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Water Crisis in the world & Middle East 

ÁJordan River: Arab -Israel Conflict;  
 

ÁEuphrates-Tigris: Turkey, Syria and Iraq;  
 

ÁArvand River: one of Saddamôs pretext to attack to Iran; 

 

Áother water conflict: Amoudarya; Helmand River, é 
 

 

 
 

 

Introduction: 
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ñUpstreamers use water to get more power,  

downstreamers use power to get more waterò (Warner, 2004) 

Transboundary River Basins 
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ÁA Main Problem of Trans-boundary Rivers: 

 

    Demand, Claim >> Supply, Inflow   

Main Dispute: 

The claims by the riparian states as the percentage of annual flow (Ibrahim & Sonmez, 2002). 
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Main question: 

ñFairò and ñEfficientò reallocation mechanism 
for the shared water resources? 

Fair  

Efficient 

Consensus 
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Bankruptcy Methods: 

A method: 

 

              to redistribute an asset (E) when it is not  

                    sufficient to meet all claims (C). 

Claims (C) >> Assets (E) 

●░: Allocation of each claimant? 
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ÁA Trans-boundary Rivers Problem: 

    Demand  >> Inflow or Supply;   

   Different stakeholders, agents and states. 

ÁA Bankruptcy Problem: 

  Claims (C) >> Assets (E); 

  Different claimants. 

Bankruptcy Methods: 

Allocation of each claimant? 
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Bankruptcy Methods: 

i

PRO

i cx l=
C

E
=l

(1) The proportional rule (PRO) is defined as follows: 

  where    

E=2000  ; c=(500, 700, 300, 1000)g C= 2500 
 

 

 

 

x=0.8*(500, 700, 300, 1000)= (400, 560, 240, 800) 

 

8.0
2500

2000
==l

Example: 
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Bankruptcy Methods: 

(2) Equal Losses: 

E=2000  ; c=(500, 700, 300, 1000)g C= 2500 

 

D=2500-2000=500 
 

 

 

x= ( 500-125, 700-125, 300-125, 1000-125 ) = (375, 575, 175, 875) 

 

125
4

500
==d

Example: 
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Which mechanisms is Ȱfairȱȩ 

E=2000  ; c=(500, 700, 300, 1000)g C= 2500 
 

 

(1) The proportional rule (PRO): 
 

      x = (400, 560, 240, 800) 
 

 

(2) The Equal Losses: 
 

      x = (375, 575, 175, 875) 
 

 

 

Bankruptcy Methods: 

Example: 
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Bankruptcy Methods: 

üProportional (PRO) rule is based on: 

 the equal distribution of proportions. 

 

 

üConstrained Equal Losses (CEL) rule is based on: 

 the equal distribution of losses. 

 

 

üConstrained Equal Awards (CEA) rule is based on: 

 the equal distribution of awards. 
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A New Bankruptcy Method: 

Claims (C) >=Assets (E) 

V╪░: Contribution of each state  

 

 

V╬░: Claims of each state 

 

 

●░: Allocation of each state? 
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A New Bankruptcy Method: 

Claims (C) >=Assets (E) 

üThe base of the new method: 

 

    the deficit should be divided  inversely proportional to       

the agentsô contribution  to E and their claims. 

üEach agent who has more contribution to supply the 

assets and less claim, a larger allocation is devoted 

to him. 
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A New Bankruptcy Method: 

Claims (C) >=Assets (E) 

The rate of contribution: 
ä i

i

a

a

The rate of claim: 
äi

i

c

c

Two new variables: 

The total deficit (D) = E - C 
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A New Bankruptcy Method: 
Claims (C) >=Assets (E) 

ii

i

i

i

i

i cdD
n

a

a

c

c

d ¢

-+

=
ää

    :    where*

)1(

iiiii cxdcx ¢¢-= 0   ;  

 The total deficit (D) = E - C 

üThe losses of each agent: 

ü Each agent who has more contribution to 

supply the assets and less claim, a larger 

allocation is devoted to him. 
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Case Study: 

Euphrates and Tigris Rivers: 
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Riparian Composition of Length  Contribution of Flow Claim  
(Beaumont,1998) 

Turkey 1230 km (41%) 31580 (89%) 14000 (44%)  

Syria 710 km (23%) 4000 (11%) 12600 (40%) 

Iraq 1060 km (36%) 0 (0%) 28100 (88%) 

Total 3000 km (100%) 35580 (100%) 54700 (154%) 

The contribution and water demand (MCM/y) of riparian states on the Euphrates River.  

Case Study: 

Euphrates River: 
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Riparian Composition of Length  Contribution of Flow Claim  
(Beaumont,1998) 

Turkey 400 km (22%) 25240 (52%) 7300 (14%)  

Syria 32 km (1%) 0 (0%) 0 (40%) 

Iraq 1418 km (77%) 23430 (48%) 61000 (116%) 

Total 1850 km (100%) 48670 (100%) 68300 (140%) 

The contribution and water demand (MCM/y) of riparian states on the Tigris River.  

Case Study: 

Tigris River: 
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Riparian 
Euphrates River Tigris River 

Contribution rate Claim rate Contribution rate Claim rate 

Turkey 89% 26% 52% 11% 

Syria 11% 23% 0% 0% 

Iraq 0% 51% 48% 89% 

Total 100% 100% 100% 100% 

The rate of Contribution and claim of states on the Euphrates and Tigris Rivers. 

The rate of contribution: 
ä i

i

a

a

The rate of claim: 
äi

i

c

c

Case Study: 
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Case Study: 

The rate of allocation: 

i

i

c

x

claim

allocation
=

Rivers Riparian  
The rate of 

Contribution 

(ai) 

The rate of 

Claim (ci) 
PRO CEA CEL  

New 

Method 

Euphrates 

Turkey 
89% 14000 (26%) 9106 (65%) 14000 (100%) 4440 (32%) 11652 (83%) 

Syria 
11% 12600 (23%) 8196 (65%) 10790 (86%) 7820 (62%) 5475 (43%) 

Iraq 
0% 28100 (51%) 18278 (65%) 10790 (38%) 23320 (83%) 18453 (66%) 

Tigris 

Turkey 
52% 7300 (11%) 5202 (71.3%) 7300 (100%) 0 (0%) 1526 (21%) 

Syria 
0% 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 

Iraq 
48% 61000 (89%) 43468 (71.3%) 41370 (68%) 48670 (80%) 47144 (77%) 

The rate of allocation of states on the Euphrates and Tigris Rivers. 
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Conclusion: 

V The application of bankruptcy theory to support water resources 

allocation problems.  

V Considering some common bankruptcy rules such as PRO, CEA, CEL 

rules. 

 

V The reallocation of the Euphrates and Tigris rivers. 

V This method is potentially more powerful to help solving conflict in 

negotiations over transboundary rivers. 



Analytical Methods for Hydro-conflict Management  
   W

a
te

r R
e

s
o

u
rc

e
s
 M

a
n

a
g

e
m

e
n

t 

Faculty Civil Engineering & Geosciences  

      EWACC2012/Building Bridges 

Thanks For Your Attention 
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