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This note proposes a numerical indexing method of
the risk of conflict around the transboundary water
resources by taking into account the most representa-
tive indicators having weights proportional to their rel-
ative importance.

However, each indicator varies in a rating field
according to well defined criteria which take different
values according to local conditions, thus providing a
partial index of risk (multiplication of weight by rate)
and the sum of these partial indices provides the global
conflict risk index for a given region.

Based on indicators relatively easy to identify, this
approach allows:

a standardized qualification of the risk of conflict
around the transboundary water resources;

a fast comparison between different regions of the
world exposed at this risk; a cartography of the zones at
risk according to same indices.

The transboundary conflicts around surface and
groundwater are subject to a particular attention on
behalf of international organizations in charge of these
problems. Each treated situation is the subject of a
diversified literature, sometimes very rich in informa-
tion and the compilation of data can take a considerable
time [36, 77, 78]. In addition, criteria of appreciation of
the importance degree of the conflict can differ accord-
ing to situations and interveners.

The objective of this paper is to propose a method of
a numerical evaluation of the risk of conflicts around
the transboundary water resources based on indicators
having fixed weights according to their relative impor-
tance. These indicators include:
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the degree of dependence to the transboundary
water resources of the concerned countries;

the state of the satisfaction needs of each country;
the geopolitical context of the zone of conflict;
the geographical position in relation to the

resources;
the water governance in each country.
However, these indicators take different values in

rating intervals which depend of the local conditions.
The combination between the fixed weight and the

reached rate by each indicator in a given region leads to
a partial index of the risk concerning this indicator and
the sum of the partial indices provides the global index
of the risk of conflict around the transboundary water
resources.

This weighted approach is inspired by the DRASTIC
method established by Aller et al. [6] with the aim of
numerically evaluating the vulnerability to pollution of
groundwater. This method was inspired in its turn by
the approach of Hutchinson and Hoffman [39] which
was elaborated in the same objective.

The rating intervals are based on criteria and stan-
dards which take into account results of research works
carried out through actions at world scale which target
not only the quantitative and qualitative aspects of the
resources, but also a broader vision which integrates the
economic, social, educational and political aspects.

INDICATORS OF RISK
Little literature is related to the conflict risk index-

ing around transboundary water resources. Certain
approaches were developed in the past to define only
the water stress limit for the populations. Among those,
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Abstract

 

—The world-wide crisis of water will make that the transboundary water resources will be the object
of tensions and litigations increasingly marked. Also, the transboundary conflicts on fresh water intended to the
categories of traditional uses are subjected to a growing attention on behalf of national and international orga-
nizations. Each case of conflict, related as well to surface water as groundwater, has its accurate characteristics
and to appreciate its relative importance, it is necessary to consult a broad documentation based on reports of
commissions, organizations or groups of research. According to criteria and data taken into account, the situa-
tion is some times appreciated differently.
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Falkenmark [26] proposes the Water Stress Index
which is based only on the availabilities of water per
person per year to define the critical limit of 500 m
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 per
person per year as being that of the chronic scarcity.
Gleick [35] identified indices of vulnerability to define
regions at risks for international water conflicts. He
proposed 4 indices which integrate for the first time
space component:

Ratio of water demand to supply;
Water availability per person;
Fraction of water supply originating outside a

nation’s borders;
Dependence on hydroelectricity.
Wolf et al. [79], on the basis of compilation and

treatment of data related with many international
basins, and to fill certain omissions, such as cooperative
exclusion of events, by considering the basin as unit of
analysis either the state and by not focusing only on
specific cases, proposes indicators to identify basins at
risk of conflict around transboundary water resources.
3 categories of data were treated: biophysics (topogra-
phy, surface runoff, climate…), socioeconomic (depen-
dence one hydropower, 

 

GDP

 

…), and geopolitical
(style of government, present and historic bound-
aries…). In general, he found that most of the parame-
ters commonly identified as indicators of water conflict
are actually only weakly linked to dispute. Wolf et al.
[79] consider that if it is the institutional capacity which
conducts, most significant of the indicators are those
related to the fast changes which affect both the institu-
tional system and the physical. In his analysis, the
author also takes into account the co-operation aspect
between states [77, 78] which, in the case of a good
agreement, can clearly decrease the tension which can
prevail around the transboundary water resources.

Finally, Wolf et al. [79] retain 2 main categories of
basins vulnerable to the transboundary water conflicts
in the near future (five to ten years):

Transboundary basins between newly independent
states.

Basins characterized by the absence of cooperation
and by the unilateral development projects.

Approach suggested precisely within the framework
of this work, takes account of the degree of changes

which can affect as well the institutional system (water
governance and cooperation, geostrategical context)
that the physical system (dependence degree to trans-
boundary water resources, geographical context, satis-
faction degree of the water needs), by distinguishing
each indicator by a fixed weight proportionally to its
relative importance while affecting cotes for each state
of the indicator variation according to local conditions.

The indicators of risk proposed have fixed weights
proportionally to their relative importance. They are
summarized in Table 1.

The relative weights assigned to the proposed indi-
cators can lend to discussion, nevertheless the follow-
ing remarks guided these choices. The various factors,
which in certain situations can be redundant, are evalu-
ated separately and in an independent way, because it is
question of evaluating their intrinsic influences:

The first and the second indicators concern only the
transboundary water resources;

They are considered as direct factors;
The third and the fourth indicators do not relate only

to water resources but they concern other aspects also.
Their influence is implicit;

The last indicator of risk relating to the water gover-
nance is of local influence initially, but can act in a
favourable and implicit way on the transboundary water
resources. This factor is strongly related to the develop-
ment degree of a country;

The dependence degree of a country to the trans-
boundary water resources for the satisfaction of its var-
ious needs is a decisive factor of conflict even if the
other indicators have rates of weak risk. Even if a coun-
try has a good governance or an effective governance of
water resources according to the terminology of the
GWP [38], if it has normal relations with riparians, the
transboundary water resources are perceived like a vital
energy resource on which it has a right of a partial own-
ership but which is unfortunately always considered to
the rise;

The satisfaction of the needs: if the various provi-
sioning potentialities of a country do not satisfy its tra-
ditional needs, temptation to benefit more from the
transboundary water resources increases, by non con-
sensual adjustments, derivations of river, excessive
pumping… i.e. as many arguments of conflicts, this
even if the other indicators have rates of weak risk, i.e.
even if countries in question have normal diplomatic
relations and efficient systems of water governance;

Considered under the conflict aspect, the geopoliti-
cal context of a region can be a critical factor. In the
case of a political or armed conflict between countries,
the management of the transboundary water resources
endures the direct consequences.

The cooperative committees of dialogue have then
great difficulties in their operation if they are not simply
blocked. However, in regions marked by normal politi-
cal relations, the risk of conflict decreases very appre-

 

Table 1.  

 

Risk Indicators and their respective weights

Indicators Weights

Dependence degree to the transboundary water 
resources

5

Satisfaction degree of the water needs 4

Geopolitical context of the zone of conflict 3

Geographical position in relation to the water 
resources

2

Water governance by parts in conflict 2
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ciably. One perceives better now the difference between
the relative importance of the geopolitical context and
the risk related to the degree of dependence to the water
resources which is more important relatively, even in
the case of good relations between the concerned coun-
tries.

The influence of the geographical position is related
to the fact that a country which is located at the
upstream part of a river has more benefits by this situa-
tion that the country located at the downstream part,
either naturally or by a provoked way (non consensual
installations and river derivations, discharge of polluted
water, etc…). This factor concerns also transboundary
aquifers, by taking into account recharge zones of these
aquifers, pumping fields and natural exit zones of these
aquifers;

The water governance, which according to the GWP
[38] is the source of the worldwide crisis of water, is not
only an indicator of conflict, but also an indicator of a
social, economic, and political development. Accord-
ing to Rogers and Hall [64] the water governance of a
country can be evaluated by basic principles and crite-
ria of performance. Poor governance of water is an
undeniable source of local conflicts with a possibility of
incidence on the transboundary resources. It would be
fastidious to enumerate here the many causes of bad
water governance which can lead to situations of local
conflicts (inequity in the practical prices, inequity in
distribution to consumers…). Reduction of water avail-
ability leads to a situation of tension, initially at a local
level, but which will end up having a broader incidence
when the recourse to the transboundary water resources
becomes necessary to make up the deficits. Conversely,
an efficient system which has recourse to other forms of
resources to satisfy its needs (treatment, desalina-
tion…) can decrease the recourse to the transboundary
resources.

The incidence of the water governance on the risks
of conflicts around the transboundary water resources
is necessarily of relative weight weaker than the degree
of dependence to this resource and than the geopolitical
and geographical contexts of the area which are basi-
cally different indicators and intrinsically more inci-
sive. Nevertheless, the degree of satisfaction of the
water needs is improved by effective governance, all
the more if it presents criteria of performance. In this
work, other parameters which are related to rules of
integrated water resources management are taken into
account to define the ratings intervals related to the
water governance indicator, like the degree of knowl-
edge of the resources state and the prevision of their
evolution, the management aspect…

RATING INTERVALS OF THE INDICATORS 
OF RISK

According to local conditions, indicators of risk take
values varying between 1 and 10; the greatest dimen-
sions indicate a high risk of tension and conversely.

It is obvious that these ratings must be established
for each country concerned by the transboundary water
resources. The interest of this method is that it is flexi-
ble, i.e. that the user can insert intermediate and specific
states which are not envisaged here and to affect to
them their respective dimensions by taking into account
of their relative importance compared with those pro-
posed.

The partial index of risk is obtained by multiplying
the fixed weight of an indicator by the rate reached by
this indicator according to the local conditions (IPR =
I

 

iw

 

, I

 

ic

 

)
IPR: partial index of risk;
I

 

iw

 

: indicator fixed weight;
I

 

ic

 

: indicator rate (variable).

THE DEPENDENCE DEGREE 
TO THE TRANSBOUNDARY 

WATER RESOURCES

The degree of dependence to the transboundary
water resources can be appreciated by the quotation
indicated in Table 2.

Partial index of minimum risk (PIR

 

min

 

) = fixed
weight. Minimum rate = 5.2 = 10;

Partial index of maximum risk (PIR

 

max

 

) = fixed
weight. Maximum Rate = 5.10 = 50.

Zero dependence to the transboundary water
resources cannot exist because no country can forsake
its quota.

The natural difficulties are related for example to the
rainfall deficit which influences negatively the filling-of
a dam even if enormous investments were made in this
direction. The technical difficulties are for example
those which can affect projects of hydraulic transfers or

 

Table 2.

 

  Rating intervals of the dependence degree to the
transboundary water resources

Variation intervals Rate

Total dependence 10

Partial dependence with difficulties of satisfac-
tion of the needs by other resources (natural and 
technical difficulties)

8

Partial with possibilities of supplying by other 
resources but with a high capital cost

6

Partial with possibilities of supplying by other 
resources with an advantageous capital cost

4

Partial to weak with an effective supply by other 
resources

2
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those relating to groundwater withdrawals in certain
deep aquifers.

When an investment on other forms of resources
becomes advantageous, the tension on water decreases
firstly at a local level and it can, by repercussion,
decrease the recourse to the transboundary water
resources.

THE SATISFACTION DEGREE OF THE NEEDS

The rating intervals for this indicator repose on the
evaluation of the satisfaction degree of the needs of the
concerned countries in the traditional categories of
uses.

According to the report of The Johns Hopkins
School of Public Health [43], among the three tradi-
tional categories of use of fresh water: agriculture,
industry and domestic uses, the agricultural use prevails
with a volume estimated on a worldwide scale at
approximately 69% of all the annual water withdraw-
als, the industry at 23% and the domestic uses at 8%.
These figures are close to those provided within the
framework of the world program for the evaluation of
the water resources WWAP [70], which are respec-
tively 70, 22 and 8%. It seems that these proportions did
not change much these last years.

It is obvious that the level of economic and social
development influences directly the volume of water
which is actually used by the inhabitants of a country.
Moreover the prevalent use differs from a region to
another. If in Africa and Asia, agriculture constitutes
the principal use with a rate between 86 and 88% of the
withdrawals, against 7 to 8% for industry and 5 to 6%
for the domestic uses, in Europe on the other hand,
most of water is used for industry with 54%, against
33% for agriculture and 13% for the domestic uses
[25]. By taking account of the development degree of
countries, those with high incomes present the follow-
ing concurrent uses: 11% for the domestic use, 30% for
agriculture and 59% for industry, as for countries with
weak and average incomes, they are respectively of 8,
82 and 10% [70].

According to the region, the tension around the
same use differs consequently. What is the use which
has more impact on the risk of conflict?

The domestic and agricultural uses seem to be logi-
cally most influential on the risk of conflict because the
first affects directly the consumption and the daily life
of the population while the second affects its needs in
food.

The non satisfaction of the industrial needs, whose
effects on the populations are later and indirect, can

involve a faster intervention of the governmental
authority. The lack of water for a hydroelectric station
for example is a very alarming situation for a state and
if the problem is posed in a frontier context, it unques-
tionably constitutes a source of conflict.

RATINGS INTERVALS 
OF THE DOMESTIC USE

The domestic use includes the personal uses,
domestic and municipal. Which is the minimum
requirement for an acceptable or minimum standard of
life? The figures differ according to international orga-
nizations and authors. Amongst authors, Falkenmark
and Widstrand [27] or Gardner and Engelman [33] pro-
pose a standard minimum of 100 litres per inhabitant
per day for a standard of living just acceptable. Con-
cerning domestic consumption, differences are very
marked between countries with high incomes and those
with low incomes. In the first case, this consumption
which includes watering of gardens and even the ali-
mentation of the private swimming pools varies from
250 to 600 litres per inhabitant per day in Japan, in
North America and in Europe, while in Africa for
example, it is in order of 10 to 40 litres per inhabitant
per day [22]. In this region, approximately 1.1 

 

×

 

 10

 

9

 

people are not connected to a water supply network and
in the sub-saharian region, only 58.5% of the popula-
tion has an access there.

The Global Water Supply and Sanitation Assess-
ment 2000 Report published conjointly by the WHO
and UNICEF [75], specifies that a suitable water supply
must rise with 20 liters per inhabitant per day (value
guide for countries with low incomes) and that the
installation where water can be taken must be located at
less than 1 kilometer of the housing of the user.

Gleick [35] proposes a minimum of 50 litres per
inhabitant per day to satisfy four fundamental needs:
drinking, cleaning, hygiene and cooking. The author
argues this figure by the fact that in 1990, the national
average did not reach this level in 55 countries which
count nearly 10

 

9

 

 inhabitants. The minimum value pro-
posed by Gleick [35] seems to be a correct average and
will be taken as minimum standard in the ratings inter-
vals (Table 3).

Partial index of minimum risk (PIR

 

min

 

) = 4.1 = 4;

Partial index of maximum risk (PIR

 

max

 

) = 4.10 = 40.

 

Table 3.

 

  Rating intervals of the satisfaction degree of the domestic needs (litre/inhabitant/day)

<50 50 < 

 

x

 

 < 100 100 < 

 

x

 

 < 200 200 < 

 

x

 

 < 300 300 < 

 

x

 

 < 400 400 < 

 

x

 

 < 500

 

x

 

 > 500

Rate 10 8 6 5 4 2 1
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RATINGS INTERVALS OF THE AGRICULTURAL 
USE EXPRESSED AS A PERCENTAGE 

OF SURFACE TO IRRIGATE
The irrigated agriculture whose surfaces have

almost doubled since 1960, occupies approximately
17% of the cultivated soils by ensuring 40% of the
world agricultural production; the agriculture which
depends on rainfalls occupies the remainder [22]. In
2030, the FAO predicts that 60% of the potentially irri-
gable lands will be used [70].

It is obvious that the agricultural techniques, the irri-
gation systems used, the re-use of water as well as types
of cultures have a direct influence on the real needs and
consequently on the percentage of surface satisfied.
The proposed ratings intervals rest on the percentage of
the arable lands irrigated. The needs for virtual water
which is the amount of water that is embedded in food
or other products needed for their productions are
implicitly included in the agricultural water needs
(Table 4).

Partial index of minimum risk (PIR

 

min

 

) = 4;
Partial index of maximum risk (PIR

 

max

 

) = 40.
The water needs of cultures have been the subject of

many works which it would be fastidious to enumerate
here, but for a fast estimation of the water needs of cul-
tures in a given region and independently of the species,
one can for example refer to the simple approach sug-
gested by the FAO [28] based on the evaporation, the
fraction of ground covered by cultures and rainfalls,
whose data are generally available, or works of
Doorenbos et Pruitt [23] relating to the water needs of
cultures and those of Allen et al. [5]. It is also practical
to refer to database as the information system AQU-
ASTAT of the FAO which provides information on the
management of water for agriculture throughout the
world, more particularly in the developing and the
emergent countries [29]. On another side, one can refer
to more precise data concerning a particular type of cul-
tures, like those provided by CNRS [17].

In terms of projections, data online of the National
Institute of Hydrology of Saint Petersburg [68] provide
information on the availabilities and needs of water for
many regions up to 2025 for the various uses.

RATINGS INTERVALS 
OF THE INDUSTRIAL USE

The quantities and qualities of water required
depend in particular on the uses of water in an industrial
unit which are much diversified. The two principal
applications of water resources in industry are the pro-
duction of hydroelectricity and the use of water at ends

of cooling in thermal factories. Concerning the quanti-
fication of necessary water volumes to manufacture
certain products, CNRS [17] or Planistat [58] provided
for example some data in this direction.

Rating intervals are related to the percentage of sat-
isfied needs. From which rate of satisfaction of the
water needs one can consider that an industrial unit sees
its profitability seriously threatened and thus consti-
tutes an element of conflict? All depends on the branch
of activity and the requirements in terms of quality. In
term of profitability, all the sectors present common
factors, namely that the limit is judged by taking
account of the invested capital and the interest rates as
well as the risk factors which are related to the branch
of activity concerned. Some times, the social cost of a
given branch of activity can give her a privilege posi-
tion, by reducing for example the cost of water or by
allowing her a bigger quantity proportionally to other
activity branches.

Rating intervals considered in this work are estab-
lished simply by ascending order, because the direct
link between the minimum limit of profitability and the
water resource availability, which is considered in this
precise case one of the elements of the manufacturing
process, can be very variable (Table.5).

Partial index of minimum risk (PIR

 

min

 

) = 4;
Partial index of maximum risk (PIR

 

max

 

) = 40.
The economic development of a country is necessar-

ily accompanied by an increase of the water demand in
the three categories of use [71]. The potential tension
around a particular use differs from an area to another.
Indeed, in developed countries, tension around the
industrial use is most significant, whereas in poor coun-
tries, it is rather the agricultural use. In the event of pro-
longed dryness, as consequence of the climatic
changes, it is the non satisfaction of the agricultural
needs which will be likely the first link of a catastrophic
chain which will generate conflicts not only around
water but around food also.

If the needs of a country are satisfied by having
recourse, in addition to the transboundary resources, to
other sources or other forms of water resources, the risk
of tension is normally weak. However, less the needs
for the various uses are satisfied, more the recourse to
the transboundary resources increases and conse-
quently the risk of conflict also, of course if the problem
is posed in a frontier context.

The diversity of situations which can occur made
that it is preferable to assign initially the same weight
to the impact of each one of these uses, i.e. 4. The par-
tial index for this indicator (the satisfaction degree of

 

Table 4.  

 

Rating intervals of the satisfaction degree of the agricultural needs (in relation to the percentage of irrigated surface)

<10% 10 < 

 

x

 

 < 20% 20 < 

 

x

 

 < 30% 30 < 

 

x

 

 < 40% 40 < 

 

x

 

 < 50% >50%

Rate 10 8 6 3 2 1
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the different uses) is obtained by dividing by 3 the sum
of the indices relating to the three uses. However, in
regions where industry is almost non-existent (poor
countries), the weight of this factor is removed. The
partial index is then obtained by dividing by 2 the indi-
ces relating to the two existing uses (agricultural and
domestic).

Partial index of minimum risk (PIR

 

min

 

) = (3.4)/3 = 4;
Partial index of maximum risk (PIR

 

max

 

) = (3.40)/3 = 40.

GEOPOLITICAL CONTEXT 
OF THE CONFLICT ZONE

By geopolitical context of the zone of conflict, it is
the state of relations which bond countries of the area
subject to a problem of transboundary water resources
which is aimed here. It is obvious that if it is an armed
conflict zone, the problem of water becomes an addi-
tional detonator. However, if the concerned states
belong to a community space in which there are rules
for the integrated water resources management and
commissions especially for this type of conflict, the risk
becomes weak then (Table 6).

Partial index of minimum risk (PIR

 

min

 

) = 3;
Partial Index of maximum risk (PIR

 

max

 

) = 30.

THE GEOGRAPHIC POSITION 
OF THE BELLIGERENT COUNTRIES

It is the impact of the geographical position of a
country in relation to the water resource which is aimed
here. For example a country which is located near the
upstream part of a river has more profits by this natural
position compared to the country located at the down-
stream part. This situation can even lead to a provoked
dominant situation which one can also describe as an
abuse position as that occurred in many places (Euph-
rate, Danube…) when the country of upstream carries
out installations, polluted water discharges, water deri-
vations without taking account or little of riparians
states or by not providing in time data relating to the
rises of water which can cause grave floods in the
downstream part.

This concept is not exhaustive to rivers but also
relates to groundwater and it integrates in an implicit
way the environmental aspect. For example, pumping
in captive aquifers provokes a drawdown in broad
zones which exceed the pumping field itself.

A country is considered under “natural dominance”
when for example the resources of which it depends are
located out of its territorial limits, or when it is under

bad hydroclimatic conditions compared to the riparian
states (Table 7).

The extreme case is when a country is under the two
cases of domination (natural and provoked).

Partial index of minimum risk (PIR

 

min

 

) = 6;
Partial index of maximum risk (PIR

 

max

 

) = 14 + 6 = 20.

THE WATER GOVERNANCE 
BY PARTS IN CONFLICT

The water governance concerns as well the technical
management of water resources that services. Some
actions or approaches are based on well defined criteria
for the implementation of reforms leading to the good
governance of water which is a necessary step in the
integrated water resources management [38].

According to Rogers and Hall [64], reforms which
lead to an effective water governance include basic
principles and attributes. These basic principles and
attributes include among others, transparency, inclu-
sion, communication, coherence and integration,
equity, ethics, efficiency, responsibility, accountability
and sustainable operations and have been used to eval-
uate the system of water governance in Kenya [44].

Rating intervals proposed here, repose on factors
which are inspired, among others, by the criteria of
effective water governance proposed by Rogers and
Hall [64] and of the Toolbox for the integrated water
resources management (IWRM) suggested by GWP
[37] which assemble tools at the same time for diagno-
sis and for assistance to an effective governance.

Within the framework of this work, it is significant
to refer to factors which are relatively easy to identify
and to classify them by order of relative importance in
the system of quotation.

The approach rests on the proposal for 5 groups of
conditions which reflect levels of water governance
(Table 8). Each group is affected by a dimension pro-
portionally to its importance. Each time that a group of

 

Table 5.  

 

Rating intervals of the satisfaction degree of the industrial needs (in percentage of the needs)

<50% 50 < 

 

x

 

 < 60% 60 < 

 

x

 

 < 80% 80 < 

 

x

 

 < 90% >90%

Rate 10 7 5 3 1

 

Table 6.

 

  Rating intervals of the geopolitical context

Variation intervals Rate

Zone of armed conflict 10

Zone of diplomatic tension 8

Zone of ethnic tension 6

Normal relations between states 4

Zone belonging to a communitarian space 2

Existence of treaties, commissions of basins 1
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conditions (or a part of this group) is filled, then the
dimension allotted to this group (or to a part of this
group) is decreased from the total cote which is 10.
Each time that a group of conditions of effective gover-
nance is filled, one has a better availability of water, and
consequently the tension on the water resource
decreases initially and especially at the local level, but
it can also have favourable incidences in a frontier con-
text by decreasing the tension.

The weakest dimension for this indicator is 1 obtained
as follows: [10 – 9] = 1.

Partial index of minimum risk (PIR

 

min

 

) = 2;
Partial index of maximum risk (PIR

 

max

 

) = 18.

THE TOTAL INDEX OF RISK

It is the sum of the partial indexes:

With GIR: global index of risk of conflict around
transboundary water resources According to this proce-
dure, the global index of minimum risk of conflict is 25,
whereas the maximum index is 158.

We note generally that two countries or more which
are involved in a transboundary water conflict do not
present the same global index of risk because condi-
tions which prevail in each one of these countries are
different.

APPLICATION EXAMPLE: CASE 
OF THE JORDAN BASIN

Rating intervals of the indicators proposed within
the framework of this work, in term of definition of the
satisfaction degree of the various uses, the geopolitical

GIR PIR∑ Iiw∑ Iic⋅ .= =

 

context, the water governance… rest on an analysis of
a large literature.

The rating intervals of the dependence degree to the
transboundary water resources were established on the
basis of literature which describes the actual water
availability in each country and this under various
forms (surface water, groundwater, reuse water, desa-
lined water) and the recourse to the transboundary
water resources for satisfying the national needs [15,
20, 24, 47, 51, 55, 65].

The geopolitical and geographical contexts of the
Middle-East are the subjects of many works which
describe them under their various aspects [3, 13, 15, 16,
18, 20, 24, 34, 40, 47, 48, 51, 55, 56, 61–63, 65].

TWO PRINCIPAL DIFFICULTIES 
WERE ENCOUNTERED

One, relating to data concerning the satisfaction of
the water needs, with confusions and differences
between real, theoretical availability and real consump-
tion. The many documents consulted in this direction,
enabled us to note this established fact [2, 3, 7, 8, 11,
13–15, 20, 24, 30, 32–34, 40–42, 45–47, 49–57, 60,
65–67, 69, 72–74, 80, 82–84, 86]. In this case, the
approach must be very critical and thorough.

The other, relating to the lacks of data concerning
the state of the water governance in certain cases. The
consulted documents allowed a relative approach of the
current situation as regards of the water governance by
the concerned countries [1–4, 7–10, 12, 14, 19–21, 24,
31, 32, 40, 42, 46, 47, 49, 51, 53, 54, 57, 59, 65–67, 69,
73, 74, 80–85].

The synthesis of the consulted data within the
framework of this work lets appear that those are coun-
tries which are confronted to water shortage which
develop the most efforts in term of water governance,
except the case of Ghaza due to an exceptional situa-
tion.

The final result (Table 9) reflects the current situa-
tion in general, with a very high GIR for Gaza and the
West Bank, whereas the low index of risk is that of Leb-
anon. Concerning the case of Israel, the total index of
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logue and cooperation)…
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Existence of structures which treat territorial or use conflicts and the respect of the ethics of the use of water 1
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risk can evolve to the decrease in next years if the
projects relating to the desalination of sea water, which
count on a variable surplus between 500 and 750 mil-
lion m3/an, are realized.

CONCLUSIONS

On the basis of the impact of 5 fundamental indica-
tors of conflict characterized by fixed weights and vari-
able rates which translate the local conditions of these
indicators, the combination between weights and rates
lead to the numerical expression of the risk of conflict
around the transboundary water resources. It is obvious
that this approach can not be applied, at least with dif-
ficulty, to all situations because conditions are much
diversified, but it allows an approach of the most com-
mon situations.

This weighted method applied in the same way to all
concerned parties decreases the risk of error on the final
result.

The databases of various organizations working in
fields which are on relation with this context facilitate
the acquisition of the majority of the data necessary for
calculation of the various indices. These indices can be
updated like the databases making it possible to follow
the evolution of the global index of risk.

If the definition of certain ratings intervals can lend
to discussion, the relative order of classification seems
correct and the global index of risk of conflict around
the transboundary water resources allows a classifica-
tion of the zones relating to this risk and their cartogra-
phy.
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