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introduction

Recent groundwater modeling by the Queensland Department of Natural 
Resources and Mines showed that groundwater pumping in the Dumaresq River 
Valley at the full allocation of 30 gigalitres a year could result in signifi cant deple-
tion of the river (QDNRM 2003). This link between groundwater pumping and 
surface water fl ows has implications for the security of surface water allocations for 
downstream irrigators and for the way in which water resources are managed. In 
particular, there is the potential that some groundwater has been allocated to both 
(or shared between) groundwater and downstream surface water users.

While the current rate of groundwater pumping is substantially lower than total 
allocations, a number of economic factors could result in an increase in ground-
water pumping in the valley. For example, Dumaresq River Valley irrigators could 
sell surface water to irrigators downstream within the Border Rivers catchment in 
response to change in economic conditions. In turn, this could lead to an increase 
in groundwater pumping if Dumaresq River Valley irrigators substitute groundwater 
for surface water. If a signifi cant volume of surface water entitlements in the valley 
is traded out, it could potentially increase pumping of groundwater and conse-
quently lower the groundwater table, resulting in increased river depletion.

In this report a hydroeconomic model is developed for the Dumaresq River Valley 
to investigate the impact of an increase in demand for groundwater pumping on 
stream depletion. The model has three linked components: an economic compo-
nent, a hydrogeological component and an institutional component.

In the next section of the report the current use of land and water resources in the 
Dumaresq River Valley is discussed. Second, the specifi cations of the Dumaresq 
River Valley hydroeconomic model are outlined. Third, results of an application of 
the model to evaluate the impact on the groundwater table of a potential transfer 
of surface water through trade to downstream irrigators are examined. Finally, the 
implications of a falling groundwater table on stream depletion and downstream 
surface water rights are highlighted.
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the Dumaresq River Valley

The Dumaresq River Valley is located near Texas and sits across the New South 
Wales–Queensland border in an area more widely called the Border Rivers 
Region (map 1). It lies within the Dumaresq River subcatchment in the Border Rivers 
Basin and contains the Dumaresq and McIntyre Rivers and their tributaries. A wide 
range of crops are grown in the valley, including lucerne, barley, oats, soybean, 
maize, annual pasture, cotton and vegetables (table 4 in appendix B). The valley 
covers an area of 333 square kilometres and overlies a two-layer alluvial aquifer 
containing an estimated 4500 gigalitres of fresh groundwater at depths up to 90 
metres. Groundwater is pumped from the aquifer, mainly during drought, to supple-
ment water pumped from the Dumaresq River at an average rate of 5.2 gigalitres 
a year for irrigation. Surface water is provided on demand through releases from 
the Glenlyon Dam upstream. Average annual surface water use is estimated to 
be around 12 gigalitres for the Queensland and 5 gigalitres for the New South 
Wales sides of the valley (table 1).
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The current rate of groundwater pumping (5.2 gigalitres a year) is signifi cantly 
lower than the total allocations of 30 gigalitres a year, which is shared between 
New South Wales and Queensland. The Dumaresq River and its tributaries are 
connected to the shallow aquifer, with water leakage to and from the aquifer 
occurring depending on the aquifer water table relative to the river water levels.

The New South Wales Department of Infrastructure, Planning and Natural 
Resources (DIPNR) and Queensland Department of Natural Resources and 
Mining (QDNRM) jointly manage the water resources in the valley in consultation 
with the Dumaresq and Barwon Border Rivers Commission (DBBRC). Ground-
water allocation for the valley coming under each jurisdiction is capped at 15 
gigalitres a year (Tennakoon 2002). The two States also have a total entitlement 
of 21 gigalitres a year of surface water to be pumped from the Dumaresq River 
(table 1).

On the New South Wales side of the Valley, a third of groundwater licensees 
have groundwater only licences, with the remainder having licences to use 
groundwater and surface water conjunctively. About two-thirds of the total New 
South Wales groundwater allocation for the valley is held by irrigators who hold 
groundwater only licences.

table 1  groundwater and surface water allocation and use in the 
Dumaresq River Valley

 groundwater surface water

  NSW Qld NSW Qld

licences no. 47 29 83 123
total allocation ML/yr 18 046 12 011 5 176 15 689
average allocation ML/yr 384 414 62 128
actual pumping (av 1993–2000) ML/yr 2 262 2 898 5 100 11 600
share of allocation used % 13 24 99 74
Source: Tennakoon (2002).
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the model
The model has three linked components: an economic component, a hydrogeolog-
ical component and an institutional component. The economic component models 
the use of water in the study area. The hydrogeological component models the 
groundwater and surface water fl ow processes and their interaction. The institu-
tional component manages groundwater and surface water resources through 
institutional arrangements on the allocation of water resources and charging for the 
use of water.

The use of groundwater and surface water resources in the valley is regulated 
through water entitlements and the water authorities having control over water 
allocations made against these entitlements. It is assumed that these institutional 
arrangements are designed to achieve sustainable use of both resources. It is 
assumed that in each year, the irrigator’s objective is to maximise annual profi ts 
from the use of groundwater, surface water and land resources subject to 
constraints on their availability. It is also assumed that:

> irrigators pay water charges levied by water authorities

> the prices of outputs and non water inputs are taken as given

> the cost of pumping groundwater depends on the height of the groundwater 
table which is infl uenced by irrigators’ pumping activities in the past

> the height of the water table also infl uences river leakage.

An open access behavior within a regulated environment is modeled — that is, 
future costs imposed by current pumping activities are not directly incorporated.

For simplicity, moving from downstream to upstream the valley was divided into 
four contiguous zones (map 1). A planning horizon of thirty years is assumed. For 
each zone and each year, the model derives profi t maximising land and water 
uses for alternative crops subject to surface water and groundwater allocations, 
recharge to the aquifer and leakage from or to the river. For each year, the model 
also factors in rainfall and crop evaporative demands during different times of 
the year. The decision variables include, for each year and zone, allocation of 
available land between alternative crops and allocation of available surface 
water and groundwater between months and for each month between crops. The 
allocation of available surface water within a year is important in the Dumaresq 
River Valley as crop evaporative demand far exceeds annual precipitation. An 
algebraic representation of the model is given in appendix A.

3
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data

A survey of water users in the Dumaresq River Valley was conducted in March 
2005 to collect farm specifi c data. The survey collected data on:

> land resources available

> surface water and groundwater entitlements

> crops grown in summer and winter under irrigation

> surface water and groundwater use by crop

> water application technology by crop

> crop production technology

> impediments and constraints in achieving higher incomes.

The results of this survey are summarised in appendix B.

For each of the four zones in the valley, data on land availability, groundwater 
and surface water entitlements and areas planted to different crops in 2003-04 
were obtained from the survey results and information provided by DIPNR and 
QDNRM. In the model, lucerne, barley, oats, soybean, maize, annual pasture, 
cotton and vegetables are all identifi ed as separate crops. For each crop, data 
on variable cost ($/ha), harvest cost ($/t), price of produce ($/t) and maximum 
yield (t/ha) were obtained from crop budgets prepared for the northern New 
South Wales region by the New South Wales Department of Agriculture. For each 
crop, data on crop factors and yield response to moisture stress at different growth 
stages are obtained from Doorenbos and Kassem (1979). Historical data on rain-
fall and evaporative demand recorded at Bonshaw Post Offi ce for the past thirty 
years was used to provide a realisation of the weather pattern.

For each zone, parameters of the relationship between the groundwater table, 
pumping and river leakage are required. These parameters were estimated by 
running the MODFLOW model developed for the Dumaresq River Valley, as 
explained in appendix A. For simplicity, it was assumed that interferences between 
pumping actions of individual zones through their impacts on respective ground-
water levels are negligible. In other words, groundwater pumping by irrigators 
in the upstream zones does not affect the water table in downstream zones. The 
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justifi cation for this assumption is that when groundwater licences are issued, water 
authorities attempt to minimise such interferences.

For each zone, the hydrogeological data required included:

> the height of groundwater table

> elevation

> parameters defi ning the relationship between the groundwater table, pumping 
and river leakage.

For simplicity, the model treats the aquifer as one layer.
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an application of the model

The model was applied to investigate the impacts on the groundwater table of 
trading surface water out of the valley and the resulting impact on surface water 
fl ows. If a signifi cant volume of surface water entitlements is traded out of the 
valley, groundwater pumping could increase and result in the lowering of the 
groundwater table and an increase in river depletion. The downstream region has 
an average surface water allocation of around 300 gigalitres a year, compared 
with 13 gigalitres a year for the upstream region. For simplicity, it is assumed that 
the impact of sales of water to the downstream region has a negligible impact on 
the traded price of water.

scenarios
The model was run to produce a number of scenarios:

> a base case in which it is assumed that surface water cannot be traded 

> a second scenario in which it is assumed that surface water can be traded 
temporarily (leased) at $70 a megalitre to downstream users 

> a third scenario that repeats the second scenario with a water price of $100 
a megalitre.

The analysis is based on the assumption that irrigators will be able to access their 
full groundwater entitlement and receive 60 per cent of their surface water entitle-
ment. Aquifer recharge from rainfall and runoff from hill slopes is held constant 
across the scenarios.

results
For each scenario simulated, the year to year variability observed in aggregate 
incomes, surface and groundwater use, volume of surface water traded and the 
level of the groundwater table are largely explained by the year to year variability 
in rainfall, crop evaporative demand and groundwater pumping cost. In each year, 
the groundwater pumping cost depends on the height of groundwater table at the 

5
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end of the previous year. The results 
on the water table are averaged 
across the four zones, while all other 
variables are aggregated across 
zones. In the base case, annual 
groundwater extraction levels over 
the next thirty years are projected 
to result in a drawdown of ground-
water stocks (fi gure A).

In the base case, assuming 
adequate supplies, surface water 
will be used until the value of 
marginal product (VMP) of water 
use equals the water delivery 
charge. With a market for surface 
water downstream, surface water 
use will be reduced from the base case level to the point where the VMP equals 
the price of water in the downstream market less the delivery charge. The excess 
supply of surface water — the difference between the availability and the use 
determined at the price offered by the downstream market — is sold. The access to 
an alternative source of water supply in the form of groundwater facilitates trade 
of surface water out of the valley as groundwater substitutes for surface water in 
irrigation. Consequently, a market for surface water downstream is expected to 
reduce surface water use and increase groundwater use in the valley. 

At a price of $70 a megalitre, the bulk of the surface water available would 
be sold temporarily in each of the fi rst twenty years (fi gure B). The use (sale) of 
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surface water increases 
(decreases) during the last ten 
years of the planning horizon as 
the cost of extracting groundwater 
increases as the groundwater table 
falls. As expected, groundwater 
use increases with trading out of 
surface water (fi gure C).

A market for surface water down-
stream creates new income oppor-
tunities for irrigators in the valley 
even though water trading could 
result in a reduction in net incomes 
generated from on-farm agricul-
tural activities. However, income 
earned from selling water is expected to more than offset any reduction in farm 
profi ts and consequently total net farm incomes are expected to increase (fi gure 
D). At a price of $70 a megalitre, farm incomes are higher in the fi rst twenty years 
compared with the base case but slightly lower in the next nine years owing to an 
increase in the cost of groundwater pumping and a sharp reduction in incomes 
from selling water. In this scenario, higher pumping levels in the early years result 
in a drawdown of groundwater stocks (fi gure E) and the sale (use) of surface 
water decreases (increases) sharply in the latter years (fi gure B). With a market for 
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table 2 impact of water trade out of Dumaresq River Valley

 water sales at

  base $70/ML $100/ML

change in groundwater table over thirty years m –10.29 –32.37 –43.75
average groundwater extraction ml/yr 4 366 12 991 16 749
average surface water use ml/yr 12 657 3 817 31
average surface water sale ml/yr 0 9 298 13 085
aquifer drawdown over thirty years gl 140 416 536
present value of aggregate farm income $m 74.69 75.81 81.67

fig F impact of surface water transfers out of valley on river 
leakage, at various water prices
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surface water downstream, irrigators rely more on groundwater stocks to irrigate 
crops, leading to the groundwater table falling faster than under the base case 
(fi gure E). As the falling groundwater table induces more river water to leak into 
the aquifer, the river leakage at the 30th year is expected to increase from 2300 
megalitres in the base case to 7000 megalitres with a temporary surface water 
price of $100 a megalitre (fi gure F). These estimated river leakages are nearly half 
of the respective groundwater extraction levels.

The results obtained for the thirty year simulation period, are summarised in table 
2. The temporary sale of surface water at $100 a megalitre is estimated to result 
in an additional aquifer draw down of 396 gigalitres over a thirty year period, 
leading to groundwater table falling by a further 34 metres. The additional income 
opportunities offered by water trade estimated at $7 million over the thirty year 
period needs to be compared with the cost to third parties from stream depletion 
caused by the falling groundwater table.
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future work

The percentage of shared water in a groundwater entitlement determines the 
external cost of groundwater pumping and thus can be used as the basis for 
developing market based instruments to effi ciently reallocate shared water. One of 
the limitations in the use of the model developed in this paper is that the four zones 
have been demarcated based on contiguous sections along the river. However, 
as the shared water percentage declines with distance away from the river, to 
be more useful in policy simulations the zones should be demarcated so that all 
entitlements in a given zone have an equal shared water percentage.

The process of allocating surface water and groundwater for conjunctive water 
users based on the storage level of the Glenlyon dam and expected stream fl ows 
needs to be incorporated in the model, as uncertainty surrounding the availability 
of surface water is a key driver of groundwater pumping.

The model can be used to simulate the impact of a number of economic and 
institutional drivers on stream depletion, including the impact of commodity price 
fl uctuations; changes to input prices (such as fuel); and changes to surface water 
allocations. The model can also be used to explore existing institutional arrange-
ments. Examples of such uses include simulation of the impact of alternative 
groundwater allocations for conjunctive and groundwater only users and changes 
to the existing water charging regime.

6
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appendix

a model of the surface water 
and groundwater system in 
the 
Dumaresq River Valley
The hydroeconomic model outlined below has three linked components: an 
economic component; a hydrogeology component; and an institutional compo-
nent. For each zone, the economic component models the use of water while 
the institutional component specifi es existing institutional arrangements for the 
allocation of surface and groundwater and charging for delivery of surface water. 
For each zone, the model derives the optimal allocation of land, surface water 
and groundwater resources in agricultural production subject to the availability 
of surface water, groundwater allocation, recharge to the groundwater aquifer, 
rainfall and crop evaporative demand at different times of the irrigation year. For 
each zone, the groundwater fl ow process is specifi ed by a state transition equa-
tion developed using results of simulations done with the MODFLOW model of the 
valley.

groundwater process
For simplicity, it is assumed that each zone has only one bore. It is also assumed 
that hydrological connections between groundwater tables in all such zones are 
negligible as permits are issued so that there is minimal interaction between zones. 
For each zone i and each year t, the hydraulic head is given in equation 1:

(1) h h h x l h r
i t it it it

g
it it itit, + = − ( ) − ( ) −( )1

κ

Where;

κ
i it

h( ) = coeffi cient for converting volume to head for zone i in year t (metre/
ML).

A
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h
it

 = the hydraulic head of the groundwater table in the aquifer in zone i 
at the beginning of year t (metres, Australian Height Datum — AHD.

x
it
g  = the volume of groundwater pumped from the aquifer by zone i in 

year t (ML).

l h
it it( ) = leakage from river to aquifer in zone i in year t. (ML).

r
it  = recharge to aquifer in zone i in year t (ML).

For each zone i, the water table at the beginning of year t +1 is equal to the water 
table at the beginning of year t less the water table equivalent of the net volume of 

table 3 estimates of parameters of the state transition equation system

dependent   
variable intercept independent variable

  h
t
 h

t
2  R 2

Zone 1
κ

t
 269 10 3. × −  − × −2912 10 5.  829 10 8. × −  0.93

 (7.47) (–7.98) (9.10)

l
t
 21 738 –98.69  0.94

 (28.42) (25.04)

Zone 2
κ

t
 130 10 3. × −  − × −990 10 6.  472 10 8. × −  0.97

 (10.72)  (–6.97) (12.05)

l
t
 5 504 –22.17  0.97

 (53.30) (36.44)

Zone 3
κ

t
 163 10 3. × −  − × −272 10 6.  561 10 9. × −  0.04

 (3.09)  (–0.56) (0.52)

l
t  5 275 –19.92  0.98
 (54.26) (–44.79)

Zone 4
κ

t
 260 10 2. × −  − × −199 10 4.  388 10 7. × −  0.76

 (7.63)  (–7.82) (8.20)

l
t
 4 170 –14.18  0.96

 (32.97) (–29.74)
Note: t statistics are given within parenthesis.
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water extracted in year t (the second term on the RHS). The κ i it
h( ) term measures 

the rate of fall in water table (metres) per volume unit (megalitre) of fl ux (pumping/
recharge). The fl ux components considered in equation 1 include groundwater 
pumping x

it
g( ) , river leakage l h

it it( )( ) and aquifer recharge r
it( ). The factor κ

i it
h( ) 

and river leakage l h
it it( )( ) depend on the level of the water table h

it( ).
A parameter similar to κ

i it
h( )( ) was used in the lumped parameter hydroeconomic 

models of Knap and Olson (1995); Hafi  and Cao (2002) and Hafi  (2003), the 
only difference being that the parameter used by these authors was independent 
of hydraulic head.

The parameters of κ i it
h( ) and l h

it it( ) functions were estimated using data gener-
ated with the MODFLOW model of the valley. To generate these data the 
MODFLOW model was run over forty years with a uniform pumping shock each 
year. A constant medium annual recharge was assumed over the simulation 
period. A number of different specifi cations was trialed in estimating the param-
eters of these functions. Finally a quadratic specifi cation for κ i it

h( ) and a linear 
specifi cation for l h

it it( ) were selected. The estimated parameters for these specifi -
cations are listed in table 3.

short run farm profi ts
In a conjunctive surface water and groundwater system, water from surface 
sources such as rainfall and river fl ows is used along with aquifer water as well as 
land in commercially viable agricultural production, thereby giving the water and 
land resources their economic value.

In estimating annual profi ts, the problem of deciding on areas planted to different 
crops, the allocation of water between crops and over months of the year is 
addressed as follows:

> As yield response to moisture stress varies through the year, the growing 
season is divided into distinct growth stages such as establishment, vegetative, 
fl owering and yield formation.

> For each year, crop and month, the optimal use of groundwater and surface 
water is derived for given commodity prices, water administrative charges, 
pumping costs, variables costs of crop production and harvesting and 
constraints on surface water and groundwater allocations and land avail-
ability.
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> The model accounts for moisture stress and consequent yield reductions rather 
than abandonment of whole or part of the irrigated crop area to dryland 
status. The intrayear irrigation policy is driven by attempting to strike a balance 
between crop yield and area planted.

> An open access behavior within a regulated environment is modeled — that 
is, future costs imposed by current pumping activities are not directly incorpo-
rated.

optimal crop yield under water stress
For each year t, zone i, and crop c, the optimal yield, sometimes defi ned as the 
actual yield in the agronomy literature, Yitc

a, can be lower than the maximum yield, 
Y

ic, due to moisture stress. Moisture stress is measured, for each month, by the 
difference between 1 and the ratio of actual evapotranspiration, ET

itcm
a , to maximum 

evapotranspiration, ET
tcm
max. For each crop and month, the sensitivity of yield to mois-

ture stress, kymc, depends on the crop and the growth stage. Parameters describing 
the sensitivity of yield to moisture stress were obtained from Doorenbos and 
Kassem (1979).

The yield response to different levels of ET
itcm
a  is given in equation (2). Both ET

tcm
max and 

ET
itcm
a  are measured in megalitres per hectare.

(2) Y Y ky ET ET
itc
a

c cm itcm
a

ctm
m

≤ − −( )⎡
⎣
⎢

⎤
⎦

∑max max1 1 ⎥⎥

determination of actual evapotranspiration

For each month and crop, actual evapotranspiration is determined by the depth of 
soil moisture available, which includes the soil moisture added through irrigation 
with surface water, q

itmc
s , groundwater pumped, qitmc

g , and effective rainfall, ER
tm.

(3) ET q q ER ET
itmc
a

itmc
s

itmc
g

tm tmc
≤ + + min( , )max

(4) q q ET ER ET
itmc
g

itmc
s

tmc tm tmc
+ ≤ −max maxmin( , )
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other constraints

For the whole irrigation year, the quantity of surface irrigation water used cannot 
exceed the volume of surface water delivered X

i
s( ). It is assumed that, in each 

year, irrigators will receive 60 per cent of their surface water entitlement.

(5) q x X
itmc
s

m
it
s

c
i
s∑∑ = ≤ , for  t

Over an irrigation year, the quantity of ground water used cannot exceed the 
volume of ground water allocated X

i
g( ). It is assumed that, in each year, irrigators 

will be able to access their full groundwater entitlement.

(6) q x X
itmc
g

m
it
g

c
i
g∑∑ = ≤ , for  t

For the irrigation year the total area cropped cannot exceed the total land area 
available X

i
l( ).

(7) a X
itc

c

n

i
l

=
∑ ≤

1

objective function
The objective function given in equation (8), which specifi es profi ts for each zone 
and year, is maximised subject to constraints (1) — (7).

For each year, aggregate farm profi t is the gross revenue obtained from selling 
agricultural produce net of the cost of harvesting, the cost of pumping of surface 
water from the river, the cost of pumping groundwater from the underlying aquifer 
and other variable costs of production. Prices of agricultural produce and non 
water inputs used in production are assumed to be unaffected by the actions of 
water users individually and collectively. However, the unit pumping cost of ground-
water increases with the pump lift h hi it

max −( ), so that the lower the ground water 
table h

it( ) the higher the unit pumping cost. For each zone and year, the unit cost of 
groundwater pumping is defi ned to be equal to the unit cost of pumping, before the 
extraction policy was implemented (greenfi eld situation, with groundwater table at 
hmax) plus the increase in the cost of lifting water with the current water table being at 
h

it
. The unit cost of groundwater pumping is given in equation (9).

(8) a Y ky ET ET
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(9) P h h
it
GW

i
MAX

it
= + −( )γ σ

0
, for  t

where

ETitcm
a  = actual evapotranspiration in zone i in year t by crop c in month m 

(ML/ha).

ETitcm
max  = potential evapotranspiration in year t by crop c in month m (ML/ha).

q
itcm
s  = quantity of surface water used by zone i in year t for crop c in month m 

(ML/ha).

q
itcm
g  = quantity of ground water used by zone i in year t for crop c in month m 

(ML/ha).

ky
cm  = ky factor for crop c in month m (percentage decline in yield due to 1 

per cent moisture defi cit).

a
itc  = area planted to crop c by zone i in year t (ha).

Y
c
max  = maximum yield of crop c (t/ha).

Y
itc
a  = actual yield of crop c in zone i in year t (t/ha).

P
c  = price of produce of crop c ($/t).

HC
c  = cost of harvesting produce of crop c ($/t).

VC
c  = other variable cots of crop c ($/ha).

σ  = unit pumping cost per metre drop in the hydraulic head ($/m/ML).

γ
0

 = groundwater pumping cost with hydraulic head at hi
max ($/ML).
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application of the model for the current study
The model was run as an annual model but recursively over a planning horizon 
of thirty years. Each irrigation year commences in August, and ends the following 
May. Historical rainfall and crop evaporative demand data over the period 1973 
to 2003 is used as the weather pattern over the planning horizon. For each zone 
and each year (other than the fi rst year), the hydraulic head at the beginning of 
the year is taken as equal to that at the end of the previous year. For each year, 
the hydraulic head at the end of the year is updated by taking account of ground-
water pumping, river leakage and recharge in that year.
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appendix

results of a survey of water us-
ers in the Dumaresq River 
valley
A survey of water users in the Dumaresq River Valley was conducted in March 
2005 to collect farm specifi c data. The survey collected data on:

> land area operated

> crops grown in summer and winter under irrigation

> crop varieties; surface and groundwater use by season

> surface water and groundwater entitlements

> water application technology by crop

> crop production technology

> information on impediments or constraints in achieving higher incomes.

According to data provided by the Queensland Department of Natural Resources 
and Mines, and New South Wales Department of Infrastructure, Planning and 
Natural Resources, at the time of the survey there were about 40 water users in 
the Dumaresq River Valley (23 on the Queensland side and 17 on the New South 
Wales side of the river). A census of these users was planned; however, ABARE 
was able to interview only 25 water users. The survey was focused on farming 
activities that were carried out during the irrigation year 2003-04.

The surveyed farms had surface water and groundwater entitlements totaling 15.14 
gigalitres and 18.0 gigalitres respectively, accounting for 73 per cent and 60 per 
cent of the aggregate surface water and groundwater entitlement issued for the 
Dumaresq River Valley. As 2003-04 was a drought year, the surveyed farms used 
7.3 gigalitres of groundwater in that year, which exceeded the long term average 
aggregate use of 5.2 gigalitres for the valley (tables 1 and 4). Despite being in 
possession of 15.1 gigalitres (73 per cent) of the surface water entitlement in the 
valley, the drought resulted in surface water availabilities being restricted in 2003-
04, which meant that the surveyed farms used only 3.7 gigalitres of surface water 

B
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table 4 summary statistics on land and water use, by the sample farms in 
the Dumaresq River Valley area in 2003-04

 total  SW GW total average average
 area planted use use water use water use yield

 ha ML ML ML ML/ha t/ha
crop
other fruits 10 9 10 19 1.90 8.00
vegetables 45 52 65 117 2.60 7.78
pumpkins 2.5 15 0 15 6.00 4.00
wheat 0 0 0 0 0.00 0.00
barley 405 465 500 965 2.38 4.93
soybean 132 140 230 370 2.80 3.30
maize 240 204 965 1 169 4.87 8.68
cotton 189 903 294 1 197 6.33 1.22
peanuts 40 200 0 200 5.00 3.50
pasture 493 206 891 1 097 2.23 0.00
forage sorghum 10 0 80 80 8.00 25.00
fodder crops 65 250 0 250 3.85 56.62
chickpeas 20 0 21 21 1.05 2.00
navy beans 30 0 75 75 2.50 2.00
oats for hay  0 0 0 0.00 0.00
barley for hay 235 0 245 245 1.04 2.28
lucerne hay 656 1 235 2 478 3 713 5.66 16.59
navy beans for hay 50 20 40 60 1.20 0.60
oats for silage  0 0 0 0.00 0.00
barley for silage  0 0 0 0.00 0.00
other fi eld crops for silage 183 0 1 464 1 464 8.00 30.60

all crops 2 806 3 699 7 358 11 057

compared with a long term average aggregate use of 17.0 gigalitres for the entire 
valley (tables 1 and 4). The drought in 2003-04 also restricted cropping on the 
surveyed farms to 2806 hectares out of a total irrigable area of 6883 hectares.

The results on land and water use, by crop, are summarised in table 4. Frequency 
distributions of survey respondents by total irrigable land area and use of ground-
water and surface water are presented in fi gures G–K. The average sampled farm 
had 240 hectares of irrigable land, 688 megalitres of surface water entitlements 
and 683 megalitres of groundwater entitlements. According to the survey results, in 
2003-04, the average sampled farm received only 43 per cent of surface water 
entitlement.
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G irrigable land area
number of survey farms reporting

3

4

hectares
50 100 150 200 250 300 350 450 500400

region 3 

2

1

no.

H river water pumping capacity
number of survey farms reporting

3

4

50 100 150 200 250 300 350 400

2

1

no.

kilolitres per hour

The survey also contained a number of questions on factors that infl uence land 
and water management decisions and constraints to effectively managing land 
and water resources. The responses obtained for these questions are summarised 
in tables 5–13. The importance of the reliability of surface water availability, 
including rainfall, in land and water management decisions on-farm was high-
lighted in the responses to these questions. For example, key crop irrigation 
decisions are mainly based on soil moisture content and uncertainty about surface 
irrigation water availability has been cited as one of the main reasons preventing 
an increase in cropping area. The lack of fi nancial resources was also an impor-
tant constraint to increasing the area cropped.
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J surface water entitlement, allocation and use
number of survey farms reporting

8
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4
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0 200 400 600 800 1000 1200 1400

2
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no.

use

entitlement
allocation

K groundwater allocation and use
number of survey farms reporting
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4
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2
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use
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table 5 on what do you base your irrigation decision? 

  when and how 
 when to start  frequently to how much
 irrigating irrigate water to apply

number of respondents reporting no. no. no.

soil moisture level 14 14 14
irrigation scheduling devices 1 1 1
surface water delivery schedule 0 0 0
water watch 0 0 0
water budgets 0 0 0
calendar 0 0 0
soil conditions 22 19 18
crop conditions 4 21 20
weather forecast 0 9 13
farmer’s observations/knowledge 23 24 23
agro notes/agronomist advice 3 2 2
based on evapotranspitaion 0 0 0

table6 what constraints do you face in expanding the area cropped?

number of respondents reporting no.

no suitable land available 3
not viable (low returns, marketing issues etc) 8
lack of fi nancial resources 13
lack of time 4
inadequate irrigation water 10
uncertainty of water allocations 12
others 5

table 7 how do you decide which crop to irrigate when water is short?

number of respondents reporting no.

abandon low value crops 8
irrigate best crop fi rst 19
defi cit irrigation 2
scheduling devices 1
others 1
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table 8  of the area you did irrigate do any of the following constraints limit 
your ability to irrigate effectively and profi tably?

number of respondents reporting no.

fi xed surface water delivery schedule 3
diffi cult soil conditions 7
poor water quality 2
insuffi cient surface water quantity 14
insuffi cient ground water quantity 3
poorly graded/prepared paddocks 0
irrigation system capacity limitations 4
irrigation system design limitations 5
others 2

table 9  if during 2003-04 you did not irrigate the total area available to 
irrigate please list three main reasons why?

number of respondents reporting no.

inadequate surface water available 7
additional surface water received
  too late in the season 0
prefer to carry surface water over to next year 0
sold surface irrigation water 2
sold groundwater 0
crop rotation reasons 4
doubt about likely success 3
lack of fi nancial resources 8
wet seasonal conditions 0
limited bore capacity 6
unable to purchase additional surface water 0
unable to purchase additional groundwater 2
others 4

table10 have you noticed fl uctuations in the groundwater table at different 
times of the year over the last 5 years?

 high average low
number of respondents
  reporting no. no. no.

Spring 0 14 2
Summer 0 3 13
Autumn 0 13 3
Winter 2 12 2
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table12 if after a prolonged drought your average surface irrigation water 
availability declined, what  changes would you try to make?
rank in order of importance with 1 being the most important 

 1 2 3 4 5 6 7
number of respondents
  reporting no. no. no. no. no. no. no.

change enterprise mix
  (eg less crops) 7 4 1 0 0 0 0
buy additional irrigation water 3 0 1 1 0 0 0
install additional on-farm water
  storage capacity 4 2 1 0 0 0 0
install additional groundwater
  pumping 7 2 0 0 0 0 0
install additional water
  reuse system 0 2 0 0 0 0 0
change method of water
  application 0 2 2 0 0 0 0
sell irrigation water and
  cease irrigation 0 0 1 1 0 2 0
sell land 2 1 0 1 0 0 0
others 1 1 1 0 1 0 0

table 11 what do you normally do in the event of below average weather 
conditions (eg low rainfall)?   
rank in order of importance with 1 being the most important

 1 2 3 4 5 6 7
number of respondents
  reporting no. no. no. no. no. no. no.

improve system effi ciency 10 1 0 0 0 0 0
change cropping plans
  (reduce area) 12 4 3 0 0 0 0
defi cit irrigation 0 2 0 1 0 0 0
purchase surface water
  from others 0 1 3 0 0 0 0
purchase groundwater
  from others 0 2 0 1 0 0 0
abandon cropping 3 6 2 0 0 0 0
others 1 0 0 0 0 0 0
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table13  how concerned are you with the following?

 very  not
 concerned concerned concerned

number of respondents reporting no. no. no.

surface water quality 2 6 17
groundwater quality 5 5 15
falling groundwater level 4 10 11
increased salinity of groundwater 3 8 14
unrestricted access to groundwater 10 6 8
interference on the groundwater table by others’ pumping 5 4 16
excessive use of groundwater impacting on river fl ows 5 5 15
increasing demand for water resources in the future 8 13 3
relationship between increased irrigation and the environment 10 14 0



28

 

hydroeconomic model – dumaresq river valley         abare research report  06.17

references

Doorenbos, J. and Kassem, A.H., 1979, Yield response to water, FAO Irrigation 
and Drainage Paper 33, Food and Agricultural Organization, Rome.

Hafi , A., 2003, ‘Conjunctive use of groundwater and surface water in the Burdekin 
delta area’, paper presented at the 31st Australian Conference of Economists, 
Adelaide, 30 Sep—3 Oct

Hafi , A.and Cao, L., 2002, ‘Optimal extraction of water from a groundwater 
system with two linked aquifers’, paper presented at the 46th Annual Confer-
ence of the Australian Agricultural and Resource Economics Society, Canberra, 
12—15 February.

Knapp, K. C. and Olson, L. J., 1995, ‘The economics of conjunctive ground-
water management with stochastic surface supplies’, Journal of Environmental 
Economics and Management, 28, pp. 340-356.

Queensland Department of Natural Resources and Mines, 2003, ‘Report on 
Dumaresq River Groundwater Model: Border Rivers, Model Development, Cali-
bration and Use, for the Dumaresq – Barwon Border River Commission’, January.

Tennakoon, T., 2002, Status report for the groundwater resources of Border Rivers 
alluvial aquifers, New South Wales Department of Land and Water Conserva-
tion, Tamworth, Australia, April.



 

29

RESEARCH FUNDING ABARE relies on fi nancial support from external organ isations 
to complete its research program. As at the date of this publication, the following organisa-
tions had provided fi nancial support for ABARE’s research program in 2005-06 and 
2006-07. We gratefully acknowledge this assistance.

Agricultural Production Systems Research Unit

Asia Pacifi c Economic Cooperation Secretariat

AusAid

Australian Centre for International Agricultural 
Research

Australian Greenhouse Offi ce

Australian Government Department of the 
Environment and Heritage

Australian Government Department of Industry, 
Tourism and Resources

Australian Government Department of Prime 
Minister and Cabinet

Australian Government Department of Transport and 
Regional Services 

Australian Wool Innovation Limited

CRC  – Plant Biosecurity

CSIRO (Commonwealth Scientifi c and Industrial 
Research Organisation)

Dairy Australia

Department of Business, Economic and Regional
Development, Northern Territory

Department of Premier and Cabinet, Western 
Australia

Department of Primary Industries, New South Wales

Department of Primary Industries, Victoria

East Gippsland Horticultural Group

Fisheries Research and Development Corporation

Fisheries Resources Research Fund

Forest and Wood Products Research and 
Development Corporation 

Grains Research and Development Corporation

Grape and Wine Research and Development 
Corporation

GHD Services

Independent Pricing and Regulatory Tribunal

International Food Policy Research Institute

Land and Water Australia

Meat and Livestock Australia

Minerals Council of Australia

Ministry for the Environment, New Zealand

National Australia Bank

Newcastle Port Corporation

NSW Sugar

Rio Tinto

Rural Industries Research and Development 
Corporation

Snowy Mountains Engineering Corporation

University of Queensland

US Environmental Protection Agency

Wheat Export Authority

Woolmark Company 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Europe ISO Coated FOGRA27)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 100
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 100
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 300
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


