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their international relations — for example, analy
sis of the possibilities of decreasing the high costs,
of water establishments or provision of economic
assistance for covering expenses.3

In addition to the need for co-operation, prob
lems also occur in connexion with the legal rights
of the States. According to the conventional con
cept of national sovereignity, every State has the
right to control everybody and everything, in
cluding water, within its own territory. This con
cept holds true for international rivers touching
more than one State (separating or traversing the
territories of two or more States). However, the
Stale in question cannot exercise control until the
water reaches its territory or after the water has
been left behind. Consequently, the quantity and
quality of water available for a State situated
within an international drainage basin substan
tially depends upon the water resources develop
ment of the other States situated within the same
drainage basin (especially of those situated up
stream).

INTERNATIONAL WATER LAW

The most effective method of resolving inter
national water management problems is through
direct co-operation based on bilateral or multi
lateral agreements between the parties concerned.
The guiding principles and suggestions prepared
by international organs and compiled by interna
tional jurists, with the scope to solve scientific,
technical and legal problems which might arise,
and to collate the methods and conceptions devel
oped in the different countries, can provide valu
able assistance in developing direct co-operation
and in concluding agreements-

Principles regarding water uses
of international rivers

An important factor in water uses under the
sovereignty of different States is international wa
ter law. This law, similar to other international
laws (expect in certain details), is not yet codified.
Thus, it cannot be referred to as an inter-State wa
ter law; only some principles have been derived
oy the States from international practice (partic
ularly international contracts), science and a few
quasi-international jurisdictions.

The literature deals in particular with the
questions of water use, analysing the principles
accepted and applied in several instances. Every
P'mciple has its supporters and opponents. Fur
thermore, different jurists did not arrive at the
same conclusion on the sameprinciple.

According to the literature, the most frequent-
'y used principles are:

(«) Absolute territorial sovereignity/'
(b) Absolute territorial integrity;''
(c) Principle of established rights;11
(d) Theory of servitude;7
(e) Common property — common interests f
(/) Good neighbourhood;'1
(g) Restriction of territorial sovereignty;1"
(i) Priority of inland navigation."

Concerning the use of international waters,
the acceptability of the foregoing and other prin
ciples is generally limited. According to Klimen-
ko.1- the imperative principles of modern interna
tional law should be taken as starting points. These
principles are: the sovereignity, equality, immuni
ty and integrity of the territory of countries.

Role of international organizations

The basic principles of international water
law and the ability of codification have been and
is being investigated by several governmental and
non-governmental international organizations.

Gorcrnmentat organizations12

Conferences organized and sponsored by the
League of Nations and recently by the United Na
tions have prepared a number of draft conventions.
However, these draft treaties have been ratified
only by a few countries; thus sparse, if any, bene
fits have accrued therefrom.

Among the recommendations or proposals of
the different international organizations, the re
solutions of the meeting on "The economic devel
opment and water resources on underdeveloped
countries" of the Economic and Social Council
might be stressed.

Non-governmental organizations

The first step in the field of international wa
ter law was taken by the Institute of International
Law (Madrid Resolution) and this initiating action
was followed by broader activities.

Special attention should be given to the Hel
sinki Rules elaborated by the International Law
Association, some recommendations of which are
mentioned below:

(a) Each basin State is entitled to a reasonable
and equitable share in the uses of the waters of an
international drainage basin (article IV);

*at,.r L JastrzebsV
t,t'/*TnL^tnnfSltrnent" (in Polish). Gospodarka Wodna. 19657. -
JaI AspL.c(? International Water Resources: Institutional and Le-
u°ns Duhhl' .V^o-ral Resources (Water Series No. 1 (United Na-

"cat,on. Sales No. E. 75. II. A. 2)

..International co-operation in the field of
Ma-

* D. M. Klimenko. International Riuers. Legal Problems
Concerning Industrial and Agricultural Water Utilization of Inter
national Rivers {In Russian) (Moscow, 1969); The Law of Inter
national Drainage Basins, A. H. Garretson R. D. Hayton and C. J.
Olmstead, eds. (Dobbs Ferry, N. Y-. Oceana Publications, for the
Institute of International Law. New York University School of
Law. 1967): International Commission on Irrigation and Drainage,
International Problems Relating to the Economic Use of River
Waters (New Delhi, 1961).

s Ibid.
" Klimenko. op. ctt.
' /bid.
" F. J. Berber, Riuer in International Law (London, 1959).
;* Klimenko. op. cit.
Iu Klimenko. op. cit.; Berber, op. cit.
11 ..Legal problems relating to the utilization and use of in

ternational rivers (A 5409).
'- Klimenko, op. cit.
13 ..Legal problems relating utilization. .."
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is Mattayement of internum

opment,"' are
however, that no such recommendation can cover
all possible variations; thus, adjustments may be
necessary in particular cases. Furthermore, mu
tual benevolence is needed in order to establish a
useful and fruitful agreement, as well as to realize
the provisions thereof.

Basic principles

A system of rivers, lakes and ground waters
in a drainage basin should be treated as an in
tegrated whole and not independently. Therefore,
the parties should agree on:

(a) Respecting the integrity of the drainage
basin from the point of view of water manage
ment as well as the rights, advantages and obli
gations originating from that integrity;

(b) Studying and spnkinrr n rnmm/in
all the problem.'

seeking a common solution for
res and works of watei
nffect water flow, water-

in accordance with the
tent.

Validity of the agreement

In consequence of the basic principles, the
validity of the agreement should cover:

(a) From a geographical point of view, the
intarnational catchment area shared by the parties;

(b) As concerns water resources, both surface
and ground waters;

(c) With respect to the various water manage
ment branches, the entire field of water resources
development, with all the pertinent problems,
measures, institutions and works.

""iribtttion of water resources

According to article V of the Helsinki Rules
each basin State' is entitled, within its territory, to
• reasonable and equitable share in the beneficia'

>es Of the Wnfor i-if fin intom^HnTiQl rlMm^rto Kn

(u; KjtuLivtuy aitu beetuny a common solution lor

all the problems, measures and works of water
management which may affect water flow, water-
level and water quality
foregoing statement.

'^onaDie and equitable share in the beneficia
sis^s °£ .the water of an international drainage ba-
• • this reasonable and equitable share is to be
eachTOined in the light of aI1 relevant factors in
sj | "Particular case. Relevant factors to be con-

°red include, but are not limited to:
ticuli 9,eoSraPhy of the basin, including, in par-
riwf' , extent of the drainage basin in the ter-
'tory ofeach basin State;

<b) Hydrolog
;,. " ~" ud51" oiate;

'icular !iydrol°gy o£ the basin, including.
State- contribution of water by ea<

' Ibid.

„ in par-

by each basin

(c) Climate affecting the basin:
(d) Past utilization of the waters of the basin,

including, in particular, existing utilization;
(e) Economic and social needs of each basin

State;

(J) Population dependent upon the waters of
the basin in each basin State;

(g) Comparative costs of alternative means of
satisfying the economic and social needs of each
basin State;

(h) Availability of other resources;
(i) Avoidance of unnecessary waste in utiliza

tion of waters of the basin;

(j) Practicability of compensation to one or
more of the co-basin States as a means of adjusting
conflicts among uses;

(k) Degree to which the needs of a basin State
may be satisfied without causing substantial injury
to a co-basin State;

(0 Other factors.

Wafer poliititon control

The parties must perevent any new kind of
pollution or the increase of the degree of existing
pollution which would have detrimental effect in
the territory of the co-basin State. They also must
take reasonable action to prevent further pollution
and put into effect all practicable means of re
ducing existing pollution loads to a less harmful
degree.

Maintenance

The parties must preserve in good condition
the river-beds, as well as all the installations and
structures pertaining to the river system.

Operation

The maintenance and operation of installa-
tions.structures and facilities must be undertaken
is co-ordination, having regard for the interest of
the other party (parties).

Research, planning and construction

Any alternation of the river-bed and hydraulic
installations, as well as the establishing of new
hydraulic installations, works or measures which,
according to the party undertaking them, would
adversely affect the water regime in the territory
of the other party must not be carried out without
the agreement of the other party. When works of
common interest are concerned, each party should
establish the works in its own territory. In excep
tional cases, when the parties agree on the necessi
ty for the construction of such works, but disputes
arise regarding implementation, a joint commission
as established according to conditions denoted un
der parapraph 14 may entrust one of the parties
under agreement with the implementation. The
other parties, however, must make available to the
party concerned all the relevant data and support.

}i



Long-term pUwninfl long-term plans
The parties, when prepm>™! ^frontier water ^resources^-^, swell-nV^avaUr^fation needed. The pro-
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Coming into /orcc and validityThe agreement enters into ore on the <̂
of exchange of i^truments^or th^ ^
vaUdity a.^-y-|h^^^ is valid until anyf^^SSS it tor the end of the tol-
lowing year.

Appendices

The following

matter.

Financiol matters common interes
The costs of the works ot ning and

(maintenance, ^f^VKrne by .the parties

all times an oppor unity tor^ ^ at the ex-
SaSSSriiS- both parties.
Compensation /or dan.aaes damageThee^entofcom^n^tion^case^ ^ ^
must emprise aso the mtcrr ^ ^ ap.
pressed in monetary tern
pears expedient.
Joint commission „wration in mattersIn order to promote ««*«*»water ^
of water management and'oae ment, theagement problems.covered1 by the g cQnsist.
States should establish a 3oint c q£ ^
ing of the representatives an H agreement a
ties. Accorfmg to the ~ntext shouW be given
restricted decision-making i>
to the commission.

Regulations established forCommon regulations ^M^ons of thethe practical application of the p ^ cq
^rand mlhods ^procedure of the pint
commission.

Settling of disputes interpretation andThe disputes regarding th^nttrp ittedapplication of the agreement should be ^ ^£rerch:S^nm?trruldIfben submitted to the
respective Governments.

RECOMMENDATIONS

T^e future -«**Sy^JT2^of disputes betweeri countucs sha g^ d
drainage basin or theMP^em muUilateralmight be assured ^ly by bilater^

y-
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SrtSSS'SaSSI * -ter management
regions (drainage basins).
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1,18 as well as the report by the: becre >
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mittees established bj tnose ab
also summarized. evaluation <*2. According to the analysis and^e .
^ •bove^ttojed^^^, concerr
?hftmVd"ecPontenteoCf international agree*
to be adopted by the Governments.

-Management o, International Water"-^,
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SIMULATION AS A TOOL IN INTERNATIONAL RIVER DEVELOPMENT

ERICH J. PLATE

FEDERAL REPUBLIC OF GERMANY

SUMMARY

International river development programme
are, to the water resources analyst, constrained
river basin development programmes and thus
amenable to treatment by operations research tech
niques as used in water resources planning. Among
those techniques, simulation ranks high, and this
tool has been developed extensively in recent
years. Some important methods and a critique 0/
their applicability are given, and results of their
application to practical problems are presented.

INTRODUCTION

The rivers of the world are among its most
precious natural resources, which, in these days of
growing populations with rising expectations, must
be utilized to their fullest extent, in an optimum
manner. But what is an optimum use of rivers?
Clearly, the answer to this question depends upon
numerous engineering, economic, socio-logical and
political factors which are at best difficult to quan
tify. This task becomes even more complex, if the
river flows through two or more countries, each of
which has a claim to its use. As is well known,
the division of the waters of a river among dif
ferent countries is accomplished by a political de
cision embodied in a treaty or agreement between
the countries in question, according to which cer
tain standards of quality and quantity of river
water are set which have to be maintained at the
borders. The way in which these standards are set
ranges from dictates by the stronger country, per
haps as a result of war, to carefully negotiated
reaties on the basis of comprehensive evaluations

?, au relevant socio-economic and political factors,
ne of the most important tools in decision making
r trie latter type of treaty is a water resources

aevelopment plan.
the water resources development plan lists

inv ?trateSies which are available to the parties
com T Examples of strategies range from a
try ri 6*a°k °^ co-ordination, inwhich each coun-
bounri VciIops the Part of a river basin within its
t0 fu],enes without regard to the need of others,
deriv co"ordinated optimization of the benefits

ng from river basin development, as would

be obtained if the basin were in one country only.
The former strategy will undoubtedly result in
inequalities and wasteful planning. As an example
one may mention the Euphrates River, for which
Iraq, the Syrian Arab Republic and Turkey each
have prepared development plans without regard
to the other countries. For their implementation,
these plans would require twice the actually avail
able long term mean annual river flow.1 The ad
vantage of independent development plans is that
they do not require concessions in sovereignty, but
fully co-ordinated optimization is likely to require
the greatest sacrifices in sovereignty. In between
these extremes are a number of alternative deci
sions, as has for example, that which has been
shown for the Ganges River.- Ultimately, politics
will decide which of the feasible alternative strat
egies is the most acceptable — i.e., the Govern
ment will have to determine the value of the trade
off between benefit and independence. It is the
task of the water resources planner to clarify the
options and to make clear the consequences of the
decisions that are to be taken-

In the language of systems analysis as applied
to water resources, the different strategies set
constraints on the decision variables, so that the
optimum solution for each of the different strat
egies is contained in the set of all possible solu
tions for the strategy which is unconstrained by
international politics. Consequently, it is possible
to obtain solutions by classical systems analysis
techniques. The only new aspects that arise are
those that involve the final decision process in
which the final solution is selected from the set of
alternative strategies. The water resources planner,
therefore, can select from the techniques of sys
tems analysis those that are most suited for the
constrained problem. Among these techniques,
simulation ranks very highly, because of the great
flexibility of the method and its general appli
cability. It offers a possibility of obtaining near-
optimum solutions in situations involving stochas-

1 G. Barbrecht. ..Wasserwirtschaftliche Probleme beim Aus-
bau intemationaler Flusse. auigezeigt am Beispiel des Euphrat",
Zeitschrift fur Bewdsserungswirtschaft, Heft 2 (1971). p. 157.

2 P. Rogers. ..A system analysis of the Lower Ganges-
Brahmaputra basin", paper submitted to the International Sym
posium on Floods and their Computation. Leningrad, Union of
Soviet Socialist Republics, August ID67.
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