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ABSTRACT

The paper reviews the phenomenon of international river basins and concludes that sharing of river
basinsbetween and among countries is the rule rather than the exception forthe major river systems of the
world. More than 200 river basins, accounting for more than 50% of the land area of the earth, are shared
by two ormore nation-states, powerful and often jealous social units that dominate what is still an age of
nationalism. When population densities werelow therewas plentyofwater for alland major conflicts were
avoided. With the rapid population andeconomic growth experienced in the past few decades conflicts over
use of water are becoming more important. It is expected that in the near future these water conflicts will
become much more severe.

The paper reviews the literature on attempts to analyse the conflicts and negotiate solutions. One
interesting findingis that the upstream-downstream externalities are not always negative; there are many
cases where upstream development of water resources leads to increased benefits to downstream useR.
Some rudimentary game models are examined and some tentative conclusions, based upon various game
theory concepts of stability are presented. The paper ends with suggestions on how to plan Pareto-
admissible outcomes for international basins.

The author wishes to thank the following persons for their help with this paper. Dr. John Quinn helped (
with recalculating many of the game solutions, LindaKlaamas worked on editing andbibliographic research,
particularly the material dealing with the International Law Commission, Peter Lydon read the manuscript
carefully and edited the entire paper, and Professor Robert Dorfman gave very helpful suggestions on an#
early draft
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1. Introduction

The observations on man's use of water in this paper fit happily under the expression "transnational

commons," which is a part of the title of this Conference. We will discuss the large range of possibilities

for conflict and cooperation which arise when a peculiarly strong modem social form, the nation state,

superimposes itself on a geographical, physical and natural pattern of intense water resource

interdependency - a river basin.

More than200river basins1, accounting for more than 50% ofthe land area of the earth, are shared

by two or more countries. The more than 280 treaties that have been signed between countries on water

issues give evidence of the tensions that divided basins engender. Two thirds of these treaties have been

in Europe and North America where the problems first became acute (Vlachos, 1990, and Delli Priscoli,

1990). In the rest of the world, large scale development of water resources has only become widespread
t

during the past decades. By the development of water resources, we mean water diversion, and oftei

storage, to serve agricultural, industrial, municipal, flood control and other uses. Water development in our

time is driven by population growth and technological advances such as hydroelectric generation and

modernized year-round agriculture; under this heading it is fair to visualize multi-billion dollar, often heroic

national enterprises such as the Hoover and Aswan dams, and the irrigation of the North China plain. A

world-wide perception of virtually global water scarcity, relative to the emerging uses and needs for water

of larger populations, is historically new, and the accompanying conflicts have only begun to manifest

themselves. Rapidpopulation and economic growth in many partsof the world areseverelystressingnatural

resources, so much so that water is beginning to have a scarcityvalue and an emotional intensity resembling

that of petroleum.

The concernwith international riverbasins andthe need to move quicklywith mechanismsto defuse

conflicts before they become deeply entrenched is also part of the current interest in global environmental

issues. Most of these are by nature transnational, but the stakes in transboundary water conflicts, being.

1 The United Nations (1978) lists 214 "shared" rivers; 148 flowing through two countries, 31 through three countries, and the
remaining 62 flowing through four or more countries.
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more tangible and closer to home, are perceived more sharply by the individual participants than the stakes

in the protection of the global ozone layer. Unlike ozone, water problems also usually present a neighboring

nation or people as an antagonist, which tends to intensify popular emotions, cluster water issues with other

historical grievances.'.and favor the combative set of attitudes associated with zero-sum situations. The

growth of interest in international rivers is reflected by the dedication of the entire December 1990 issue

of Water International to international water conflicts.

Table 1 shows the details of the some of the major international rivers and Figure 1 shows their

locations around the world. Some of the largest rivers have multiple riparians and countries within the

drainage basins, like the Amazon (with 7 nations), the Nile (with 9), the Danube (with 14), the Congo (with

9), the Brahmaputra (with 4), the Ganges (with 4), the Rhine (with 8), the Niger (with 10), the Mekong

(with 6), and the Zambezi (with 8).

Some major international water conflicts, however, are in the Middle East where rivers are typically

much smaller, and where the region is chronically short of water. Managing the waters of the Jordan is a

perennial and growing problem among Lebanon, Jordan, Syria, and Israel (Starr and Stoll, 1988). The

Turkish and Syrian developments on the Euphrates are sources of friction between both of them and

downstream Iraq (Tekeli, 1990). The sharing of the Nile waters between Egypt and the Sudan has

proceeded in a relatively cooperative atmosphere which is now being disturbed by Ethiopia and six other

upstream riparians (whose territory generates the bulk of the flow) who are now demanding access to use

of the water for their own needs (Smith and Al-Rawahy, 1990, Waterbury, 1979, Haynes and Whittington,

1981, Whittington and Haynes, 1985, and Guariso and Whittington, 1987).

With World Bank assistance, India and Pakistan settled a serious conflict over the use of the Indus

which was precipitated by Partition in 1947, although it took until 1960, to arrive at a satisfactory treaty

between the countries (Michel, 1967, Khan, 1990, and Kirmani, 1990). India and Bangladesh have an

unresolved water dispute since 1975 concerning diversions by the Farakka Barrage in India on the Ganges,

and cooperative augmentation of dry season water supplies in that monsoon zone (Zaman, 1983, Abbas,

1982, Islam, 1987, and Begum, 1987). The Bangladesh floods of 1987 and 1988 reopened the question of



Intemational River Basins. Draft. April 16, 1991. Page 3 •

basin-wide management for high flows between these two countries (Rogers et al., 1989). Problems have

already arisen, orare expected shortly, on the Amazon, the Niger, the Senegal (LeMarquand, 1990), and the

Zambezi rivers.

Furthermore",.water often crosses international boundaries underground, and problems are now

arising concerning the use of the Northeastern African aquifer shared by Libya, Egypt, Chad, and the Sudan,

the Northern Sahara Basin shared by Algeria, Tunisia, and Libya, the Chad aquifers shared by Chad, Niger,

Sudan, Nigeria, and Cameroon, the lowerreaches of the Rhine recharge aquifers shared by Denmark, the

Netherlands, and Germany, and aquifers along the southern borders of the United States, shared with

Mexico. Much of the discussion about intemational river basins gives insufficient attention to this important

groundwater resource.

I,
2. Causes of Conflict: Pervasive Unidirectional Extemalities I

An externality occurs whenever an action taken by some economicunit has a direct impact
upon the welfare or productivity of someothereconomic unit When the medium through
which the external effect or externality is transmitted is physical, that medium is a common
property resource. Dorfman (1974).

LeMarquand (1977).translated this statement into " An intemational river is a common property

resource shared among the basin states." Water used in river basinshas the interesting propertythat both

positive and negative extemalities usually have their effect in only one direction, that is, downstream. An

upstream countryaffects the volume or qualityof a downstream country's water by diverting or polluting

it, but the downstream country cannot do the reverse, since it has no accessto the water until it has left the

upstream country. Since, given enough time,wateristhe universal solvent andthe major geomorphological

transport mechanism, the externalities are caused not only by intentional water-uses but also by other

natural and human activities occurring in the upstream reaches, such as intensification of agriculture or

forestry. This unidirectional feature of water use means that resolution of basin conflicts through mutual

control of external effects that work, reciprocally, in both directions is generally ruled out. The downstream

partners must often balance the asymmetrical waterrelationships by the use or exchange of resources from,

outside the water domain, for example, economic or military power, in the upstream direction.
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Table 2 gives a list of the major downstream effects of water use and non-water use in upstream

reaches. Note that although rivers flow in only one direction, these upstream activities can produce

extemalities that have a positive aswell as a negative impact on downstream users. The traditional uses

are hydropower for peak and base load power production, irrigation diversions, municipal and industrial

diversions, maintenance of flow for navigation or for adequate dilution of wastewater or for general

ecological values, storage for flood control and recreation, and the development ofgroundwater. The table

also lists some of the non-water uses which cause externalities. These typically involve land use changes

occasioned by agriculture, forestry, animal husbandry, filling wetlands, and urban and suburban

development There are also, however, natural (Le., not caused by humans) processes that cause

downstream effects which are often mistaken for extemalities. Large and small landslides, sometimes

provoked by earthquakes, in fragile high mountain environments such as the Himalayas generate huge

sediment loads in the rivers, bringing drainage congestion and flooding, as well as fertility, downstreaml

Natural deposits of salts and heavy metals contaminate ground and surface waters leaching through them.

The selenium damage caused by the irrigation drainage waters reaching theKestertoo wildlife sanctuary in

California and the increasing salinity of the Colorado River are examples of external effects jointly caused

by man and nature.

Thesediment-drainage congestion-flooding sequence isoftenusedtocall for basin-wide management

of land use practices, but recent literature is equivocal about cause and effect relationships in this regard.

Repetto (1987) summarizes studies from Indonesia which indicate substantial downstream damages from

agriculture and forestry in the upland areas. Ives and Messerli (1990), however, claim that for the

Himalayan region most of the sediment problems are of natural geological origin, not significantly affected

by human land uses.

Most of the literature on extemalities in riverbasins focuses upon description of the phenomena and

its physical quantification rather than upon its economic consequences. Itwill beshown later inthis article

how effects upon navigation, flood flows, and salinity can be incorporated into economic analysis without

specific knowledge of their economic costs by the use of constraints on their physical magnitudes.
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3. Legal Basis for Sharing the Waters of International River Basins

Resolving waterconflicts iscomplicated by the fact that "an intemational legal framework to govern

the use and development of intemational rivers by riparian countries does not exist" (Kirmani, 1990).

According to Kirmani, at least four major legal framework doctrines about sharing water in intemational

river basins are available. The first is absolute sovereignty over waters flowing within a country. This

implies that other riparian countries do not have any right to constrain a country's use of a river within its

own boundaries, and is obviously preferred by the upper riparians. The second theory is that the river

belongs to its riparians; it is of great interest to lower riparians since it imphes asmuch right to the waters

for downstream as for upstream users. Athird approach can be categorized as optimum development ofthe

river basin. This theory is attractive to technical water planners since it allows them to consider the basin

as a single hydrological unitand plan accordingly. The fourth approach, reasonable share orequitable use.

expresses respect for a riparian's sovereign right within its territory, but restricts its uses to ensur*

reasonable shares for the other riparians. The words describing this theory sound so reassuring and

reasonable that it is the obvious choice for non-involved third parties, however, depending upon what the

stakes are, it is less attractive to upstream riparians than to downstream riparians.

One other doctrine, which has had widespread application in the U.S. West has been applied to

international river basins; prior appropriation. Under this doctrine, waterrights goto the first userin time;

"first in time, first in right" While this doctrine is not being specifically promoted for intemational water

law, it is embedded in most of the definitions of "equitable use," when they refer to conditioning the

definition by "past utilization of the waters." It is also often explicitly used by the more advanced, more

powerful countries in abasin to deny new uses to co-riparians on the ground that these wfll affect existing

off-takes or uses.

In addition to private efforts such as those ofthe Institute of Intemational Law and theIntemational

Law Association, since 1971 the United Nations, through its Intemational Law Commission (JLQ, has been,

attempting to establish, with little success, a set of rules pertaining to sharing of international water

resources for purposes other than navigation (Hayton 1983, Cano, 1989, and Sinclair, 1987).
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After years of haggling over definitions, in 1976 the members ofthe ILC agreed to bypass some of

them, and at its 32nd meeting in 1980, the substantive issues in the regulation ofintemational watercourses

were delimited insix articles, which were provisionally adopted bythe Commission. By 1984, the six article

draft had grown to 41 articles categorized in six chapters. At the time of writing 27 articles have been

provisionally adopted, but it is fair to say that caution in creating or recognizing obligations upon themselves

is the dominant note among governments.

The Special Rapporteur's Report of the 39th session, for example, addressed the "general principles

of co-operation, notification, and provision for data and information." Article 9, on the general obligation

to co-operate, raised further definitional concerns: should the article be more specific? Some members

suggested arevision that would define the obligation as one "to achieve optimum utilization and protection

of the water course, based on equality, sovereignty and territorial integrity of the watercourse states
j'

concerned." Others disagreed, saying that alisting of specific criteria for co-operation would destroy tfcje

effect of the regulation.

Articles 11 through 21 address planned measures for international river watercourses, focusing on

rules ofnotification and consultation procedure. Although most ILC members recognized the fact that astate

has the right to internal sovereignty over its territories, including water resources, they also noted that this

does not permit a state to injure another state indirectly through its internal actions. The ILC defined

"wrongful harm" as injury to another party not consistent with the equitable utilization (Articles 6-10) of

the watercourse.

Articles 22-25 discuss the protection and preservation of international watercourses; they stress

control ofecological disruptions such as pollution and the introduction ofnew species. Articles 26 and 27

ofthe draft emphasize the need for emergency procedures, to deal with natural causes such as floods, ice-

breaks, landslides, and earthquakes. The articles proposed beyond article 27 have not yet received

provisional adoption due to the time constraints ofthe Commission. The ILC is, however, hoping to approve

the first complete draft of articles by the end of 1991.



International River Basins. Draft. April 16, 1991. Page 7

^.^Si«aao„is.hc„,»„.„„^thoutMmehelpMdeve,opmenisRev.ewi)apenbyCaponOT
(1983) and Hay.cn „«, see substantia, agreement „„ as«*iap«aa doctrinal ^ ^ ^ ^
the princip.es of „-prior comultation, 2) .avoMmce rf^^^ 3) .^^apporaonm^.
4) Wdiscriminadon and nonezclusior,- and S, -proton for sertOTMU „^^„ ^ ^ ^
water dispute, despite the non^^c, 0f . ^ „Uw,. ^ ^.^^ ^^ ._ ^ ^
Rulas formulate., by the International LawAssociation ta 1966. ^ hem rfthe 37 ^ ^ ^
bArtie,, V, whose "——I— are ted to Table 3; they axe very simdar „ ^ 7„, ^
provisionally adopted ILC text.

4. Economic Basis for Sharing the Waters of International River Basins

Economists have ato, to say about the problems of allocating water to river basins (Hirshliefer
DeHavenandMilhman, 1960. and Maass „al. 1962,.bu, meyare^cztopototoutth.Umita^ of their
analysis in the presence of e^mal effects. Tfc, geIMraI Konomic^^^ ^^.^ .
to -internalize- men, The river basin itsdf is an ideal unit ofanajysis to achieve mis go* itca. r^sonaUy
be assumed most eztemanties are captured by analyzing the river basin a. asingle unit. This bwhy me
—*. of integrated river nasinphnnin, and the oeation.^^y.^.^ Md
plan are so popular in the economic and planning literature.

Bu,s.rtingou.«zt«rnalirie,am.ngth,sev^„ati.mtoon«bastaisan.d1„m,tt„. Uisp^v
because the international ri™, basin is intemationa, that i, cannot b. readSy p,™*, and d«**d „.
sing,, unit unless aU of the ripartons agr«. On,y in , few instance, hzs ff* b«„ art^ „d,lMding
case, the Columbia River Basin shared between Canada and the US, yield* mized resuto (KnttilU, 1967).

If on. cannot physicaBy internal the eztemaUties as betw«n basin countries, what can one do?
H» economics ttawur. is raptor, witl. proposals to taz anemias „^ to^^md w
enjoying *em wiU factor the costs to other p„p„ into fceir cactions, razes, „r fm. ^ ^ ^
propounded by groups such as *, Environmental Defense Fund and the Worid Resource, tasdtut. in the '
United States as away of dealing wid, transbounda* air polludon problem,, but this approach reunites '
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sQ-ong supra-national institutions to impose the taxes, and such institutions do not now exist to control
transboundary externalities in international river basins.

Pareto Admissibility

Apromising practice, approach to deahng with eztemaUties in river basin planning, cal,.d -Paretian
Environment* Analysis,- was foliated by Dorunan and Jacob, (Dorian, et ,1.. 1972). The, applied
Paretian analysis to upsu-e^-downstieam conflicts about m. management of water ,ual>ry; their ezatnple
was withto one counny but the conflict of interest was identical to ma, within many international river
basta.Pareto.admissibflityemergesasacondltionwhichawaterr«sourcesd«»«,opmen,p,anforth.basin

must satisfy to otder to he responsive to me basin countries and to ft. goals of -reasonabieness- and equity.
Let NB,(z) denote the net benefits accruing to canny iif resource allocation plan zuadopted, and

assume that each counny w»h,s to maztouze its ne, benefits. Then any aBocation zresulting in «,ua> n<t
benefits for some counmes and greater net benefits for other country when compared to resource
nation ywill surely be preferred by the count*, as awhole over , Ezpressed to terms of symbols,
NB (z, aNB,(y) for an countries iimplies fta, zis preferred over yif the to.,uality is strict. A«sourc.
allocation plan zis Pareto-admissibl, »At, is no allocation p,an ywhich is preferred over zin the sense
just described.

for some L

Dorfman and Jacoby tooked for anoncoercive strategy for ariver basin authority that has to
persuade its member. to agree on ajomt solution. The commis».n could us, me threat mat if no
agreement was reach* ften ft. global optimum solution ignoring juAdictional boundaries would he
implemented. Th, basic .sumption is that th« upstream poBumrs and ft. downstream us«, would agree
upon the reasonableness of me Pareto-admissibl. strategy and agree to it without undue pressure. Bu, if
they were unabl, to agr«« th, river basin commission would have ft. power to cnforc, th, mazhnum n,t
benefit p,an for the bazb as awhol,. In ft, conmz, of int^national ri«r basins wh,r, th, individual
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countries may not wish to give up sovereignty as the global optimum solution would require them to do,

but were looking for "reasonable* solutions, this approach has a lot to recommend it However,

concentrating enough power in anintemational orbUateral agency to impose such achoice isavery difficult

political requirement, at present unlikely to be achieved.

Superfaimess

Other approaches to analyzing river basin conflicts can be discussed under the general rubric of

decision theory. With the increasing emphasis on"reasonable and equitable share" in the legal approaches

to intemational river basins discussed above, it is necessary to develop operational concepts of eouitv and

reasonableness. The economics profession has recently devoted attention to building theories of "fairness"

and is relaxing its obsession with allocative efficiency. Baumol (1986) provides the most lucid description

of this new concern with a book appropriately entitled Superfaimess. '

Superfaimess rests upon the Pareto improvement criterion given above and the concept of "fair

division."2 Baumol defines superfaimess as follows: •••"r *''•"•"""*"

A distribution is called (nonstrictly) superfair if each class of participants prefers its own
share to the share received by another group, that is, if no participant envies the other
(Baumol, 1986, p.15).

He augments this definition with a clarification of envy.

A distribution of n commodities is said to involve envy by individual 2 of the share obtained
by individual 1 if 2 would rather have the bundle of commodities received by 1 underthis
distribution than the bundle the distribution assigns to 2.

In generalizing the two person equal division problem to m persons Baumol focusses upon the distribution

ofthe residue , (y* - y), among the remaining m-1 individuals when individual i receives y, where, y* is

the total amount available to be shared. Individual f s fairness boundary for this situation is defined:

The equal division of residue fairness boundary for i is the set of vectors (points), y, such
that individual i is just indifferent between y and the amounts received by everyone of the
m -1 other individuals if the residue (y* - y) is divided equally among them so that each
receives (y* - y)/(m -1). In otherwords, y is on fs fairness boundaryif, and only if, U*(y)
• U'[(y* - y)/(m -1)], where U'C) is fs utility function.

2 This istheold children's game of assuring that two people will divide a cake fairly: onecuts thecake into twoparts and theother
chooses.
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This definition is based upon the examination of two extreme cases; the first where all the residue

goes to one person (the case most likely to arouse individual i's envy), and the case where the residue is split

evenly among the remaining m - 1 persons (where i is least likely to envy any other person).

From the set of definitions Baumol demonstrates that if the utility functions are continuous and

quasi-concave then there always exists at least one Pareto optimal solution that is superfair. So far this

coincides with Dorfman's use of Paretian analysis; however, Baumol proceeds to show that a superfair

distribution may nevertheless be strictly Pareto inferior to another distribution that everyone considers

unfair. This may come about in a two-person case when player 1 likes what he gets at some superfair point

Q less than the Pareto optimal point H, but that he likes what player 2 gets at Q even less. He does not

envy individual 2 at point Q. Strategic behavior is the subject of game theory, but as a negotiating or

arbitration strategy superfaimess may be of use in modifying the more conventional Pareto-admissible

I:
approaches to sharing costs and benefits.

Game Theory

Game theory, which deals with situations ranging from "pure" conflict to 'pure' cooperation, was

given an enthusiastic welcome when it first burst upon the economic scene in 1944 (Von Neumann and

Morgenstem, 1944). However, it did not directly yield norms for decisions under conflict of the sort

experienced in international river basins. As a result the field has relied increasingly upon process oriented

approaches such as Alternative Dispute Resolution (ADR, Delli Priscoli, 1990) or the Processes of

International Negotiations (PIN, Fisher and Ury, 1981). These aim at getting the parties to arrive at a

negotiated solution, malting the basic assumption that there is a solution to every conflict and that it can

Dorfmansuggestedthat comparison of NashEquilibria and superfaimess might be appropriate for these classof problems.
Nash's solution is in terms of strategies not payoffs and is defined as that vector of strategies in a noDcooperative game such that no
one player, assuming that the others are committed to their choices, can improvehis lot. Algebraically it is the vector of strategies s(
such that the payoffto player i, Hj(Sj), a for eachi,

Hi(s1,,..^i*,..Jn.) - max H^*,..^..^).
Sj

This ts a generalization of the minima* solution for the two-person zero-sum game.
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be arrivedat by judicious use of a variety of time-tested negotiating strategies (win-win, getting to yes, etc.)

administered by a third party.

Despite its earlylackof success, game theoristshave been pursuing a variety of approaches that are

potentiallyvery useful in the case of shared intemational water resources. In particular, there are a series

of recent papers4 which apply some of the findings of game theory to practical problems of the allocation

of benefits and costs between conflicted parties on river basins. All these approaches are based upon

analysis of the core of an n-person cooperative game.

The development and analysis of coalitions is central to game theory. To analyze a coalition

structure in a game, it is necessary to assess in a single numerical index the value of the game to each of

the coalitions that can form. This is called the characteristic function, and is denoted v, which defines the

maximum value of the game which a coalition can guarantee for itself if it forms in the playing of the game.

It lists the value of the game to all possible coalitions. •

In any n-person game there are potentially2n - 1 coalitions. The games of interest in dividing up

water in intemational rivers are called essential games because there is benefit to cooperation between the

players. A well-definedcharacteristic function, v(S) must satisfy the following condition: If snT - 4, then

v(SuT) 2 v(S) + v(T). This stlper-additivity condition requires that two disjoint sets of players should not

suffer by cooperating with each other. If, in addition, vQ) + v(2) + . . . + v(n) < v(l,2,3,..-n), the v

represents an essential game in characteristic function form. In other words, the payoff to the grand

coalition is always greater than the sum of individually sovereign solutions; this will always occur in the

presence of extemalities.

In order to arrive at a 'solution' to a cooperative game some additional requirements need to be

placed upon the values of the characteristic function. In particular, we can allow the members of the

coalitions to make side payments to each other, although often and mistakenly disparaged by bureaucrats

as "bribes," such balancingside compensations almost alwaysplaya positiverole in supporting cooperation. .

4 Young et al. (1982), Young (1985), Dinar and Yaron (1986), Tijs and Driessen (1986), Dufoumaud and Harrington (1990, and
1991).
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Taking such side payments to each member of the coalition into consideration leads to establishing the

payoff to each member of the coalition; this is called an imputation, and should meet some logical and

reasonable conditions. The three conditions that are most often set are those of feasibility. Pareto

admissibility, and individual rationality. An imputation for an n-person game v in characteristic function

form is a payoff vector (P!,...,pn) which satisfies the following two conditions:

1. Pi * v(i), for i = 1,2,... ,n

2. (P! + Pa + - P„) - v(l,2,...,n)

The first condition represents individual rationality and requires that anyacceptable payoff vector

must give no player less than what that player can obtain on his own. The second condition corresponds

to Pareto-admissibilitv and also feasibility when the strict equality is replaced by a less than or equals to

sign.

The solution concept of the core of the game rests on the idea that there are a setof imputations

that leave no coalition in a position to improve the payoffs to itsmembers. The core of an n-person game

in characteristic function form v(S) is the set of imputations which are not dominated by any other

imputation. A payoff vector (Px,....?^ belongs to. the core of v(S) if, and only if.

1. Epj*v(S) forallScN , . ,
kS

2. E p, = v(N)
ieN

Condition 1 when applied to S • (i) implies individual rationality. For any proper subset S,

condition 1 states that any payoff vector in the core of a game must give no less total payoff to each

coalition than the total payoff which that coalition can obtain on its own. Stated in another way, no

coalition will accept a payoff vector that yields less than what that coalition can obtain on its own. In these

cases condition 1 now embodies a sense of individual and group rationality. Condition 2 is

Pareto-admissibility. Roughly speaking, the core of an n-person game in characteristic function form is the

set of payoffvectors for which there is no coalition havingboth the desire and the meansof effectuating a
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change. The concept ofthe core is used as the basis to decide on the stability ofdifferent payoffvectors and,

hence, coalition structures.

What should now be apparent is the pivotal role played by Pareto-admissibility in the analytic

approaches that have-been propounded for recommending "solutions" to the types of problems which are

encountered in water allocation in intemational river basins.

5. Political Basis for Sharing theWaters of Intemational River Basins

Often called the "queen of sciences," political science is rich in observation but poor in tested

predictive theory. Clearly the decisions involved in international rivers are political and can only be

adequately addressed in political terms. The problem is to be able to derive a basis for political

recommendations and action from political science. Political imperatives contrast to the economic
I

imperatives in three important particulars:

1) They concretely evaluate the desirability of apolicy or an investment on the basis of its value,
positive or negative, to alarge number of subgroups with varying degrees of interest in the matter.

2) They do not rely solely upon the simplifying quantitative economic measure of money, but are
heavily influenced by non-monetizable considerations as well, and

3) They are pursued separately and apart from economic objectives, with different personnel and
rituals; recruitment to the political arena has aparticular history and admission confers agreat deal
of authority.

The predictive models employed are much more diffuse and less precise than those employed by

lawyers and much less quantitative than those used by economists. Political models of bureaucratic and

executive politics, pork barreling, and interest groups tend to be more highly descriptive and idiosyncratic

than analogous models in other sciences. The literature on coalition formation is closest to the analytic

aspects of game theory mentioned above.

An important work on the political bases for sharing intemational rivers is the book

by LeMarquand (1977) entitled, Intemational Rivers: The Politics ofCooperation. The book discusses both-

the foreign policy and the domestic policy implications on the decisions to negotiate river basin disputes.

Written in 1977, the book tends to relegate international river issues to the "middle range ofobjectives'
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dealing with satisfyingdomestic socialand economic demands rather than to the "core objectives* regarding

a country's territorial integrity or self-preservation. By 1991 many countries would see themselves entering

an era when national sovereignty is now at stake; some countries in the Middle East might claim that

national survival is at stake.

LeMarquand gave the following five important foreign policy factors which influence a country's

position about intemational rivers:

Image. The concern for national image may be one of the most important factors in
deciding how to deal with intemational water issues, particularly when the issues are
considered in the middle range objectives. The U.S.'s decision to build a desalting plant on
the Lower ColoradoRiver may have been largely influenced by avoiding the negative image
of a large and powerful country pursuing its own national interest heedless of the
consequences for a poorer neighbor.

International Law. As discussed above intemational law does not provide any strong
incentives to behave in any particular way. There is, however, now a widely accepted
consensus on a set of principles which, depending upon how much image is important, a {
country may choose to abide by or not Hence, the developing and non-binding I
international legal principles can be important factors in enabling countries to get involved
in negotiations.

Linkage. The linkage of river basin settlements to other bilateral or multilateral issues is
one way countries may be able to extract concessions from their neighbors. Linkage seems
to be used to a certain extent in all of the major river basin negotiations discussed in the
literature.

Reciprocity. The desire for mutual commitment and obligation can often have the most
bizarre manifestations in negotiating intemational river basin disputes. LeMarquand cites
the case of Switzerland, a land-locked country, insisting that treaties governing the
protection of intemational watercourses against pollution be extended to cover pollution
of coastal areas. This demand was, however, not irrational since it was aimed at ensuring
that the Netherlands, who would benefit from Switzerland's treatment of its water
discharges into the Rhine, could not dump its untreated sewage into the ocean.

Sovereignty. Sovereignty is the major stumbling block in the path ofresolving international
river disputes. Given the choice, countries would prefer independent action over
international cooperation because of the general loss of sovereignty and independence and
loss of control over domestic resources implied by collective or bilateral constraints.

LeMarquandcites three factors influencing domestic policy formulation which aresalientwith regard

to international river issues:

Bureaucratic Policy Formation. He claims that most intemational river issues are left to

bureaucrats in the ministry dealing with foreign affairs. In turn they have to rely upon
bureaucrats in the technical water and other resource ministries who often have substantive

interest in a particular project, or set of projects, with interest group support When the



Intemational River Basins. Draft. April 22, 1991. Page IS *

foreign affairs bureaucrats then have to deal with their counterparts in the other riparian
countries negotiations can drag on for years and "lowest common denominator" agreements
are the most likely outcome.

Executive Policy Formation. When a president or prime minister takesan active interestin
the outcome.of an intemational river issue it is generally possible to circumvent recalcitrant
bureaucrats and achieve rapid solutions. LeMarquand shows howPresident Escheverria of
Mexico was able to press President Nixon into a rapid resolution onthe salinity problems
of the Lower Colorado. The current role played by President Ozal of Turkey may give his
"peace pipeline" a better chance of being implemented than if it were left to the usual
political channels in the Middle East

Non-executive Policy Formation. These essentially deal with the distributive politics of the
"pork barrel" and coalition building, both features much commented upon with respect to
domestic U.S. water policy. Also included are the regulatory politics of environmental
management which establish the ground rules under which much domestic water policy is
now governed. Redistributive politics may also enter as central governments may seek to
use intemational agreements over water as away to regain control over regional water use
for the purpose of redirecting it towards other social goals.

The most important political basis for sharing water is the 'climate for agreeement" Various authors

are cited by LeMarquand for insights into this aspect of the problem. The following conditions are suggested

as favorable for successful intemational agreements concerning water.

1. Countries with the same technical perception of a problem.
2. Similar tastes for consumption of goods and services.
3. When water quality is an issue, the use of similar industrial production

technologies.
4. The existerice of an extensive network of transnational and

transgovernment contacts between countries.
5. The participation of a small number of countries.
6. The desire of one large country to have an agreement
7. The necessary development by one country ofa good orservice for itsown

use which may benefit other countries.

Domestic and intemational politics remain the most important features of intemational river basin

development and have to be addressed in any analysis.

6. Some Case Studies

From many cases, we have chosen three real situations to illuminate these issues. They involve,

respectively, two countries, three countries, and multiple countries, sharing the waters ofariver basin. The

basins of the Columbia, the Ganges-Brahmaputra, and the Nile have experienced substantial development,
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pressure, and have given rise to international treaties governing their use. They have been widely discussed

in the literature, and some form of analytical study has been performed for each.

i) The Columbia River

The background of the Columbia Treaty between Canada and the U.S. and the subsequent

development of the basin was the subject of an excellent book by KrutiUa (1967) and a chapter in

LeMarquand's book (1977); the following comments rely heavily upon Krutilla's and LeMarquand's work.

Figure 2 shows a map of the basin. After more than 20 years of planning and negotiating the Columbia

River Treaty which was signed in 1961 called for Canada to provide storage of 15.5 million acre feet (19

billion cubic meters) in three dams and the U.S was given the option to build a dam in Montana that would

flood 42 miles into Canada. In return for providing the storage Canada received 50% of the increased base

power generation at dams downstream in the U.S. and 50% of the estimated downstream flood control

benefits. When the treaty was ratified in Canada, in 1964, the Canadians sold their share of the power to

the U.S. for a period of 30 years for a lump sum payment of $254 million (U.S.) and in addition received

$64 million (U.S.) as its share of the flood control benefits. The treaty is to be in effect for 60 years.

Apart from their social similarity and a long history of good relations, Canada and rhe U.S. have the

unique situation that an Intemational Joint Commission (LIQ was established in 1909 by the Boundary

Waters Treaty to deal with conflicts about transboundary rivers. There is a great advantage to having an

already existing institution to turn to when a particular river problem has to be resolved. In 1959 the U.S.

and Canadian governments requested the IJC to make recommendations on the principles that should be

applied in determining:

a) the benefits to result from cooperative use of the storage of waters and
electrical interconnection with the Columbia River System; and

b) the apportionment between the two countries of such benefits, more
particularly in regard to electrical generation and flood control (KrutiUa,
1967, p. 59).

Eleven months laterthe IJC promulgated a set of principles, the first two of which are germane to

this paper. They are cited by KrutiUa (1967, p. 60) as follows:



Intemational River Basins. Draft. April 22, 1991. Page 17 «

General Principle No. 1

Cooperative development of the water resources of the Columbia River Basin, designed to
provide optimum benefits to each country, requires that storage facilities and downstream
power production facilities proposed by the respective countries will, to the extent that it
is practicable and feasible to do so, be addedin the order of the most favorable benefit-cost
ratio.

General Principle No. 2

Cooperative development of the water resources of the Columbia River Basin should result
in advantages in power supply, flood control, or other benefits, or savings in costs to each
country as compared with alternatives available to that country.

The application of these general principles could have led to Pareto-admissible solution if they had been

strictly followed. What actually transpired is that the Canadian federal government found itself in major

conflict with the provincial government of British Columbia overwater resources development This gave

the province a key role in skewing the negotiations in its favor.

Krutilla (1967, p. 193 et seq.) concluded: t

It is not at all clear, in fact that the returns to Canada and the United States combined are
greater than they would havebeen if each countryhad proceeded independently (p. 193);
and,

...the IJC principles appear to promise that eachparty to the cooperative venturewill receive
something that is somehow equal, the circumstances of rhe case in question permitted a
diversion of the real gains predominantly to Canada.

The major reason why the Pareto solution wasnot obtained appears to be the decision, insisted upon

by British Columbia, to share costs and benefits on the basis of a 'grossing" rather than "netting" formula.

The "netting" approach is favored by economists, utilities, and was initially favored by the two governments.

Under "netting," utilities estimate the least-cost alternative of going alone and then they compare this cost

with the cost of cooperative action. The difference between the cooperative case and the least-cost go-it-

alone case yields the net value or savings from cooperative action. These net savings from cooperation then

become the basis for the equitable sharing of the benefits between them by sharing the costs. Under the

"grossing" approach each country is responsible for the costs of constructing projects in their own country

and the benefits are then divided equallybetween them, dearly this approach leads to a less than optimal

basin-wide net benefits and an arbitrary division of the spoils.
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Dufournaud (1982) presented the Canadian side of the Columbia Treaty and argues that Canada

was not the major gainer. He summarizes the arguments of General A.G.L McNaughton, who negotiated

the treaty for the Canadians, as follows:

McNaughton's concerns are threefold. First he objects to the Treaty, which, he argues,
underrepresehts the United States eventual gains.... He implies that Canada's gains are
smaller than they could have been. Second, he objects to the requirement that the Treaty
imposes upon Canada to unconditionally provide flood protection to the United States.
Third, he objects to the Treaty because he believes that in the long run this will provide the
United States access to Canadian resources to the detriment of Canada.

General McNaughton it should be recalled, however, was an ardent proponent of linking the Columbia to

the Fraser River and diverting all of the "excess" flows away from the U.S. and into an entirely Canadian

river basin. It is not clear that McNaughton could ever have achieved that particular outcome, however, rhe

very existence of the proposal no doubt figured in the U.S.'s determination to achieve a treaty.

In presenting the Canadian side of the picture, Dufournaud analyzes the Columbia as a two-person

non-zero-sum cooperative game and concludes that Kmtilla's analysis does not hold up if the subsequent

joint undertakings are included. He claims (p. 769) that when this is taken into consideration it

'rationalizes an a priori seemingly irrational decision on the part of rhe United States.'

The irony is however, that despite the detailed economic analyses a variety of circumstances

intervened to make Kmtilla's pessimistic predictions obselete. First the rapid increase in the value of

electricity as a result of the 1973 oil crisis was not predicted by anybody. Hence, the 30 year future sale

of the Canadian share of the power was great bargain. Secondly, no one predicted the rate of inflation in

construction costs that the Canadians had to face in order to meet their part of the bargain (the 'grossing*

formula came home to roost with a vengeance). Taken as whole viewed with hindsight the U.S. did

remarkably well out of the treaty. It remains to be seen how the Canadians will react in 1994 when the

power sale contract expires.

In a 1966 paperKrutilla showed how the Kennedy Administration's urgent desire to find something

to compensate Canada for the loss of the sale of a Canadian built fighter plane to NATO in preference to

a still unproduced U.S. plane, influenced Washington's decision to agree to a treaty that gave Canada an

advantage. Such behavior violates one of the basic assumptions of most cooperative games; the
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independence of irrelevant altematives. On the surface it appears that real political decisions apparently

pay little attention to the niceties of game theoretic formulations of decision problems. However, if rhe

range of choice were opened up before the negotiations then the fighter plane may not have been an

"irrelevant alternative," This looks like a good example of linkage* discussed above. The strength of the

"process" approaches to negotiation over formal game analysis is that theymight identify such altematives

in the process of negotiation itself.

if) The Ganges-Brahmaputra

Conflict about the development of the Ganges-Brahmaputra river system which is shared among

India, Nepal, and Bangladesh, dates from the 1947 partition of India into India and Pakistan. (Figure 3

shows a map of the basin.) In the earlier period of British rule, what development there was caused little
L

trouble because the single large nation of India was able to "internalize the externalities." With parnrioe,

however, came concern about river transport to the Indian State of Assam, which was all but cut off from

the rest of India by the territory given to East Pakistan, which in 1972 became Bangladesh. Over time,

however, as India beganto divert increasing amounts ofwater for irrigation out of the Ganges system during

the dry months, noticeable effects on the hydraulic regime in East Pakistan were observed. The situation

was exacerbated by India's resurrection of a nineteenth century plan to maintain the ocean-going port of

Calcutta by diverting large amounts (40,000 cubic feet per second out of a recorded low flow of about

70,000cfs) of Ganges waters into the Hooghly river duringthe low flow months (particularly March, April,

and May).

In 1975 India completed a barrage across the Ganges at Farakka, close to the Bangladesh border,

which gave it that diversion capacity. Since that time there has been a great deal of tension between the

two countries about sharing and augmenting the low flows. In 1977 a treaty was signed allocating a little

less than two thirds of the Ganges water to Bangladesh, with the understanding that Bangladesh would

cooperate on augmenting the dryseason supplies by planning transfers of Brahmaputra waterto the Indian

Ganges via a canal across Bangladeshi territory. With little cooperation on augmentation coming from
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Bangladesh, the five yeartreatyexpired in 1982, and after several shorterextensions, lapsed entirelyin 1989,

leaving unilateral decisionsby upstream riparian India as the mechanism forGangeswater sharing. In 1987

there was an unusually large flood in Bangladesh, and it was followed in 1988 by an even larger one of

catastrophic dimensions. An estimated 10 million people were rendered homeless forup to two weeks, and

the country suffered from massive transportation and social disruptions. At that time, Bangladesh

newspapers, if not the government talked about the supposed role of water developments and deforestation

by the upstream riparians, Nepal and India, in intensifying the downstream floods. (Rogers et al., 1989).

The issue of joint or separate development of the basin had been discussed in the mid-1950s by the

UN Mission led by General Kmg of the U.S. Army Corps of Engineers. The Kmg report came out strongly

in favor of basin-wide approaches. Following the 1965 war between India and Pakistan many countries

urged India and Pakistan to try to identify joint development projects as a way of reducing the level of

antagonism between the two countries. One such attempt was the study carried out at the Harvard Center

for Population Studies under the direction of Roger Revelle. As part of this study Rogers (1969) used a two-

person non-zero-sum game to look for solutions to upstream-downstream conflicts on the Ganges and

Brahmaputra Rivers between India and East Pakistan. In Rogers' solution only the cases of sovereign and

optimum development were strictly considered. An interesting finding of the analysis was that under the

basin optimum India did no better than she would have done under rhe sovereignty theory, but lower

riparian Bangladesh received substantially more benefits. This would appear to bolster India's claim that

the sovereignty theory is the one that she should choose. But since for Bangladesh the sovereignty strategy

produces substantially lower net benefits, there would seem to be a need for some form of cooperative

solution based upon "reasonable share" if not purely on riparian rights. Bangladesh, however, is currently

trying to redefine the "game," at least in regard to flood control, in such a way that sovereign solutions

involving large embankments will bolster its payoff. Bangladesh also seeks to broaden participation in the

game by inducing Nepal to play. The existence of a third player makes the game much more interesting

because of the possibility of coalition formation.
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iii) The Nile

At 6,825 kms from Lake Victoria to the Mediterranean, the Nile River is the longest and certainly

one of the most studied rivers in the world. Historically recorded agricultural settlement has depended upon
the river for almost 6000 years.

The basin area of just over 3 million square kilometers is split among the nine states shown in

Figure 4and estimates of the percentage of basin area, basin flow contributed, and current water use by
each of the riparians are listed in Table 4. This table highlights aparadox about the water use of the Nile:

the existing treaties and effectively all of the water consumption occur in the two downstream riparians who

essentially make no contribution to the river flow. Astandard reference on this basin is Waterbury (1979),

aptly entitled, Hydropolitics of the Nile Valley. However, Waterbury*s book really considers Egypt and the

Sudan as the only water users on the Nile, largely ignoring the remaining seven countries, including

Ethiopia, which contributes the bulk of the flow. Most of the other recent literature about water sharing

on the Nile exhibits the same selective view of the basin (Smith and Al-Rawahy, 1990, Haynes and
Whittington, 1981, and Whittington and Haynes, 1985).

Raj Krishna (1988), however, refreshingly summarizes the iustory of the Nile treaties with an eye

to the basin as awhole, allowing broader concepts of equity to come into play. Table 5is based upon

Krishna's summary. The Nfle appears to have developed into an extreme case ofhow to allocate the waters

of intemational river basins in disregard of the Helsinki Rules or other efforts at equity. No single

agreement relating to the Nfle encompasses all the Basin countries, and as mentioned above, nearly all rhe

water is used by the two countries which contribute the least water. In Sudan's defense, it is geographically

the largest riparian by far and, hence, under the riparian rights theory should receive substantial amounts

of water. Egypt also has substantial claims based upon having by far the largest population in the basin.

Trior appropriations," alegal doctrine popular in the western United States but in few other places, are

well established going back millennia in the case of Egypt As the most militarily powerful of the basin .

states, Egypt does not allow its co-riparians to overlook that fact According to Krishna (p. 33) President
Anwar Sadat said in 1980,
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go ,0 war on tin. score bindisputable in th, international ,S?
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. broad, suggestion to examine very la^scaie storage,, hydr^lecnic generation, and diversions of „a„r
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in the Upper Brahmaputra basin in India (Assam). These wouldstabilize and supportthe interbasin transfer

of dry season waterinto the Indian Ganges, but in the wet monsoon season, suchworkswould also mitigate

downstream monsoon flooding in Bangladesh which is a major problem for that nation.

At the same time, bilateral exchanges between India and Nepal concerning water have focused upon

hydropower production in Nepal's mountains for the Indian market Recent and somewhat ephemeral,

bilateral Bangladesh and Nepal discussions have focused upon flood control for Bangladesh and access to

an ocean port for Nepal.

In the Ganges-Brahmaputra basin today there is a great deal of mutual distrust and what an

outsider might call a lack of clearcommunication between the riparians. If ever there was a situationripe

for multilateral action, this is it

For the sake of simplicity in this paper we consider three among the many ways to analyze this

problem: 1) an approach using the "reasonable and equitable" criterion for sharing the waters, 2) ai

approach exploiting Pareto-Admissibility, and, 3) a"game" approach usinggame theory. Whichever method

is chosen, similar sets of information arerequired. Forexample, in order to discuss sharing benefits or costs,

a method for identifying them must be established. Moreover, if the issue is of sharingthe overall benefits

due to cooperation, then a reliable method for identifying the optimum allocation also needs to be

established. The original Rogers paperin 1969 established a database and ways of identifyingthe optimum

allocation of the resources. Recently, Quinn (1991) recomputed the payoff matrix for this problem and has

exploredthe implications of"near optimality" forthe originally proposed solutions. Quinn'swork is the basis

for computing the effects of die legal theories on the distribution of benefits and costs among India,

Bangladesh, and Nepal.

Reasonable and Equitable Sharing

Article V of the Helsinki Rules lists 11 factors relevant to determining reasonable and equitable use

(Article 7 of the LLC lists 6 factors). Based upon readily available data, Table 6 shows how these criteria

apply for the three South Asian riparians in this basin. Using such criteria, about 70% to 85%of the total
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potential benefits from basin development should go to India with the remainder roughly equally split

between Nepal and Bangladesh. Such an allocation certainly should suit India and would be a reasonable

position for it to maintain in international debates over the issue. The "reasonable and equitable" results,

however, do not look so attractive to the other riparians. In particular, it seems to downplay Nepal's

potential strategic role in the hydrology, and Bangladesh's very large population, especially in comparison

with Nepal, and its strategic vulnerability with respect to India's actions.

Pareto-Admissibility

Using the Ganges-Brahmaputra basin model the global maximum is as follows:

Max [NBj(x) + NBj(x) + NBgd)]
xeX

where NBj(x), NBjd), and NBjd) are the netbenefits accruing to India, Bangladesh and Nepal. Thisjis

equivalent to the Grand coalition in game theory terms. To generate Pareto-Admissible solutions we

followed Dorfman and Jacoby (1972) and chose a set of arbitrary weights W and computed;

Max [WjNBjGO + W2NB2(x) + WgNBaM]
x*X

where Wlf W^ and W3 are weights on the net benefits to each country. Eighteen cases were considered

and listed in Table 7. The Pareto-Admissible frontier derived from these points for India and Bangladesh

is plotted in Figure 5.

A wide range of admissible solutions are possible and,depending upon how one weighsthe relative

net benefits, couldbe used asstarting points for arbitration. For example, pointAweights the net benefits

to each equally, the weights are 1.0 for each country. Point D, however, weights India with 1.0 and both

of the others with 0.0. Similarly, point E weights Bangladesh with 1.0 and both the others with 0.0. The

range of weights are shown in Table 7.

In negotiations, however, die net benefits are not the only consideration; politicians are keenly

interested in die physical location of investments. Fortunately, the methodology provides detailed

descriptions ofthe entire basin development plans for each point on the graph. For example, points Aand
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Fwhich „ very dose to each other in terms of n«, benefit, to each player at th, Pamo fronti«r hav, on!
major difter,„c,; in solution Pthere is no surface storage project in BangUdesh whereas there is on, such
proj,ct in th, solution a, A So whil, th, Par,,o.Admissibl, solution implies that .ndia and Bangladesh
should b, more or less indifferent between th«« two points it is unlikdy that th. Bedash negotiator,
would accept a solution at F.

If the assumption is made that there is no pooling of the riparian countries' financial resources to
create ageneral basin development budget but that projects built within acountry must be paid for by that
country, then adifferent, and potentially smaller, amount of total net benefit is available. In other words,
the investment decision is made autonomously with regard to the financial resources but the location and
type of investment are decided on the basis of what is best for the overall basin. This may be much more
realistic in many intemational river basin cases than pooling procedures which would bring about, for
example, Bangladeshi payment for adam in India. The autonomous investment situation is similar to tnt
"grossing* approach insisted upon by British Columbia in the case of the Columbia River Treaty discussed
above. In the case under consideration the total net benefits dropped from Rs.8,643 million per year with
adistribution to India. Nepal, and Bangladesh respectively of (4922,179,3541) to Rs.8,380 million per year
with adistribution of (4248, 23, 4108). One could apply the Pareto-admissibflity methodology to this case
and look for afrontier of efficient solutions, such as given in Figure 5for the complete cooperation with the
pooling of resources case. This has not been done yet but one suspects that the range of interesting
solutions will be much smaller than the case of more complete cooperation discussed above.

In order to asses, the value of cooperation, both of these cases need to be compared with the
situation where each country is completely autonomous. This is the case of v(l) +v(2) +v(3) from the
characteristic function values; it amounts to Rs.6,961 million per year. This pomt «^ ^ Nash
Equflioriumpomtmentionedearher. Hence,wecouldargued

the investment decisions leads to an increase of 20% in net benefits. Afull integration of the investment
decision, without regard to where afacility is installed, leads to a24% increase in benefits. Does a4% '
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increase in overall net benefits justify the level of political accommodation needed to achieve the overall

optimum solution?

Superfaimess.

This situation seems to lead us direcdy to the concepts of superfaimess introduced above. The

difference between A and F in Bangladesh's eyes is major and is possibly occasioned by envy of the

construction of reservoirs in India and not in Bangladesh. The problem is akin to the cake-cutting example

with the cake now having unevenly placed icing, nuts, and raisins. "You cut I choose" is no longer a simple

proposition. Moreover, with thesemultiple objectives it is now possible that Bangladesh wfll prefer a point

such as G which is not Pareto-admissible, but at which Bangladesh no longer has reason to envy India.5

From the point of view of arbitrating this type of conflict the strategic position (strategic position means
t

physical location, economic power, and development options) ofthe players becomes ofparamount concern!

For example, it is unlikely that Bangladesh would be very successful in using such an approach in

negotiations with India. Hence, the need arises for analyses which take the strategic opportunities of the

parties explicidy into account

If, however, a negotiating approach using Pareto-Admissibility is carried out it is easy to examine

each of the proposed outcomes (without any additionaldatageneration) in terms of superfaimess,especially

the envy criterion.

The Core

Table 8 shows the characteristic function for a three-person game involving resource allocation in

the Ganges-Brahmaputra basin. An undominated imputation exists for this characteristic function if there

is feasible solution to the following mathematical programming model based upon the definition of

undominated imputations;

5 Something akin to this may have happened insome of the negotiations in the past with respect tosharing the low flows ofthe
Ganges. It is arguable that Bangladesh's position may have had a lot to do with its unhappiness (envy) over what India was gerting
rather than any objective additional economic losses due to the actual share.
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maximize any variable p1# pj, or p^ subject to:

Pi i 4184
Pa a 23
p3 2 2754
Pi + p3 2 8265
P2 + p3 i 3729
Pi + P2 2 4409

Pi + P2 + Ps * 8643

This program is feasible and has optimal solutions (4914,378, 3351) when pj is maximized, (4914,

23, 3706) when pa is maximized, and (4386, 23, 4234) when 03 is maximized.

The values of rhe characteristic function can also be plotted to show whether the core is empty or

not Figure 6shows the core for this game. The core is the area ABCD. All points within this boundary

are feasible points and represent allocations of benefits and costs to the players that are likely to be

accepted. Note that the area is quite small in relation to the total area it might have occupied. The

existence of such atight core should make the task of the negotiators easier than if the range were very'l
large. Within this core, India always receives larger benefits than Bangladesh but only marginally so. It

looks like a50-50 split with only small amounts going to Nepal. However, the amounts going to Nepal vary

considerably in percentage terms; they ranges over afactor greater than 10, from 23 to 378. Nepal's best

outcome occurs at the same time as Bangladesh's worn, suggesting that Nepal should "be nice to India" on

issues outside of this river problem to influence the negotiated outcome to this end of the range.

8. Conclusions

Without strong and widely accepted intemational law, the problems associated with the use ofwater

resources in intemational river basins appear to be quite difficult to resolve unless some form of strong

voluntary agreement between the parties concemed is reached. Despite the absence of such international

law, however, it is not aHobbesian jungle. In recent water use conflicts the parties have usually agreed to
talk and negotiate. The existence of the various declarations and provisionally approved articles concerning
the use of international river basins has indeed helped to create abody ofconventions (ifnot customary law)
that inhibit some of the worst aspects of sovereign behavior by upstream, and in some cases, downstream, •
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institution to establish the value of coordination alone, and compare it with the value of coordination and

economic integration together. The Columbia River case discussed above revealed a somewhat similar

situation where the investments were paid for separately by the basin countries but sidepayments were

allowed.

The derivation of Pareto-Admissible strategies for exploitation of the river basin's resources should

lead naturally to the key concept that appears to becentral to thecurrent thrust ofboth die Helsinki Rules

and the ILC recommendations; reasonable and equitable solutions. This search could be based upon the

Pareto solutions discussed above and upon the imputations implied by Core Theory, by asking the following

questions;

Are there decisions (from the set ofxeX) which acountry would choose if it were acting
alone that are also optimal under one of the Pareto solutions?

Are there sidepayments that a country would be willing to accept to avoid choosing an t
independently optimal solution that would cause harm to a neighbor? I

Are there sets of decisions thatwhenjoindytaken will lead to anoverall increase in benefits
and leave no one country worse off?

Pursuing these types of questions for the Ganges-Brahmaputra river basin we found some interesting

results that are not immediately apparent from examination ofthe river basin development from astricdy

national point of view. First we discovered that the core ofthe game is not empty; in other words, ifa

strong river basin authority existed that could allocate the costs and the benefits according to the core, there

would benoincentive for coalitions to form that would block these allocations. Even indieabsence ofsuch

an institution, the core could form the basic arbitration strategy of any third party approach to resolving the

issues.

If it is generally the case that intemational river basin conflicts have anon-empty6 core, why should

it be so hard to arrive at resolutions of intemational river basin problems? The existence of imputations in

the core implies ease in finding acceptable solutions. It might be that the difficulty arises from some other

This proposioon is not proven in this paper. Chen (1975) showed that the core would always be empty, for water pollution games
of the type formulated by Dorfman and Jacoby no matter how many players were involved. This is astrong finding and explains the
difficulty that negotiators have in arbitrating and rinding agreements between upstream and downstream riparians for these class of
problems. For athree-person game, however, Chen was able to show the existence ofstable Bargaining Sets.

Scanner
Text Box
Pg. 28 not provided
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concepts of nation state sovereignty which make it difficult for nation states to negotiate on water issues.

The Canadian stance on the Columbia treaty may be one good example of non-economic sovereignty issues
intruding and excluding economically good Pareto solutions. Such sovereignty issues certainly are important
in the Ganges-Brahmaputra basin.

The Pareto-Admissible solutions generated byusing arbitrary weights on the benefits to each country
could also be used to form the basis of arbitrated settlements. We discovered that there are substantial (on
the order of 20% of the total) benefits to coordination alone, with only asmall increment (another 5%) for
full integration in the Ganges-Brahmaputra Basin. These results are based upon average flow conditions

under which Nepal does not enjoy aparticularly important strategic position, however, this might change
markedly, if more extreme flow conditions were imposed, when large upstream storages would be required
to stabilize the downstream flows.

Finally, the sets of criteria embodied in ArticleVof the Helsinki Rules for assessing reasonable and
equitable allocation of benefits would tend to allocate too much to India and too little to Bangladesh in
comparison with the more "economical" approaches oudined above. This occurs because the Article V
approach does not adequately reflect the economic investment opportunities in the basin.

The sheer magnitude"of the numbers of actual or potential conflicts over water use around the
world, and their intensification in coming years with continuing growth of population, indicates that there
is great need to develop aconsistent framework and methodology to develop and sort out potential solutions
for this class of problems. This paper has been amodest step in that direction.
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TABLE 1

THE LARGEST INTERNATIONAL RIVERS OF THE WORLD

(Countries within the River Basins)

1. Amazon: Bolivia, Brazil, Colombia, Ecuador, French Guiana, Guyana, Peru, Surinam, Venezuela. River touches
Colombian border; branches to Ecuador, ex. Curaray River. Basin borders on French Guiana, Guyana, Surinam, and
Venezuela.

2. Amur China, Mongolia, USSR. Forms part of border between China-USSR. Breaks off into two branches, one of
which goes into Mongolia.

3. Brahmaputra: Bangladesh, Bhutan, China, India.

4. Columbia: Canada, United States.

5. Congo or Zaire: Congo, Zaire. Forms part of this border. Tributaries run from Angola, Cameroon, Central African
Republic, Zaire, and Zambia.

6. Danube: Albania, Austria, Bulgaria, Czechoslovakia, France, Germany, Greece, Hungary, Italy, Poland, Romania,
Switzerland, USSR, Yugoslavia. Forms parts of borders between Bulgaria-Romania, Hungary-Yugoslavia.

7. Elbe: Czechoslovakia, Germany.

8. Ganges: China, Bangladesh, India, Nepal. Branches from main river stem into Nepal. Smaller River Alaknanda flows
from China into Ganges at western tip. It

9. Indus: Afghanistan, China, India, Pakistan.

10. Mekong: Cambodia, China, Laos, Thailand, Union of Myanmar, Vietnam. Forms parts of borders between Laos-
Thailand, Laos-Union of Myanmar.

11. Mississippi: Canada, United States.

12. Niger Algeria, Benin, Burkina Faso, Cameroon, Cote dlvoire, Guinea, Mali, Niger, Nigeria. Forms part of border
between Benin-Niger.

13. Nile: Burundi, Central African Republic, Congo, Ethiopia, Egypt, Kenya, Rwanda, Sudan, Tanzania, Uganda, Zaire.

14. Orinoco: Colombia, Venezuela. Forms part of Colombia-Venezuela border.

15. Parana: Argentina, Brazil, Paraguay. Forms part of Argentina-Paraguay border.

16. Rhine: Austria, France, Germany, Lwrhtrnstpin, Luxembourg, the Netherlands, Switzerland. Forms parts of borders
between Austria-Liechtenstein, France-Germany, France-Switzerland.

17. Sarween: China, Thailand, Union of Myanmar. Forms parts of borders between Thailand-Union of Myanmar, China-
Union of Myanmar.

18. Shatt-al Arab (Tigris, Euphrates, Karun): Iraq, Syria, Turkey.

19. St. Lawrence: Canada, United States.

20. Uruguay: Argentina, Brazil, Uruguay. Forms part of Argentina-Uruguay border. Flows from Brazil.

21. Yukon: Canada, United States.

22. Zambezi: Angola, Botswana, Malawi, Mozambique, Namibia, Tanzania, Zaire, Zambia, Zimbabwe. Forms parts of
borders between Zambia-Zimbabwe, Namibia-Zambia.
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TABLE 2

DOWNSTREAM EFFECTS OF UPSTREAM WATER USE

WATER USE

Hydropower
base load

peak load
Irrigation Diversions
lood Storage
Municipal and Industrial
Diversions

Wastewater treatment

Navigation
Recreation Storage
Ecological Maintenance
Groundwater Deveropment

Tflfc;

^.DIRECT USE

Agriculture

Animal husbandry £
FilHng wetland* ~

.Urban development
Mineral deposits ~ "•*k4l

DOWNSTREAM EFFECT

Helps regulate river (+ve)
Creates additional peaks (-ve)
Removes water from system (-ve)
Provides downstream flood protection (+ve)

Removes water from system (-ve)
Adds pollution to river (-ve)
Keeps water in river (+ve)
Keeps water out of the system (-ve)
Keeps low flows in river (+ve)
Reduces groundwater availability (-ve)
Reduces stream flows (-ve)

Add sediment and agricultural chemicals (-ve)
Adds sediment and chernic^ls, increases runoff (-ve)
Adds segment and na^e^&t-H^
Reduces ecologkaf eaj&fety^crease floods (-ve)
lnduc0^c>oding,.add*j^utants (-ve)
Add chemicals to surface'and groundwater (-ve)
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TABLE 3

ARTICLE V OF THE HELSINKI RULES6

ARTICLE V: (1) What is a reasonable and equitable share within the meaning of Article IV
is to be determined in the light of all the relevant factors in each particular case.

(2) Relevant factors which are to be considered include, but are not limited to:

(a) the geography of the basin, including in particular the extent of the drainage
area in the territory of each basin State;

(b) the hydrology of the basin, including in particular the contribution of water
by each basin state;

(c) the climate affecting the basin;
(d) the past utilization of the waters of the basin, including in particular existing

utilization; I.
(e) the economic and social needs of each basin State; '
(f) the population dependent on the waters of the basin in each basin State;
(g) the comparative costs of alternative means of satisfying the economic and

social needs of each basin State; . . .
(h) the availability of other resources;
(i) the avoidance of unnecessary waste in the utilization of waters of the basin;
(j) the practicability of compensation to one or more of the corhasirl States as

a means of adjusting conflicts among uses;
(k) the degree to which the needs of a basin State may be satisfied, without

causing substantial injury to a co-basin State. 3

(3) The weight to be given to each factor is to be determined by its importance in
comparison with that of other relevant factors. In determining what is a reasonable and
equitable share, all relevant factors are to be considered together and a conclusion:feached
on the basis of the whole. - ~ -_„

f st* rrr 3

-••• &**

6 Approved bythe 52nd Conference of theIntemational taw Association, HeWaf*9*!966
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TABLE 4

LAND AND WATER USE IN THE NILE BASIN1

Country
AREA FLOW WATER USE

(km2) (% of basin) (% from country) (Bern)

Sudan

Ethiopia
Egypt
Uganda
Tanzania

Kenya
Zaire

Rwanda

Burundi

Total

1. Based upon Raj Krishna (1984) and

1,900,000 62.7 0

368,000 12.1 . 86
300,000 9.9 0

232,000 7.7

116,000 3.8

55,000 1.8 }1'
23,000 0.8

21,000 0.7

14,500 0.5

3,030,000 100% 101

Waterbuiy (1979).

18.5

0.0

55.5

0.0

84.00
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Date

1891

1902

1906 (April)

1906 (May)

1925

1929

Signatories

Italy, United Kingdom

Ethiopia, United Kingdom

France, Italy, UK

The Congo, United Kingdom

Italy, United Kingdom

Egypt, United Kingdom

1932 Egypt, United Kingdom

194? Egypt, United kingdom

1950 Egypt, United Kingdom

1952 Egypt, United Kingdom

1959 Egypt, the Sudan

TAB! F •%

TREATY ARRANGEMENTS REGARDING THE NILE
Major provisions

Government of Italy undertakes notto
modify its flow into the Nile.

construct on the Atbara any irrigation or other works that might sensibly

TaTT^S^
British Gornna^JS^,,^^^^^ ™m mto *« "* "cept in agreement witi. the
Tripartite Agreement to protect Egypt's interests.

in agreement with the Sudani C^e^rT *""* ""^^ °f Water ««** *** Albert, except
Exchange of note, to protect Egypf. water rights. Granted

Britain the right to build abarrage at Lake Thana.
Landmark: exchange of notes; called the Nile Waters Agreement
Egyptian Government, no irrigation or down wnrir. ™. __« • "™ •*•"«"=«• 01 me
Nfle and ft, branches, or onthe laklLm wWchlJZ*7ZZZZ^'^ FT*** °r "ken °" the River
British administration, which would inTclTTmarler «'. £ T *** T " *" Sudan or mcountri« ""der
^the^tity of water arrivinT^
Jabal Awli. Coanwanion Agrea^m (.bo.,, d.n fa Sudlm)
AgMmant o. O^ Mb Dw UgMab, ^M^ a. ,„M„^ y^

*«~»^Bcoopa.,1. In a^ao^ogfcd and h^te,^m^ o,^, vfcIori,



1961

1967

1977

198?

1986

1990
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Kenya, Uganda, Tanzania

Kenya, Uganda, Tanzania,

Burundi, Rwanda, Tanzania

Egypt

All riparians except Ethiopia

Proposal stage only

Committee set up.

Requested the UN for technical assistance in a hydrometeorological survey of the LakeVictoria catchment.

Plan of Operation signed with the UNDP for a hydromet study of lakes Victoria, Albert, and Kyoga with the
World Meteorological Organization as the executing agency. Rwanda and Burundi were added later to cover
the drainage catchment in those countries. . '

Agreement for the Establishment of the Organization for Management and Development of the Kagera River.
Uganda joined in 1981.

Egyptian MasterWater Plana joint effort between Egypt, the UNDP, and the World Bank.

A UNDP Workshop for Nile Countries held in Bangkok endorsed 7 principles starting with "It is essential that
the riparian countries cooperate in sharingwater resources for the benefit of all on an equitable and mutually
beneficial basis for the effective development of the Nile basin."

Proposal to establish a Nile Basin Commission comprising all nine riparians. The proposal wishes to consider
the Nileas a hydrological unit to establish the "best utilizationof the waters of the Nile Basinwithout prejudice
to severing the rights of the respective member states."

* « •
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TABLE 6

REASONABLE AND EQUITABLE SHARING OF INTERNATIONAL RIVERS

LAND CULTIVB POPLN

AREA AREA

1971
MHA MHA 10x6

INDIA 109.25 73.56 244.17
BANGLADESH 15.06 9.51 70.96
NEPAL 14.08 3.98 11.29

TOTAL 138.39 87.05 326.42

INDIA 7&94 84.50 74.80
BANGLADESH 10.88 10.92 21.74
NEPAL 10.17 4.57 3.46

POPLN TOTAL IRRIG HYDRO HYDRO LAND/
DENSITY RUNOFF POTENTIAL POTENTIAL INSTALL CAPITA

per Kmx2 BCM MHA MW MW HA/CA
223.50 897.00 20.23 29.20 2.09 0.45
471.18 153.50 4.88 0.00 0.00 0.18
80.18 225.50 1.20 85.00 0.41 1.25

235.87 1276.00 26.31 114.20 2.50

PERCENTAGE DISTRIBUTION

70.30 76.88 25.57 83.60
12.03 18.55 0.00 0.00

17.67 4.57 74.43 16.40

0.42
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TABLE 7

PARETO-ADMISSIBIUTY FOR GANGES-BRAHMAPUTRA MODELS

NET BENEFITS FOR EACH COUNTRY (Rs./Yr)

WEIGHT ON

OBJECTIVE

TOTAL

BENEFIT

INDIA NEPAL BANGLADESH (India Nepal
Bangladesh)

•

1) 8.6E+09 4.9E+09 1.8E+08 3.5E+09 (111)

2) 7.3E+09 5.4E+09 1.8E+08 1.8E+09 ( 1 .1 .1)

3) 6.6E.09 5.4E+09 0 1.2E+09 (10 0)

4) 7.9E+09 2.5E+09 0 5.4E+09 (.1.1 1)

5) 7.9E+09 2.5E+09 0 5.4E+09 (0 0 1)

6) 7.3E+09 5.4E+09 1.8E+08 1.8E+09 ( 1 .5 .1)

7) 8.6E+09 5.0E+09 1.8E+08 3.5E+09 ( 1 .1 -5)

8) 8.2E+09 5.1E+09 1.8E+08 2.8E+09 (.5 1.1)

9) 7.9E+09 2.5E+09 6 5.4E+09 (.1 1.5)

10) 7.9E+09 2.5E+09 0 5.4E+09 (.5.1 1)

11) 7.9E+09 2.5E+09 0 5.4E+09 (.1.5 1)

12) 8.3E+09 3.2E+09 1.4E+08 4.9E+09 (.1 3.5)

13) 8.6E+09 4.4E+09 1.6E+08 4.1E+09 (.1.1 1) Ind i 4.4E9

14) 8.5E+09 4.0E+09 1.1E+08 4.4E+09 (.1.1 1) Ind i 4.0E9

15) 8.4E+09 3.6E+09 0.83E+08 4.7E+09 (.1.1 1) Ind i 3.6E9

16) 8.2E+09 3.2E+09 0.15E+08 _Z~ 5.0E+09 (.1.1 1) Ind * 3.2E9
.... |

17) 8.0E+09 J 2.8E+09 0 5.2E+09 (.1.1 1) Ind * 2.8E9
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FIGURE 1

MAJOR INTERNATIONAL RIVER BASINS
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FIGURE 2

COLUMBIA RIVER BASIN
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TABLE 8

CHARACTERISTIC FUNCTION OF GANGES-BRAHMAPUTRA GAME
(All values are in million 1968 Rupees per year)

v(l) = Maximum net benefits available to India assuming that there is no development in the other
parts, of the basin. Solve the basin model with separate budget for India and the virsrin
inflows from Nepal. (Rs. 4,184 per year)

v(2) = Maximum net benefits available to Bangladesh assuming that Nepal and India are tryinz to
majomize their joint net benefits. Use separate budget for Bangladesh and the border flows
derived from the Nepal-India coalition solution. (Rs. 2,754 per year)

v(3) = Maximum net benefits available to Nepal. Since Nepal is everywhere upstream of India and
Bangladesh solve the problem with aseparate budget for Nepal and no constraints on the
border flows. (Rs. 23 per year)

v(l,2) = Maximum net benefits for acoalition of India and Bangladesh. Joint budget for these
countnes and the inflows from Nepal set at the level of no development in Nepal. (Rs. 8,265

v(l,3) = Maximum net benefits for acoalition of India and Nepal. Joint budget for the two countries
No constraints on the downstream flows in Bangladesh. (Rs. 4,409 per year) T

v(2,3) = Maximum net benefits for acoalition of Nepal and Bangladesh. Joint budget for the two
countnes. Assume no developments in India. (Rs. 3,729)

v(l,2,3) = Maximum net benefits to the 'Grand Coalition" ofthe three countries. This is the 'optimimum
use of the basin.' (Rs. 8,643) K
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FIGURE 3

GANGES-BRAHMAPUTRA BASIN



g

tf

i
3S

z

uj en

la
2 z

*



International River Basins. Draft. March 20, 1991. Page

_ •

c re

< c
. o

• ffl

I

5-

4 -

3-

2-

FIGURES

PARETO FRONTIER: INDIA AND BANGLADESH

E (0,0.1)

Ji (1.-1.1)

3

T

4

D (1.0,0)1

India • Annual Benefits

(Billion Rupeet/yr)



International River Basins. Draft. March 20, 1991. Page

FIGURE 6

CORE FOR INDIA BANGLADESH, AND NEPAL GAME
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APPENDIX A

ARTICLES CONCERNING NON-NAVIGATION USES OF INTERNATIONAL WATERCOURSES
PROVISIONALLY ADOPTED BY THE INTERNATIONAL LAW COMMISSION

i|



The taita of the draft article! provisionally adopted so far 6/ tha

eiesioa ara reproduced bale*:

* PUTT I

^ nrriooucTiai

itXiti* I Ul>

tfljn at tini] 121'

article i

fcaU of the present article!

1. Tha prataat axticlaa apply to aaaa of iataraatioaal eatercourio(i)
(systems] aad of their watere for purposes other than navigation aad to
hiiuiii of eoaaarvatioB ralatad to tha ueei of thoie vatercouree[i)
(•ritBi; aad their water*.

I. Tha uaa of Iataraatioaal «itir»»rn[i) (lyiteai) for aavigatioa la
not within the scope of the praaaat articlei aacapt ia io far aa other

uaa aftact aavigatioa or ara affactad bf aavigatioa.

Article 1

Watercourse Sutn

Tor tha purposes of the praaaat articlaa. a watercourse Stata ia a
Stata la ehoae territory part of aa international watercourae (system) la
•ituatad.

Article «

fWitorenuriel tSysteal agreements

1. "atareouria Stataa may aatar iato one or more agreement! whieb apply
aad adjust tba provialoaa of tba praaaat articlaa to tba cbaractariatlca
aad aaaa of a particular iataraatioaal watercourse [•rata*] or part
tbaraef. Sucb agreements aball. for tba purpoaaa of tba praaaat
articlaa. ba callad [watercourse] [system] agreements.

2. Where a [watarcouraa] [syitea] agreement it eoacludad between two or
arara watercourse Stataa. it aball dafiaa tba aatara to vbicb It appliaa.
Sucb aa agreement may ba aatarad iato with respect to aa aatlra
iataraatioaal watarcouraa (system) or with respect to any part thereof or
a particular project, programme or uia. providad that tba agreement doaa
aot advanaly afface, to aa appraciabla aitaat, tba uia by ont or aora
otbar watercourie Stataa of tba vatara of tba iataraatioaal watarcouraa

(lyitea).

3. Wbara a watarcouraa Stata coaaidara that adjustment or application

of tba proviaioaa of tba praaaat articlaa la required bacauaa of tba
cbaractariatlca aad uaaa of a particular Iataraatioaal watarcouraa
(system), watarcouraa Stataa (hall coaault witb a lit. to negotiating
la good faith for tba purpose of concluding a (watarcouraa] [system]
agreement or agreement*.

axtielt 8

Part I.a ta fwetorcowrsol fayetern! agreement!

1. Every watarcouraa Stata la aatltlad to participata la tba
negotiation of aad to bacoaa a party to aay [watarcoaraa] (ayataa)
agraaaaat that appliaa to tha aatira iataraatioaal watarcouraa (lyataa).
aa wall aa to participata ia aay ralavaat coaaultatieaa.

J. a. watarcouraa Stata wbeaa aaa of aa Iataraatioaal watarcoaraa
(ayataa) aay ba affactad ta aa appreciable aitaat by tba implementation
of a propoaad [watarcouraa) (ayataa) agraaaaat that appliaa only ta a
part of tba watarcoaraa (ayataa) ar ta a particular project, programs*.
or aaa la aatltlad to participata la ceaaaltatloaa oa. and ia the
negotiation ef, aucb aa agraaaaat. ta tba aitaat that ita aaa la thereby
affected, aad to bacoaa a party thereto.

PAR It

cartiAL raoKiPLts

•xiiciaj,

EBultabla aad raaaoaable illlliitl.. -~a saga Irlpatlaa

1. .watercourse ttataa ahall ia thalr raapoctiw* torrltorloa atlliaa
aa iataraatioaal watercourae (ayitaa) la aa equitable aad raaaoaable
aaar.tr. Ia particular, aa Iataraatioaal watarcoaraa [ayitaa] aball ba
weed aad developed by wetercearie Stataa witb a wlaw to attaining optiaua
utilisation tbaraof aad baaaflta therefrom coaaiataat with adequate
protactiea of tba iataraatioaal watarcouraa (ayataa).

1. watarcouraa Stetea aball participate la tha aaa, developaeat aad
pretoctioa of aa lateraatioaal watercourae (ayitaa) ia aa equitable aad
reaioaable aaaaer. Such participatioa lacludei betb tha right to utiliae
tba iataraatioaal watercourae (lyitea) aa prorided la paragraph 1 ef thla
article and the duty to co-eperete la tha protactiea aad developaeat
thereof, aa providad ia article ...

frMclo 7

factors relevant aj majtiStUt aaa reasonable Utlllirr'°»

1. Otilliatloa of aa iataraatioaal watarcouraa (lyitea) la aa equitab:
aad raaaoaable aaaaer withia the aeaaiag of article S require! taking
iato account all ralavaat factor! aad circutaitascei. iacludiag;

(a) geographic, bydrograpbic. hydrologieal. cliaatie aad other
factor! of a aatural character;

(b) the locial aad ecoaoaic aeedi of tha watercourae State!

coaceraed;

(c) tha affecta of tba aaa or aaaa of aa iataraatioaal wetereoursa

[ayataa] ia oae watareourae Stata oa otbar watarcoaraa States.

(d) eiiitiag aad potential aaai of tha Iataraatioaal watercourie
(ayitaa);

(a) conservation, protactiea. developaeat aad ecoaoay of uaa of th
water reiourcei of tha iataraatlaaal watercourie (lyitea) aad tha ceiti
of aeaiurei teste to that affect;

(f) tha availability af alternatives, of cerreipoadlag value, to a
particular plaaaad or eiiitiag aaa.

2. Ia tha application af article a or paragraph 1 of tba praaaat
article, watarcouraa Stataa coaceraed ahall, whee the aeed arlaea, eater

iato coaaultatieaa ia a apirit of co-operation.

Article 1 121'

Obligatloa aot to cause appreciable taw

Watarcouraa Stataa ahall atlliaa aa Iataraatioaal watercourse

(system] la such a way aa aot to cauaa appreciable bar* to other
watercourie Stataa.

article I llfl/

Central obligation to co-operate ||
Watercourse States aball co-operate oa tha basis of aovareiga

equality, territorial integrity aad autual benefit ia order to attaia
optiaua utiliaatioa aad adequate protactioa of aa iataraatioaal
watarcouraa [system].

Article 10 1U/

leauler a achange of data aad information

1. Puriuaat ta article • , watercourae Stataa ahall oa a regular basis
eacbaage reasonably available data aad laformatioa oa tha condition of
tha watarcouraa (ayitaa). la particular that of a hydrologieal.
meteorological, hydrogeological aad ecological aataxa. aa wall aa ralati
forecasts.

t. It * watercourse Stata it requested by another watarcoaraa Stata to
provide data ar laformatioa that la aot reasonably available. It ahall
employ Ita beat afforta to comply with tha request hat aay ceaditlaa Ita
compliance upon payment by tha requesting Stata of tha reasonable costs
of eolleetlag aad. where appropriate, processing such data or iaforaatiei

1. Watarcouraa Stataa aball employ their bait efforts to collect aad,
wbara appropriate, to process data aad laforaatioa ia a aaaaer which
facilitates its atiliaatioa by tha other watarcoaraa Statea to which it
ia commuaicnts-d.

•ait m

FLAWED MEASOW

Article 11

laforaatioa concertina lllflatd. ntM""*

Watarcoaraa Stataa aball eichaage laforaatioa aad coaault each othe
oa tha possible effects of plaaaad aaaaarai oa tba condition of tha
watarcoaraa [system],

Article U 1U/

•otiflcatloa concerning plfPt"? •"'»"•
with possible edverae effect!

Before a watarcouraa Stata tapleaeati or permits tha iaplasteatatioe
of plaaaad measures which aay have aa appraciabla advene effect upon
other watercourae Statea. It aball provide those Stetee with timely
aotificatioa thereof. Such notification shall ba accompanied by
available technical data aad laforaatioa ia order to eaable tba notified
Stataa to evaluate the poeeible eftecti of the planned aeasurae.



Article U 111'

Period for reply tfl notification

Ualeai otherwiaa agreed, a watercourse Stete providiag a
notification under article 12 shall allow the aotified States e period
of lii months within which to itudy aad eveluata the ponible effect!
of the plaaaad measures and to coseaunieate their findings to it.

Article 14 Hi/

ChliaiUtmi ftf >ht aotifviao State during th. period for r.riy

implesaeatatioo of. the planned mtasurta- wi thout tha consent oi
notified Stataa.

Article !«. jjj,

ItDlv to saHHwla.

1. Tba aotified States shall communicate their fladiagi to tha
notifying Stata aa early aa poeilble.

i. If a aotified Stata flada that lapleaeatatioa of tha plaaaad
-"eaiures would be inconsistent witb tha provlaioaa of article! t or I
it shall provide tba notifying State withia the period r.f.rred to la
article 11 with a docuaeated eiplaaatloa lettiaq forth tha reasons for
such fiadiag.

Article 1« iij/

Absence nf rtnlv to notification

'. withia the period referred to ia article 13. tha notifying
—uaieatioa under paragraph 2 of article IS, it aay.State receives ao c

subject to ita obligation, under article! 6 end l.'proeeed'with'tie
implementation of tha planned measures, ia aceordaaca with the

data and information provided to thenotification and aay otbe
aotified States

Article IT 132/

Consultation..- mil negotiations conr.rn.n, planed me.......

1. If a ecaatuBicatiea is aada under paragraph 2of article IS. the
notifying Stata aad tha Stata mating the cc-rauaicatioa ihall eater into
coaiultatioaa aad aegotiatlooi with a view to arriviag at aa equitable
reaolutloa of tba lituatioa. wquicaoia

2. The consultations aad negotiations providad for la paragraph 1aball
ba coaductad oa the basis that each State auit ia good faith paT
reasonable regard to tha right, aad legitiaate iater.sts of the otbar

J. During the coarse of tba consultations and negotiations, tha
notlfyia, State eball, if .o requested by the aotified Stata at tba tlaa
Of eating tha coaaaaieatloa aadar paragraph 2 ef article 1J. rafraia froa
implementing or permitting tba implementation of the plaaaad aaaeuree for
a period aot aaceediag ala aoathe.

Article II JJjy

ewaamaamtaa la the ah.enca af notification

1. If a watercoaxaa Stata baa serleoa reason ta believe that another
watarcouraa State ia plaaaiag aee.urai that aay have aa appraciablaadverse .ff.et epoa st# ^ formtr $t,t. M ^ g^
the provlaioaa of article 12. Tba request shall ha accompanied by a
docuaeated eiplaaatloa aattlag forth tha raasoas for such belief.

!h.t !! !*• ,V*" **"' "" ft*U 'lmi1 «-* ••••«•• nevertheless flad.
that It ia aot under aa obllgatioa to provide a aotificatioa under
nrtiele 12, it ahall ao inform tha other Stata. providing a docuaeated
•iplaaatioa letting forth the reaiooi for sucb fiadiag. If this fiadiag
ooei aot aatiafy tha otbar State, tba Statei coaceraed aball, at tha
requeet of that other Stata, promptly astir lata coaiultatioaa aad
negotiations la the aaaaer indicated la paragraph! 1 aad 2 of article IT.

J. Dariag the couraa of tba consultations aad negotiations, the State
planning the ...sura, .ball. If ,0 reque.ted by tha other State at the
Mm It request! th. laiti.tio. of eoa.ul.tioa. a.d aegotiatioaa. refrain
froa laplea.nting or permitting the iaplea.ntatioa of those measure, for
a period aot eaceediag all months.

Artlclt It !»/

Ulflint laBlaatntation of fjaaaaj Bflurii
•

1. Ia tha eveat that the iapleae.t.tlea of planned aeeeura. 1. of the
utmo.t urgency la order to protaet public health, public safest- or other
equally important interests, the Stata plaaaiag tha measure, aaw
subject to article. < aad I. immediately proceed to implementation
notwithstanding the provlaioaa of article 14 aad paragraph J of
article IT.

2. In auch c.les. a formal decl.ration of the urgency of tha measure.
•hall be coeeauaieated to the other watercourae Statea referred to ia
article 12 together with the relevaat data aad laforaatioa.

I. The Stata planning tba measures ahall, at tba raqueat of tba other
States, proaptly eater iato consultations aad aegotiatioaa with Thar ia
the aaaaer iadicated ia paragraph. 1 aad 2 of article IT.

Article a X1B/

Pttl aa. infnmatloa vlt.l to national d.f n,,itT

•othlag contained ia articles 10 ta 19 ihall oblige a •atercouxea
Stata to provide data or iaforaatioa wital to ita national dafeaca or
aeeurity. •evertbeleei. that Stata aball eo-operata la good faith witb
the other watarcouraa States with a via* to providing as auch information
aa possible under the circumstances.

Artlclt 11

Indirect nrognoWoj

Ia caaea where there are aarioua obataclaa ta direct contacts
between watercourse Stataa, tba Stataa concemed ahall proceed to aay
eacbaage of data aad iaforaatioa. aotificatioa, coaauaicatiea,
consultations aad negotiation, provided for ia article! 10 to 20 through
any indirect procedure accepted by than. ^^

PAR r* .

ptoTtcTiasi jure pusEsvATtai

Article 11

ffOttCtiOB and ore..rv.Hon „f —"ITiraml

watercourse Stataa ahall, individually or jol.Uy, protect aadpr.aarv. the aco.y.taa. af Iataraatioaal wTt.rco.r.air] (s".£.r
, article 21

tlfYi.tioe. rtdBftloa aad control pf n«n.n„.

1. Tor tha purposes of tha praaaat draft nrtlclee. -pollutloa ofa. iataraatioaal watarcoaraa (lyat-)- aaaa. any dotr^.taTaltarHi..

conducT'" l'7 ] •*** ***** *lr,et1' " *-**™**»» fr- bana.

I. W.tercouree States .hall, ladlwldually or Joiatlr, arewe.trad.e. a* co.trol noll.tlo. of a. l.teraatioaJ ..tarco^.. K^j
that aay c.ua. appreciable harm to other watarcoaraa State, or to thai,
aavlr.a-.at. l.cludln, bar. to hanaa baalth or a.f.ty. ta tit. .„ oTtl.

lataraatioaai watarcouraa (iy.t-). Watarcoaraa Stata. .ball rJT.t.o.
to baraoaia. thai, poliel., i, on, eowetio.. P

J. watarcouraa State, ahall. at tba request of ear of thaa
""-» chlat'th." a* •"-»•"•• ""• •^•tJca.Tt..' lectio,of which iato tba water, of aa iataraatioaal watarcouraa (system] i. to
b. prohibits, li.it*. iavaitlgatad or ao.ltorad. i**mm* u t0

aftldo Ij

Introduction of sjltaa Br ... .pm*!..

IntrJ;^."".* *")" ,h*U •**• '" —««•• -diary to pr.ve.t the
[.MttaTjEaT '"It" IJ1" " ""' 1,t# - *«"'»tl...l w.t.rc..,„j.y.taa] which aay haw. affect, detrlaeatal ta the ecoaystaa of the
wad-ur^st.;.::60""-Ur"-1 •~m- i* —~*-• *»?—<

Article »»

Protectloi lafl irtiirTitis. of the ...i,. ...i,,.»..,>

watarcouraa Stataa ahall, ladlvldually or Joi.tly, take all mtaaure.
with respect to aa iataraatioaal vattrcourst [system) that are accessary
to protect aad preserve the aeriae eaviroaaaat. including estuaries.
ta.ieg iato account generally accepted iataraatioaal rules aad staadarda.



fair »

aAtwruL cotsiticws an dukgemct situaticms

Article 14 .

Prevention and mitiattion of harmful ronditiOBI

iii Thii article li based on article 15 as proposed by the Special
Rapporteur ia 1917.

Hfl/ This article ii bated on erticle IS (16] aa propoied by the Sp
Sapporteur ia 1988.

Watercourie Statai ihall. iadividually or Joiatly. tale all ., nit ftttqr^rh WBjeh deeli with the defleltioa of pollution aaa
eppropriate maaaurta to prevest er aitigete eoaditiona that may be harmful ^^.g up t0 nrtieJn i OB ru„ 0f ttrma).
to other watercourae Stete.. whether resulting froa a.turel causes or
human cooduct. such aa flood er ice eoadltloa.. w.t.r-borae diseases. • / Thi, peragrapb which deele with tha defiaitioo of emergency aay
ailtatioa. eroiloa, ealt-wat.r Utrusion. drought or desertific.tioo. moved up to article 1 oa [Oae of terma).

Article 2T

fm.ratnrt situations

1. for the purposes of the present draft article, "emergeoey"
aeam a situatioa that causes, or pases aa imminent threat of causing,
•eriou. harm to watercourse States or other State, aad that result.
suddenly froa natural causes, sweh as" floods, the breaking up of ice.
laadilidei or earthquake!, or Iron human conduct aa for eaaaple ia the
ca.e of industrial accidoatl. V

2. A watarcouraa State shall, without dalay and by the most
espeditious aeaas available, ectily other potentially affected States aad
competent international organisation! Of aay emergency originating withia
it. territory.

3. A watercourae Stat, withia wboie territory as emergency
originate, aball, ia co-operation with potentially affected Statea aad.
where appropriate, coapeteat iat.raatioaal organisation., immediately
take all practicable aea.ur.s aec.ssitated by the circumstances to
prevent, aitigete and elimitate harmful effect, of the oeaerqeacy.

4. Whea accessary, watercourse State! ihall joiatly develop
contingency plana for responding to emergencie. is co-oporatioo. where
eppropriate. witb other potentially affected State, and coapeteBt
international ergaaisatioai.

122'
wai meant

CaaaiiiloB accipt.d a proviiiooal working bypotheiii aa to what
tba term -international watercourie lyitea".

note which reed at follows:Tha hypothesis was

"A watercourie

iacoataiaed

•yitaa ii formed of hydrographie component! luch el
riven, lakes, canals, glacier! aad ground water constituting by wirtue
of their physical reletionebip a unitary whole; thua, any uaa affecting
watara ia oae part of the system aay affect water, ia another pert.

An 'internatiennl watercourae .y.taa' ii a watarcouraa ayitaa.
components of which ara situated la two or more States.

To the eataat that parti ef tba vatara in one Stata ara aot affected
by or do not affect aaei af vatara la another State, they ihall not be
treated aa baiag Included ia tba international watarcouraa ayataa. Thua.
to the eiteat that tba aaei of tha water, of the ayataa hawe aa effect aa
one another, to that eatent the lyitaa ia iataraatioaal. but only to that
eiteat; accerdiagly. there la aot aa abaoluto. but a relative.
international character ef the watarcouraa."

121/ Tba Commission agreed at ita thirty-einth aenloa to leave aaida for
the tiae being the quaatioa of article 1 (Oae of terma) aad that of the uaa of
the term "lyitaa" aad to coatlaaa ita work oa tba baaia of tha provisional
workiag hypothesis accepted by the Commi..ion at ita thirty-eecoad (1910)
aaaaloa. see ifcifl. Thua. tha word "lyitaa- appears in aquara bracket!
throughout tba t.it.

121/ Thia article 1. baaed oa article » aa proponed by tha pr.vioui
Special Rapporteur la 19H.

llfl/ This article la baaed oa artlele 10 aa proposed by the previoua
Special Sapporteur ia IfST.

111/ Thia article ia baaed oa article 1J U»l oa propoeed by the Special
Sapporteur ia 1991.

HI/ Thi. article 1. baaed oa article 11 aa propoied by tha Special
Rapporteur ia 19ST.

ill/ Thii article is baaed oa article 12 aa propoied by the Special
Sapporteur ia 199T.

•711/ Ibid-

^Ui' T»i« »rtiele ia baled oa article 11 aa propoeed by the Special
Sapporteur ia 1987.

Ua/ Tbla articla li baaed oa article 14 ai propoied by the Special
Sapporteur ia 199T.

111/ This article ii bated oa articla 13 aa propoied by the Speciel
Sapporteur in 199T.

HI/ Thii articla ll baled oa article 14 aa propoied by the Speciel
Rapporteur ia 1997.
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