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~ Abstract

Regional Cooperation in the Use of
Irrigation Water, Efficiency and Game

'Theory‘Analysis of Income Distribution
by -

D. Yaron and A. Ratner

The paper presents an ‘analysis of the economic potentlal of
reglonal cooperatlves in water use in 1rr1gatlon under condltlons
characterlzed by a general trend of increasing sallnlty.' Income
max1m1z1ng solutions for the region are derived and the related
income distribution schemes are solved for with the aid of
‘cooperatlve game theory algorlthms. Distinction is made between-
transferable and non—transferabie income situations. The
. reasonableness and the acceptability of these schenes is later

critically-eveluated.




INTRODUCTION

In most parts of the w0rld with irrigated agrlculture, the allocat1on :
oftirrigation water=to farms is dictated'by watervrights (quotas)‘which
: haﬁe‘heen‘institutionallyAdeterminéd-many yearsfpreViOusly. Generally;”
- these rlghts have not been changed since thelr determ1nat1on ‘nor adJusted
" to the s1gnlf1cant technologlcal changes in agr1culture and the farmlng.->
systems which have occurred. The 1nev1table resultlls 1neff1c1ency_1n,'

_ the interregional and interfarm allocation of water.

The inefficiency'offthe institutional water‘allocation system has .

been exacerbated recently by the increasing use in,irrigation of'low '
quallty water (e g. drainage water or bracklsh water. from marg1nal sources)
in regions which suffer from water scarc1ty (e.g. Western USA, Israel)
In those reglons‘where a‘dual supply is being developed, w1th»d1fferentiation'
according to. water quality (salinity), ‘the institutionalfsystem can hardly'
cope'with mater‘allocation problems. Wlth one water—quallty level, the‘
o allotment of water quotas to farms 1nvolves at least two parameters - the
g annnal and the peak—season>quantltles.1-‘W1th a dual,water supply, there
_are four.allocation'paremeters to be considered. “
Another problem'arises when the National Water‘Authoritp and a

,partfcular region are faced with the optionvof increasing'the‘salinlty ofl
the water ‘supply to the region'and_compensating the region hy increased
quantity. If the watervsupplied to the region has to'be of just one
salinity level (contrary to the'prenious situationjfand the‘regionfs

Vfarms have different preferences mlth respect to the des1red quan1ty—~
sallnlty (Q S) mix, the determlnatlon of ‘the optlmal" mix is a d;fflcnlt

problem. This problem is addressed in the present paper.

‘Sometimes the number of parameters is larger.




,The grdWing,eemplexity of»waterfalipcation issues-in‘thejsituationsh
,described above and~in otherS"will,lneeessarily, increase the inefficiency
ef the,-institntidnal alloeation system,and'emphasise»the need forhinter-farm
and interregional water mdbility;in‘eorrespdndeneehwithwecononie consider-

-~ ations.

One way to increase the efficiency of water allocation among farms

’ within‘regions.is’thrdugh the‘estabiishnent‘of farmersf regionailwater

. aSsdeiationslor eodperatives.__The cooperatrVes must he'estabiiShed |
voiuntariiy:'the historicallinstitntionai'water rights. of its farm»nembers"
will be:retained‘(ehanging them seems torbe an extremely difficult‘or,even
impossible taSk),»but'the’members of the.associatiOn’will be able te
enchange water quotas (1) among themselves and (2) w1th otherventrtles

j(e g. the National Water Authorlty) Such assoc1at10ns already ex1st
and operate in certain reglons w1th 1rr1gated agrlcnlture. | |

The obJectlve of thlS paper is to analyse the economic potent1a1

d;and equlty under condltrons characterlsed by a general trend of the
1ncrea51ng sallnlty of the water- supplled to agrlculture._'

The next section of the paper presents a model for the determlnatlon
of.the.optlmal Q-S mlx.for a reglonal cooperatlve assoc1at10n. In-Section
3 an appllcatlon of the model to a qua51—emp1r1ca1 s1tuat10n (spec1f1ed
1ater) is demonstrated In Seetlon 4 several_rncome dlstrlbutlon schemes'x
based'onncooperatrve game*theory approaches-are presented and evalnated,
w1th a d1st1nct10n belng made between transferable ut111ty (TU) and
non-transferable ut111ty (NTU) 51tuat10ns.'.Sectien 5 summarlses the
.paper offerlng conc1u51ons and enaluatlng the potentlal for cooperatlon in

gwater use. under the condltlons referred to.A




2. THE DETERMINATION OF THE OPTIMAL WATER QUANTITY. - SALINITY MIX

' FOR A REGIONAL WATER USERS COOPERATIVE .

Consider a region with I farms and a given allotment of_wéter“(Gﬁ)

“of givenbsalinity 1eve1-(R0). Gﬁ_is»the'éum‘of the'inoiniduel'farm.quotae
(GW.), Gi =3 G, | |
» l.,_ ’ i=1 1_ L R

_ Assume that the National Water Authority‘can supﬁl&'the region with'
a‘higher water quantity_at'the cost of increasing itstsaiinity. For a;i

‘given Gﬁ,othe substitution between watet‘ouentity Bﬁ.end itsvsalinity ﬁ’h

- is subject to a ttaneformatiOn'eqtyetdeterminedlbj the NetionaIJWater"

”'Authorlty
(1) F(BW R[GW)

1t .is further assumed that the quallty of water R must be the same '

. for the whole reg;on and all of its farms. Any dee1s1on regatdlng R,and
‘the receipt of e'iarger quantity of wetef but of higher'ealinity_nnet he
mntually agteed hy.all the farms in the tegion; this}provideéAthe essential
‘motivation to enconrage the region's farms .to coopetate within the tramework
of a water userek association. |

‘Obtiously, Eﬁwi;= BW, With hwi'denoting the quantity_of neter>quélity
"R allocated to farm i. . S
B Fatmé{ i income y. isfa.function‘jof‘-hw‘i and‘ﬁv;‘
@ oy =y BB i<1,2,...,1
The cooperatlve s problem is to‘determlne 31mu1taneoue1y (a) the: optimal
quantlty quallty (BW—R) mix for the reglonal cooperatlve and (b) the quantlty

" of water (BW ) of quallty R > R allotted to each of the individual farms.

This is a cla551ca1 problem of equlllbrlum in the supply and use of
"public" and "private”‘goods. In the present‘context,rwe refer to’ water
quality R as a publlc good" which "all enjoy 1n.common in the sense that

::each 1nd1v1dua1 s consumptlon leads to no subtractlon from any other :

1ndividua1's consumption of that good" (Samuelson (1964)) . This 1stopposedhto a




"private good" (inthis context, the quantity of water) which can be
parcelled among different individuals so that the consumption of that good
by one individual does reduce the quantity remaining for the éonsumption
of the others.
The optimality conditions for :he'relationéhip between BG and R are derived
 from the followingproblem:

(3) Maximize W =i§1 A Vs

subject to
F(BW R |GW) =0

- )
) L BW. - BW =0
1=1 1. .

with W being the cooperative's welfare function and 1, - relative weights
. B

assigned to the ith farm income (A ;2 0,ZA ; =1)." The optimality

conditions satisfy:

I .. 9
‘(5) X EZL / _11 =
i=1 9 R agwi

with F_ and FBw1,eing’the partial derivative of F with réspect to R and
r

BW respectively. Relationship (5) implies that the sum of the individual

farms' marginal rate of substitution of water quantity for quality in water

use should equal the technical marginal rate of substitution'between water

quaﬂtity for quality in supply. By parametrically varying the'ki wéights

the "efficiency ffontier“ in the I farms' income space can be derived.

The efficiency frontier is the locus of Pareto-optimal points with the

_prppérty that any move. from such a point aimed at improving the‘iﬁcome

‘of one farm must néces§arily reduce the income of some other farm(s).
Ratner (1983) has applied a linear programming model to the empirical

estimation of such an income efficiency frontier for a quasi-empirical

! The magnitudes of the ). values do not affect the optimality conditions.

The issue of income distribution is discussed in Section L,
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regional cooperative in Israel (the Negev). In the transition from

. the theoretical background to the operational model, it was decided for

computational convenience to refer to R as an exogenous parametrically

varying variablel' R = 260, 300, 350, 400 ppm Cl with the water quality

of GW being 220 ppm (current salinity level). For each level of R the

following problem was solved:
Haximi;e 3

(?) f = i?cijxij

subject to .

m Ry

IdR xR

PRSI
(8)

(9)
(10)

an
(12)

(13)

wheretcij income per activity unit j on farm i [$];.
xij .level of activity j on farm i ; |
= respectively, total and high season wager inputs
per éccivity unit js

regional coefficient of substiCUcion between good;qualiCy
water (GW) for water of quality R (a < 1)3.
maximél share of high-season water used out of the annual
cotal (0 < B< )i

. and b i‘= fespeccively, input coefficient and availability level

of restriction p other than water;

1 Feinerman (1980) and Feinerman and Yaron (1983) have incorporated R into
-a linear programming model as an endogenous decision variable, along with
" the quantities of water to be applied to the farms' crops. Their approach
however, is computationally cumbersome and has not been applied here.




‘ Ki'= restriction level on income of the ith farm
i=2,...,1I.

Assuming that restrictions (8)(11) are binding, denoting their shadow

i P . -0 -0 - .
prices at the optimal solution by  u’, v, w° and 2z° respectively, and

! . -R =R . .
" substituting SW = BBW , get from the optimality conditions:

(14) u° =;§ w or w = a0

-0 -0 R-o
and v *z or =a Vv

) a
(15) d BIN L 9f/3GW _ w° +Bz° R
o aei® ag/emit wO+sY°

=Q

Relationship (15) implies that the harginal fate of substitutioﬁ between
water of quality R and water of current'quality>éﬁ,‘iﬁ use on alllfafms/
éhéuld eqUai'the technical rate of substitution o ih'the regional supply
transformation relationship.

When restriction (13) 1is deléted, the optimal solution ;f (6) through
{12) determines the highest income obtainable for the fegion for water
_quality R. By incorporating (13) and parametrically vérying the Ki levels,
interfarm income efficiency frontier is obtained. Note that restriction (135
does not affect the Pareto-optimality conditions (iAY-and (15). which hold
fof any point on the income effiéieﬁcy frontier. For any givenbset of Ki

levels (i=2,...,I) the optimal R can be found parametrically by solving

(6) through (13).

"3. A QUASI-EMPIRICAL APPLICATION

a) Cooperation between two farms
The above model has been applied to the analysis of a small area in
the Negev region of Israel. We first present partial results relating to

a regional cooperative with two farms only.l) The farms have at their

1 SRR ' . . . ‘ , _
" The two farms are kibbutzim (plural for a kibbutz) - namely collective
farms based on voluntary membership and democratic management.




disposal certain annual and high-season quotas of water from the regional
water project, hereafter Mekorot water (with a current salinity of 220 ppm

Cl); self-owned wells of saline water (1000-1200 ppm Cl) with annual and

higheseason pumping quotas determined by- the National Water Authority;

‘and certain areas of irrigable land. The major differences between these

two adjacent farms are:

(a) The land on Farm 1 is practically unlimited while the

cropping area on Farm 2 is limited.

(b) Ihe share of the high-season water supplied by the régional
project out of the annual totaiv is 207 and 1ZZ‘resbécfive1y
for Farms 1 and 2; |

(c) The high=-season pumping quota from the self-owned wells is 107

and- 307 respeétively for the two farms.

The income (value added) derivable from these resources by the two
farms’with no :ooperation (andbthe status.quo water salinity of 220 ppm Cl1)
is'$948,000 and $768,000 resbectively ;t-January 1982vprice level.

The regional cooperation model was apblied to the two farms;using the
follo&ing aésumptions: |

| 1) The regional éupply transformation relationship between water
quality R and:qhantity BW is:

R " Compensational BW
ppm Cl at 7z of GW

220
260 .0
300 . ' ‘ .5
350 : .0
400 0.0
-2) The income of each farm under cooperation must be equal to or
higher than its income before cooperation ("individual ratiénality"l
3) The BW - R combinacion_fér the region is determined as a part

of the cooperative arrangement; so are the quantities of water

allocated to each farm.




:Aj ihe céoperation iﬁ watér use involves both thé?ﬁekprot watef;
andithe saline wells; Qater; Regarding che,laﬁter case, the
recipient of ché othgr's weli_water éovérs the dost_of Qater'
.pumping and conVéyiﬁg.

5.1) The cooperation invoi§es béth‘water aﬁd difect—ingome

.transfepé ("side paymgntsu); : ,
5.2) The.cooperétion i; restficted ta trénsfers of‘water‘oniy; the
'l distributioﬁ of income among';ﬁe farms is . determined by those
transfers. (Fdr ekaﬁﬁle; Farm 1 tr#nsfers watef ﬁo'Farm'2 ih

June, and a reverse transfer takes placé,‘say in July). "

Assumptions 1 through 5.1 and 1 through 5.2 will be referred to

hereaftéi as Scenériosa and 4 respectiveiy. >A_few-othgr scenariqsvwefe
analysed by Ratnef_(l983); they will noﬁ be discuséeq here.
_AThe hodel reéults for Scenarios'B and 4 are preseﬁted in Tablg 1 and
- Figure 1. As Tabie l.ihdicates!thé additional income gene:aﬁéd due to
cooperation varies yithiﬁ the raﬁge of 5.9;22.Svper'cenc of the income
with no coopefé;idm,;depending on theiscenario. |
.The"maior share‘of_tﬁe'addi;ionél income is due to water and income
.‘transfers k19.lz as Ebmpafed Qith the .overall 22.52 with respect co 
. Scenario 3). 0n1y>a_minor share of the~additibnai income i; attribuCablé
..to the change in wa:ef saﬁihity'(from‘220 to 350 ppa_CI) and the addition
s of's.SZ to:the water quota. Thié»lattef‘£eéu1t is not éurprising - it ‘

"suggests that the compensation for the increasing salinity is about right.

Thé‘sigAificant'riée”in.the fegional income.undéb cohditions
 fof Scenarioij fésults:frdm mé?e than‘doubl;ﬁg‘thé total crop
| areé of.Farﬁ 1 (the more effiéient farm), which‘be§qmes péssible
5yntfahsfer of water from Farm 2f§9 Farm 1. Before ihcdmé

transfers being made the-income of Farm 1 rises by 63% in




| $CENARIO 3
®vccecccece SCENARIO q

5 _
(368 su1)  FARM2

' Fig. 1 Income transformation curves between Farms 1 and 2,

' Scenarios 3 and 4.




compériéon with the non;cooperative income and that of‘Farm 2.
falls by 27%. The 1ncomes of the two farms after income transfers
~ depends on the income allocatlon along the NS transformation curve

in Figure 1. More>details can be found in Ratner.(1983).

Figure 1 presents the -transformation curves of income between the two

farms. The péinc Q represents Cbe income derivable with no cdoperétion;
the feasible regioﬁ‘for income allocation 1ies ﬁnorch-easﬁ"‘of Q. The boint
N doffesponds_ca thelmaximél‘cooperacive income under>Scenarid 3 but it
liés outside the>feasib1é regionj.chc feasible paft of thu_ﬁnéome:A

transformation curve is NS. - For Scenario 4 it is EF.




Tablévf. Addltlonal Income Generated by the C00perat10n of Farms 4 and 2.
i R with Reference to Two Alternatlve Scenarlos i

‘Scenario #

 Elements of cooperation .- - SR . Water and Income:fb _Water'Tranefersi
s ‘ R S ' . Transfers - . Only
'income‘with.nobcooberatidn B »l 0% - .fj . 1;716; B i | L n5,7i6
_ Additional income' = o008 36 o 102-2u0
R e . R ,22.5 o ‘“-;5.9:_]4'5

‘the above

due to increased water - : _ S ,
'quota and salinity - L 3 0.8 -2.9

due to wager and income . L : o : T :
- transfers™ . . . T 1941 ' 5.1 - 11.6

fAddltlonal income generated due to cooperatlon as percent of the two farmg

income  with no. cooperatlon ,
Computed with reference to unrounded numbers.

‘fIncome transfers - when appllcable (Scenarlo 3) Computed w1th reference to
" ’the additional income generated: with no change in water sallnlty and no ’
:,compensatlon in quantlty ‘ : R




- b. Cooperation among three farms

The analysis'of a two~farms ’eooperative has cheladrantage of
simplicity’in graphical presentarioh of the resulrs, but . its simplicity
may obseure some:issuee (e,g;‘"partial coalitibns",,"group racionality”).
Therefore in this subsection, we turh to the discessioh of a three*farms

cooperative.

The unique feature of Farm 37, which is now assumed to join the

‘cooperative, is its sensitivity to salinity, due to a large share of
salinityfeensitive (perennial) fruit crops in 1its crop mix (407 of the

lrrlgated area compared w1th zero and 52 respectlvely on Farms 1 and 2).

fAn aux111ary analysis showed that 1f each of the three farms would have
bbeen confronted 1nd1v1dua11y with the optlon of substltutlng quant1ty
of water for quality accordlhg to assumptlon 1 above, the optlmal sallnlty
1evels ‘would have been 220 .ppm Cl for Farm 3 as compared with 300 and
350 ppm Cl for Farms 1 and 2 respectlvely This reflects a confllct of_
interest which the three farms must resolve in order to cooperate.

As.w1th the case involving two farms, the cooperatlon model was
app11ed to the three farms coeperatlve w1th respect to Scenarlos 3 and
4. |
| - The income obtainable bf the three-farms ceoperative‘under éenditions

of Scenarios 3 and é,isbshdwn-in Table 2.

Farm 3 is a Moshav - a cooperative v111age of 80 small famlly farms.
The village cooperative acts as .a credit organization and provides
production and marketing services. For simplicity the Moshav village
is referred to as -an aggregate in our expository analysis.




) Table.Z. Maximal -Additional  Income

due to -the Cooperation among Farms 1, 2 and 3

Scenario #

' Additional Income

Additional Income
due fo water. transfer
only - 000¢%

7z

' Optimal salinity level t ppm Cl

With no change in water salinity,
Computed with reference to . _rounded figures.
Maximal additional income on the three farms' income~transformation

‘surface. The actual additional income depends on income distribution.

The following observations are made  with respect to Table 2:

a) The additional ihcome af the three_farms cooperative is,somewﬁat-
.lower than that of the two farms (1 and 2). This is due to thé relative
sensxt1v1ty of Farm 3 to sa11n1ty and its low capacity to beneflt from the
substitution of quantlty of water for quality, an‘optlon open to the reglen.

'Why then a three—farms cooberative? If Farm 3-is an integral part of
the reglon and its water—supply system cannot be separated from the. other
two farms then a three*farms agreement on the sallnlty level of ‘the water
supplled to them, and the cooperatlon implied by thlS, are necessary If thls
is not the case - and Farm 3 s water supply can bevseparated - the -
establlshment of the three-farms cooperative will not be JuStlfled

b) As in the dase of the two farms cooperative%a‘majér share of thé
incremental income is dgeAto water transfers: Agarn; this implies that
the increased salinity of the water suppliedlto the :egiéﬁ is

compeﬁgach fairly by the increased'qaantity.




c)’ Table 2 presents the maximal additional income values. For
Scenario 4 these values are not quite meaningful. The actual additional -
income depends on its distribution.

4. INCOME DISTRIBUTION

The second pért of ;he study 1is essentiélly‘gn exercise in the
épplication of géﬁe—theory models tp-the problem of. the alloc;éion of the
benefits génerééed by the-boopefative.aﬁong ifs members.1 The a;tempﬁ
to solve this problem with the aid‘éf gameFCheofy models was made in view -
of the recéntly‘abuﬁdant and apparently promising 1iteréture.in this field
‘vwith respéct to variéty»of'issueé - .e.g. water-resource dévelopment (Young
_et al. 1981), Charging for airﬁield use (Littlechild and Thompsoﬂ 1974);

telephone switchboard use (Billefa et al. 1978), whiie the'number of
:publlcatlons reportlﬁg less successful appllcatlons is apparently small
(e 8- ‘Heany and D1ck1nson 1982) |
"It should be noted that ylewing the "regioﬁ" and its water sﬁpply-
‘demand relagiqnships as a COmpetiﬁye ﬁarkét was coﬁsideféd inapﬁropriate,
for the following reasoné; | |
a) The number of farmg in the region is smélll,--2 the farﬁs are noﬁ
anonymous and partial cooperagibn agreements ("pa;tiél éoalipionsh) are
possible;
b) It is assumed that'Aelibergté increasing of water ‘salinity in the
: region'ﬁecessitates an agreement bybilllthe farms in the region ‘and by
the National Water Agthofity.‘
~The above éssuméciohs Qere considered by the authors as reasonably

‘representing the brevailihg institutional background for the allocation

" of the income generated by cooperation among the farms. With these assumptioms -

Another approach, namely pricing for water transfers according to its
shadow cost, was also applied (Ratner (1983)). 1In the opinion.of the
authors it ylelded unreasonable results, apparently due to the conditions
prevalllng in Israel - and other countries - where the shadow cost of-
water is significantly higher than the price paid by the:-farms. The
shadow-pricing approach is not described in this paper.

The authors have in mind a viable region with 20-25 kibbutz or othet
villages, a number considerably larger than in our expository discussion.




as  the te?mS'of‘reférencg, it was evidént that.the paymgnts for‘wapef
transfefred>and the reiated income-distribution must be mutually
agreea upon. - |

t'Péymehts for water trénsfers aCcording_to it§ shadow,pbice Wa;
considered. HoWeVer, ﬁhis épproach‘-‘é pbiori apparently very‘ A
_ sound,economicélly, was'fOUnd to be'inappropriate under the
conditions prevailing in Israel. Tﬁe feéson is that_watgr is'rationed'v
‘according to ihstitutibnally detérmined qu§tas; its pfice‘tov
farmers is subsidised and idwer than its marginal value préduct;

Thus water quoiés allécated to férmers;may bear a cdﬁsiderablel
rént‘componeht, as in our case study: With water being considérednas
a,nationél natural resoufce,lowned and'édministeréd by:the nation, it
is claimed that farmeys have the Eight to benefit ffom the. rent .
derivable_from water if.ana only if'ﬁhey use water fop broduction;‘ Ifﬁ
the Watér had’beeh brivate broperty of the farmer this restpiétion 
" on benefits from water'quota.rent wpuid’have been némovea. o

| Note thaf refepence to the (inefficientj systembof duotav
ailocation énd water pricing.in Israei as given does not iﬁply‘itg
approval. On the contrary,‘suggestions‘forlits revision have been -
set forth (e.g. Yaron 1971 (Hebrew)); this iséue, however, falls R A
_beyond the’scobe of the present paper.

At the following stage séveral codpefative game-tﬁeoby modéls-
were‘applied, the aim being an’"objéctiﬁe"_income'allocation scheﬁe,
one‘whiéh isvnot béséd on'valﬁe judgement, but-rather 6n ﬁutualiy”'
:agreed principlesiok axioms. The essence of cbopebétive game-theOry'
gppboaches ié that‘once thélparticipantsvin a cooperative entefprise

agree on certain axioms believed .to satisfy selected criteria such as

efficiency, fairness and reasonableness, the income (or cost)




allocaﬁion can have énly one Outcéme (ﬁoebman ahd wﬁihston,(1971,
1974), Nash (1950), Shapley (1953) and. Schmeidler (1969)). The
object of ﬁhé authors in thiswpgrt of the study was,to.find out- to what
'extent the scheﬁesAbased on a priori réasonable axioms lead fo
reasohable and acceptable results. -
bDistinétion was madevﬁetween the tranéferable'and noﬁ—tfaﬁsférable

~utility (income) situations in accordance with Scenarios 3 and 4.

a. The Traﬁsferable Income Situation - Scenario 3
The following approaches were applied, the core (Owen (1982)), the -
Nucleolus (Schmeidler (1969)), the Sﬁapley value (Shapiey”(1953))‘and the

. Nash=Harsanyi éolution (Nash (1950), Harsahyi (1959)).

" The. core of the three farms cooperative is a three-dimensional

- polyhedron defined by relationships (16) aqd 17):

946 <y, < 1,261 (0008)

(16) 769 <y, < 1,151 (rounded numbers)
605 < Y3 <

(17)’-‘y1 Y, * Yy T 2,705

. Wwhere y; is the total ‘(value added) income of the i-th farm.

A compréhensive discussion of game theory can be found in Owen
(1982) or Luce and. Raiffa (1957).




Whlle loglcally and morally eaby to accept, the core'concept is
not conc1u31ve, it prov1des only bounds on ;ho claims of the members of
the cooperatlve, and ‘is therefore only partlallyuseful It‘may serve as
the startlng point for elther (1) negotlatlons ‘among the members or
(i1) contlnuatlonvof‘the analysis. A dlrect progreselon is the. appllcatlon
of the Least Core and the Nucleolus (Schmeidler (1969)). The 1etter is-
neededehen‘the Leaet'Cote does not }ead‘to_a unique solution, as it
happened in this problem. |

The Nucleolus,‘the Shapley value and the Nash solutlons ate shown in: .
‘Table 3. ScrutinyAOf Table 3 raises questions.with respect to the‘ |
reasonableneSS and'the acceptebility of the éehemeshexamihed, due to the
following reasohs:hFarm 1, which is. the mostvefficient,.generates‘the‘mejOr
part (587%) of theftota;‘eooperative income and mere thahtlQOZ of the
incremental‘income'generatedtv At the same time Farm 1's~share in the.
cooperatlve galns ts less or at most equal (Nash solution) to that of Farm
2. The opp051te prevails with respect  to Farm 2 ~ Farm 3, whose welghted
average-contrlhutlon to the cooperatlve.s galns aeeording to Shapley
value is 87 ohly is allocated 24 and 33.3 percent respectlvely in the
' &ucleolus and Nash solutlons.' Note that Shapley value allocates the hlghest
share of the cooperative gaiﬁs to Farm ] as compared to the other'schemes,_

but still its share is smaller than that of Farm 2. Only the Nash Solution

allocates equal'shareé to all the three farms.




Table 3. Comparlson of Alternative Schemes of Allocation j"
‘of the Income Generated by Regional.Cooperation with Reference to
Scenarlo 3.

Farm : — : . — B o v2 . Total

. _Income with no cooperatlon 0003 2941 759 ) ‘ 2,320
. % 41 33 26 © 100

. Income genreated under 000$ 1,579 568 558: 2,705
cooperation . : R . : _ ‘ .
‘ % . 58 21 21 © 100

" Allocation of cooperation gains -

Nucleolus  000$ 112 179 93 . 385
S % - 29 47 - 24 - 100.

Shapley value 000$ . 159 - 194 32 1385
' ‘ : % s 51 -8 100

Nash solution 000 128 128 128 . 385
o % - 33.3 ,33,3 33.3 100

Rounded numbers.
Percentages computed with reference to unrounded numbers

b. The Non-transferable Incone (NTU) Situation - Scenario 4

Except for the(Nash—Haréanyi solution;findingjselutions for income
ailocatioh when side payments-areinot poseible is Snbject te diffieuities
thch are primarilyVCOmpufational, énd'in some cases;feoneeptual as~weil.

The Nash-Harsanyi Solution

We start with the Nash solution, wnich.can be derived with the aid

of the following model:

E 3
(18) max z = T (yg - y?)
i=1 1 L

subject ‘to

R
(19) Y LYy

and restrictions (7) - (13) with yﬁ" . xgj'and y? being the income
’ - ; i o




of the i;tg farm Qith no cédper;tion.‘ Byilqgarithmic transformation of

(18) and.maximizingvlog 3 ka monotonic function of a) a separabig
.'_objectivg function is ‘obtained, and thé probiem'éan be solved by a separable-'

programﬁing'toutine available in moét cémbuters. The obﬁimai yéter

quality R'is detérmined_by solving the‘problgm barametricélly,‘forithe

five discrete levels of R chosen (see‘above). ‘The reéults.are shown in

Table 4. | 7 | -

‘vTabig 4. Naghfﬁaysanyi'Solﬁtion fér avThree—Férms Coopeféti&e

with reference to Scenario 4

Farm o ’ ' : o Total .

1. Income with no pooperation; 000$ A ) 2,320

2. o o R | ) 100

" 3. Income generated on farm  000% . : - 2,514

hoo e AR o 100

5. Additional,incdme _ : ‘67 » 194

© 100

Percentages computed on the basis of unrounded numbers - -

' Scrutiny.of Table’4 Suggésté that thg percentage-wise distribution v
of total.income generated on tﬁe farms among the,thrée,é@opérafing farms
is abouﬁlthe same as‘before establishingIthé‘co§perative. From thié
point of Qiew, the results ééem intuitively acceptable. Thé aggregate
iﬁcéme of the cooperative_risés by 87 in cohpa;ison withlthe,non—Coépérative
situation,‘while thé inéomes §f Farms.l;B rise By 9,5 aﬁa"ll pérceﬁ; |

respectively.
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The Core Solution

The Core of a game is formally dEflned as the set of feasible
allocatxons whxch can be lmproved upon by ‘no coalxtxon s in S, where S
denotes ‘the set of all coalitions (Hxldenbrand ‘and Kirman, 1976).

The Core of the three- farms cooperatxve in the NTU SLtuatlen was

edefined by the follqwxng relatxoeshlpez

Yy 28y (vp)

(20) y, 2 8,5 (v4)

y3 2 by Oy)

@1 y; +y, +yy =V, 2, 3)

‘where
8y; (yi) —‘is the income transfofhation.functionﬁfor the
partial cooperation'(eoelition) of Farms 2 and i’
(i=1,3) h ’ |
h3i (yl) - is thebincomebtraﬁsformation function for farms 3 and 1
» V‘(l, 2, 3) - is the eggeegate income of ehe‘three—farms cooperativev
"(grand coalition). Note‘ehet-its‘magnitude depeeds on the -income .
allocatlons y1 ~ y3 | |
The. functxons gz (y ) and h31(y ) were. derlved for the correspondxng
two—farme cooperatives, as shown in Section 2 for Farms 1 and 2.
7 Note that: any point [gi(yl),yzl sa;isfying yz > gél(yl)‘satisfies also
Y1 > g;i (yz); simiier inverse relationships ﬁold for.g23(y3) and.h31(y1); _‘
restrictions (20) eatisfy the individual retiopality reqpirements of the:

farms as - -well.

The Core of a fh;eeéplayere»éame in the-NTU Situetion is the set
_of feasible income points. - These points lie on a three dimensional
: surface‘determiﬁed by (a) the,inteysection-of‘tﬁe three two—ﬁlayers-cbres
(restrictions (20) Ebove), and (b) the three players' inceme traneformation
surface (restriction 21). A_scﬁematical presentation of'suehaan infer—
seetioh is shown in Figure 2;-following Hil&enerand andiKirman (1976).

In ouf study,bthe éore of the‘three-farﬁs cooperative was paraeetrieally
solved by maxiﬁising?yﬁ subject to‘reefrietions (1-013) and (20)'f0: '
Verious combinatidns:of Y, aed y3 (arbitrarily chesen). ‘The nop—lipear




: Flg. 2 A schemat1ca1 presentatlon of the core of three players

game in the NTU situation following Hlldenbrand and Kirman (1976))




_ functlons g21 ‘yl 7 893 (y3) and . h31 (y ) were p1ecew1se llnearly

approx1mated and a separable programmlng routlne was used. The probiem
was solved. five times for the different preselected values of R. It is

» noted that the.optimal‘R for the threerfarms cooperative may differ from
‘that Which,is optimal for any two-farme cooperative.

" The Core thusdcomputed'ie nresentedbin’Figure‘3hin terme of theb
additional incomeggenerated hy cooperation.. fhe point (0, 0, 0) represents
the incomekobtained hy_thewthree farms with nbicbcperation and the valueé
along the three axeS'ere expressed‘in terms of the additional income
("normeliced game"). The additicnalhincpmes of Fdrms}Zdand 3 are clearly
marked.in the.graphiwhiie the income df the 15t Farm is represented by the
‘,height of the tridimensional surfece (which ié thedCore). The Shadowed area
.in the Yz*ﬂy3* plane represents yz* y3* combinations‘which do-net'éatisfy
the group rationality conditions (restrictidn.(ZO)). |

' We make the followrng observatlons -

a) The Core is not a conuex set. . This ellmlnetes the p0351b111ty
»of,generating new pointé in the Core by conveX'combinations-of selected
-points lying in the Core.

h)’Thé Core in the case studied is quite 1arge.

c) Heavy computatlonal burden is lnvolved in computrng ‘the core-
for the threeffarms cooperatlve. The computetlons mlght be prohlbltlve
for cooperatives (coalitions) with a 1arger number of membersf

In view'of the‘abové.one nay wonder whether the Cdre‘is'a.prectical
concept 1n.app11cat10ns such as the one dealt w1th here.

Con51der1ng the dlfflcultles 1nvolved in the computatlon of the Core

no attempt was made to compute'the NTU equivalent to the NucleoluS'(which
A . . . -

was computed'for Scenario 3). Furthermore, the nucleolus concept-in the

NTU case is not clear.




Fig. 3. The core of the three farms- cooperative game

the NTU situation.

in




5. SUMMARY AND CONCLUDING COMMENTS

The paper‘preSents an analysis of the economic potential of regional

. cooperatlves in water—use in 1rrlgat10n under conditions characterlzed
'by a‘general trend of 1ncrea51ng water sa11n1ty Spec1f1cally, it 1sd

~ assumed that the farms of a region face the Optlon of substitution of
larger water quotas for lower quallty (hlgher sallnlty), and that the -
sa11n1ty levels must be the same for. all the reglon ] farms ThlS is
the’motivation for cobperatlon.

The potential gainsvfromlcooperation in the case of a quasifempirical
exaﬁple are in the range of 6 - ZZZ:of the inoome with no coooeration,

'dependlng on the spec1f1c condltlons referred to. |

The maJor share of the addltlonal income is due to the exchange of
‘water quotas among the coooeratlng farms w1th no change in water ' salinity.
This implies that the potentlal for c00peratlon in water use should be
studied as well, under cond1t1ons in which sallnlty is not an issue.

The potential'for addltional income.due~to cooperation is higher when
direct income transfersv(“side payments")'arehpossible. However, the
soundness of such transfers with no a_priori!referenee to the prioe per
unit “of water may be'queationed. On the other hand; if the lump-sum
pajments transferred will satisfy soﬁe notion of a "fair price", the

‘objection might be mild.or even”non~enistent,‘The question remains open
k  for further studj

Cooperat1ve game- theory models were applled in an attempt to formulate
an’ obJectlve income- dlstr1but10n scheme for the cooperatlng farms based on
mutually agreed axioms, rather .than on‘value“Judgement ‘andnarbltrary
negotiations.’ A dietinCtion was made between the'transferable and the
nonftransferable income edtuations. The results of thié'part of,the'study
arerinconelusive. Whilebthevanalysis with the aid of‘game-theory'models
provides avhetter understanding ot,the,prOblém, it does not prowide

" an objective, indisputable solution to income distribution with reference




to the case studied. Moreover,'except'for the Nash—Harsanyi'solution
the computational burden is heavy; in the case of computation‘of the Core .
. ‘ : ' § R ' :

 with non-transferable income it may become prohibitive. It seems that

further theoretical study and further empirical applications are needed

~ in order to evaluate fully thejappiicability'ef game—theery appréaches

to problems similar to the one ‘discussed in this paper.
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