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Abstract. Mismanagement and uneven distribution of water may lead to or increase conflict among countries.
Allocation of water among trans-boundary river neighbours is a key issue in utilization of shared water resources.
The bankruptcy theory is a cooperative Game Theory method which is used when the amount of demand of
riparian states is larger than total available water. In this study, we survey the application of seven methods
of Classical Bankruptcy Rules (CBRs) including Proportional (CBR-PRO), Adjusted Proportional (CBR-AP),
Constrained Equal Awards (CBR-CEA), Constrained Equal Losses (CBR-CEL), Piniles (CBR-Piniles), Minimal
Overlap (CBR-MO), Talmud (CBR-Talmud) and four Sequential Sharing Rules (SSRs) including Proportional
(SSR-PRO), Constrained Equal Awards (SSR-CEA), Constrained Equal Losses (SSR-CEL) and Talmud (SSR-
Talmud) methods in allocation of the Euphrates River among three riparian countries: Turkey, Syria and Iraq.
However, there is not a certain documented method to find more equitable allocation rule. Therefore, in this
paper, a new method is established for choosing the most appropriate allocating rule which seems to be more
equitable than other allocation rules to satisfy the stakeholders. The results reveal that, based on the new propose
model, the CBR-AP seems to be more equitable to allocate the Euphrates River water among Turkey, Syria and
Iraq.

1 Introduction

About 40 % of world population lives in transboundary
river basins which are shared among two or more countries
(Prins, 2013). Based on the Transboundary Freshwater Dis-
pute Database (TFDD), 276 transboundary freshwater river
basins are shared among almost 148 countries (De Stefano
et al., 2012). These basins cover nearly half of the Earth’s
land surface (United Nations, 2014). In the Middle East, wa-
ter – as a scarce resource – has become increasingly vital for
economic and agricultural development (Gleick, 1993). Mis-
managemen uneven distribution of water and the increase in
demands as well as distrust among riparian countries, may
lead to conflict in shared river basins (Homer-Dixon, 1994).
The important role of water in supporting the demands of
growing population, crop production, soil degradation and

other environmental effects, can cause the freshwater to be a
source of conflict in the twentieth century (Westing, 1986).
However, it is argued that the outbreak of war is unexpected
by two reasons. First, there are almost 450 agreements on
international waters signed from 1820 to 2007 (United Na-
tions, 2014) which confirm the tendency of nations to dis-
pute resolution instead of war. Second, starting a war needs
many factors such as political, economic, cultural, religious
and historical factors (Gleick, 1993). Thus, shared water re-
source is a source of both conflict and cooperation. Although
an international agreement among riparian countries can eas-
ily overcome the territorial water resource problem, the basic
challenge happens when water demands of riparian countries
are more than available water.

Equitable allocation of shared water among riparian states
is a complex process and one of the most important is-
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sues in quantitative conflict resolution, specifically at inter-
national scale. Therefore, water scarcity should be analysed
with respect to five prospective in the literature of hydropol-
itics: economic, legal, technical, environmental and secu-
rity issues (Dolatyar and Gray, 2000). Negotiation is neces-
sary for riparian countries to reach an agreement peacefully
over shared water resources. However, the complex problem
in consensus building to reach an equitable and reasonable
agreement (Rieu-Clarke et al., 2012) is how to allocate water
among riparian countries.

Bankruptcy theory is a branch of cooperative Game The-
ory which can be used in dispute resolution and resources
allocation when demand or claim of countries is more than
the total available resources (Ansink and Weikard, 2012).
The bankruptcy theory was introduced in the seminal pa-
pers by O’Neill (1982) and Aumann and Maschler (1985)
and some aspects of this theory have been studied by sev-
eral researchers (Alcalde et al., 2014; Aumann and Maschler,
1985; Hendrickx et al., 2005; Lorenzo-Freire et al., 2010;
O’Neill, 1982; Pérez et al., 2010; Thomson, 2003, 2012).
Few researchers tried to apply the bankruptcy rules to allo-
cate the shared available water among riparian countries (Mi-
anabadi et al., 2014, 2015; Madani and Zarezadeh, 2012).
However, due to different definition of fairness, there is no
certain documented method to choose the most appropri-
ate allocation rule. Therefore, in this paper we established
a new method to choose the most appropriate allocating rule
which seems to be more equitable and reasonable than other
allocation rules to satisfy the riparian countries. To eval-
uate this new proposed method, we applied seven Classi-
cal Bankruptcy Rules (CBRs) including Proportional (CBR-
Pro), Constrained Equal Awards (CBR-CEA), Constrained
Equal Losses (CBR-CEL), CBR-Talmud, Adjusted Propor-
tional (CBR-AP), CBR-Piniles and Minimal Overlap (CBR-
MO) and four Sequential Sharing Rules (SSRs) including
SSR-Pro, SSR-CEA, SSR-CEL and SSR-Talmud in allocat-
ing the Euphrates River water among three riparian countries.

2 Euphrates River basin

The Euphrates River is the longest river in the west of Asia
(Meyers, 1997) with three riparian countries: Iraq, Syria and
Turkey (ESCWA, 2013). It originates from the mountains in
the east of Turkey and after following into Syria and Iraq,
it connects to the Arvand Rud which goes into the Persian
Gulf. The length of river, from the source of Murat Su to
the confluence with the Tigris River is 3000 km; 1230 km
in Turkey, 710 km in Syria and 1060 km in Iraq (Frenken,
2009) (Fig. 1). After constructing the Keban dam in 1974 and
Karakaya dam in 1987, related to the Southeastern Anatolia
Project, or Guneydogu Anadolu Projesi, GAP, project, wa-
ter conflicts raised between Turkey and Syria (Kaya, 1998).
Although the GAP project had been scheduled to be com-
pleted in 2010, it has been delayed because the World Bank

Figure 1. The Euphrates-Tigris Rivers basin (created by Karl
Musser).

has withheld funding the project due to the lack of an official
agreement on water sharing between Turkey and the down-
stream states on the Euphrates and Tigris Rivers (Jongerden,
2010). The contribution of the riparian countries for drain-
ing to the Euphrates River and their claim on this river are
illustrated in Table 1 (Ibrahim et al., 2004; Beaumont, 1998).

3 Bankruptcy allocation rules

3.1 Classical Bankruptcy problem

Bankruptcy theory aims to allocate available resource (asset)
among stakeholders (creditors) to reach an equitable share of
resources, when the asset is not sufficient to satisfy all stake-
holders. To determine the meaning of “equitable”, a large
variety of factors, including population, geography, availabil-
ity of alternative resources, social and economic needs, etc.,
should be considered during negotiations over the allocation
of resources (Gleick, 1993).

3.1.1 Definition

A bankruptcy problem with set of n claimants, N =

{1, . . ., i, . . .,n} is an ordered pair of
(
E,c

)
∈ R×Rn, where

0≤ c1 ≤ c2 ≤ . . .≤ cn and 0≤ E ≤D such that D is the to-
tal demand:

D =
∑n

i=1
ci .

E is the total assets which have to be divided among
n claimants with claims of ci on E. An allocation
rule is a function that assigns a solution of f

(
E,c

)
=(

f1
(
E,c

)
,f2

(
E,c

)
, . . .,fn

(
E,c

))
to a bankruptcy problem
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Table 1. The rate of contribution and claim of riparian countries on
the Euphrates River (Beaumont, 1998; Ibrahim et al., 2004).

Riparian Claim Claim Contribution Contribution
Countries (MCM/year) (%) (MCM/year) (%)

Turkey 14 000 25.6 31 580 88.8
Syria 12 600 23 4000 11.2
Iraq 28 100 51.4 0 0

Total 54 700 100 35 580 100

(
E,c

)
such that (Curiel et al., 1987):

f1
(
E,c

)
≥ 0 for every i ∈N (Individual rationality)∑n

i=1
f1
(
E,c

)
= E (Efficiency).

In this paper allocation vector of f
(
E,c

)
will be shown by

x = 〈x1,x2, . . .,xn〉.

3.1.2 Proportional rule (PRO)

Proportional method can be described as follow:

x
pro
i = µci where µ= E/D. (1)

The µ in this rule is the proportional coefficient.

3.1.3 Constrain Equal Award (CEA)

Using this method, for all ci there exists µ > 0, such that:

xCEA
i =min {µ,ci} . (2)

The µ is calculated by
∑
i∈Nmin {µ,ci} = E.

3.1.4 Constrained Equal Losses (CEL)

Using this method, for all ci there exists µ > 0, such that

xCEL
i =max {0,ci −µ} (3)

where
∑
i∈Nmax {0,ci −µ} = E.

3.1.5 Talmud

This rule is the combination of CEA and CEL rules and is
described as follow:

xTAL
i =


CEA

{
1
2
ci,E

}
if E ≤

1
2
C

1
2
ci+CEL

{
1
2
ci,E−

1
2
C

}
otherwise.

(4)

3.1.6 Piniles

For each ci , xPin
i is calculated as follow: (Bosmans and

Lauwers, 2007)

xPin
i =


xCEA
i

(
1
2
c,E

)
if E ≤

D

2
1
2
c+ xCEA

i

(
1
2
c,E−

D

2

)
if E ≥

D

2
.

(5)

3.1.7 Minimal Overlap (MO) rules

Ibn Ezra’s rule

Consider the class of ψ =
{(
E,c

)
: cn ≥ E

}
. The Ibn Ezra’s

rule is a function of f IE (E,c) : ψ→ Rn+ which is calculated
by

f IE
i

(
E,c

)
= xIE

i =

∑i

j=1

min
{
E,cj

}
−min

{
E,cj−1

}
n− j + 1

(6)

where c0 = 0.
However, this rule is applicable only for a restricted class

of bankruptcy problem.
A formal description for Minimal Overlap rule which is a

modification of Ibn Ezra’s rule for all classes of bankruptcy
problem, was proposed by Chun and Thomson (2005).
Awards vectors are chosen by minimizing the extent of con-
flict over each available unit (Chun and Thomson, 2005). For
each ci , claims on specific parts of E are arranged in such
a way that starting from the highest claim, and in decreas-
ing order. So there is a minimal overlap between them; then,
for each unit, equal division among all agents will be applied
(Alcalde et al., 2008). Two conditions should be considered
(Alcalde et al., 2014).

If E ≥ cn

xMO
i =

∑i

j=1

min
{
cj , t

}
−min

{
cj−1, t

}
n− j + 1

+max {ci − t,0} (7)

where c0 = 0 and t is the unique solution for∑n

k=1
max {ck − t,0} = E− t. (8)

If E < cn

xMO
i = xIE

i =

∑i

j=1

min
{
E,cj

}
−min

{
E,cj−1

}
n− j + 1

. (9)

Adjusted Proportional (AP)

The adjusted proportional (AP) rule, which is a general-
ization of 2-player contested garment principle (appears in
Babylonian Talmud, Baba Metzia, 2a) (Dagan and Volij,
1993), recommends to allocate the asset among claimants as
follow (Curiel et al., 1987):
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xAP
i =


vi +

[
ci − vi∑

j∈N

(
cj − vj

) × (E−∑
j∈N

vj

)]
if 0<E <D

ci if E =D
0 if E = 0

(10)

where

vi =max
{

0,E−
∑

j 6=i
cj

}
. (11)

This method assigns more allocation to stakeholders with
more claims.

3.2 Sequential Sharing Rules (SSRs)

In SSR, Ansik and Weikard (2012) considered an ordered set
N of n≥ 2 stakeholders in which country 1 is the most up-
stream and country n is the most downstream. Stakeholder i
is upstream of j if i < j . The set of stakeholders downstream
of i is denoted by Di = {j ∈N;j > i} and the set of stake-
holders upstream of i is denoted by Ui = {j ∈N;j < i}.
Contribution of country i to increase flow in the river is
shown by ei ≥ 0;e = 〈e1, . . .,en〉. The claimant vector is de-
scribed by c = 〈c1, . . .,cn〉.

A SSR problem is a triple vector of ω =
〈
N ,e,c

〉
. The total

available water on the territory of agent i is

Ei = ei +
∑

j∈Ui

(
ej − xj

)
(12)

while
∑
j∈Ui

(
ej − xj

)
refers to the unallocated water to all

upstream countries of country i.
Downstream excess claims are defined as follow:

cDi =
∑

j∈Di

(
cj − ej

)
. (13)

In order to solve SSR, a bankruptcy rule is ap-
plied to the sequence of (ω1, . . .,ωi, . . .,ωn), where ωi =〈
{i,Di} , (Ei,0) ,

(
ci,cDi

)〉
.

There are two major differences between CBRs and SSRs.
First, in CBRs all agents have equal position, but in SSRs,
the agents are ordered linearly, in the direction of river flow.
Second, in CBRs resource is completely separated from the
agents while in SSRs the resource is initially endowed to the
agents (Ansink and Weikard, 2012).

3.2.1 SSR based on PRO

For all ωi =
〈
{i,Di} , (Ei,0) ,

(
ci,cDi

)〉
there exists λ > 0, so

that xPro
i = λci and xPro

Di
= λcDi . Then λ is

λ=
Ei

ci + cDi
. (14)

3.2.2 SSR based on CEA

For all ωi =
〈
{i,Di} , (Ei,0) ,

(
ci,cDi

)〉
there exists λ > 0, so

that{
xCEA
i =min {ci,λ}
xCEA
Di
=min

{
cDi ,λ

}
.

(15)

3.2.3 SSR based on CEL

For all ωi =
〈
{i,Di} , (Ei,0) ,

(
ci,cDi

)〉
there exists λ > 0,

where{
xCEL
i =min {0,ci − λ}
xCEL
Di
=min

{
0,cDi − λ

}
.

(16)

3.2.4 SSR based on Talmud

For all ωi =
〈
{i,Di} , (Ei,0) ,

(
ci,cDi

)〉
there exists λ > 0, so

that

xTAL
i
=


min

{
1
2
ci ,λ

}
if Ei ≤

1
2

(
ci + cDi

)
ci −min

{
1
2
ci ,λ

}
otherwise

xCEL
Di
=


min

{
1
2
cDi ,λ

}
if Ei ≤

1
2

(
ci + cDi

)
ci −min

{
1
2
cDi ,λ

}
otherwise.

(17)

4 Choosing the best rule

Due to different definition of “equity”, there is no certain
documented method to choose the most appropriate alloca-
tion rule. While the upstream countries prefer the rules closer
to the Absolute Territorial Sovereignty (ATS) doctrine (Rieu-
Clarke et al., 2012), the downstream riparian countries pre-
fer the rules with more water allocation to them based on the
Absolute Territorial Integrity (ATI) doctrine (Rieu-Clarke et
al., 2012). In this paper, a new method is introduced to se-
lect the most appropriate allocation rule. Three assumptions
should be considered for establishing this method. The first
is that all stakeholders have the same power (including mili-
tary power, economic, social welfares and so on) in negotia-
tion and none of the countries considers its power in consen-
sus building process. The second assumption tells that each
country prefers to choose the highest rate of allocation. In
other word, each country insists on its claim as other coun-
tries. The third assumption is that there is no other solution
on the table to allocate the shared water resource.

This method chooses a rule which all stakeholders have
the lowest dispersion about their total preferences on that
rule. So firstly, the allocations are ranked ascending for each
stakeholder, separately. Hence, the priority vectors set, �,
with elements of ωi is formed, in which ωi is a vector with
elements of ϑ ij . The vectors ωi are the preferences vectors.
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Table 2. The allocated water of The Euphrates River among the riparian countries as a percentage of their water demand (%).

Riparian CBR SSR

Pro CEA CEL Talmud Piniles MO AP Pro CEA CEL Talmud

Turkey 65 85 54 54 70 54 58 62 100 32 50
Syria 65 94 49 50 72 49 58 66 86 62 50
Iraq 65 42 77 77 60 77 72 66 38 83 79

Table 3. Priority vectors, Priority Index and ranking of eleven CBR and SSR rules.

Country CBR_Pro CBR_CEA CBR_CEL CBR_Talmud CBR_Piniles CBR_MO CBR_AP SSR_Pro SSR_CEA SSR_CEL SSR_Talmud

Turkey 2.78 5.44 0.11 2.78 4.00 0.11 0.11 0.11 13.44 25.00 9.00
Syria 0.44 11.11 11.11 0.44 4.00 11.11 0.44 1.78 7.11 0.00 4.00
Iraq 5.44 32.11 13.44 5.44 16.00 13.44 0.11 2.78 40.11 25.00 25.00
δi 8.67 48.67 24.67 8.67 24.00 24.67 0.67 4.67 60.67 50.00 38.00
Rank 3 9 6 3 5 6 1 2 11 10 8

i and j refers to number of rules and stakeholders, respec-
tively. (1≤ i ≤Number of rules, 1≤ j ≤ n where n is the
number of stakeholders). In the current study, 1≤ i ≤ 11 and
1≤ j ≤ 3.

In our study, the priority vectors set, � is �=

{ω1,ω2, . . .,ω11}, in which ω1 = 〈4,5,8〉, ω2 = 〈2,1,10〉
and ω11 = 〈10,9,2〉. By this task each bankruptcy rule corre-
sponds to a priority vector ωi . The best priority vector is the
vector with the lowest distance around an intermediate value
e.g. average value in this paper, ω. The dispersion around the
mean of vector i, δi , is calculated by

δi =

n∑
j=1

(
ϑ ij −ωi

)2

n
=

n∑
j=1

(
ϑ ij −

∑n
j=1ϑ

i
j

n

)2

n
.

For example for CBR-MO rule we have:

ω6 =
8+ 11+ 4

3
≈ 7.7

δ6 = δCBP_MO =
(8− 7.7)2

+ (11− 7.7)2
+ (4− 7.7)2

3
≈ 24.67.

Table 3 presents δi for all rules. Each rule which has the low-
est δi , will be chosen as the most appropriate allocation rule.

5 Results

Figure 2 illustrates the allocation of the Euphrates River
among three riparian countries by seven CBRs and four
SSRs. The allocated water of the Euphrates River among
the countries as a percentage of their water demands are pre-
sented in Table 2.

The results shown in Fig. 2 indicate that the method of the
CBR-CEA allocates the lowest rate of water to Iraq, the most
downstream agent, while the SSR-CEL and SSR-Talmud al-
locate the highest rate of water to Iraq. For the upstream

country, Turkey, the most and the least rate of water were
allocated by the SSR-CEA and the SSR-CEL, respectively.
Based on ATS principle, the SSR-CEA is preferable for up-
stream countries, while the SSR-CEL is preferable for down-
stream countries based on ATI principle. Morever the highest
and lowest allocations to Syria are assigned by CBR-CEA,
CBR-CEL and CBR-MO rules, respectively.

The preferences orders for the three riparian states rules
are as follow:

– Turkey: SSR-CEA > CBR-CEA > CBR-Piniles > CBR-
Pro > SSR-Pro > CBR-AP > CBR-CEL = CBR-MO >
CBR-Talmud > SSR-Talmud > SSR-CEL

– Syria: CBR-CEA > SSR-CEA > CBR-Piniles > SSR-
Pro > CBR-Pro > SSR-CEL > CBR-AP > SSR-Talmud
= CBR-Talmud > CBR-CEL = CBR-MO

– Iraq: SSR-CEL > SSR-Talmud > CBR-CEL = CBR-
MO > CBR-Talmud > CBR-AP > SSR-Pro > CBR-Pro
> CPR-Piniles > CBR-CEA > SSR-CEA

According to Table 3 and based on new proposed method
CBR_AP and SSR_CEA are proposed as best and worse al-
location rules, respectively. Although, allocation to Turkey is
the highest rate by SSR-CEA rule and this rule has the high-
est rank for this country (and second place for Syria) but,
as it is illustrated in Table 3, it has the lowest rank for Iraq
and only 38 % of Iraq claims is allocated by this method (Ta-
ble 2). So the more equitable rule is the rule which satisfies
the stakeholders in the more appropriate way.

6 Discussion

Eleven bankruptcy rules in 2 different views, classical
bankruptcy problems and sharing river problem, have been
presented in this paper. A new choosing method base on min-
imal priority index is proposed for selecting the most appro-
priate rule among these eleven bankruptcy rules. According

proc-iahs.net/374/9/2016/ Proc. IAHS, 374, 9–15, 2016
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Figure 2. Reallocation of the Euphrates River among three riparian countries by Classic Bankruptcy Rules (CBR) and Sequential Sharing
Rules (SSR) methods.

to these indices CBR_AP rule select as the best allocation
rule for sharing Euphrates River among the three countries.

No doubt, consensus building depends on several fac-
tors including allocation percentage, rate of contribution, the
damage to the downstream states due to the development
in the upstream countries, compensation to the downstream
countries, socio-political conditions, and the benefits of the
development for the upstream countries, etc. Some factors
that should be considered for equitable and reasonable utili-
sation of an international watercourse are established at UN
Watercourses Convention, Part II (General Principle), arti-
cle 6 (factor relevant to equitable and reasonable utilization)
(Rieu-Clarke et al., 2012). Almost all the factors emphasis
that any kind of development along the basin must consider
existing use of the watercourse which is referred to “histor-
ical uses” (Ansink and Weikard, 2009). However, it should
be consider that “Historical Uses” is differs from “Historical
rights” (Grover, 2007).

In this research, we established a new method to find the
most appropriate allocation rule to satisfy the three countries
of Turkey, Syria and Iraq more equitably for water alloca-
tion of the Euphrates River. Although the allocation rules can
give an appropriate vision to the conflict management of the
transboundary water resources, but it should also be noted
that reallocation of shared water resources is a complicated
problem that it cannot be solved only by some mathematical
methods, especially when the power distribution is asymmet-
ric (Susskind, 2006; Madani et al., 2014). Therefore, water
diplomacy and triple negotiating among Turkey, Syria and
Iraq are suggested to build a consensus and to reach an agree-
ment on this river.

7 Data availability

Data are collected from two different articles. (1)
doi:10.1007/978-3-662-10866-6_28 by Ibrahim et al. (2004)
(2) Restructuring of Water Usage in the Tigris-Euphrates
Basin: The Impact of Modern Water Management Policies
by Peter Beaumont website (Beaumont et al., 1998): http:
//environment.yale.edu/publication-series/796.html.
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