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As the Australian water mmy enum a mature phese

whax;lby the demand for water will exceed the available supply in

many river basins, State governments are examining nltnmati% '
. water management policies, such as transferable water
_entitlements, which promote a efficient and equitable water
distribution. It is foressen that with the increasing relative ;
~ scarcity of water, a more commercislly compstitive environment
for water will grow in the futurs, Water co-operatives will play
~ a dominate role in water economies. Water coojwratives sro
growing in number, it is conceivable that markets for instresm
water, in the long-term, will be dominated by the bargaining e
power of these cooperatives. In mﬁ_m, farmers have tafj,fﬁj,; | co~
operatives for water sscurity and compete u&th industry qmups 1n~
wut:ar marketa. Cooperative game theory is effective in analyzing

concentrated u:knts ware )mxvgainmq plays an hportmb role.

The paper begins with a review of the Auut::auan water
economy. It then discusses the pressures for institutional
change. The main part of the papsr consists of a case study
comparing alternative water allmgt:_iun policies for the Border
Rivers Region of Quoensland. A game theory model is presented and
used to estimate pareto-efficient and socially just payoffs from
trade between six representative farms in the besin tmder
alternative policy option.

The use of water resources in Australia began, as it did
in England, under riparian common law. However, unlike in
England, the climate of Australia made water a scarce resource,
and water allocation bacame a critical issue for Australia’s
developzent. The riparian philosophy restricted a growing demand
for water away from traditional water use throughout the 1800’s,
particularly during the gold mining boom. As a result, State
governments enacted legislation to regulate and allocate instream
water,



rowth in demand frnu both the nqri.cultural andl
induntrial uctors, the water economy in Australiz had moved zm‘
an expansionary phase into the-mature phau by the anny 1980's.
Randall (1980) described the oxpmicnm:y phase &8 & miod of an
elastic supply of water, a low level of deamsnd, little
competition for water and nininl externalities. As t!xn water
economy develops & period of inelastic supply with greater
competition for water between irrigators, and more serious
externalities arises. Further, the pomlbﬂity for oxpamﬁng tho
- supply becomes highly expensive.

'wnih no distinct transition can be isolated between the
expansionary and the mature phases, there was a number of
distinct events in Australia during the 1980’s which increased
the demand for water. A severe dzought during the early 1980’s
brought increasing competition for water into the political
arena. Water was no longesr viswed as a resource im infinite
supply, and the goals of ensuring sn efficient and nquit&bm
distribution superseded the goal of incruuing the area under
irrigation (Watson et. al., 1980; Verdich, 19856). Further, while
the original allocations were designed to irrigate sffectively
crops deemed suitable at time of issue, cropping patterns and
irrigation practices have changed dramatically over time. This
hes resulted in a less efficient water allocation,

Transferable water entitlements have been operating
overseas for many years, particularly in America. The Australian
State governments have recently looked towards transferability as
a means of reallocating the available water resource.

The catchuent of the Border River Basin extends froa the
escarpment of the Great Dividing Range near Stanthorpe in the



east to Mungindi in the west, an area with a mean runoff of 1000
‘gigalitres per year (Brown et. al., 1983). The system consists of
three main rivers: the Dumaresqg, Macintyre and Barwin. The use of
instream water is regulated on the Dumaresg river betwsen Bonshaw
and Mungindi on the Barwin river, a distance of approximately 130
This paper will evaluate four alternative allocation
methods based upon the trade between six representative farme in
the Border Rivers region. Performance of the policies is compared
on the basis of distribution of incomes bstween farms. ‘

Represantative farms hava bman selectad on the basis of datey
»suppliad by the QWRC on the cropping pattarnu, location, size of
water allocation and on=-farm storage of the 112 licensees alang
the Queensland side of the regulated system for the 1985/86 and
1986/87 water years. The Border Rivars basin was divided
spatially into three areas according to cropping and climatic
.cha.racf:;armtica, &8 follows: o

Args 1: Glenlyon Dam to MacIntyre Brook, with a semi-arid climate
and growing pasture, lucerne and cereal crops. '
Area 2: MacIntyre Brook to Boomi Weir, with a warlary arid
climate and growing a variety of broadacre crops.

Area 3: Boomi Weir to nungindi,,with a arid clinnta and growing :
predoninantly cotton.

Due to the limitations of the game theory approach, it
was decided to confine the analysis to six representative farms.
While the number of farms is too small to justify random sampling
procedures, an attempt was made to ensure that selected farms
were as representativa as possible. |



'allocation and cropping px&ctice araiprasented/in.mabla 1. ‘

Table 1

charucteristics of the raprcsantattva farnn

Farm  Area

Nominal

crcpping

4 3

water Allocation (HL)
— /152  , —_
300

1200
700

3650%

20 Ha of pastura‘

49~Ha of pasture
216 Ha of lucerne

Ril

,202~na;6f‘¢ottan

20 Ha of barley
81 Ha at pasture

:405 Ha of cotton

* 3000 ML df n—farn storage utiliza high flows. This 18' ’
additional to allocation and chargad at a lower rate.

Climatic data were collected from ragianal post offices
along the river basin, and were used in conjunction with
Department of Primary Industries evaporation figures to estimate
crop water requirements. Crop groas margins for the crops grown
were taken from a number of sources including Enterprise Budgets
for the North West of N.S.W. by 0’Sullivan (1985), and the Rural
Advisory Service Gross margins Project of the National Austraslia
Bank. Unfortunately, it is not possible from the available data
to estimate farm incomes from dryland activi‘ies. While this is
recognized as a limitation of the study, it s believed that the
income generated from irrigated cropping wou.d be representative
of relative total farm income and so of irrigators’ relative



welfare. An assumptiOn is that as the farmers have irrigation
licenses, then the maanrity of farm income is derived trom
irrigation.

¥

Four‘gltarnaﬁiva*pblicyféptibns for‘the &of&niﬁidﬂ of

Option 1: maintain the traditional Queensland allocation of a |
- percentage of nominal aliocation. The traditional mathod has baan
included as & point of comparisan.

"anign_z a two-part allocation similar to the New South Wales
gsystem. Based on the recommendations of the CWPR, the Part A ;
allocation is taken as 150 ML (or full al*ocation), and the Part
B allocation is propoztion of the balance of the available water :
: resourca. A two-part system is seen from the water authoritiaa
viewpoint as balancing the risk of extremely low flows against
higher announced #llocations. In other words, each irrigator
faces the risk of having a smaller allocation on average but has
the assurance of at least the "A"™ allocation supply, i.e, 150 ML
or, in the case ¢f smaller allocations, the full nominal
‘quantity. | ' | |

When the total allocation is made on a proportional
basis, those with smaller allocations may be faced with a non-
viable supply: insuf’ician* “atax for even domestic use and
1ivestock proposes. '

option 3: a two-part allocation with smmmnﬂxus.a x |
cansnmptive-use implies defining a right to provision of water

1 The definition of conaumptive use adopted here diffars from the
American definition. In America water rights could be maintained
under a consumptive use definition without utilisation. The
definition adopted here incorporates the Centre for Water Policy
~ Research recommendation for the racoupnant of unutilised water
allocations.




according *o some form of historical uae. In otaar words, :
- irrigators are only antitled the quantity of water to which they

. have made beneficial use in the past. Naturally, this includes

the recaupmant of unutilized allacation, but also 1nvq1ves somo o
mechanism of redistribution of underutilized allocations to ‘
irrigatexs. Under this systgn redistribution of water as in Wab1e<

2 will occur. The total quantity of water available is 1886 ML‘ '
The quantity required to grow the cropa in the repreaantative
‘farms totals 2196.9 ML. The Part A allocation is 643.6 ML (43. 6
ML for farw a and 150 HL for the other farns), laavinq 1342 HL
;HL, the 1242 ML reprauants announcaﬂ Part B allecutians dt 30% of
this total. Since Farm c has no demand for watar, the nominal
allocgtion to Farm ¢ is raallocated to other users.

’Tablefz

Redistrihntion un@ar a two-part allocation aft.r xaallocation g
of umutilizod and undarutiliaed allocations

Irrigator Nominal  Historical Part A Part B New announced
(Player) allocation  use  allocation allocation allocation
o ML ' ML ML ML o ML

152 43,6 43.6 0.0  43.6
300 ~ 180.4  150.0  24.2  174,2
1300  1226.7  150.0  859,7 1009.7
700 234.7 150.0 67.8  217.8
3650 - 3513,.3 150.0 290.6 3440.6

"o oY e |

Tdtalw; 1242 1886.0




'Qngign_iz traditional Queanaland allccation with j 
The consumptive~usa approach adopted here 1noludea a proportional
‘reallocation to irrigators who are utilizing their allogationa‘ ~
 The redistribution is presanted in Table 3. The conaequance of
such a policy means that farms d and £, which require mora than
‘the announced allocation to irrigata their cropa efficiently,
receive a largar allocation relative to that under traditional
- allocation. Likewise, those who require 1053 then 60% of their
 nominal allocation will receive lese undar thia conaumptiva-use7
definition of allocaticn, '

Table 3
Traditional Queansland allocation with consumptive-uss

Ir:igatbtvﬂominﬁi '“‘T:#diﬁié@ai ”3H;st§ri¢§1‘ 7fhﬂéﬁiqnho§nced
(Player) allocation allccation  use - allocation

" 152 91 43.67 S g
300 - 180 180,36 . 154,7
40 24 0,00 R
~ 1300 - 780 1226072 1050.9
700 420 : 234,78 z01.4
3650 3390 3513.38 ~ 3440.5

MDA b

Total 1885 . 2196.93 1885.0

‘In developing a water market policy, Randall (1980),
nmonq otheru, viewed the role of the market as baing to promote
an efficient and socially equitable water distribution. In ;
evaluating equity, tha Bocial qhoica phllosonhiea most fraquently :



- embraced by economists 1nc1ude the Rawlsian and Utilitarian
V(Benthamiate) theories of social justice.

Under the Rawlsian theory of social justica, the :
objective of society is to maximise the welfarekot the<worst off :
members of society. Rawls discusses the econony, and so the aet
of policies effecting society, as a social state. Suppose
individuals in a social state are ordered in terms of their ,
welfare such that ‘i’ is the ith position in a social state x and‘~
wi{x) is the welfare of individual i in social state x 2, The
- Rawlsian lexicographical rule would argue that for a pair of

social, states x,y, it is true that x > y ( i. e. social state x iS’
k;praferred to social state Y,) if and only if ‘there is some ‘
individual j,(l,s j £ N), such that B

wj(x) > wyly), ana o T
wi(x) = wi{y), for all 1 < j (san,:1973, P. 234)'

For example, assume a soclety consisted of 4 players and
the possiblility of two social states, x and y, ‘and that sone
measure of their welfare in term of esgential goods was possibla
and produced {2,3,4,7) in social state x and {2,3,5,6} in social
state Y. Applying the Rawlsian 1exicographica1 rule, the two
social states are equal up to perscn 3, whera state x maxinmises
the welfare of the worst, and so x > y. :

In contrast, tnafcogman usage qf*tne‘Eﬁnthamintaxphilosapny
of utility would argue that the distribution of wealth within
scciety“must»maximise'tha 'greatest happiness of the greatest
number’. Hence, for any pair of social states x,y, 1t is true
that x > y if and only if ‘

2 A variety ot definitiona of welfare could be chosen, but in the
‘praseng context only the general concept is naeded, :
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2 Wi(x} ®- w1(¥)

i=1 i=1

‘In the following section, thesa philosophies of social
justice are 1ncorporated into a~game theary model.

: Ganme theory daes not attempt to astablish a unique
equilibrium price. Rather, it attempts to estimate individuala' o
payoffs from coalitions in the light of their threat potential or
bargaining power.

Suppose there are a numbar of farmers competing for :
.allocations 02 a scarce reaource. These farmarﬁ may ba regarded

players is N, where N = (a,b,c,..,)- In the process of trade,
players will enter into agreements with a subset of N, say S.
where S is known as a goalition.? For example, S=(a,b) is a
coalition of fa:mers a and b. This means that farmers a and b
enter into trade of water allocations. ‘The payoff frqm trade is
the increase in total farm income gross margin as a result of the
‘new water quantities. Tha payoft from each potentinl coalition ‘
forms part of the ¢ : 1. The characteristic
function provides a single numerical index of the potential worth,f
of each coalition. ~

Naturally, not all possible coalitions are rational in the
sense of increasing social welfare. Suppose the payoff to Player
i prior to trade is given as v;; the payoff to Player i when this
Player isrinvglved‘injt:ade‘of'WQter‘entiglemgnta'is\ti; andPtn§'

3 If there are H = 6 players as here, then possible coaliticns
am{w,WMHWL{am,mﬁhuM£h”4abdmﬂ ; :
a total of 2%-1 or 63 coalitions., Note that the definition of a
coalition includes individuals acting in isolation, i.e., every
player could become a coalition.




,payoff to each coalition f:4 is ts For the six farms, payoff
vectors may be defined as o e

{Yas Vpr ,@¢,v£}“befpreqtrada,‘and~f
Ata, tp, .-+ tg) after trade.

?qx'§ ¢oaLit1nn“tQ+hef:atiqnala‘

1. The payoff from trade tc each individual must‘be at least i
equal to the payoff to the individual if he or she aid not enter
into trade; i.e. the payoff prior to trade. This may be axpreseed
algebraically as, ~ : :

tiZVi‘ 15“ - H-uopna(l) ! : g ’
2., The sum of the payoffs to members of a coalition s is at 1east
equal to the payofﬁ to the apalition S.

B ti 2 VB SCN | o -0-0 '(2)
i ﬁ s, ;

3. The sum of the payoffs to individuals equals the payoff
from a grand coalition of all the players. In other words, for a
coalition to be rational, it must ha at least as profitable as
the grand coalition. b

N

i=1

The payoff vectors which fulﬁil:gcnditions (1), (2), and (3)
are known as undominated imputations, and constitute the extreme
points of what is known as the gore. The core is the set of |
imputations in which every Player finds trade rational. Each
Player receives at least as much as he or she would receive
without trade, and no irade agreements outside the core would
provide any greater payoff than is attainable from a coalition of
all the players. The core contains all the payoff vectors for




-

Ei
g
.
i.’
;

pareto-efficient distributions, if a game does not have a core '

then it is not passible to achieve a Pareto-efficignt

distributicn of the available water resource from the market.
The worth of a coalition and the payoff to individual

players, becomes the basis from whichybargaining commences in thet o

market. In other wards, tha bargaining arena (the core) is bound
joining a grand coalition. The bargaininq power or thrgat/of a
Player can be demonstrated using a sinmple example. A ssnma Player
a has two options, to trade with Players b and ¢, or tiade with
Player d. If, as a result of trading with Player d, the combined
income of players a and ¢ increases by, say, $1000, ther:

potentially Player a could increase his or her income by up to

$1000. Player a could then use the potenﬁial income from trade ‘
with Player d as a bargaining tool or threat in negotiations with
Player b and c to ensure at least $1000. :

The set of undominated imputaticns which forms the core
is often too large to provide any worthwhile information. As a
result, theorists have examined alternative means of contracting
the core to a unique solution.® one option not yet explored, to
the best of the authors’ knowledge is identifying socially just
imputations within the cure. The next section will demonstrate

how Atkinson’s measure of economic inequality can be incorporated

into a game theory model to estimate socially justrimputations
within the core.

Atkinson (1970) in examining measurement of inequality,

proposed what he called ’‘the equally distributed equivalent

income’. He defines this as the level of per capita income equal
to the total welfare generated by the actual income distribution

4 Two of the more commonly used criteria for identifying unique
solutions within the core are the Shapley value and the Nuc
(Friedman, 1986; Basharach, 1976; Owen, 1968). These criteria are
not, however, designed to identify socially-just imputations.
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(M:kimom 1970, San, 1973). The cquany-dintrimmd equivalent
income ygo varies &ccatdinq to thc deqru of imqunuty in )’smint:y
(a) such that

H

Yo = £ (yiyi-e
. i”l 1~a

whare y;  is the income of individual i
@  is a weighting of the diatriwt:inn
of income in society. ;
Broadway and Bruce (1983) examined the spscific values of
*a’ to achieve the cobinctives of an and amehu Mnm are
susmarized in the Tabiw 4,

ma 4 ,
Altesznative valus2 of ‘a’ in the Atkinson ubtil ity

“valus of ‘a’ Social welfars function

@ ~> weinity Rawlsian golution

In the present discussion ths measure of wolfare of
individual 1 is the payoff after trade 4. A model which
maxinizes: » wieghted sum of farm payoffs wy, subject to the
constraints of the core, will identify imputations which are both

pareto-efficient and socially equitable according to the criteria
implied by the objective function. That is, the model may be
formulated as,



when it is applied to a case st
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, 3
max wy = x ﬁ}"“

subjuct to core mndi.tmn canstminﬁ: of
tyzvy, LeN ~ {individual rationality)

Zty2vg SCcN (group rationality)
ies , ‘ S

N
Tty o=ty - (superadditivity)
i=1 iy i ; |

#hile a fusion of geme theorstic philosophies and axioms

of social justice 'thaouﬁicumy provides a model for evaluating

the performance of a water mugamﬁ policy, the real test comes
idy. The empirical exanple which
follows applies the game theory approach to the market m
instream water in the Border Rivers Basin of Quesnsland.

Applying the model involves estimating the fpoﬁnntial |
income of each of the coalitions from among the six players

selected from the Border Rivers Basin. Socially-just imputations

are then derived from the set of imputations which provide a
rational incentive for partial coalitions to trade, i.s. from the
cora.

A linear programming model is used to estimate the

maximum income which could be genersted from the available water

resource in each possible coalition under esch method of
allocation. The optimal payoffs to ezch of the amliticmm form

the constraints of the game theory modsl.



The core a&nd ﬁ.ml iﬁputatiam for each policy

option

S mva bean derived using Qse and Gams/Minos programming packages

and presented in table 5. Table % presents the income to each at

~ the players, from Player a to Player £, and the payoff to the

grand coalition Yor each policy option, i.e. Ny, is the payoff to
the grand coalition under a two-part mathod of mmmm

| The optimal plans derived by programming indicate that

- the definition of the water sititlemsnt before trade, and the
most egquitable distribution post-trade, d.pmd upon the
philosophy of social juut:;lcn adopted, viz. whether the government
adopted a Rawlsian or BLentham phnomghy of juntim, whether the
welfare of non-irrigators is relevant in evaluating the equity of
 market solutions. , ~ ~ Pk -

Ag expacted, mallccatmq the rescurcs under a :
c:ansunptiva«use criterion increases the pre-trade return from the
water resource. Undar a two-part definition the average farm
income derived from a consusptive-use distribution is $108365,
compared to $102738 from the traditional allocation.

The relative justice between the two-part allocation and
the Queensland allocation in terms of a Rawlzian criterion
depends upon whether the allocations are incorporated with a
consumptive-use or just a traditional allocation definition. In
terns of consumptive-use and excluding ties, the lowest pavoff of
the two-part definition exceeds the lowest payoff of the
Queensland definition on both a pre-trade ($4633 compared to
$4434) and post trade ($5042 compared to $4758). However, under
the traditional method of allocation, the Queensland definition
has a greuater minimus payoff than the two-part method, both pre-
trade ($164733 compared to $155809), and post-trade ($1705
compared to $1613).
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The ‘must equitable’ distribution also depends upon the

- perceived welfare of those players who do not use their
allocation., If the level of income from irrigation is to be umud ,
as a relative measure for the players’ incomes, then Player c,
having no income generated from irrigation, would be seen as the
worst off. However, Player ¢ may also derive 1ncm from othar
sources than from irrigation. As a result, his or she welfare
could be considombly higher than that ratlcctud in his or nur
income from irrigation.

If Player c is excluded from any judgemen: as to the
‘equitable distrihutica of the resource because his or her income
is unlmown, then, under a Rawlsian criterion, a traditional
definition produces a more equitable post-trade distribution of
the water resource than allowing trade in terms of consumptive-
use allocations (8231 compared to 5042, and 7860 coupatod to
4758).

The choice betwesn the two-part allocation and the
Queensiand method (under a Rawlsian criteric of justice) becomes
a question of the perceived potential of the market to promote
the welfare of the worst-off. The two-part allocation produces a

more equitable distribution of the resource than the traditional
method post-trade. However, pre-trade, the traditional method
produces a more equitable initial distribution of the rescurce.
Hence, the two-part allocation method relies more heavily upon
the market processes to produce an equitable distribution of the

resource.

Under a Benthamiate philosophy of justice, assuming an
objective of promoting the greatest happiness of the greatest
number, the consumptive use method of allocation produces a more
equitable water allmtion under both the two-part method and the



~ Queensland allocation than the more traditional method pre-trade.
‘ Yet, sutp::iningly, the incom generated from the water

, diatr&bution under a two-part system of allocation pre-trade is
less than that qener:ated under the Queensland damnition for both
- the consumptive use critcrion and the ‘tmditional wvater :
allocation method. The totsl income qcnnmted prm to trade tor
the two-part allocation under cqnaunpt.tva—usa mallad 5650194,
compared to $652720 uncder the traditionai mnocatmn. Likewise
the total income generated under the Queensland definition

- ($625822) exceeds the incomse gmaram under a two-pm method of
allocation ($616428). Hence, a tuo-part nathod wauld produce a

- less efficient allocation of the resource if it w.vre not

complemented with a policy allowing transferabiliity. Intuiti.valy,
one would have suspected that given the pmaibly inefficient
allocation of the resource, the traditional methed would be l.un
ertichnt, than a system based on a reallocation and a two-patt
allocation. Hence, to promote the greatest happiness of the
greatest number pre-trade, the QWRC should maintain the
Queensland method of allocation and redistribute the available
resources on a consumptive use basis.
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A gana theory approach providas sOme 1nnight into policy
opticns in thn management of water resourcas. In essence, the
appropriate allocation and datinition of the tradeable commodity
for the Border Rivers region depends upon society’s philosophy of
equity. If the goal of society is to maximise the welfare of the
worst off then further study is needed into the welfare of
licensees not utilising their allocations. If the welfare ot non=
irrigators is not considered, and there is confid-nce that the
market will be effective in redintributinq the availabla water
- resourcs, then the QWRC could adopt a consusptive-use definition

uasing a two-part allocation method similar to that used in New
South Wales. If howcver, the lack of 1rrigat£on incona iz a '
ﬁrozlaation of the welfare of non«itrigatura, then to pronotn the“ ~
:wolraro of the worst-off the traditional method of allocation and
Queensland allocation method nhould,bo uaiataincd.~ : 3 '

Alternatively, if sncinty is to aim toz the greatest
happiness of the greatest nuxbsr then the government can acbiave
this by maintaininy the current method of allccation and
redustribute uniitilised allocations.

What is cleax from both the Rawlsian nnd Banthaniatn
solution is thet if a socially-just and efficient distribution of
the resource is to ba achieved there needs to ba a conpotitfve
avareness of the pctontial bargaining power aach water user
possesses. The parrormanco of the narkmt has a nignificant et:nct
upon the distribution ot the water resource, and so the social
juntico of alternative methods of allocati.n. Furthcr, ensuring
an 'nquitablo"dintributicn of the available water resource
depends upon the 1nstitutions viau of its aims in terms of socinl
juetica.
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