Sustainable Resource Use By Peoples’ Particlipation

4 Game Theorstic Justification
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'Comon examples of rencwable common properiy resources are foreats and irrigation water. Foreats grow at a certain
rate and need limited sppropriastion for custainsble use. Water r.'.-.-.mucen.ue emun?.ec! every yeur and are renewed again
by nature. But appropristion of natural precipitation often requires infrastructural facilities. Sustainsble resource use
in thia caas means regular maintainance of the appropriatin: strusturss . This involves cost, eometimes nominel
S(.metlmea substantial, which make room for sharing and participation of beneficiaries. Indeed, partivipation cannot
occur unless therse 18 a cost comwponent. For approypriation of forest r;eaourcen costs enter in the forma of necessary
vigilance and mske room for beneficiary participation. However, there is a sore meaningful way for understanding coots
in case of forest reacurces. Judging by the utility curves or the labour requirsd for appropriation one can always

‘determine » maximum rate at whith A user can extract the forest resources. Bat he may be required not to function at

the maximum capacity if he iz interested in  the sustainance of the forest. The restraint shown by the user in such cases
is the participation for suatainibility. The portion that could have been , but was not, extracted can be conceived eas
the c¢ost. In fact , thers is no difficulty in cosidering the costs of regzneration of the renewable resources under

this rcmgponer: . Thus. rescurce uwase can ke expressed ty tin components ¢ gross benefita (B) and costs of
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spropriation (}f). A general formulation for sustainable resource use is where the two compoaents are so well-managed
o "
nat the net benefite B - M recurr over a long time , conceptually, for ever.

It is easy to conceptualise sustainability in terms of aggregates. But each agent recefvea only a fraction of the

snefita. How can they ensure the sustainability of the aeggregates? Let s first formulate the situacions the

ndividual beneficiaries face. Let ue consider that there are 4 = 1, 2, .usee .n beneficiaries and the gross benefits

ach receive are b and ooets emch incur are m . Forecme 38 the b and/or m may'be zero. Thua non<
i i J b}

sneficiaries (and non-cost sharers) can be excluded without complicating the formulation. Sustainable reaource use ie

ae where the 1i-th bensfeciary incurs a cost g and receives & beneiit B such that :

| 1
* *
ib = B
11

A
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X

n other words. in case of forest resource exploitation the aggregated appropriation must not exceed the sustainable
ate; in case of irrigation water total appropriation coste for sustainable use must be met. Of course , the aggregate
x *

ppropriated benefits may be leas than B or the incurred costs more that M without endangering sustainability. But such
Jareto-inefficient cases muy be omitted.

" The utility received by the i-th individual is given by u (b - m ) . He/she may have many feasible opticns to

11 1 . .

ncresses the current utility by disregarding the sustainablity question . Thoaes options which meet the sustainability

onditions for the aggregate can be called co-operation for sustainable reuacurce use. Those other optiona which,

f realised would affect sustainibility wmay be called defection. {mderstandably. whether a choice is co-operative or not
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3"
is .detemined only after aggregation :with choices made by others. There can be many m‘lch combinations , or hwtct.ion?
that satisfy the sustainability conditions in B and Y. There is no way to claim , from ui.thin the Game Theory - one or
the other imputation (b , ‘1) as the juat., Current ethical practices may favour one kind of imputation as eq\xitable’.

i

But  asustainability conditions may be met by many other imputaticns. It follonz thact sustainable management does not

necessitate equitable distribution of benefits, & claim that is often dade to explain the besis of poprular participation

in this area.

Let ue asmume. for simplicity, that there are only two beneficiaries , L = 1 and 2 and only two choices available to

each of then C = co-operation for sustainable use and D = defection from that. The yay-offs for the two
i i

atrategica ares given by @ -

X x x
u = u (b - =m ) for C strategy
i i i 1 i
and u = u (b - m ) for D strategy.
i i i i i
x
. et us also denvte u = a H e ? \
. i i

The term a has a aisple meaning . In the case of forest use. assuning that the cost com"onent
u(b)
1 14

is ni} , 8 % =———m—e——  {,e. the ratio of the utilities wnder ful! and rert capacity uti{lisation . In other

*
ua(b )
i 1
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wrds, 4 gives an idea of how much of one’'s capacity of forest resource exploitation was sacrificed for the sake of

1stainability. In case of irrigation it shows the increase in cwrrent utility that could have been obtained by not

articipating in the cost sharing for apprropriation, that 18 by free-riding. It is aivc noteworthy that by adopting €

i
trategies the players expect the resource to last for aver. But wuwith D strategies the players, even inderendently,
i L)
xpect the resscurce to get exhmusted after some years, say, atter a yearo. By definition here, n is the
i i

rndigtu.ble aspect of the future. - It depends on the (1) regeneraticn rate of the renewable resource , (ii) the
‘hare of ths $°th user on the rescurce and (1{i) the maxioum sxtraction capacity of tho user. There are also
ncertain aspects in the life expectancy of a resource, o.g. because of a natural calamity. Thia has been absorbed in
he discount rate for the future, introduced later.

The current payoffs of the strategy combinations can then be expreased as :

\ 2 H
1\ ' c H D
2 2
' = *
+ i u ,u H x . u
1 1 2 1 2
» L] ‘ ‘
D HE Y = H x . x
1 1 2 1 2
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where X '3 represent the unexpected losses suffered by opponent s defection strategicz. One need not enter into the

i
®

- deductions of x values. Since u > u > x, deprending on the relative magnitudes of the x values the game is
i i i 1

either -a Prisoners’ Dilemma or a Chicken, neither of which has (Cl. cz) as oquilibrium.

The eituation we are actually concerned with 1s represented by a supergsme with several iterations of the
above pay-off matrix. Its equilibriwm ;need not be the seme for one-shot game. Since each player has a strategy that
ends the game after finite mumber of iterations , in n1 period ., the backward induction reesults cannot be
straightway excluded. However, in an alternative manner the gume may be hyyothesjsed as infinitely repsated btut the
pay-offs &fter a certain stage, become zero. Folk theorem muy then be applied to 2scertsin that there are strategy
paths by which co-operatively feasible outcomes of the gawe can ha schieved. The que.st‘.on i2, the outcome may be
feaail;le but will it be desirable for the players ? The players may find that by cvarexploitation up to . finite
per!;:d their utility 1s maximised. Although it is convenient for mathematical exercises to postulate an infinite
horizon. for utility maximisation of players. in real life human beings do not plan for eternity. They have only limited
horizon in aight. either ones own lue-t.ine or the lifetime of a few generations of progeniee . Altem'ativelv. one nmay
have the duration of occupancy righ; over the resource as the time horicon. One way to formulate this problem 18 to
suggeat a strategy path where, at every roint of time, the players try to maximise their utilities over their own time

perapectives. Let us redefine as that the current period decision making occurs in terms of the discounted aggregate

utilities. Let these new ray-offs be denoted by - R, T, B, P 80 that the current pericd game is :
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A8 introduced earlier, in cases of (D, C) and (C, D) strategies the resources are expected to last
1 2 1 2

onlyn andn years respectively. If both defect , its life expectancy is even less, say, n years.
' 1 2

Let the discount rates for future utilities be denoted by '1 and wz. 0< “1 < 1 . The discount rate actually
mesns  future rconscicuencas. Hhue. companies may be guided by something like the bank interest rates human beings
rarely have ary defindts way to judge how much to value the future bencfite. Some mey have the philosophy of living day
to day , some others may desire that not only they themselves in their old sges but also their children should enjoy
the resources just as much. Some may strongly believe that there will be a doomsday. Some othera may be
optimistic of a scientifis breakthrough that uwould obviate the necessities of that parti.c-ulnr resource. Indeed, how
exactly do people discount the future is not known. Here we are meking a distinction betueen the material aspects

that determine =n and the philosophical asyect that makes people weigh the living conditions in the future.
i

The diecounted pay-off matricee may now be written as

R = u + wou 4+ W ou +




The others are finite serizs sggregutes and equate to @
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. Only in such cases where R > T for both 1°e the atrategy pair (c!.cz) is an equilibrium. That the strategies
i |
are self-enforcing in equilibrium implies that the users voluntarily participate in sustainable use of the resource.

0f course the (Db, D) too can be another equilibrium. The co-operative strategies constitute the unique
1 2

equilibrium only when P ¢ § too is satisfied. But that is merely of mathematical interest. It may also be noted that
O | ;

in such cases where R>T but R <T the only possible equilibrium is (D, D). A necessary condition for
1 1 2 2 1 2

anatainable use is therefore , both the players find long-term co-operative outcomes as the better between their two

strategy options.



i 1
By comparing the vulues above one finds R>7?T if » > { = === . Thus, however large may be
| S i [

a thers 18 alusys zome W value where the inequality holds and  co-operation for sustainable use of resources
by sacrificing part of one’'s current utility or by incurring the required cost may occur voluntarily. The
following chart shows the critical values of 38 , ths 1life expectancy of zhe resowrce as estimated by a user , under

different (a , w ) combinations. 1f the =n value is below the critical level the inequality R > T holds and

particiaption for sustainable use 18 an equilibriwm strategy.

CRITICAL VALUES OF n

\w 0.500 . 0.900 0.990 0.959

a\
1.10 3..5' 22.7 238.6 2396.7
. 150 1.6 10.4 109.3 " 1088.1
2.00 1.0 6.6 68.7 692.8
5.00 0.32 .24 22.2 223.0
10.00 0.15 1.00 10.5 105.3
‘mo.oo 0.01 0.09 1.00 10.0

As is evident, if the future is discounted at a rate less than unity there is always a finite value of n above

which co-operutive strategy will not bs adopted . Thus, th= general strategy path of the renswable resourcs users

may be descrited as : when the resource in question 1is available in plenty and the users are not worried that it may

W WPy .




be exhausted , participation for sustainable use is unlikely. However. gradual depletion or sudden calamitiea may
bring dowm its life expectancy below the critical limit whereafter a switch in one's strategy may occur. But co-
operative equilibrium is not yet definite since the critical life expectacy of the resource to the other user may be at
still lower level . At this stage, if at all there is an equilibrium, it is in excess exploitai?.on by both. In
concretences, this may be a phase where the two users try to impress on each other their respective viewpoints. If
depletion continues at this atage too, the life exrectancies of the resource to each user reduces further and may
eventually cross the critical level for the second one. Thereafter , co-operative behaviour for sustainable use may

be an equilibrium strategy combination.

From the chart it is also evident that those who have very little underutilised capacity , and a reasonably high
rate of discounting, are the ones likely to show participatory tendencies. Those who have to sacrifice a lot of
extraction capacity (or incur considerable cost as in the case of irrigation) for s.uat.ainnble use ( i.e. high a
). do not, in general , show mtich:-atory tendencies until they anticipate imainent danger of resource depletion,
or, they have 4 very very high discount rate nearing unity. Who are these people ? The Companies which are
gensrally guided by the market rates of interest for valvation of futurs returns are unlikely condidates for
participation in sustsinable uee of rescurces. They may do so anly when the house s rm. fire, that is , the danger of
déplr:t.irm looms in the lmmediste future. But by then it may be tuo late to take corrective measures. Worse among them
are those who have to sacrifice a lot of capacities for participation in sustainable use. Such Companies 'are not

likely to rise to the occasion until the last moment. At the other extreme are the very small users who receive only
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a minute part of the total benefit because of a very small share in the resource. They would not expect susbstantial
reduction in the critical life expectancy of the forest even if they increase their extraction capacities severalfolds.
In other words , they are 80 very small sharers that they do not even envisage that their participation in sustainable

resource use may have any significance. They too are not likely to be participants for sustainable use. By

excluaing ©both of these groups one gets a clearer understanding of the users wvho are the most likely participants
for sustainable use. Certainly, they must have high discount rate for the future returns - without this basic
committment there is no chance of success with anyone. However, within those having high diascount rates one can also
indicate a preferred section. They must be significant share-holders of the tenefits so as to obeerve the positive
ef.fect.o of their particiration. If the renewable resource is divisible tc acse extent , parts can be assigned to small
grours of recrle to create this effect. They should not huve excessive extraction cap;citv » which generally comes
through intensive commercial operations . It seems that there ia some eubstance when the environmentalists argues in

favour of renewable resource management by small grours of local recple.
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