of extractions, according to the

groundwater Water Sharing Plan. This can be seen in Figure 8.32.
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Figure 8.32: Water use under each instrument, Treatment Two.

The two instruments appear to have similar impacts on surface (Suse) and groundwater
use (Guse) initially, at lax levels of DD constraint. However, for drainage constraints

below 20,000ML, DD caps leads to significant reductions in groundwater use. Again, this

172



brings groundwater extractions below the sustainable level, as well as resulting in smaller
reductions in surface water extraction. Similarly to Treatment One, for a given DD
occurrence, the level of environmental flow provision is significantly greater under water
caps than under DD caps, for most DD target levels (Figure 8.33). Where the objective is
to generate environmental flows and significant DD reduction, a water cap could achieve

this aim more efficiently.
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Figure 8.33: Environmental flows v deep drainage, Treatment Two.

8.6.3 Treatment Three

The TC curves under Treatment Three are relatively steeper than under previous
treatments, essentially due to the increased shadow value of DD as water is shifted to its
highest value use with trade (Figure 8.34).
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Cost Curves for Deep Drainage (Treatment Threa)

16
14
12 _
10
L3
8 =
[7]
6 8
4
L 2
—&—DDcap
30 2 20 15 10 5 Water cap
DD/yr {'000ML)

Figure 8.34: Total cost (TC) of deep drainage reduction under Treatment Three, comparing
instruments.

While the overall TC is greater with trade, the discrepancy in TC under water quantity
and DD instruments are not significantly different; DD caps are also more cost-effective,
and can reduce the opportunity cost by approximately $2Mill, under Treatment Three.
However, the most distinguishing difference is the change in water use under the two

instruments (Figure 8.35).
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Figure 8.35: Water use under each instrument, Treatment Three.
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Under DD caps, groundwater use (Guse) appears to be the main source of water that is
reduced to meet the drainage constraint. This is while surface water use (Suse) is
relatively unaffected until DD targets fall below 17,000ML. This means that under a DD
cap, in-stream environmental flows are not increased even at very tight levels of DD
constraints, because surface water extractions are not reduced. Instead, the level of
groundwater use — which is set to the estimated sustainable extraction level — is reduced
to a level that is far below its full capacity. The use of DD instruments therefore imposes
unnecessary costs on the irrigators, while at the same time it does not generate greater
environmental flow benefits. For all levels of TC incurred, the environmental flow

generated is greater under water caps than under DD caps (Figure 8.36).
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Figure 8.36: Environmental flows v deep drainage, Treatment Three.

8.6.4 Shadow Price of Deep Drainage

The shadow price of DD under each treatment is presented in Figure 8.37 (Treatment
One), Figure 8.38 (Treatment Two) and Figure 8.39 (Treatment Three). The shadow
values obtained represent the marginal cost of reducing DD at the catchment level. It can
be seen that as AIS (Treatment Two) and water trade (Treatment Three) are introduced,
the shadow value of drainage increases. Also, as the DD constraint approaches zero the
shadow prices appear to increase and then plateaus out as the drainage target becomes
stringent. This explains the shape of the TC functions for DD reduction observed in the

above sub-sections, which increases at an increasing rate but gradually becomes linear.
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Shadow Value Deep Dralnage (Treatment One)
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Figure 8.37: Shadow price of deep drainage under Treatment One.
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Figure 8.38: Shadow price of deep drainage under Treatment Two.

Shadow Value Deep Dralnage (Treatment Three)

800

I 700
- 600
| 500
+ 400
+ 300
- 200

Shadow Price ($/ML)

F 100

4

30 25 20 15 10 5
DD constraint ("000ML)

Figure 8.39: Shadow price of deep drainage under Treatment Three.
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If a price-based rather than a quantity-instrument is considered for controlling drainage,
these shadow prices for DD will be useful for determining appropriate DD prices. Both
price and quantity instruments should theoretically achieve the same outcome, such that
the results in previous sections should also hold if there is an efficient DD pricing system
in place. For catchments which have chronic salinity problems and very high levels of
DD, it may be optimal to use price or quantity instruments to target DD directly, since it
has a greater cost-advantage over water instruments. However, the cost-advantage of DD
instruments can easily be outweighed by the extra administrative cost of setting up such a
system. While DD pricing would provide the correct conservation signals and achieve
DD reduction, a significant knowledge gap remains regarding the actual occurrence of

DD across a large landscape.

8.6.5 Summary of Separate Water and Deep Drainage Instruments

The discussion above indicates that the choice of a preferable instrument should depend
on the catchment manager’s objectives. If it is realised that the level of salinity
contributions is in fact excessive, it may be worthwhile creating separate DD instruments
to control its occurrence. Drainage instruments have the advantage of providing the least-
cost means of achieving salinity targets, by forcing the most inefficient irrigators to
forego wateruse, rather than causing only surface water users to relinquish allocations at
higher cost. However, DD caps also have significant opportunity costs, because
groundwater must also be reduced to a sub-optimal level of water use, and lead to
unnecessary income losses. This is while in-river extractions are not reduced, such that
less environmental flows are generated for a given DD target. In a broader context, for
salinity instrument to be preferred, it would have to be insured that the benefit to
downstream users from reduced water salinity must be greater than the cost incurred by

upstream users in mitigating salt loads.

Alternatively, reduction of surface water allocation can reduce drainage effectively
without affecting groundwater use. Given that the overall drainage occurrence and total
water use is comparable under both scenarios, there is no significant difference between

the effects of both instruments. Therefore, if deep drainage is not at a critical level, it may
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be more efficient to adopt instruments that regulate surface water use rather than deep
drainage. This could provide additional benefits in the form of greater environmental
flows and fresh flushes to dilute saline runoff, and avoid excessive administrative costs in
creating a dual instrument. Also, given the knowledge gap regarding drainage (Vervoort

2007, pers. comm.), the economic cost for setting a ‘wrong’ target is likely to be high.

A factor which may affect the results relates to the technical configuration of the
biophysical model. The SWAT is configured in such a way that surface water cannot be
stored in on-farm storages, so that when river water is available it is pumped directly onto
the field. Irrigation using surface water therefore only occurs when the opportunity arises,
which is more infrequent than groundwater. Given the uncertainty of surface water
supply, irrigation volume and frequency is lower, hence drainage per hectare is lower. As
a result, to achieve the same drainage reduction as DD caps (which affect both surface
and groundwater use), a more stringent surface water cap becomes necessary. If
configurations could be made in SWAT to store surface water in on-farm storages, the
security of surface water supply would increase and the frequency and volume of
irrigation would also increase. Surface water users would enjoy the same security of
supply as groundwater users, so that irrigation volume and DD would be very similar
between the two water sources. The reduction in either water source would therefore lead
to a similar fall in drainage, and translate into very similar DD cost functions between
drainage and water instruments. This further strengthens the conjecture that water caps on
its own would suffice in achieving the dual target of environmental flows and salinity

reduction.

This concludes the comparison between water and drainage instruments, under the three
treatments. For the following section, the focus moves to the results in Treatment Four,
which consider the impact of increased competition for surface water from an agent that

is external to the Mooki basin.
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8.7 EXTERNAL WATER TRADING

The impact of an external agent entering the regional water market is assessed in this
section. It is assumed that a mine begins operations in the Mooki region and enters the
water market to compete for water at various (exogenous) market prices. For a given

water price, F,, irrigators could choose to trade internally to other irrigators who will use

water for crop production, or externally 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
terms of net benefit to the external agent, based on its derived demand for water. The
water price is parameterised in the interval from zero to $160/ML and irrigators can only

profit from the quantity that is traded at the given price, both internally and externally.

The coal mine’s derived demand for water is assumed to be W*=12,522-P, /15.48, based

on the quadratic production function of Coal=-0.1721W* +43182W and coal price of
P, =$45 per ton (ABARE 2006). This was obtained through econometric estimation using

data from a large Australian coal mining company (see Section 7.3.5). The impact of an
external buyer is compared to where only internal water trade is possible, to evaluate the
degree of competition for resources. It is assumed that the annual allocations are
59,000ML for every year in the planning period. The results reported are therefore based

on the outcome for one year, which is representative of all seasons.

8.7.1 Treatment Four - Base Case

Under the Base Case scenario of Treatment Four, the price of water is assumed to be zero
and water trade between the HRUs in the catchment is costless. The solution essentially
represents the theoretical optimal water allocation for maximum basin profit given annual
surface water allocations of 59,000ML. There are no additional requirements for
environmental water flow except for the stipulated level in the surface Water Sharing
Plan. The volume of water sold (“internal sell”) exactly equals the volume of water
demanded (“internal buy”), of 37,500ML (Table 8-10). The profit from cropping alone is
close around $40Mill where the market price for water is zero, such that irrigators can

trade water at zero cost.
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Table 8-10: Outcome under Scenario 4.1.

Pw ($/ML) Profit/yr ($Mill) Internal buy (‘000 ML)  Internal sell (‘000 ML)

0 40.15 375 37.5

8.7.2 Treatment Four - Internal Trade Only

Where there is only internal trade, the volume of water traded remains the same until P,

increases to above $115/ML (Table 8-11). Above this price, the market supply begins to

diverge from demand.
Table 8-11: Internal trading only.
55 38.09 37.5 375
70 37.52 37.5 375
85 36.96 375 275
100 36.40 37.5 375
115 35.60 37.5 30.6
130 34.38 37.2 450
145 33.69 34.7 46.1
160 32.48 19.1 518

This reflects the shadow price of water shown in Section 8.3.4, of $111.45/ML, which
represents the market clearing price of water. At higher prices, there is a net inflow of
water into the market, leading to excess supply. The internal demand for water remains
relatively inelastic and does not begin to fall until 7, increases above $145/ML. An
interesting observation is that the market-clearing price of around $111.45/ML is similar
to the current temporary trade value for the Lower Namoi regulated systems of $100-
$120/ML (WaterExchange 2007). There are no head-dams in the Mooki unregulated
system, such that there is no risk of stranded assets when trade is opened between the two

regions.
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8.7.3 Treatment Four — Internal and External Trade
In this scenario, an extemal agent (coalmine) enters the regional water market and

competes for water resources. The results are presented in Table 8-12.

Table 8-12: Internal and external trading.

Pw ($/ML) Profit crop only ~ Internal buy External buy Internal sell ~ External net benefit

($Mill) ('000 ML) (‘000 ML) (‘000 ML) ($Mill)
55 38.09 37.5 - 37.5 -
70 36.32 34.9 11.1 46.0 053
85 35.68 336 12.5 46.1 1,213
100 35.17 33.6 12.5 46.1 1,213
115 34.67 336 12.5 46.1 1,212
130 34.17 33.6 12.5 46.1 1,212
145 33.68 31.8 12.5 46.1 1,212
160 3248 19.1 125 51.8 1,212

For water prices below $55/ML, no water is sold to the coal mine. This suggests that
water has a greater value in production below this market price. However, between the
price range of $70/ML< P,<$130/ML, there is increased competition for water between
internal and external users. A volume of 3,600ML of water that was traded internally is
instead sold to the external user. Furthermore, the presence of an external buyer presents
a more profitable alternative to cropping, such that a further 8,600ML of water becomes
sold in the water market to meet external demand. Above a price of $160/ML, there is
excess supply in the market and the external agent merely soaks up some of the excess
supply without infringing on internal demand, placing a market value to the excess water

which has no value internally.

From the above results, it can be concluded that in order to compete with internal users
when the price is below $70/ML, the external buyer needs to pay a premium to meet its
full demand, since internal users have a high value for water at this market price.
However, offering a price above $85/ML would allow its full demand to be met without
the need to pay a premium. This is because irrigators find it more profitable to sell their
allocations than to use it for crop production, and market supply increases relative to

where only internal trading exists. For water prices above $160/ML, there is excess
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supply and there is no competition with internal users; the limiting factor then becomes
the external user’s demand. However, the maximum water demanded by the external user
across the price range considered is only 12,500ML/yr, or 21% of total basin water
supply. This suggests that, while external competition for water will affect some
irrigators, it should not pose a significant competition for the regional irrigation sector. In
fact, it may be profitable for some producers to sell allocations at a premium to the
coalmine, without compromising the integrity of agricultural production in the region.
For example, selling some water at $85/ML would lead to a 2.7% drop in annual profit
from cropping ($1Mill), while representing a net benefit of $1billion for the mining
industry in the region“. This is also considering the sizeable area in the catchment that

appears to be more suited to dryland cropping.

8.7.4 Summary of External Water Trade

While there have been some concern of the impact of increased competition for water on
the regional irrigation sector, it appears that the overall impact of a coal mine in the
Mooki basin will be relatively small. The maximum demand for water by the external
user only comprises a fairly small portion of what is available, and leads to a reduction in
the annual profit from cropping of 2.7%. This is while the net benefit that the water
represents for the coal mine exceeds $1billion. These results indicate that the Namoi
region would accrue net gains from the coalmine. However, these results are dependent
on the assumptions made regarding the coal mine’s demand for water. While the derived
demand was based on empirical data from the coalmining industry, the actual volume of
water required depends on the size of the coal reserve in Gunnedah, which is currently
unknown. This conclusion also does not consider the secondary effects on employment
and other industries, nor the environmental externalities created from mining operations.
The results of this analysis may vary once these external effects are factored into the
costs of coal production. Nevertheless, the direct impact of increased competition for
water from external users, based on the assumptions of the model, is not likely to

jeopardise the regional irrigation industry.

11 The net benefit is calculated based on the area under the coalmine’s demand function for water.
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8.8 SPATIALLY DELINEATED RESULTS

In previous chapters, it was highlighted that the advantage of using a GIS-based
biophysical model, was to provide spatially differentiated results. This is possible using
the SWAT model, which delineates the Mooki basin into HRUs as unique combination of
soil type and landuse. The location of each HRU in the Mooki is presented in Figure
8.40, which was produced using the GIS program linked to SWAT. For each HRU, the
optimal landuse, activity, resource use, and shadow values have been determined through
the economic optimisation model. The solutions obtained for each scenario under each
treatment could be implemented on ground since each HRU could be identified using this
graphical representation of the basin. Although due to technical limitations GIS layers for
each simulation outcome were not produced, the solutions from the economic
optimisation are included in Appendix E and could be used to create layers to
superimpose on the figure below (Figure 8.40). This can be useful for policy analysis,
since the desired outcomes of various policies and its impacts could be assessed with a

high degree of spatial detail.
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Figure 8.40: Location of the HRUs delineated in SWAT.
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89 SUMMARY OF CHAPTER 8

Simulation of a water allocation model of the Mooki basin was developed, using an
interdisciplinary approach to analyse the impact of various environmental policies on a
spatially explicit scale. The objective was to determine how environmental targets
pertaining to environmental flow provision and salinity reduction could be achieved at
the least-cost. This involved an examination of the changes in resource use and
production activities in each irrigation area, under each policy instrument and constraint.
Additionally, the economic impact of a dual-instrument, and the use of separate
nstruments to meet environmental objectives were assessed. This was conducted in order
to shed light on the usefulness of current basin policies such as Water Sharing Plans and
end-of-valley salinity targets in achieving environmental goals, and the associated
economic trade-offs. Furthermore, the consequences of increased competition for water
from agents extemnal to the irrigation district were analysed, to evaluate the potential
impact on the stability of the irrigation industry. The value that water efficient
technologies and water trade represents for the case study basin was evaluated under each
policy setting, by comparing the outcomes to the status quo. In addition, consideration
was given to the shadow values associated with water resources and the conjoint
pollution, in the form of deep drainage that induces salinity, to explain the outcomes
under each scenario. A general assessment of the inter-temporal nature of groundwater
use, given stochastic surface water supplies, was also discussed at the beginning of the

chapter.

From the results obtained, the findings and suggestions are as follows:

1. Overall, it was found that the use of alternative irrigation systems (AIS) and the
presence of a water market would improve the economic profit generated by
irrigators in the Mooki basin. Under the present surface and ground Water
Sharing Plan stipulations of water allocation and environmental flow
requirements, AIS on its own could reduce the occurrence of deep drainage (DD)
by 5% and an increase in annual profit by 4%, relative to the status quo situation

where only furrow irrigation is used. Of the two irrigation technologies
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considered, pivot and drip, it appears that pivot systems provide the greatest
benefit to irrigators, while drip systems are not as economically viable as pivot
due to its high capital outlay. In the presence of a water market, overall catchment
profit could increases by 10% and DD could fall by 3%, relative to the status quo.
This is due to the increase in surface water use due to the mobility of water
allocations.

Groundwater carry-over rules are useful where surface water is stochastic since
groundwater allocations can be banked or borrowed, subject to its two-year and
three-year extraction limits. However, where surface water is deterministic and
constant, there is little need for banking or borrowing since the optimal rate of
groundwater use should be at its annual sustainable extraction level. For an
ephemeral river system like Mooki, where surface water is stochastic,
groundwater carry-over rules are useful to hedge against uncertainty. However,
the optimal strategy is to utilise annual allocations almost fully each year due to
the limits on carry-over allowances.

The early system of area-based irrigation licensing has led to an inefficient
allocation since it does not match water to its highest value use. This is observed
through the results under each treatment, which shows that under the status quo
surface water is used in the upstream irrigation arcas, Caroona and Breeza,
whereas its value is highest in downstream Ruvigne. It is optimal to create a fully
functional water market in the Mooki region to encourage the trade of surface
water downstream, since upstream regions have high conservation value while

water has higher productive value downstream.

_ Where surface water is reallocated from extractive use towards environmental

use, the overall opportunity cost is reduced significantly where a water market is
in place. The use of AIS also reduces the economic cost incurred, since irrigation
water is used more efficiently. However, it is not as effective in mitigating the
costs incurred by irrigators compared to where water market is in place.
Nevertheless, where environmental flow requirements are high and much of the
extractive flows are redirected towards environmental purposes, the ability for

AIS or water trading to alleviate the economic burden is limited. The benefit of
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additional environmental flows must justify the economic cost incurred by the
regional irrigation industry.

Considering the high level of estimated salt load from the Mooki basin, there is a
cause for concern over its contribution to the salinity level of the downstream
Barwon-Darling system. It appears that, where a dual-instrument is implemented
to target environmental flows and salinity reduction, there is no significant
difference in the marginal cost of meeting these targets at stringent levels. It
appears that dual-instruments may be simultaneously set without excessive costs.
However, it also suggests that one instrument is sufficient to achieve the dual-
objective of salinity reduction and environmental flow provision.

Where water caps and DD caps are imposed separately, each instrument can
generate some environmental flows and drainage reduction since the level of
surface water use is reduced. However, the most distinctive difference is the
source of water that is affected by the instrument. Water caps only impinge upon
surface water use, while drainage caps lead to reductions in both swrface and
groundwater use. Each instrument has its advantage: the general trend observed
under all treattnents show that water caps generate greater environmental flows
and maintains groundwater use at its sustainable rate of extraction. On the other
hand, drainage caps can achieve DD reductions at the least-cost, but causes
groundwater use to drop to levels below sustainable levels and produce lower
environmental flows. In the case of the Mooki basin, water caps on their own can
achieve environmental flow provisions and salinity reduction more effectively.
Irrigators in the Mooki basin have expressed concern over the impact of increased
competition for water from a potential coalmine in the region. However, the
economic impact from the water competed away for coal production is around
2.7% per year. Compared to an increase in value of $1billion from coalmining
over the same period, there is a substantial net gain from the new mine for the
irrigation district. This has not factored in other flow-on effects such as

employment or environmental damage.
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Chapter 9.

CONCLUSION, DISCUSSION AND SUGGESTIONS FOR FURTHER
RESEARCH

In this study, the aim was to develop an economic modelling framework that can help
assess the economic impact and effectiveness of various environmentally-oriented water
policies. The model was developed based on the case study of the Mooki basin in the
Namoi Valley, but can also be transferred to other catchments to examine the impact of
various policies on a catchment-specific level. The empirical results were used to
determine the cost of various environmental targets and also the least-cost means of
achieving these objectives. In this chapter, a synopsis of the thesis provided, followed by
some conclusions and recommendations drawing from the results of the empirical study,
and some limitations which leads to a discussion of future work. The conclusions and
discussion is based on the empirical case study of the Mooki, which derive from the
review of water policies affecting the basin, the available data and literature that formed

the foundations of the economic modelling, and the results of the analysis.

9.1 GENERAL OVERVIEW OF THE THESIS

At the start of this thesis, the main objective was to provide an overview of the water
economy in Australia. Much attention was given to exploring the problems in water
allocation that has arisen in Australia due to its geographical characteristics, and from a
policy perspective. At the crux of the issue is level of river diversions in the Murray-
Darling Basin, which has long been at an unsustainable rate. This was driven by earlier
policies inherited from the ‘expansionary phase’ of the Australian water economy, which
has created a situation of water over-allocation. As the water economy approached a
‘mature phase’, the focus fell on demand-side management. Furthermore, the capital and
operational costs of water infrastructures have not been recouped. This formed the
impetus for the cost-recovery process, the purpose of which was to incorporate the true
cost of water services in the water price. This was but one of the myriad of Government

water policies initiated since the early 1990s, in recognition of the need for a sustainable
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approach to water management. This includes the comerstone agreement in 1994, the
COAG Water Reform Framework that led to a succession of intergovernmental water
agreements. A discussion of the various arrangements was provided in this chapter,
including the Murray-Darling-Basin Agreement, the National Water Initiative, Living
Murray Initiative, and the recently proposed Commonwealth National Plan for Water
Security (although part of this National Plan was to replace the intergovernmental
arrangements under the MDB Agreement with one Federal Government minister). These
policies have the objective of reallocating water more efficiently amongst competing
uses, through the use of market-based instruments which has been widely adopted in
most Australian catchments (e.g. the creation of water markets). Other policies to
mitigate salinity were also implemented through Murray-Darling Basin Commission
initiatives, including end-of-valley salinity targets. However, the effect of various
environmentally-oriented policies on the economic performance of the affected industries

is uncertain, and needs to be understood. This forms the impetus for this thesis.

A review of water economics literature was then provided, to highlight the different
aspects of water management and the difficulties involved. Firstly, a review of studies
using a GIS-integrated framework was conducted. This was to emphasise the advantage
of creating an integrated management approach, which would enable better allocation of
scarce water resources. This was then followed by an evaluation of price-based and
quantity-based instruments that have been promoted in natural resource management.
Other complexities in water management relating to groundwater hydrology, particularly
return flows and deep drainage, was also explored. These earlier chapters set the
foundation for the remainder of the thesis, which focused on creating a framework for the
efficient management of water on a basin-scale, in light of the complexities and current

water resource policies discussed thus far.

The selected modelling approach was a combined linear programming (LP) and dynamic
programming (DP) framework, due to the inter-temporal nature of groundwater use and
the static nature of production decisions. The use of market-based instruments for water

and deep drainage to achieve such outcomes was also discussed. The theoretical solution
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obtained using the LP and DP framework was then analysed, to illustrate how the
efficiency criteria are met through the chosen economic modelling framework. The use of
the model was focused on the impact of various environmental targets, in particular
environmental flows and salinity reduction, on the regional irrigation industry. Following
from this objective was an evaluation of the effectiveness of market-based instruments to
achieve efficient outcomes, and the consequence of increased competition for water from
external users to the catchment. Characteristics specific to the case study, the Mooki
basin in the Namoi Valley, was analysed in order to customise the modelling
assumptions. These include specific government policies which affect the Mooki, in
relation to the institutional arrangements discussed in earlier chapters. These assumptions
were then used to create the specific model in this thesis. A summary of the findings of

this empirical study is given below.

9.2 SUMMARY OF THE SIMULATION RESULTS AND ANALYSIS

The following summary is based on the results of the simulation scenarios under each
treatment considered in this study. In general, it is indicated that the water resources in
the basin are scarce and that earlier policies on water distribution have translated into an
inefficient allocation of water in the basin. There is scope for a more efficient
management of water in the Mooki basin, as indicated by the discrepancy in resource
allocation and production between the status quo and aliernative treatments, which were

conjectured to improve allocative efficiency.

9.2.1 Summary Statistics

Of the irrigation technologies considered (furrow, pivot and drip), on average, pivot
systems generate the highest returns and represent the most profitable investment for the
Mooki basin. Pivot systems can achieve a lower irrigation rate, lower deep drainage
occurrence, and higher yield per hectare irrigated. The yield increase offsets the capital
investment required. In contrast, drip systems are the least cost-effective, although they
achieve the highest water savings and deep drainage reduction. This is because the yield
increase is insufficient to cover the capital outlay, which is double the cost of pivot

systems.
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For any irrigation system, groundwater consistently produces better yields and profit
compared to its surface water counterpart. This is due to the reliability of its supply,
which ensures the full irrigation is delivered to the crop at the scheduled time of
irrigation. Groundwater could therefore produce relatively higher profits, despite higher
costs of pumping. While yield and profit is higher compared to irrigation with surface

water, the water use and drainage is also higher since more water can be applied.

Where water efficient technologies are used, the productivity of water resources is
increased. This is indicated by the increase in annual profit by 4% and a fall in deep
drainage by 5%, where pivot and drip irrigation systems are used. When water markets
exist, the annual profit increases by 9% and deep drainage falls by 3%. This is due to the
mobility of surface water allocations, so that the productivity of water is significantly

improved.

9.2.2 Inter-temporal Resource Use

The use of groundwater banking and borrowing through the carry-over rules is dependent
on the certainty of surface water supply. When it is deterministic, and constant,
groundwater use is close to annual allocations without any banking or borrowing.
However, when surface water supply is stochastic, the rate of groundwater extraction
moves in the opposite direction of annual surface water supply. This was an expected
result, since groundwater banking is beneficial where it is used to compensate for the

shortfall in the alternative water supply.

9.2.3 Production Activity Changes

The initial allocation of water according to irrigation area leads to an inefficient outcome,
whereby water supply is not used where it has the highest value. As a result, where water
is inefficiently allocated, irrigators in these upstream areas of the Mooki (Caroona and
Breeza) are the most affected by water caps and the overall opportunity costs incurred is
also inflated. Where water trade is possible, almost all surface water is traded

downstream for irrigated production in Ruvigne. As water is reallocated to its highest
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value use, introducing a water cap in the presence of water trade allows environmental
flows to be sourced at the least opportunity cost. This leads to an efficient outcome,
whereby irrigated production in the upstream irrigation areas which have high
conservation value is reduced, while the basin profit is increased from greater production
in downstream Ruvigne. Where DD caps are imposed to mitigate salinity contribution,
under all treatments, much of the impact occurs in Ruvigne where groundwater is used as
the primary water source. Drainage caps thus cause groundwater extraction to be reduced
below its sustainable level, which leads to a sub-optimal outcome because the full

capacity of groundwater resources is not used.

9.2.4 Application of Environmental Flow Policies

The economic impact of environmental flows can be minimised simply by encouraging
the use of water efficient technologies or by encouraging water trade. Where a water
market exists, the opportunity cost is reduced by around $3.3Mill per year or around 9%.
Using water efficient technologies could also reduce the economic impact of
environmental flows, by around $1.5Mill per year or 4%. However, at stringent
environmental flow targets the ability for alternative irrigation systems and water trade to
mitigate the economic cost is reduced, since these mechanisms can only do so much to
keep the opportunity costs low. It was also found that the additional cost to the catchment
manager to source an extra unit of environmental flow is relatively constant, as indicated
by the constant marginal cost of foregoing surface water. This is because of the
assumption that irrigators reduce the area under irrigation rather than the rate of
irrigation, such that the marginal value of water is reflected in the area of cotton it can

produce.

9.2.5 Application of Deep Drainage Policies

The contribution of salt load from the Mooki to the end-of-valley target for the Namoi
Valley is 7%. While this figure is relatively low, proportional to the area of the Mooki the
salinity contribution should only be 1%. This is despite the lack of incentive for irrigators
to internalise the impact of salinity into their production decisions, since salinity-inflicted

productivity loss within the Namoi is minimal. A cap on deep drainage could be used to
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reduce salinity contribution to downstream river systems, and it is expected that a
drainage cap could be imposed simultaneously with a water cap without much increase in
the costs borne by irrigators. However, it also appears that a single instrument is
sufficient to provide conservation signals with regards to water use and thereby a
reduction in deep drainage. For the Mooki case study, it seems that a cap on surface water
extractions is more appropriate than drainage caps, since for the same opportunity cost a
greater provision of environmental flows and some salinity reduction is achieved. Also,
groundwater use is maintained at its sustainable level. On the other hand, deep drainage
caps have a cost-advantage over water caps, since it can achieve salinity reduction at the
least-cost by forcing the least efficient irrigators to forego water use, regardless of the
water source. However, since both surface and groundwater users are affected, the level
of groundwater use could be reduced to a sub-optimal level whereby the full capacity of
the sustainable recharge is not exploited. This is while in-stream water extractions are not
reduced as significantly as water caps, thereby generating relatively less environmental

flows.

9.2.6 Competition from an External Water Consumer

Increased competition for water resources from an agent external to the regional
irrigation sector will cause the annual profit from cropping to fall by 2.7%. This is while
the water competed away by the external agent, in the form of a coal mine, generate a
value of $1billion. Competition between the internal and external users occurs across
water prices of $70-145/ML, with the external user demanding at most 12,500ML. Of
this, 3,600ML is directly competed away from internal buyers, while 8,600ML of water
that was used for cropping where there was only internal trade, is instead sold to the
external buyer. Above $160/ML, there is excess supply and the external agent merely
adds value to the excess water that has not value internally.
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9.3

CONCLUSIONS AND DISCUSSION

Conclusions of the thesis are drawn from previous chapters are as follows:

1. It is worthwhile for irrigators in the Mooki to invest in water efficient irrigation

technologies and to participate in water trading, as a way of mitigating the impact
of increasingly stringent environmental policies. However, if the environmental
targets are excessively stringent these adjustment mechanisms could only do so
much to reduce the economic burden. While environmental protection is
important, it should not be set too stringently even if water efficient technologies

are utilised and water trading is in place.

. The groundwater carry-over rules are beneficial for irrigators in the Mooki,

considering the ephemeral nature of the surface water supply. Where supplies are
stochastic, it is optimal to hedge some groundwater allocations from year to year.
Given the in-river supplies for the Mooki are known to be extremely variable,
carry-over rules are particularly important to ameliorate the economic burden of

surface water scarcity.

. Water trade within Upper Namoi (UN) will result in surface water being traded

downstream to Ruvigne, which was found to be the most productive irrigation
area in Mooki. Encouraging water trade in UN would therefore lead to an optimal
outcome where water is traded away from upstream irrigation areas of Breeza and
Caroona, which can be left for environmental conservation. Considering the
shadow price of surface water in UN is almost at par with the market in regulated
Lower Namoi (LN), there is the potential for trade between these systems, which
may circumvent the ‘thin market’ situation that is often cited as a problem in
Australian water markets. However, if groundwater entitlements for the Mooki
are further reduced below Water Sharing Plan stipulations, then the shadow value
of surface water in this area is likely to increase. Under such circumstances,
opening water trade between UN and LN may lead to water being traded to UN.
This would conflict with the catchment authorities’ objective to protect the
environment in UN where there is high conservation value. Furthermore, due to

the salinity of the aquifer system in Namoi, increased return flows as a result of
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water being traded upstream may accentuate the salinity problem by
compounding the amount of salt load carried downstream. Given these
implications, and also considering the significant cuts in entitlement already
imposed, it is appropriate that groundwater entitlements are not further reduced.

. For most irrigators in the catchment, pivot and drip irrigation systems are shown
to be a worthwhile investment even where the full cost of the investment is borne
by the irrigators. This implies that there is no need for subsidisation of these
technologies as there is sufficient incentive for efficient irrigators to make the
investment. If the cost of water efficient irrigation systems is subsidised, as
intended in the Commonwealth Plan for Water Security, it would inflate the value
of irrigation enterprises in UN and distort the allocation of water, precluding an
efficient distribution through water trade. Also it will increase the structural
adjustment required to retire irrigation areas that are inefficient. The priority
should be increasing the security of water supply to persuade irrigators to adopt
irrigation technologies that require large capital expenditure. Producers need the
assurance that their investment can be recouped in the long run.

Salinity may not be a problem within the Namoi, but the downstream impact on
the Barwon-Darling catchment should be taken into account when making
production decisions upstream for a socially optimal outcome to be achieved.
However, drainage capping may not be the best instrument to aid in this objective.
Without the opportunity for trade, capping resource use leads to reductions only at
a farm level without necessarily increasing overall basin efficiency. Even with
trade, the overall effects on water use and drainage are very similar regardless the
instrument used to control resource use; hence there is little incentive to create
separate instruments. While drainage caps have a cost advantage over water caps,
by allowing only the most inefficient irrigators to sacrifice water, there are
significant disadvantages in terms of information and administration expenses,
which can outweigh any perceived benefits. Furthermore, its impact on
groundwater use, which is scheduled to be reduced considerably in many zones,
will lead to a sub-optimal outcome. In this sense, the author concludes that a

water market on its own may provide the best, if not optimal, means of
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contending with conjunctive pollution, it the form of deep drainage associated
with irrigation.

. Although a ‘sustainable’ rate of groundwater extraction has been estimated in the
groundwater Water Sharing Plan, the existence of such a sustainable use is
debatable. Since the groundwater systems are in a state of equilibrium that is
dependent on the recharge and discharge rates, when water is extracted from the
confined aquifer, the recharge and discharge rates shift to a new equilibrium. This
means that the recharge and discharge rates will not remain the same; recharge
would increase while discharge would decrease due to the draw-down effect as
water is pumped. The implication of this is that, users both upstream and
downstream of the point of extraction will experience a reduction in groundwater
resources. The ‘sustainability’ of groundwater use then becomes a question of the
acceptable economic trade-off between upstream-downstream uses. In this thesis,
it was assumed that the annual groundwater extractions stipulated in the
groundwater Water Sharing Plan could be sustained indefinitely. However, as a
future study, the trade-off between groundwater use in the Mooki and
neighbouring irrigation areas sourcing the same aquifer system could be
established. This is needed to be able to determine the opportunity cost of the
groundwater resource to irrigators in other irrigation districts sharing the same
hydrological system.

. The entry of an external water user in the form of a coalmine should not pose a
significant threat to the regional irrigation indusiry. This can be concluded
considering the relatively minor change in overall benefits from cropping and the
small volume of water demanded by the coalmine. Based on the assumptions of
the derived water demand, the water competed away for coalmining represents
significantly greater value to the mining industry relative to cropping. This is
evidenced by the increase in water sold into the water market in the presence of
an external buyer, which provides a more profitable avenue for water users in the
Mooki. Irrigators could therefore stand to gain from the introduction of
coalmining in the region by selling some of the basin surface water supplies, and

at the same time maintain the integrity of the irrigation industry.
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9.4

8. A GIS-linked economic optimisation model could be used to provide greater

transparency and reduce the information cost of accurate estimations of resource
use across a large landscape. From the information provided by the integrated
modelling approach, specific HRUs may be identified, for example, for buying-
back entitlements to provide for environmental flows or to reduce salinity
contribution. It is a useful tool that can be adopted cost-effectively. A national
initiative is already in place to improve access to, and availability of spatial
information in Australia (Geoscience Australia 2007), which reduces the set-up
cost of an integrated system of resource management. Other than the requirement
for trained technical staff to operate GIS programs and develop GIS-layers, the
fixed and variable costs of setting up integrated studies can be relatively low. This
can then become a low-cost option to make transparent water information and

management, in line with the National Plan for Water Security objective.

. More research in the field of groundwater hydrology is required, as it remains a

field for which there is limited understanding, and that has significant
implications for the management of water resources. It is particularly important
that accurate assessment of feedback-mechanisms relating to return flows are
established on a catchment-specific basis, since the role of return flows vary from
basin to basin. In the case of the Mooki, it is expected that return flows will have
greater negative than positive externalities and should be minimised, due to the
salinity of its shallow aquifer. This may not be the same for other catchments,
which may have fresher return flows that may improve groundwater quality and
contribute to water supply. The net impact of altering the hydrological
interrelationships should be carefuily assessed on a case-specific basis prior to the

mplementation of policies affecting water use.

LIMITATIONS

There are several limitations of this study that need to be acknowledged.

1) Itis important to note that the accuracy of the economic analysis is dependent on

the accuracy of the GIS data, and the assumptions made with respect to the
biophysical parameters in SWAT. The assumption for parameter values, e.g.
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2)

3)

4)

5)

percolation and soil conductivity or crop growth, will have implications for the
policy outcomes. Much effort has been put into ensuring the parameter values are
as accurate as possible, however it is important that results are further verified
through ground-truthing to confirm the findings on-ground.

The assumption made with respect to the initial allocation of water resources has
significant implications for the relative outcome under different treatments. A
starting point that is close to an efficient water allocation will underestimate the
value of water trade and water efficient technologies. On the other hand, an initial
allocation that is very far from an efficient water allocation will overestimate the
value of trade and altemative technologies. Again, much attention was given to
the accurate distribution of water allocations according to actual use, but due to
the fact that this information is private and that the irrigators are reluctant to
disclose it only inferences on individual water extractions could be drawn.

A limited number of production activities were considered for the purposes of this
study. Alternative irrigation activities may occur in the Mooki basin, such as
irrigated wheat or sorghum, which have not been analysed. The focus was the
economic impact on the irrigated cotton industry, so the scope of the analysis was
confined to one irrigated crop.

In this study, the research was limited to a cost-side analysis. Ideally, the social
benefit accrued from various environmental flow and deep drainage targets could
be incorporated to determine the distribution of water between extractive and non-
extractive uses that maximises social benefit. This would have required that
expensive and time consuming methods of non-market valuation be carried out to
gauge the willingness to pay by the public for various environmental targets. This
was beyond the scope of the thesis.

Technological limitations precluded the incorporation of return flows on
downstream water supply. While this was not a significant issue for the Mooki,
since return flows were considered detrimental to water quality, it constrains the
transferability of the modelling framework to other basins where return flows
have significant positive extemalities. A suggested framework to incorporate the

feedback mechanism from return flows is provided in Appendix D, and with
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9.5

access to technical expertise and computer resources this robust model could be

created.

6) Some limitations of the modelling process are related to the functioning of the
SWAT model:

a)

b)

Changes in water quality are not included in the SWAT model. While factors
relating to the hydrological movement of water in a basin are well captured,
the relationship between water use and water quality are not simulated. There
are intricacies in the soil hydrology which might suggest a non-linear
relationship between deep drainage and groundwater salinity. In this sense,
deep drainage may only need to be reduced slightly to achieve a large drop in
salinity, or conversely a greater reduction in drainage may be required to
achieve a small drop in salinity.

Linearity was assumed for the demand functions and input requirements per
hectare. This assumption could be relaxed by allowing for non-linear input
functions. However, the functioning of the SWAT model is such that
relationships between inputs and outputs are determined using physically
based equations rather than regression equations of crop growth. This
complicates the process of determining the marginal rate of substitution
between various inputs e.g. labour and capital.

On-farm storages to pump and contain passing river flows were not modelled
in SWAT. As a result, surface water use was more irregular since simulations
of water were only applied to the field if there is water passing at the
scheduled irrigation event. If on-farm storages are included in the modelling,
surface water would become readily available and the irrigation frequency is

expected to become similar to where groundwater is used.

SUGGESTIONS FOR FURTHER RESEARCH

1. Due to time and computational constraints, it was not possible to produce GIS

layers of the solutions. The next step for this thesis would be to integrate a GIS

program into the economic model, to extrapolate the optimisation solutions

graphically and seamlessly.
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2. The interregional competition model used in this thesis could be expanded into a
spatial equilibrium model, and include the Lower Namoi to determine the value of
inter-regional trade between these areas. Groundwater trading between users in
the Mooki and neighbouring irrigation areas, sourcing the same aquifer system,
could also be simulated. This is to determine the opportunity cost of the
groundwater resource to irrigators in other irrigation districts sharing the same
hydrological system.

3. Alternative deep drainage reduction mechanisms such as growing perennial crops
or salt interception plants could be included as alternatives to meet drainage

targets.

While efficient water management is crucial in the current state of Australia’s water
economy, it is equally important that policies implemented with the aim of improving the
distribution of water result in net benefits to society. From the results of this thesis, it
appears that there is significant scope for improving the water use efficiency in the Mooki
basin. This is also likely to be the case for many catchments in the Murray-Darling Basin,
for which the situation of oversupply and inefficient use has long been highlighted. In
this thesis, a spatially-explicit, integrated economic modelling framework for catchment
management has been developed for the purposes of improving the allocative efficiency
of water. This allows for catchment policies to be specifically designed for particular
irrigation areas, rather than imposing blanket policies that may impose unjustified costs

on irrigators.

While there are a number of economic studies which attempt to capture the biophysical
component in water management, the use of a GIS-based model in this thesis means there
is the advantage of a higher degree of accuracy and spatial applicability. The results from
this analysis are directly applicable to the case study basin, and at a high level of spatial
detail. The modelling framework is flexible enough to be transferred to other catchments
given data availability, and could be used to examine the influence and effectiveness of

environmentally-driven catchment policies.
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This thesis is an attempt to improve the effectiveness of natural resource management
through an interdisciplinary framework, which utilises the strength of GIS in economic
analysis. The results demonstrate how advances in computational technology can be
exploited to enhance existing economic modelling of natural resource problems, allowing
a more in-depth understanding of these issues on a case specific level. The ultimate
contribution of this research is to help improve the accessibility and reliability of
information available at the fingertips of decision-makers, and help guide future policy

directions towards a socially desirable outcome.
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APPENDIX

Appendix A: Groundwater Hydrology

The definition of groundwater is water in the saturated zone of earth materials under
pressures greater than that of the atmosphere (Neitsch et al. 2001 p. 159). The
groundwater contains regions of high conductivity, made up of coarse-grained particles
that allow water to move easily, and regions of low conductivity, made up of fine-grained
particles that restrict water movement. There are confined and unconfined aquifers,
which are defined as “a geologic unit that can store enough water and transmit it at a rate
fast enough to be hydrologically significant” (Dingman 1994 in Neitsch et al. 2001). The

following figure illustrates the two types of aquifers.

Area contrilxiting recharge
to confined aquifer Area contributing recharge to unconfined aquifer

v Unsaturaed flow
—a  Saturated flow

Figure A 1: Unconfined and confined aquifers (source: Dingman 1994 in Neitsch et al. 2001 p. 160).

Recharge to unconfined aquifers occurs via percolation to the watertable from a large
portion of the land surface, while recharge to confined aquifers from the surface only
occur at the upstream end where the aquifer is exposed at the surface and flow is not
confined. Topography of an area affects the recharge and discharge of a groundwater
body significantly. Recharge is defined as the portion of groundwater flow that is directed
away from the watertable, and discharge being defined as the flow that is directed

towards the watertable at or near surface water bodies (e.g. river).
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The lag in time that recharge enters the shallow aquifer, however, depends on the height
of the watertable and the hydraulic properties of the groundwater zones. The time delay
cannot be directly measured and must be estimated through an iterative process of
altering the lag value and comparing the simulated variations in watertable with observed
values (Neitsch et al. 2001, p.162). A recent study of the Namoi’s river-aquifer
connectivity to be quite high, hence it is assumed the time lag between deep drainage and
recharge to be minimal. This has implications for the impact of deep drainage and salinity
contribution, since shallow aquifers in the Mooki are very saline, and has the potential to

increase soil and deep aquifer salinity.

Vertical Aqulfer Connectivity
o o

° e &g, gﬂ

River-A quifer Connectivity . s

Connected ) L*) 'J_’
“.~ Disconnected © .,\‘fj
7\~ Unassessed

Alluvial Groundwater Management Area i f

CS Namoi Catchment Boundary

“ Dam 60 30 0 Kilometers '\l

Figure A 2: River-aquifer connectivity in the Namoi (source: Ivkovic 2005, pers. comm.)
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Appendix B: Recharge Levels Determined in the Groundwater Water Sharing Plan
(source: Aquillina 2003 p.1 and 5).

Upper

Namoi Description Recharge
Zones ML/
1 Boramil Ck Groundwater Source 2,100

2 Cox’s Ck (Mullaley to Boggabri) Groundwater Source 7,200

3 Mooki Valley (Breeza to Gunnedah) Groundwater Source 17,300
4 Namoi Valley (Keepit Dam to Gin’s Leap) Groundwater Source 25,700

5 Namoi Valley (Gin’s Leap to Narrabri) Groundwater Source 16,000

6 Tributaries of the Liverpool Range (South to Pine Ridge Road) Groundwater Source | 14,000

7 Yarraman Ck (East of Lake Goran to Mooki River) Groundwater Source 3,700

8 Mooki Valley (Quirindi — Pine Ridge Road to Breeza) 16,000

9 Cox’s Ck (up-stream Mullaley) Groundwater Source 11,400
10 Warrah Ck Groundwater Source 4,500

11 Maules Ck Groundwater Source 2,200

12 Kelvin Valley Groundwater Source 2,000
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Appendix C: Method to Determine Accurate HU Irrigation Scheduling

Cotton Irrigation Scheduling — by Heat Units

Heat-units (HU) refer to the amount of energy received by plants, for which a minimum
amount must be received to reach certain stages of growth. Irrigation events could be
scheduled according to the HU received, since the amount of irrigation water required by
the crop depends on the stage of growth. For cotton, the first irrigation should occur
halfway between squaring (emerging cotton flower bud) and flowering, and the final
irrigation should occur when 60% of cotton bolls are open. For heavy soils in northemn
NSW, the recommended practice is to stop irrigation at 20% open bolls or mid-March.
Irrigation should be at even intervals from the first irrigation, which is approximately
every 162 HU received (every 12-14 days) (Milroy et al. 2002). The heat-units required
to reach each developmental stage in cotton’s growth was based on data from Myall Vale
in Namoi. The minimum day degrees (HU) required and the dates at which each stage
occurred are shown in Table Al. HU scheduling was then devised based on this

information and tested for its yield response in SWAT.

Table Al: Minimum heat units required for cotton development (source: CCCRC 2005).

From planting to: | Minimum day degrees required | Crop stages for Myall Vale

Emergence 80 12" October

5th True leaf 330 9" November
1st Square 505 27™ November
1st Flower 777 19" December

Peak Flower 1302 25" January
Open boll 1527 11" February
60% open 2050 25" March

However, HU irrigation scheduling generated poor yield response functions. Crop growth
for all HRUs was low and no distinct relationship could be drawn between the irrigation

level and yield. It was concluded that perhaps too much water was available in the soil, so
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the plant had full access to moisture and little irrigation was required. This was related to
the timing of irrigation in the HU scheduling, which was probably occurring when the
plant did not need it, and only few of the irrigation events were occurring at the correct
time. This was most likely due to miss-timing in the growth stages, because the same HU
irrigation scheduling was applied to all HRUs regardless the soil type. Therefore, advice
was sought from an agronomist and the recommendation was that field capacity of the
soils (soil water holding capacity) should be taken into account in order to set an
appropriate heat unit schedule. The greater the field capacity the less frequent and less

irrigation is required and vice versa.

Campbell (2006, pers. comm.) suggested using separate scheduling for each soil type
according to its field capacity. The advice was to group the HRUs into like soils and
observe the amount of time it takes for a full field capacity to be used up. Irrigation
should then be timed to occur with about 10% field capacity to prevent water stress.

Accurate HU scheduling could be devised in the following manner:

1. Alter the input file in SWAT to produce simulation output in daily-time steps;

2. Determine which groups of soil should be aggregated into like soils (heavy clay
or permeable soils) by checking soil input files;

3. Looking at the output files, take the sum of evapotranspiration (E,) over the
period it takes to use up total water capacity. Then time irrigation to occur at
around 90% of soil water capacity to prevent stress;

4. However, since SWAT only allows irrigation scheduling by HU or date, not E,
the HU associated with 90% soil water capacity need to be determined. The HU
received over the number of days it takes to use up total water capacity is found

using the following equation:

GDD = ZYDay: (Tmz —T;z)
This reads as: heat units received = sum over Y days of the difference between

mean temp, T, of day y and base temperature, 7, , for cotton (12°C). This allows

the HU received to be associated with the soil water capacity.
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5. Once GDD is obtained, irrigation events in SWAT could be scheduled according

to the amount of HU received for every time soil water capacity is down to 90%.

However, due to limited computer capacity, it was extremely difficult to obtain the output
required from SWAT through brute-force. This was due to the computer memory
requirement in producing daily-step files for all HRUs. The second-best option was to use
date scheduling, which generated reasonable yield responses to irrigation and was also

computationally inexpensive.

Cotton Irrigation Scheduling — by Date

The most basic irrigation scheduling is by date, following a set imrigation path. The
problem with date-scheduling is that irrigation takes place regardless of when rainfall has
occurred. Irrigation would take place on the specified date even if a rainfall event has just
occurred, and no irrigation takes place even if crops are water stressed and there no
irrigation is scheduled. In reality, irrigators often use neutron probe readings of soil
moisture to determine when irrigation should occur. It would therefore be more realistic
to schedule according to HU, however for the reasons above, it was not possible to
extract exact HU-scheduling for all HRUs. The yields produced using date-irrigation was
reasonable, and was adjusted to a discrete distribution of cotton yields for north-ecastern

NSW to better correspond with the yields obtained in the Mooki basin.
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Appendix D: Developing an Optimiser to Incorporate Return Flows

In order to incorporate return flows into the decision making process, there needs to be a
feedback mechanism in SWAT to account for the impact of upsiream landuse on
downstream water supply. The suggested framework for finding an optimum is to
enumerate the entire range of possible outcomes or use the differential evolution

algorithm, suggested in Figure A 3.

Enumerator/ Optimiser
(requests the SWAT to
do simulations/
Calculate objective
function/ stores results)

Simulation Return data
request requiced to
(decision calcvlate Other computers on network
variables) objective A
s A
A 4
SWAT SWAT SWAT

Figure A 3: Optimiser/enumerator schematic (source: Neal 2005, pers. comm.).

Following the optimisation problem in this thesis, each of the 53 HRU has nine possible
production activities. For the purposes of confining the problem to a finite space in the
optimiser, it is assumed that once a production activity is chosen, all of the area of the
HRU must be produced under the selected activity. This leads to nine possible outcomes
for each HRU.

Without hydrological links between each HRU, the optimisation problem is quite

manageable, with just 9x53=477 combination of outcomes. However, the complexity

arises where the impact of return flows on downstream water supply are taken into
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consideration. Given there are 53 HRUs, the decision made at each HRU affects the
return flows downstream and hence influences the water supply. Given there are nine

possible outcomes for each of the 53 HRUs, the total combination of HRUs and decision

variables are 9°° = 3.76x10°°.

Advances in computational power means it is possible to simulate every one of the
3.76x10” scenarios — eventually. Each SWAT simulation takes approximately 5
minutes. Hence to find the optimal combination by enumeration (calculating every
possible combination) would require Smins x3.76x10°° =1.88x10°' minutes. In other

words, it would take 1.88x10”/(60minsx24hrs)=131x10"days for one standard

computer. If a computer network of 40 computers was available fulltime, approximately

1.31x10% /40 = 3.28x10* days would be required for complete enumeration.

If stochastic optimisation techniques were used to find “near optimal” solutions, then
complete enumeration may not be required, reducing the computation load. One example
is the Differential Evolution algorithm (Neal 2005, pers. comm.). The objective to be
maximised would be the profit from all farm activities less a costly weight multiplied by

the amount by which constraints are exceeded. For example:

Objective = Profit - weightl xexcess salinity - weight2 X water over-consumption

The steps required are as follows:

1. Set SWAT up to run simulations and return the information required to calculate
the objective function above, which will require coding in FORTRAN
(programming code in SWAT).

2. Create/modify code for either:

a) An enumeration algorithm that will request SWAT to do simulations and store
results.

b) An optimisation algorithm that will request SWAT to do simulations and store
results (e.g. the Differential Evolution algorithm).
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3. Buy supercomputer time, or parallelise the problem so it can be run over a

network of computers.

While the use of an enumerator or optimiser would be the first-best option for the
simulation problem considered in this thesis, limitations on technical expertise and time
mean that it is not possible to develop an appropriate simulator within the available

timeframe.
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Appendix E: Solutions from the economic optimisation.

211






REFERENCES

ACIL Consulting (2002), Economic Impacts of the Draft Water Sharing Plan, An
Independent Assessment for the NSW Department of Land and Water Conservation,
Sydney.

Alley, W.M., and Leake, S.A. (2004), ‘The Journey from Safe Yield to Sustainability’,
Ground Water 42(1), 12-16.

Aluwihare, P., Crean, J., Young, R. (2001), On-farm impacts of flow-sharing options for
the Mooki River, Final Report to the Namoi Unregulated River Management

Committee, NSW Agriculture Economic Services Unit, Orange.

Aluwihare, P., Jones, R., Letcher, R. (2005), The farm level impacts of water sharing plans
in the Namoi Valley: a stochastic dynamic programming analysis, paper presented
to the 49th Annual Conference of the Australian Agricultural and Resource
Economics Society, Coffs Harbour, 9-11 February 2005.

Ancev, T. and Vervoort, W. (2007), ‘The National Plan for Water Security: Taking over
the Role of a Market?’, Connections: Farm, Food and Resource Issues, The

University of Melbourne, Melbourne.

Ancev, T., Odeh, 1.O. (2005), ‘Use of Spatially Referenced Data in Agricultural
Economics Research’, paper presented to the 49th Annual Conference of the
Australian Agricultural and Resource Economics Society, Coffs Harbour, 9-11
February 2005.

Ancev, T., Stoecker, A.L., Storm, D.E., and White, M.J. (2006), ‘The Economics of
Efficient Phosphorus Abatement in a Watershed’, Journal of Agricultural and
Resource Economics 31(3), 529-548.

252



Ancev, T., Vervoort, W., Odeh, L.O.A. (2004), Economic Evaluation of Catchment
Management Options in the Irrigated Cotton Areas of the Upper Murray-Darling
Basin in New South Wales, Australia, Selected Paper, Annual Meeting of the
American Agricultural Economics Association, Denver, Colorado, 1-4 August
2004.

Anthony, D. (1998), ‘Irrigation in the cotton industry’, Proceedings from the 1998
National Conference and Exhibition, Brisbane, 19-21 May 1998.

Anthony, D. (2003), Water Use Efficiency in the Cotton Industry - Moving Ahead,
[www.atse.org.au/uploads/Anthony03.pdf], accessed August 2006.

Aquillina, J. (2003), Water Sharing Plan for the Upper and Lower Namoi Groundwater
Sources 2003 Order, Department of Land and Water Conservation, Sydney.

Arthington, A.H. (1996), ‘The effects of agricultural land use and cotton production on
tributaries of the Darling River, Australia’, GeoJournal 40(1), 115-125.

Asseng, S., Pracilio, G., Dolling, P., and Wong, M., (2003), ‘Deep drainage under
cropping in Western Australia’, Solutions for a better environment: Proceedings of

the 11th Australian Agronomy Conference, Geelong, 2-6 February 2003.

Australian Bureau of Agricultural and Resource Economics (ABARE) (2005), Australian
Commodity Statistics 2005, Canberra.

Australian Bureau of Agricultural and Resource Economics (ABARE) (2006), Australian

Commodities no. 06.3, Canberra.

Australian Bureau of Statistics (ABS) (2005), Historical Selected Agriculture
Commodities, by State (1861 to Present), Sydney.

Australian Water Resources Council (AWRC) (1975), Review of Australia’s Water

Resources 1975, Australian Government Publishing Service, Canberra.

253



Bateman, 1J., Jones, A.P., Lovett, A.A., Lake, LR. and Day, B.H. (2002), ‘Applying
Geographical Information Systems (GIS) to Environmental and Resource

Economics’, Environmental and Resource Economics 22(1-2), 219-269

Beare, S., Heaney, A. and Mues, C. (2001), ‘Modelling salinity management options in the
Murray-Darling Basin’, Salinity economics - a national workshop, Orange, 22-23
August 2001.

Beare, S.C., Bell, R., and Fisher, B.S. (1998), ‘Determining the value of water: the role of
risk, infrastructure constraints, and ownership’, American Journal of Agricultural
Economics 80(5), 916-940.

Bennett, J. (2005a), ‘Australasian environmental economics: contributions, conflicts and
‘cop-outs’’, Australian Journal of Agricultural and Resource Economics 49, 243-
261.

Bennett, J. (2005b), ‘Realising Environmental Demands in Water Markets’, in The
Evolution of Markets for Water, New Horizons in Environmental Economics, ed.
Bennett, J., Edward Elgar Publishing, Cheltenham,165-179.

Bennetton, J., Cashin, P., Jones, D. and Soligo, J. (1998), ‘An economic evaluation of
bushfire prevention and suppression’, Australian Journal of Agricultural &
Resource Economics 42(2), 149-75.

Bernardo, D.J., Whittlesey, N.K., Saxton, K.E., and Bassett, D.L. (1987), ‘An Irrigation
Model for Management of Limited Water Supplies’, Western Journal of
Agricultural Economics 12(2),164-173.

BHP Billiton (2006), ‘Energy Coal CSG (Summary)’, BHP Billiton Sustainability Report
20006,
[sustainability.bhpbilliton.com/2006/documents/performance/EnviroSummaryPdfs/
ECL_2006.pdf], accessed January 2007.

254



BHP Billiton (2007), ‘Resource Use - Water’, BHP Billiton Sustainability Report 2000,
[sustainability.bhpbilliton.com/2006/environment/ourPerformance/resourceUse/wat

er.asp], accessed January 2007.

Bjornlund, H. (2003a), ‘Efficient Water Market Mechanisms to Cope with Water Scarcity’,
Water Resources Development 19(4), 553-567.

Bjornlund, H. (2003b), ‘Farmer participation in markets for temporary and permanent

water in southeastern Australia’, Agricultural Water Management 63, 57-76.

Bockstael, N.E. (1996), ‘Modeling Economics and Ecology: The Importance of a Spatial
Perspective’, American Journal of Agricultural Economics 78(5), 1168-1180

Borthwick,D. (2006), ‘Taking Environmental Water Policy Forward Under the NWI’,
Outlook 2006, Canberra.

Boyce (2005), Australian Cotton Comparative Analysis, 2004 Crop, Cotton Research and
Development Corporation, Narrabri, October 2005.

Bredehoeft J. (2006), ‘On Modeling Philosophies’, Ground Water 44(4), 496-499.

Bureau of Meteorology (BOM) (2007), Drought,
[www.bom.gov.au/lam/climate/levelthree/c20thc/drought.htm], accessed July 2007.

Carey, J., Sunding, D.L., and Zilberman, D. (2002), ‘Transaction costs and trading
behaviour in an immature water market’, Environment and Development

Economics 7, 733-750, Cambridge University Press, United Kingdom.

Caswell MLE. (1991), ‘Irrigation technology adoption decisions: empirical evidence’, In:
Dinar, A. and Zilberman, D. (ed), The Economics and Management of Water and
Drainage in Agriculture, Kluwer Academic Publishers, Nowell, 229-250.

255



Caswell, M.F., Lichtenberg, E. Zilberman, D., (1990), ‘The effects of pricing policies on
water conservation and drainage’, American Journal of Agricultural Economics
72(4), 883-890.

Centre for Agricultural and Regional Economics (CARE) (2003), A Socio-Economic
Analysis of the Impact of the Reduction in Groundwater Allocations in the Namoi
Valley. The Impact of the Namoi Groundwater Sharing Plan, University of New
England Institute for Rural Futures, Armidale.

Clapp, J.M., Rodriguez, M. and Thrall, G. (1997), ‘How GIS Can Put Urban Economic
Analysis on the Map’, Journal of Housing Economics 6, 368-386.

Commonwealth of Australia (2003), Parliamentary Debates, Senate Official Hansard no.
10, Thursday, 11 September Fortieth Parliament, First Session — Sixth Period,
[www.aph.gov.au/hansard/senate/dailys/ds110903.pdf], accessed July 2007.

Cooperative Research Centre for Irigation Futures (CRCIF) (2005), Irrigation in
Perspective: Irrigation in the Murray and Murrumbidgee Basins, CSIRO Land and
Water, Commonwealth of Australia.

Cotton Australia (2007), ‘Biotechnology’, Fact Sheets,
[www.cottonaustralia.com.au/factSheets/resources/biotechnology2.pdf], accessed
May 2007.

Cotton Catchment Communities Cooperative Research Centre (CCCCRC) (2005), Tools:
Catchment Development Temperatures from October 1,

[www.cotton.crc.org.au/Tools/Agronomy/avg_wea.htm], accessed December 2006.

Cotton Catchment Communities Cooperative Research Centre (CCCCRC) (2007), Namoi
Catchment,
[cotton.pi.csiro.au/content/Catchments/MyCatchments/NamoiCatchment.aspx],
accessed July 2007.

256



Council of Australian Governments (COAG) (1994), Artachment A - Water Resource
Policy, Council of Australian Governments' Communiqué 25 February 1994,

Canberra.

Council of Australian Governments (COAG) (2004), Council of Australian Governments
Meeting, 25™ June 2004, COAG, Canberra.

Council of Australian Governments (COAG) (2005a), About COAG, [www.coag.gov.au/],
accessed March 2007.

Council of Australian Governments (COAG) (2005b), Commonwealth-State Ministerial
Councils, A Compendium, The Department of the Prime Minister and Cabinet,

Canberra.

Council of Australian Governments (COAG) (2006), Supplementary Intergovernmental
Agreement on Addressing Water Overallocation and Achieving Environmental

Objectives in the Murray-Darling Basin, COAG, Canberra.
Cox, J. and Warner and R. (2007), Water Trading — Panacea or Placebo, IPART, Sydney.

Crase, L. and Jackson, J. (1998), ‘A Statistical Analysis of the Characteristics of Irrigation
Farmers' Responses to Reduced Irrigation Water: a Case Study of Irrigation
Farmers Facing Water Policy Reform in the Murray LWMP Area’, in Crase, L.,
O’Reilly, L., and Dollery, B. (2000), ‘Water Markets as a Vehicle for Water
Reform: the Case of New South Wales’, Australian Journal of Agricultural and
Resource Economics 44(2), 299-321.

Crase, L., O’Reilly, L., and Dollery, B. (2000), ‘Water Markets as a Vehicle for Water
Reform: the Case of New South Wales’, Australian Journal of Agricultural and
Resource Economics 44(2), 299-321.

Davidson, B.R. (1969), Australia wet or dry? The physical and economic limits to the

expansion of irrigation, Melbourne University Press, Victoria.

257



Department of Agriculture, Fisheries and Forestry (DAFF) (2006), Murray-Darling Basin

Policies and Programs, Canberra.

Department of Environment and Heritage (DEH) (2007), Australian Natural Resources
Atlas Australia, Land, Commonwealth of Australia, Canberra.

Department of Infrastructure, Planning and Natural Resources (DIPNR) (2004a),
Understanding Your Water Account, Tamworth.

Department of Infrastructure, Planning and Natural Resources (DIPNR), (2004b), Water
Licensing under the Water Management Act 2000, Tamworth.

Department of Infrastructure, Planning and Natural Resources (DIPNR), (2004c), Water
Sharing Plan for the Phillips Creek, Mooki River, Quirindi Creek and Warrah

Creek Water Sources, Tamworth.

Department of Infrastructure, Planning and Natural Resources (DIPNR) (2005b), Available
Water Determinations Register,
[www.wma.dnr.nsw.gov.aw/wma/DeterminationSearch.jsp?selectedRegister=Deter

mination], accessed December 2005.

Department of Land and Water Conservation (DLWC) (1998), Stressed Rivers Assessment
Report, April, Sydney.

Department of Land and Water Conservation (DLWC) (2001), Submission to IPART on
bulk water pricing 2001/02 — 2003/04, Sydney.

Department of Land and Water Conservation (DLWC) (2002), Water Quality in the Namoi
Catchment 2000-2001, Sydney.

Department of Land and Water Conservation (DLWC) (2003), Information for licence
holders about the 10-year water sharing plan for the Upper and Lower Namoi
aquifers report no. 1, Sydney.

258



Department of Natural Resources (DNR) (2007), Water Management Act Registers,
[www.wma.dnr.nsw.gov.au/wma/W AL StatisticsSearch.jsp?selectedRegister=WAL
Statistics], accessed June 2007.

Department of the Environment and Water Resources (DEWR) (2007), Salinity,
[csd.unl.edu/general/glossary-letter.asp?Definition=D], accessed April 2007.

Department of the Prime Minister and Cabinet (DPMC) (2006), National Water Initiative,

[www.pmc.gov.au/water_reform/nwi.cfm], accessed March 2007.

Dingman, S.L. (1994), ‘Physical hydrology’, in Neitsch, S.L., Amold, J.G., Kiniry, I.R.,

Williams, J.R., Soil and Water Assessment Tool Theoretical Documentation, Texas.

Doss, C.R. and Taff, S.J (1996), ‘The Influence of Wetland Type and Wetland Proximity
on Residential Property Values’, Journal of Agricultural and Resource Economics
21, 120-129.

Dwyer, G., Loke, P., Appels, D., Stone, S., Peterson, D. (2005), ‘Integrating rural and
urban water market in south east Australia: Preliminary analysis’, paper presented
at the OECD Workshop on Agriculture and Water: Sustainability, Markets and
Policies, Adelaide, 14-18November.

Easter, K. W., Rosegrant, M.W. and Dinar, A. (1998), ‘The Future of Water Markets: A
Realistic Perspective’, in Easter, K. W., Rosegrant, M.W. and Dinar, A. (eds),
Markets for Water: Potential and Performance, Kluwer Academic Publishers,

Boston.

Foley, J.P. and Raine, S.R. (2001), ‘Centre Pivot and Lateral Move Machines in the
Australian Cotton Industry’, National Centre for Engineering in Agriculture
Publication 1000176/1, USQ, Toowoomba.

Freebairn, J. (2003), ‘Policy Forum: Water Pricing and Availability, Principles for the
Allocation of Scarce Water’, The Australian Economic Review 36(2), 203-12.

259



Freebairn, J. (2005), ‘Principles and Issues for Effective Australian Water Markets’, in
Bennett, J. (ed) The Evolution of Markets for Water, Theory and Practice in
Australia, Edward Elgar, Cheltenham, 8-23.

Gaffney, M. (1997), ‘What Price Water Marketing?: California’s new frontier’, The

American Journal of Economics and Sociology 56, 475-521.

Geoscience Australia (2007), Australian Spatial Data Directory, [asdd.ga.gov.au/],
accessed June 2007.

Godden, D. (1997), Agricultural and Resource Policy, Principles and Practice, Oxford

University Press, Melbourne.

Goesch, T. (2001), ‘Delivery Charges for Water: Their Impact on Interregional Trade in
Water Rights’, Australian Commodities December Quarter, 626-34.

Goesch, T. and Beare, S. (2004), ‘Water Rights and Trade, Meeting the Reform Agenda’,

Australian Commodities 11(1), Canberra.

Goesch, T. and Heaney, A. (2003), ‘Government purchase of water for environmental

outcomes’, ABARE eReport, November 2003.

Greenville, J. and MacAulay, T.G. (2006), ‘Protected Areas in Fisheries: a Two-Patch,
Two-Species Model’, Australian Journal of Agricultural and Resource Economics
50(2), 207-226.

Gretton, P. and Salma, U. (1997), ‘Land Degradation: Links to Agricultural Output and
Profitability’, Australian Journal of Agricultural and Resource Economics 41, 209-
225.

Grismer, M.E. and Gates, T.K. (1991), ‘Hydrologic aspects of saline watertable
management in regional shallow aquifers’, The Economics and Management of
Water and Drainage in Agriculture, (ed.) Dinar, A. and Zilberman, D.,

Netherlands, Kluwer Academic Publishers.

260



Gunnedah Shire (2006), Shire Profile,
[www.infogunnedah.com.au/shire_profile/main.html], accessed April 2006.

Haisman, B. (2005), ‘Impacts of Water Rights Reform in Australia’, in Water Rights
Reform, eds Bruns, B.R., Ringler, C. and Meinzen-Dick, R., International Food
Policy Research Institute, Washington D.C.

Hameed, T. and O'Neill, R. (2005), ‘River Management Decision Modelling in IQQM’,
paper presented at MODSIM, Melbourne, 12-15th December.

Hamparsum, J. (2004), FutureWater Australia, Irrigation Australia, Adelaide.

Hartwick, J.M. and Olewiler, N.D. (1986), The Economics of Natural Resource Use, 2nd
ed., Harpercollins College Div, New York.

Hatchett, S.A, Horner, G.L. and Howiit, R.E. (1991), ‘A Regional Mathematical
Programming Model to Assess Drainage Control Policies’, 465-87, in Dinar, A.
and Zilberman, D. (eds), The Economics and Management of Water and Drainage

in Agriculture, Norwell, Mass and Dordrecht: Kluwer Academic.

Heady, E.O. and Hall, H.H. (1968), ‘Linear and Nonlinear Spatial Models in Agricultural
Competition, Land Use, and Production Potential’, American Journal of
Agricultural Economics 50(5), 1539-1548.

Heady, E.O., Madsen, H.C., Nicol, K.J., and Hargrove, S.H. (1973), ‘National and
Interregional Models of Water Demand, Land Use, and Agricultural Policies’,
Water Resources Research 9(4), 777-791.

Heaney, A. and Beare, S.C. (2001), ‘Water Trade and Irrigation, Defining Property Rights
to Return Flows’, Australian Commodities 8(2) 339-348.

Heaney, A., Beare, S., and Bell, R. (2001), ‘Evaluating improvements in irrigation
efficiency as a salinity mitigation option in the South Australian Riverland’,

Australian Journal of Agricultural and Resource Economics 45(3), 477-493.

261



Heaney, A., Beare, S., Goesch, T. (2002), ‘Environmental flows and water trade’, ABARE
Current Issues 02.3, March 2002.

Heaney, A., Thorpe, S., Klijn, N., Beare, S. and Want, S. (2004), ‘Water charges and
interreginal trade in the southern Murray Darling Basin’, ABARE Conference Paper
04.14.

Horan, R.D. (2001), ‘Differences in Social and Public Risk Perceptions and Conflicting
Impacts on Point/Nonpoint Trading Ratios’, American Journal of Agricultural
Economics 83(4), 934-941.

Howard, J. (2007), A National Plan for Water Security, Commonwealth of Australia,

Canberra.

Huffaker, R. and Whittlesey, N. (2000), ‘The allocative efficiency and conservation
potential of water laws encouraging investments in on-farm irrigation technology’,

Agricultural Economics 24, 47-60.

Independent Pricing and Regulatory Tribunal (IPART) (2001), Department of Land and
Water Conservation Bulk Water Prices, from 1 October 2001, Determination no. 3,

December 2001.

Independent Pricing and Regulatory Tribunal (IPART) (2004), Bulk Water Prices from
2005/06 Issues Paper, IPART, Canberra.

Independent Pricing and Regulatory Tribunal (IPART) (2005), State Water Corporation
and Water Administration Ministerial Corporation, Bulk Water Prices

Determination for 2005-06, Report no. 8 and 9, Canberra.

Independent Pricing and Regulatory Tribunal (IPART) (2006), Bulk Water Prices for State
Water Corporation and Water Administration Ministerial Corporation from 1
October 2006 to 30 June 2010, Determination No. 4 and 5, September 2006.

262



Industry Commission (1992), Water Resources and Waste Water Disposal, Report No. 26,
17 July, Canberra.

Jakeman, A.J., Letcher, R.A., Newham, L.T.H. and Norton, J.P. (2005), ‘Integrated
catchment modelling: issues and opportunities to support improved sustainability
outcomes’, Paper presented at the 29th Hydrology and Water Resources

Symposium, Engineers Australia, Canberra, 21-23 February 2005.

Jobling, J. (2000), Land and Water Conservation — Groundwater Licences, Hansard Paper
session 552, Questions & Answers Paper No. 54,
[www.parliament.nsw.gov.au/prod/lc/qalc.nsf/0/CA25707400260AA3CA25706E0
01E3688], accessed May 2007.

Jolly ID, Williamson DR, et al. (2001), ‘Historical stream salinity trends and catchment
salt balances in the Murray-Darling Basin, Australia’, Marine and Freshwater
Research 52, 53-63.

Khanna, M., Yang, W., Farnsworth, R. and Onal, H. (2000), ‘Cost-effective targeting of
land retirement to improve water quality with endogenous sediment deposition

coefficients’, American Journal of Agricultural Economics 85(3), 538-553.

Lavitt, N. (1999), Integrated Approach to Geology, Hydrogelogy and Hydrogeochemistry
in the Lower Mooki River Catchment, PhD dissertation, School of Geology
University of New South Wales.

Legras, S. and Lifran, R. (2006), ‘Dynamic taxation schemes to manage irrigation-induced

salinity’, Environmental Modeling and Assessment 11, 157-167.

Letcher, R.A. and Jakeman, A.J. (2002), Experiences in an integrated assessment of water
allocation issues in the Namoi river catchment, Technical Report Working Paper,

ICAM, ANU.

Lindo Systems (2007), What’s Best! 9.0, [lindo.com/products/wb/wbm.html], accessed
July 2007.

263



Mallawaarachchi, T. and Quiggin, J. (2001), ‘Modelling socially optimal land allocations
for sugar cane growing in North Queensland: A linked mathematical programming
and choice modelling study’, Australian Journal of Agricultural and Resource
Economics 45, 385-409.

Marshall, J., Eveleigh, R., Hickman, M. (2002), ‘Dryland Cotton Production’, Crop Yields,

Cotton Cooperative Research Centre, Narrabri.

Mawhinney, W. (2005), ‘Case study, catchment water quality and cotton: northern NSW”,
WaterPak 2005, 268.

McCown R.L., Hammer G.L., Hargreaves J.N.G., Holzworth, D.P. and Freebaimm D.M.
(1996). Agricultural Systems 50, 255-271.

Milroy, S., Goyne, P. and Larsen, D. (2002), ‘Irrigation Scheduling of Cotton’, Cotton

Information Sheet, Australian Cotton Cooperative Research Centre, Narrabri.

Murray, M. (2004), ‘Auscott takes mechanical approach to water use efficiency’,

Irrigation and water resources, Irrigation and water resources, 26-29.

Murray-Darling Basin Commission (MDBC) (1995): An Audit of Water Use in the
Murray-Darling Basin, Murray-Darling Basin Ministerial Council, Canberra

Murray-Darling Basin Commission (MDBC) (2001), Integrated Catchment Management
in the Murray-Darling Basin 2001-2010, Delivering a Sustainable Future, Murray-
Darling Basin Ministerial Council, June 2001.

Murray-Darling Basin Commission (MDBC) (2003), Water Audit Monitoring Report
2001/02, Report of the Murray-Darling Basin Commission on the Cap on

Diversions, Murray-Darling Basin Ministerial Council, June 2003.

Murray-Darling Basin Commission (MDBC) (2004), The Cap, Providing Security for
Water Users and Sustainable Rivers, Murray-Darling Basin Ministerial Council,

Canberra.

264



Murray-Darling Basin Commission (MDBC) (2005a), ‘Approved End-of-Valley Salinity
Targets’, Basin Salinity Management Strategy Operational Protocols, Murray-

Darling Basin Ministerial Council, Canberra 2005.

Murray-Darling Basin Commission (MDBC) (2005b), The Living Murray Business Plan,

Murray-Darling Basin Commission, Canberra.

Murray-Darling Basin Commission (MDBC) (2006a), About MDB Initiative,
[www.mdbc.gov.au/about/murraydarling_basin_initiative__overview], accessed

May 2007.

Murray-Darling Basin Commission (MDBC) (2006b), Basin Salinity Management
Strategy 2001-2015, Murray-Darling Basin Commission, Canberra.

Murray-Darling Basin Commission (MDBC) (2006¢), Basin Tour — Irrigation,
[www.mdbc.gov.au/about/tour_the_basin/irrigation], accessed May 2007.

Murray-Darling Basin Commission (MDBC) (2007a), ‘Progress Report (Water
Recovery)’, The Living Murray,
[www.thelivingmurray.mdbc.gov.au/programs/water_recovery/progress], accessed
June 2007.

Murray-Darling Basin Commission (MDBC) (2007b), Review of Cap Implementation
2005/06, Publication No. 12/07, Murray-Darling Basin Commission, Canberra.

Murray-Darling Basin Commission (MDBC) (2007¢), ‘The Living Murray Progress
Report’, Murray-Darling Basin Commission,

[thelivingmurray.mdbc.gov.au/progress], accessed March 2007.

National Action Plan for Salinity and Water Quality NAPSWQ) (2001), Australia’s
Salinity Problem, [www.napswq.gov.au/publications/salinity.html], accessed April
2006.

265



National Competition Council (NCC) (1998), Compendium of National Competition
Policy Agreements (second edition 1998), Part One — Competition Policy
Agreements, Commonwealth of Australia, Canberra.

National Land and Water Resources Audit NLWRA) (2000), Water in a dry land, issues
and challenges for Australia’s key resource, Department of the Environment and

Water Resources, Canberra.

National Land and Water Resources Audit NLWRA) (2001), Australian Water Resources
Assessment 2000. Surface water and groundwater availability and quality, National
Land and Water Resources Audit, Canberra.

National Water Commission (NWC) (2005), ‘Regional Water Resource, Assessment
Upper Namoi Alluvium’, Australian Water Resources, Australian Government,
[www.water.gov.au/Regional WaterResourcesAssessments/SpecificGeographicRegi
on/TabbedReports.aspx?PID=NSW_GW_004&Menu=Levell_7], accessed July
2007.

Natural Resource Management (NRM) (2004), Salinity, Australian Government,
[www.nrm.gov.au/publications/salinity/index.html], accessed March 2007.

Neitsch, S.L., Amold, J.G., Kiniry, J.R. and Williams, J.R. (2001), Soil and Water
Assessment Tool Theoretical Documentation Version 2000, Grassland, Soil and

Water Research Laboratory, Agricultural Research Service, Texas.

New South Wales (NSW) Farmers’ Association (2003), ‘Watertight Trading Rights’, The
Primary Report, An Analysis of Issues Affecting the Rural Economy by NSW

Farmers’ Association, May 2003.

New South Wales (NSW) Irrigators’ Council (2001), Fact Sheets, Namoi Valley,
[www.nswirrigators.org.au/pdf/catchment_profiles/Namoi.pdf], accessed May
2007.

266



New South Wales Department of Primary Industries (NSW DPI) (2006a), Farm Budgets

and Costs, [www.agric.nsw.gov.awreader/sumcropbud], accessed December 2005.

New South Wales Department of Primary Industries (NSW DPI) (2006b), ‘Salinity
tolerance in irrigated crops’, Salinity, [www.agric.nsw.gov.au/reader/wm-plants-

waterquality/dpi389plantsalinetolerance.htm], accessed January 2007.

Nordblom, T., Hume, L, Cresswell, H., Glover, M., Hean, R., Finlayson, J. and Wang, E.
(2007), ‘Minimising costs of environmental service provision: water-yield, salt-
load and biodiversity targets with new tree planting in Simmons Creek Catchment,
NSW, a dryland farming/grazing area’, paper presented at the 50™ Australian
Agricultural and Resource Economics Society Annual Conference, Queenstown,
13-16 February, 2007.

O’Halloran, J. (2005), ‘Case study, Linear move irrigators: Auscott Midkin, Moree’,
WaterPak 2005, 222.

Oliver, M1 (2007), ‘River Murray: The Big Picture’, MurrayCare,
[www.murrayusers.sa.gov.awbig_picture2.php], accessed May 2007.

Paris, Q. (1991), An Economic Interpretation of Linear Programming, Ames, lowa State

University Press.

Pigram, J.J. (1986), Issues in the Management of Australia’s Water Resources, Longman
Cheshire, Melbourne.

Powell, R., Thompson, D., Chalmers, L. and Gabbott, A., (2003), A socio-economic
analysis of the impact of the reduction in groundwater allocation in the Namoi

Valley, final report, Department of Transport and Regional Services, Canberra.

Productivity Commission (PC) (2003), Water Rights Arrangements in Australia and
Overseas: Annex B, Commission Research Paper, Productivity Commission,

Melbourne.

267



Productivity Commission (PC) (2004), Modelling Water Trade in the Southern Murray-
Darling Basin’, Productivity Commission Staff Working Paper, Melboumne.

Quiggin, J. (2001), ‘Environmental Economics and the Murray-Darling River System’,

Australian Journal of Agricultural and Resource Economics 45(1), 67-94.

Raine, S.R., Foley, J.P., and Henkel, C.R. (2000), ‘Drip Irrigation in the Australian Cotton
Industry: a Scoping Study’, National Centre for Engineering in Agriculture
Publication 179757/2, USQ, Toowoomba.

Randall, A. (1981a), ‘Property Entitlements and Pricing Policies for a Maturing Water
Economy’, Australian Journal of Agricultural Economics 25(3), 195-220.

Randall, A. (1981b), Resource Economics, an Economic Approach to Natural Resource

and Environmental Policy, Grid Publishing, Columbus, Ohio.

Renwick, M.E. and Green, R.D. (2000), ‘Do Residential Water Demand Side Management
Policies Measure Up? An Analysis of Eight California Water Agencies’, Journal of

Environmental Economics and Management 40(1), 37-55.

Rolfe, J. (2005), ‘Potential Efficiency Gains from Water Trading in Queensland’, in The
Evolution of Markets for Water, New Horizons in Environmental Economics, ed.
Bennett, J., Edward Elgar Publishing, Cheltenham, 119-138.

Rosenberger, R.S. and Loomis, J.B. (2003), ‘A Primer on Nonmarket Valuation: Benefit
Trasnfer, in A Primer on Nonmarket Valuation, eds Champ, P.A., Boyle, K.J.,
Brown, T.C. Kluwer Academic Publishers, 445-82.

Scheierling, S.M., Young, R.A. and Cardon, G.E. (2004), ‘Determining the Price-
Responsiveness of Demands for Irrigation Water Deliveries versus Consumptive

Use’, Journal of Agricultural and Resource Economics 29(2), 328-345.

Sexton, M. (2006) [online], 7.30 Report 10™ May 2006, Doubts surround Murray River

target, Australian Broadcasting Corporation.

268



Silburn, M. and Montgomery, J. (2005), ‘Deep drainage under irrigated cotton in Australia:
a Review, WaterPak 2005, 32-40.

Smith, D.I. (1998), Water in Australia: resources and management, Oxford University

Press, Melboumne.

Smith, P. and Richards, A. (2003), How much does it cost to pump?, AGFACTS, NSW

Agriculture.

Smith, S. (2000), ‘New Water Management Legislation in NSW: A Review’, Briefing
Paper 8/2000, Research Papers, Parliament of New South Wales.

State Water (SW) (2005), About State Water, [www.statewater.com.aw/index.htm],
accessed June 2005.

Strang, M. (2006) [online], ABC Rural, 20™ February 2006, Gunnedah Water concerns

after coal exploration announcement, Australian Broadcasting Corporation.

Takayama, T. and Judge, G. (1971), ‘Spatial Price Equilibrium and Linear Programming’,

American Economic Review.38, 496-509.

Tanaka K. and Wu, J. (2004), Evaluation of Conservation Policies for Reducing Nitrogen
Loads to the Mississippi River and Gulf of Mexico, Selected Paper, Annual Meeting
of the American Agricultural Economics Association, Denver, Colorado, 14
August 2004.

Tennakoon, S.B. and Milroy, S.P. (2003), ‘Crop water use and water use efficiency on
irrigated cotton farms in Australia’, Agricultural Water Management 61, 179-194.

Thomson, N.J. (1979), ‘Cotton’, in J.V. Lovett and J.K. Lazenby (ed), Australian Field
Crops, Vol. 2, Angus and Robertson.

Tinbergen, 1. (1950), On the theory of economic policy, Elsevier, North Holland.

269



Trewin, D. (2006), Water Use on Australian Farms 2004-05, report no. 4618.0, Australian
Bureau of Statistics, Sydney.

Triantafilis, J., Huckel, AL and Odeh, I.O.A. (2003), ‘Field-scale assessment of deep
drainage risk’, Irrigation Science 21, 183-192.

Troy, A. and Wilson, M.A. (2006), ‘Mapping ecosystem services: Practical challenges and
opportunities in linking GIS and value transfer’, Ecological Economics 60(2), 435-
449.

Tsur, Y. and Dinar, A. (1995), Efficiency and Equity Considerations in Pricing and
Allocating Irrigation Water, Policy Research Working Paper, The World Bank,
Agriculture and Natural Resources Department, Washington, May 1995.

University of Nebraska Lincoln (UNL) (2007), Glossary of Selected Geologic Terms,
Conservation and Survey Division, School of Natural Resources, University of
Nebraska Lincoln, [csd.unl.edu/general/glossary-letter.asp?Definition=D], accessed
April 2007.

Varela-Ortega, C., Sumpsi, J. M., Garrido, A., Blanco, M., Iglesias, E. (1998), Water
pricing policies, public decision making and farmers' response: implications for

water policy, Agricultural Economics 19, 193-202.

Voinov, A. (1997), PLM-Patuxent Landscape Model, Project Description, The University
of Vermont, Burlington, [www.uvm.edu/giee/PLM/Project.html#Bingham)],
accessed March 2007.

WaterExchange (2007), WaterExchange, [www.waterexchange.com.au/], accessed January
2007.

Weber, MLL. (1999), ‘Markets for Water Rights under Environmental Constraints’,

Journal of Environmental Economics and Management 42, 53-64.

270



Weinberg, M., Kling, C.L., and Wilen, J.E. (1993), ‘Water markets and water quality’,

American Journal of Agricultural Economics 75, 278-291,

Whittaker, G., Confesor, R. Jr., Griffith, S.M., Fire, R. (2007), ‘A Hybrid Genetic
Algorithm for Multi-Objective Data Envelopment analysis’, Paper presented at the
Centre for Applied Economic Research Policy choices for Salinity Mitigation:
Bridging the Disciplinary Divides, Coogee, 1-2 February 2007.

Whitten, S.M., Khan, S., Collins, D., Robinson, D., Ward, J. and Rana, T. (2005),
Tradeable recharge credits in Coleambally Irrigation Area: Report 7 Experiences,
lessons and findings, CSIRO and BDA Group.

Wilson, S. and Ivey, R. (2001), Dryland salinity in the Namoi, Gwydir and NSW Border

Rivers. What is it costing you ?, Murray-Darling Basin Commission, Canberra.

Wong, C.M., Williams, C.E., Collier, U., and Schelle, P. (2007), World’s top 10 rivers at
risk, WWF International, Gland.

Young, M. and McColl, J. (2005), ‘Defining Tradable Water Entitlements and Allocations:
A Robust System’, Canadian Water Resources Association 31(1), 65-72.

Young, R.A. (2005), Determining the Economic Value of Water, Concepts and Methods,
RFF Press, Washington D.C.

Zilberman, D. and Lipper, L. (2002), The economics of water use, in Bergh, J. C. J. M. van
den (ed.), Handbook of environmental and resource economics, Edward Elgar
Publishing Ltd, Cheltenham, 141-158.

Zilberman, D., Chakravorty, U. and Shah, F. (1991), ‘Efficient management of water in
agriculture’, in Dinar, A. and Zilberman, D. (ed), The Economics and Management
of Water and Drainage in Agriculture, Kluwer Academic Publishers, Nowell, 221-
246.

271



