Chapter 12

Transboundary River Basins
Unal Ozis, Nilgun B. Harmancioglu, and Yalcin Ozdemir

Abstract Transboundary water courses provide roughly 70 km3/year or 40% of the
gross surface water potential originating in Turkey. The Euphrates-Tigris Basin
represents about four ﬁfths of this ﬁgure; the rest is contributed by the basins
Orontes, Kura-Araks, Chorokhi, Maritza, and a few other quite small basins. Turkey
is the upstream riparian in the Euphrates-Tigris, Kura-Araks, Chorokhi, and the
small basins, and a downstream riparian in the Orontes and Maritza basins. The total
water potential of the Euphrates-Tigris Basin exceeds 90 km3/y, where Turkey
provides, in rough ﬁgures, 60%, Iraq 25%, Iran 10% (excluding Kharkeh), and
Syria 5% of it. In Turkey, the average water potential of Euphrates is around 32 km3/
y, and that in Tigris around 24 km3/y, including tributaries ﬂowing directly to
downstream countries. Ultimately, as a long-term average, half of the EuphratesTigris water potential originating from Turkey, about 40% in Euphrates and 65% in
Tigris, will continue to ﬂow towards the downstream countries. However, the
amount of water in any allocation agreement should be set according to different
levels of probabilities of discharges because of the signiﬁcant stochastic variation of
discharges, even after regulation by the huge reservoirs in Turkey. The water
potential of the transboundary Euphrates-Tigris Basin is quoted with large differences according to various sources; hence, the determination of the accurate water
potential is an essential prerequisite for any allocation among riparian states and
eventual diversions to other middle-eastern countries. The water potential of the
Euphrates Subbasin appears to be insufﬁcient in Iraq so that the excess water of the
Tigris Subbasin should be transferred to Euphrates to satisfy the irrigation needs
along the Euphrates banks in Iraq.
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Introduction

More than 200 watercourses in the world are of ‘transboundary’ and/or ‘boundary
forming’ nature; they cover almost half of the continents. The 1997 UN-Convention
used the unfortunate, misleading term ‘international’ for these watercourses,
although they have been called ‘transboundary’ watercourses for several decades
of preceding drafts and discussions. The term ‘multinational’ watercourse could
have been a rational compromise if the expression ‘national’ were to be maintained
in the terminology.
Most of the transboundary and/or boundary-forming watercourses often cause
conﬂicts of interest among the riparian countries and around 300 treaties between
various states have been issued for the use of these watercourses (Bilen 1994; Biswas
1994; Kolars 1994; Wolf 1994; Kibaroglu et al. 2011).
Turkey’s transboundary river basins (Fig. 12.1), including border-crossing tributaries, are:
(a) Maritza (Meric) Basin, and the adjacent small Velika (Kocadere) and Rezovo
(Mutludere) creeks;
(b) Chorokhi (Coruh) Basin and the adjacent Sarp Creek;
(c) Kura-Araks (Kura-Aras) Basin and the small Baradost Creek to the east of
Yuksekova;
(d) Orontes (Asi) Basin and the adjacent small Qweik (Balik) creek;
(e) Euphrates-Tigris (Firat-Dicle) Basin.
Turkey is the upstream riparian in Euphrates-Tigris, Kura-Araks, Chorokhi, and
the small basins, and a downstream riparian in Orontes and Maritza basins (Ozis
1997; Ozis et al. 1997, 2001, 2004a, 2013a, b; Ozis and Ozdemir 2009, 2010;
Ozdemir et al. 2013).

Fig. 12.1 Overview of transboundary river basins in Turkey. (U. Ozis & Y. Ozdemir)
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Transboundary water courses cover an area of 250,000 km2 or roughly one third
of the land surface of Turkey. They provide about 70 km3/y or 40% of the gross
surface water potential originating in Turkey; the Euphrates-Tigris Basin represents
about four ﬁfths of this ﬁgure.
The development of land and water resources in Turkey worries downstream
countries with regard to an anticipated decrease in quantity and deterioration in
quality of the water. These are especially related to the implementation of the
Southeastern Anatolia Project (Turkish acronym: GAP) in the Euphrates-Tigris
Basin, where Turkey is the upstream riparian in both main subbasins.
The worries of the downstream countries are based on:
(a) evaporation losses from reservoir surfaces created by large dams (although these
dams are indispensable to beneﬁcially regulate the highly varying discharges of
the Euphrates-Tigris Basin and to control ﬂoods and sedimentation, thus serving
also to downstream riparian countries);
(b) the diversion to and consumption by large irrigation systems in the Basin (which
appear to be basically equitable and reasonable uses);
(c) substantial urban and industrial water supply requirements in the region (with
signiﬁcant population increase and vital need for socio-economical development
of the country).
Water scarcity in the Middle-East (presumably to be still worsened by anticipated
negative effects of climate change processes), as well as water allocation claims of
the riparian states, raise issues of conﬂicts rather than cooperation with regard to the
development of the Euphrates-Tigris Basin (Ozis and Ozdemir 2009).
Besides the reactions from downstream riparian states, Turkey is confronted with
several pressures from other foreign sources. International geopolitical and energy
issues of states and organizations outside the region urge Turkey to restrict her uses
and allocate large amounts of water to middle-eastern countries.
Turkey voted against the 1997 UN Convention that required several permissions
and restrictions, as they would slowdown the implementation of her projects towards
the urgent needs for the social and economical development of the southeastern
regions. On the other hand, Turkey states that her projects make also ‘optimal use’ of
the available land and water resources and also conform to the ‘equitable and
reasonable use’ and ‘causing no signiﬁcant harm’ principles.
Dams in Turkey provide signiﬁcant beneﬁts also to downstream countries, such
as sediment retention, ﬂood mitigation, and temporarily low ﬂow augmentation.
Nevertheless, water allocation disputes among riparians on one hand, water diversion issues from Tigris to Euphrates and eventually from Euphrates to the
neighbouring Jordan and Orontes Basins on the other hand, place the EuphratesTigris Basin in the foreground of international interests.
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Maritza (Meric) Basin, and the Adjacent Small Velika
(Kocadere) and Rezovo (Mutludere) Creeks

12.2.1 Geographical Position of the Maritza Basin
Maritza is one of the leading river basins of the Balkans, ﬂowing in Bulgaria, Greece
and Turkey. It covers the large part of Thrace, the north-west region of Turkey.
The river Maritza (Meric), its southern tributary Arda (Arda), its northern tributary Tundza (Tunca) originate in Bulgaria. The river Maritza (called Evros in
Greece) forms a short stretch between Svilengrad and Kapikule near Edirne. It
forms the boundary between Bulgaria and Greece, than between Greece and Turkey.
It enters Turkey for about 20 km at the Karaagac district of Edirne, then forms again
the boundary between Turkey and Greece and discharges to the Aegean Sea near
Enez.
The northern tributary Tundza, with a drainage area of around 7900 km2 in
Bulgaria, forms ﬁrst the boundary between Bulgaria and Turkey. It then enters
Turkey and joins Maritza near Edirne. The southern tributary Arda crosses the
border to ﬂow in Geece and joins Maritza near Edirne, shortly after the conﬂuence
of Maritza and Tundza, where Maritza forms the boundary between Greece and
Turkey. The southeastern tributary of Maritza, called Ergene, ﬂows entirely in
Turkey and joins Maritza roughly 35 km before reaching the Aegean Sea (Figs.
12.2, 12.3, 12.4 and 12.5). The drainage area of the Maritza Basin is about
34,065 km2 in Bulgaria, 3685 km2 in Greece, and 14,850 km2 in Turkey so that
the total is roughly 52,600 km2.

Fig. 12.2 Maritza (Meric) Basin in Bulgaria, Greece, Turkey; and Adjacent Two Small Creeks in
Turkey and Bulgaria. (U. Ozis & Y. Ozdemir)
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Fig. 12.3 Tundza (Tunca) River and the 136 m long Ekmekcizade Bridge (1615) in Edirne. (Photo
by U. Ozis)

Fig. 12.4 Maritza (Meric) River and the 263 m long Mecidiye Bridge (1847) in Edirne. (Photo by
U. Ozis)

On the north-eastern slopes of the Istranca mountains adjacent to the Maritza
Basin, the Rezovo (Mutludere) creek, which is among the creeks ﬂowing to the
Blacksea, originates in Turkey. It forms then the boundary between Turkey and
Bulgaria. The Velika (Kocadere) creek originates in Turkey and ﬂows to Bulgaria.
These creeks with a water potential of 0.1 km3/y, originating from a roughly 400 km2
drainage area in Turkey, can be used for water supply diversions of KirklareliIstanbul area and may affect Bulgaria.
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Fig. 12.5 Ergene River and the 1360 m long Uzunkopru Bridge (1443) at Uzunkopru. (Photo by U.
Ozis)

12.2.2 Water Potential of the Maritza Basin
The water potential of Maritza originating in Turkey is around 1.2 km3/y contributed
by the tributary Ergene, 0.4 km3/y by the tributary Tundza, and 0.2 km3/y by the
creeks on the east bank of Maritza, thus totalling 1.8 km3/y.
In the upper-riparian Bulgaria, the water potential of Maritza and the tributary
Arda is around 5.1 km3/y and the tributary Tundza 0.6 km3/y. The additional water
potential of Maritza and Arda from Greece is 0.5 km3/y. Hence, the total water
potential of the entire Maritza Basin, including Turkey, is in the order of 8 km3/y
(Ozis 1997; Sen 2002; Ozis et al. 2006, 2013a, b; Kibaroglu 2008a; Kramer and
Schellig 2011).

12.2.3 Water Resources Development in the Maritza Basin
Seven dams on the upper valleys of Maritza’s small tributaries were constructed in
Bulgaria with a total reservoir volume of roughly 1.2 km3. Two dams, Koprinka and
the low Jrebchevo, exist in the upper part of Tundza, with a total reservoir volume of
about 0.5 km3. A cascade of three dams on Arda create a total reservoir volume of
about 1.0 km3. The total reservoir volume of 2.7 km3 in Bulgaria proved to be
insufﬁcient to control and mitigate the ﬂoods of especially Maritza and Tundza.
These dams in Bulgaria, some equipped with power plants, regulate the ﬂow for
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irrigation purposes along the Plovdiv (Filibe) plain to the north of the Rodop
mountains.
Greece constructed a low dam on Arda, serving as an afterbay to regulate the
outﬂow of cascading hydroelectric plants in Bulgaria and to supply water for
irrigation of roughly 50,000 ha of land between Arda and the western bank of
Maritza.
Turkey has 1,200,000 ha agricultural land in the Maritza Basin, often called
Meric-Ergene Basin and anticipates to irrigate at least one third of it by surface water
(DSI 1995; Kibaroglu 2008a, Malkarali et al. 2008). Turkey constructed seven dams
of modest sizes and more than one hundred small reservoirs in this basin to cover
part of the irrigation needs.

12.2.4 Water-Related Issues in the Maritza Basin
The water related problems of the Maritza Basin, especially in Turkey, are twofold.
On one hand, the water potential of the river basin is not sufﬁcient for the irrigation
requirements of the entire basin; on the other hand, the existing schemes are not
capable of ﬂood mitigation, especially in the Edirne area where Tundza and Arda
tributaries conﬂuence with the main river Maritza.
Turkey and Greece have constructed several stretches of levees with 170 km total
length along both banks of the lower Maritza River. Flood mitigation is a very
important issue, especially for Turkey (Eroglu 2006; Gunduz 2006; Dmitrov et al.
2008; Malkarali et al. 2008; Kramer and Schellig 2011).
The insufﬁciency of Turkey’s water potential and the inconveniences in its areal
distribution necessitate to harness the water of the main river. However, diversions in
Bulgaria and Greece often cause water shortages in the river. Turkey even ‘bought’
water released from the reservoirs of Bulgaria’s dams during the drought of 1993.
Water quality problems, especially due to industrial and agricultural fertilizer
pollution, is another important issue in the basin (Samsunlu et al. 1996).
Turkey and Bulgaria made several partial agreements on cooperation in the
Maritza Basin (Kibaroglu 2008a; Kibaroglu et al. 2011). The construction of the
long-discussed Suakacagi dam on Tundza in Turkey, with its reservoir extending in
Bulgaria, will bring some remedy to the ﬂood and drought problems of Turkey in
this basin. Last but not the least, changing formations of the sandy Maritza delta
deserve special attention.
Bulgaria and Greece are members of the European Union and have to act in
conformity with the EU Water Framework Directive, whereas Turkey is waiting
since half a century to be an EU member (Bosnjakovic 2000; TMMOB 2006;
Dalkilic and Harmancioglu 2008; Bilen 2009; Sumer and Muluk 2011). The EU
often refers to the needs and demands of the downstream riparians Syria and Iraq in
the Euphrates-Tigris Basin but does not make any comments on the needs of the
downstream riparian Turkey in the Maritza Basin!
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The lower-riparian Turkey has to manage the situation in the Maritza Basin
within a broader frame, considering her sensitive relation with Bulgaria and Greece,
the importance of the river and its tributary for Bulgaria, and the use of Arda waters
in Greece. Besides the implementation of the transboundary Suakacagi dam on
Tundza, the regulation of excess waters by off-stream reservoirs in Turkey, which
are unregulated by the upstream dams, may partly contribute to the physical solution
of the problem.

12.3

Chorokhi (Coruh) Basin and the Adjacent Small Sarp
Creek

12.3.1 Geographical Position of the Chorokhi Basin
The Chorokhi (Coruh) Basin originates in the north-eastern region of Turkey. It is
located to a great extent in Turkey with a drainage area of 19,872 km2. Chorokhi,
together with its small tributary Machakhela (Cakal) creek, then crosses the border to
Georgia. Chorokhi receives there its last major tributary Ajaristskali and discharges
into Blacksea near Batumi (Fig. 12.6). The drainage area in Georgia is 2479 km2 so
that the total area of the Chorokhi Basin is 22,351 km2. These ﬁgures include the

Fig. 12.6 Chorokhi (Coruh) basin in Turkey and Georgia; and the adjacent Sarp creek along the
boundary. (U. Ozis & Y. Ozdemir)
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Fig. 12.7 Chorokhi
(Coruh) river valley. (Photo
by Y. Ozdemir)

drainage area of the border-crossing Machakhela creek, 181 km2 in Turkey and
360 km2 in Georgia.
The small Sarp Creek ﬂowing to the Blacksea at the north-eastern corner of
Turkey, adjacent to Chorokhi Basin, forms the border between Turkey and Georgia.

12.3.2 Water Potential of the Chorokhi Basin
The water potential of the Chorokhi Basin in Turkey (Fig. 12.7) is 6.1 km3/y (Ozis
1997; Ozis et al. 2006; Klaphake and Scheumann 2011; Ucar and Gurer 2013). This
is close to one tenth of the total domestic transboundary water potential of Turkey.
The additional water potential originating from Georgia appears to be in the order of
2.7 km3/y so that the total water potential of the Chorokhi Basin is around 8.8 km3/y.
The water potential of the Sarp creek, originating from Turkey, is in the order of
0.1 km3/y.

12.3.3 Water Resources Development in the Chorokhi Basin
Turkey foresees to irrigate 160,000 hectares of land and is constructing water power
schemes generating a total of 12 billion kWh/y electrical energy in Chorokhi Basin,
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Fig. 12.8 The 249 m high (above foundation) Deriner dam on Chorokhi (Coruh) river. (Photo by
Y. Ozdemir)

two of them on tributaries and ten of them forming a cascade of dams with almost
1500 m head difference along the main river (EIE 1985; DSI 1995; TMMOB 2006;
Sucu and Dinc 2008; Sarac and Eciroglu 2008). These include some of the highest
concrete arch dams of the world, like the 270 m high Yusufeli (under construction),
249 m high Deriner (Fig. 12.8), and the 190 m high Artvin (Fig. 12.9) dams (heights
above foundation), supplying hydroelectric plants of 540, 670, 332 MW capacity,
respectively. Upstream of the existing modest Atshesi power plant, Georgia plans to
construct a cascade of three larger high-head power plants (Shuakhevi, Keremkheti,
Khertvisi) in the Ajaristskali subbasin.

12.3.4 Water-Related Issues in the Chorokhi Basin
The irrigation of 160,000 ha of land, compared to the water potential of Chorokhi,
will not cause a handicap for the downstream riparian Georgia; moreover, ﬂow
regulation through the dam cascades will augment the low ﬂows, trap the sediments,
and mitigate the ﬂoods also for the beneﬁt of Georgia.
However, Georgia worries about the reduction of sediments since this may cause
the shrinkage of the delta through the erosion of the Blacksea, so that the effect of
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Fig. 12.9 The 190 m high (above foundation) Artvin dam on Chorokhi (Coruh) river. (Photo by
Y. Ozdemir)

sediment reduction on the formation of the delta near Batumi should be studied
carefully (Ozis and Ozdemir 2009; Kibaroglu et al. 2011; Klaphake and Scheumann
2011; Ozis et al. 2013a, b).
Furthermore, both countries face pollution problems in Lower Chorokhi river and
its tributaries, requiring appropriate measures. It should be noted that Georgia
adopted the principles of the European Water Framework Directive.

12.4

Kura-Araks (Kura-Aras) Basin and the Small
Baradost Creek

12.4.1 Geographical Position of the Kura-Araks Basin
The Kura-Araks (Kura-Aras) Basin consists of two main subbasins: Kura and Araks
(Aras), both originating in the north-eastern region in Turkey. The total drainage area
of the Kura-Araks Basin in Turkey is 28,479 km2, with 4887 km2 in Upper Kura,
20,408 km2 in Upper Araks (including Kars and Arpacay tributaries), 2350 km2 in
Sarisu, and 832 km2 in Kotur tributaries.
Kura originates in Turkey, crosses the border to Georgia, receives some creeks
from Armenia, then continues to Azerbaidjan, joins Araks near Sabirabad, and ﬂows
into the Caspian Sea. The drainage area of the Kura Subbasin is 4887 km2 in Turkey,
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Fig. 12.10 Kura-Araks (Kura-Aras) Basin in Turkey, Georgia, Armenia, Iran, Azerbaidjan. (U.
Ozis & Y. Ozdemir)

roughly 33,000 km2 in Georgia, 7200 km2 in Armenia, and 41,000 km2 in
Azerbaidjan, so that the entire Kura drainage area is about 86,000 km2.
Araks originates in Turkey whereas the tributary Arpacay originates in Armenia
and joins the tributary Kars to form the boundary between Turkey and Armenia.
Arpacay joins Araks at the boundary. Araks forms then the boundary between
Turkey and Armenia, for a short stretch between Turkey and Azerbaidjan
(Nakhcevan). Next, Araks forms the boundary between the Islamic Republic of
Iran (thereafter will be written as ‘Iran’ only) and Azerbaidjan (Nakhchevan). It also
forms in succession the boundary between Iran and Armenia, again Iran and
Azerbaidjan, and ﬁnally joins Kura in Azerbaidjan (Figs. 12.10 and 12.11).
The drainage area of the Araks Subbasin is about 23,592 km2 in Turkey (including 2350 km2 of Sarisu and 832 km2 of Kotur tributaries, crossing the border to Iran),
roughly 22,600 km2 in Armenia, 39,000 km2 in Iran, and 19,000 km2 in Azerbaidjan
(including 5500 km2 of Nackhcivan), thus totalling around 104,000 km2. The entire
basin’s drainage area, lying east of the Blacksea and discharging into the Caspian
Sea, is in the order of 190,000 km2 (Figs. 12.10,12.11 and 12.12).
The Baradost Creek, adjacent to the Tigris Subbasin, originates near Yuksekova
and has a water potential of about 0.1 km3/y in Turkey. It crosses the border to Iran
and ﬂows through to the Urmia (Orumiyeh) lake.
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Fig. 12.11 Araks (Aras) River and the 130 m long Cobandede Bridge (1297). (Photo by U. Ozis)

Fig. 12.12 The Mount Ararat (Buyuk Agri Dagi) (peak el. 5165 m) between Aras River and its
tributary Sarisu, east of Dogubayazit in Turkey. (Photo by U. Ozis)
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12.4.2 Water Potential of the Kura-Araks Basin
The ﬂow originating from Turkey in the Kura-Araks Basin is about 0.9 km3/y in
Upper Kura, 1.6 in Upper Araks, 0.6 in Kars, 0.1 in Sarisu, and 0.1 in Kotur
tributaries, hence totalling 3.3 km3/y (Ozis 1997; Ozis et al. 2006, 2013a, b; Baran
and Cakmakoglu 2001; Klaphake and Kramer 2011).
The additional water potential of Kura (called Mtkvari in Georgia) is roughly
11 km3/y in Georgia, 2 km3/y in Armenia, and 7 km3/y in Azerbaidjan, amounting to
a total of 21 km3/y, including Turkey. The additional water potential of Araks is
roughly 4 km3/y in Armenia, 5 km3/y in Iran, and 3 km3/y in Azerbaidjan, thus
totalling 14 km3/y, including Turkey. The total water potential of the Kura-Araks
Basin is thus in the order of 35 km3/y, again including Turkey.

12.4.3 Water Resources Development in the Kura-Araks
Basin
Turkey plans to generate 2.3 billion kWh/y electrical energy and irrigate up to
480.000 hectares of land in the Kura-Araks Basin (DSI 1995). Its water potential
in Turkey will barely meet the entire irrigation demand even when areal distribution
differences of this potential can be solved.
The Arpacay dam at the boundary-forming stretch, providing ﬂow regulation for
the Serdarabat weir to irrigate the Igdir plain, was constructed in the 1980’s on the
basis of the 1927 treaty between Turkey and USSR, which stipulated equal use of
Arpacay waters. Turkey has constructed several dams and hydroelectric plants for
energy, together with some for irrigation purposes, like Kayabeyi on Kura, Cildir
downstream of the lake, and Kars on the same named tributary.
Georgia and Azerbaidjan increased the capacity of Lake Jandari to create a
storage volume of 25 km3. Several dams for various purposes, mainly irrigation,
are constructed in the basin. Among these, the dams Mingechevir with an active
storage of 4.7 km3, Shamkir with an active storage of 1.4 km3 built in the Kura
Subbasin in Azerbaidjan, and the dam Aras with an active storage of 1.2 km3
between Iran and Nakhcevan in the Araks Subbasin, are noteworthy.
It is reported that 2–2.5 million hectares of land are actually under irrigation in the
Kura-Araks Basin, with roughly 1 million ha in Azerbaidjan, 0.5 million ha in Iran,
0.3 million ha in Georgia, 0.2 million ha in Armenia, and 0.2 million ha in Turkey.

12.4.4 Water-related Issues in the Kura-Araks Basin
The riparians of the Kura-Araks Basin concluded several bilateral agreements
concerning the waters of the basin; they are, however, far from establishing a joint
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integral basin development plan (Kibaroglu et al. 2011; Klaphake and Kramer
2011). Return ﬂows from irrigation and pollution from domestic and industrial
uses, enhanced with the scarcity of water in dry years, are of great importance for
the basin. Even the release of 1.8 m3/s from Turkey to Iran in the Sarisu tributary
could not be realized during some dry periods.
The extension of irrigated areas in Turkey will affect the availability of water in
downstream riparians. The positive effect of Turkey’s dams on ﬂood mitigation,
discharge regulation, and sediment retention appears to be limited for the downstream riparians.
The Kura-Araks Basin bears, beyond water resources, great importance for
Turkey with regard to political and economical relations with Georgia, Armenia,
Iran, and especially Azerbaidjan, so the development of the basin will be affected by
multilateral approaches in the region.

12.5

Orontes (Asi) Basin and the Adjacent Small Qweik
(Balik) Creek

12.5.1 Geographical Position of the Orontes Basin
The river Orontes (Asi) originates near Baalbek in Lebanon’s Bekaa valley, crosses
the border to ﬂow northwards to Syria and forms later the boundary between Syria
and Turkey for around 25 km. It enters then into Turkey, makes a turn near the Amik
Plain, and discharges to the Mediterranean Sea. The north-eastern tributary Afrin
originates in Turkey, crosses the border to Syria, and enters back to Turkey near
Reyhanli. Afrin joins Karasu near the Amik Plain. The northern tributary Karasu
originates also in Turkey, forms the boundary between Turkey and Syria for around
30 km, then ﬂows again in Turkey, and ﬁnally joins Orontes near the Amik Plain
(Fig. 12.13).
The ﬁgures for the drainage area of the entire Orontes Basin vary from around
21,000–26,000 km2, the latest being 24,745 km2, determined through digital elevation maps and the geographical information system. The drainage area of Orontes in
Turkey is about 6000 km2, including roughly 1000 km2 of the Afrin tributary’s
upper creek. It is 2000 km2 in the upper riparian Lebanon, and 17,000 km2 in Syria.
Hence, the total drainage area of the Orontes Basin is in the order of 25.000 km2
(Ozis and Ozdemir 2009; Ozis et al. 2013a, b; Karatas 2016; Selek 2016).
The Qweik (Balik) Creek between the Orontes Basin and the neighboring
Euphrates Subbasin, ending in desert land near Aleppo in Syria, has a potential of
about 0.2 km3/y which originates from around 1000 km2 in Turkey (Ozis 1997).
Although a treaty dating back to 1921 depicts the equal use of Qweik waters for
water supply of Aleppo, the city is actually supplied from the reservoir of the Tabqa
(At-Thawra) dam on Euphrates.
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Fig. 12.13 Orontes (Asi)
Basin in Lebanon, Syria,
Turkey, and the Adjacent
Small Qweik (Balik) Creek.
(U. Ozis & Y. Ozdemir)

12.5.2 Water Potential of the Orontes Basin
The water potential of the Orontes Basin in Turkey is in the order of 1.2 km3/y,
including 0.2 km3/y from the Afrin tributary’s upper creeks. From Lebanon originates 0.4 km3/y of the potential, and 1.2 km3/y originates from Syria so that the
entire water potential of Orontes is roughly 2.8 km3/y (Baran et al. 1997, 2006; Ozis
1997; Ozis et al. 2006; Maden 2011a, b; Scheumann et al. 2011b; Karatas 2016;
Selek 2016).
Furthermore, groundwater is actually an important source for irrigation and
domestic water purposes in Turkey and especially in Syria. The total safe groundwater potential of the entire basin is in the order of 0.7–0.8 km3/y (Karatas 2016).
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12.5.3 Water Resources Development in the Orontes Basin
Turkey intends to irrigate roughly 200,000 ha of land in Orontes Basin (DSI 1995;
Odemis et al. 2016; Selek 2016). Turkey has constructed some modest dams and
several small reservoirs in this basin to cover part of the irrigation needs.
The Tahtakopru Dam on the northern Karasu tributary, formerly serving to
irrigate 13,000 ha, is recently heightened by 11 m to irrigate additional 34,000 ha
of land and to supply water to three hydroelectric plants producing 135 GWh/y. The
105 m high, recently constructed Buyuk Karacay Dam on the western tributary
Karacay, supplies water to Antakya and its vicinity.
The Reyhanli Dam on the eastern Afrin tributary, with a remarkable crest length
of 9.3 km, is anticipated to enter into service in 2019 and will serve to irrigate
60,000 ha land. The 42 m high Yarseli dam on the small Beyazcay tributary,
westwards of the boundary forming stretch of the Orontes, serves to irrigate
7300 ha land.
Lebanon has the dam Assi to control the upper part of the Orontes river, irrigating
around 20,000 ha of land with the contribution of karst springs.
Syria ﬁrst restored the historical Katinah dam, upstream of Homs, and then
constructed the Rastan dam between Homs and Hamah and the Mhardeh dam
downstream of Hamah to create an active storage of 0.5 km3/y. Roughly three
dozens of additional small dams and reservoirs on side creeks of the main river
increase the total active storage in the Orontes Basin in Syria to roughly 1.1 km3.
Besides certain domestic and industrial uses, Syria has extensive irrigation
activities in the Orontes Basin, like the Ghab and some other projects near Homs
and Hamah, resulting in a total area of irrigated land of more than 200,000 ha. Part of
the irrigation and urban water demand is actually supplied by groundwater.

12.5.4 Water-Related Issues in the Orontes Basin
Turkey cannot irrigate 200,000 ha of land in Orontes Basin through the use of only
the domestic water potential. On the other hand, Syria’s irrigation activities in the
Orontes Basin signiﬁcantly affect the discharges, on one hand leaving virtually quite
limited amounts of water to enter Turkey, especially in dry seasons, and on the other
hand, releasing ﬂood discharges in wet seasons (Odemis et al. 2016; Turhan and
Kibaroglu 2016). Moreover, there are several problems related to water quality
(Kibaroglu and Jaubert 2016).
Turkey and Syria agreed in 2009 to jointly construct a ‘Friendship’ dam on the
boundary forming stretch of the river between the two countries. This project would
irrigate 8000 ha of land, protect 6000 ha of land against ﬂoods, and generate 13
GWh/y hydroelectric energy. The construction began in 2011; however, the
upheaval in Syria, followed by issues of territorial integrity, refrained its realization
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for several years (Kibaroglu and Scheumann 2013; Kibaroglu and Sumer 2016;
Selek 2016; Scheumann and Shamaly 2016).
The Hatay province of Turkey, located largely in Orontes Basin, is designated as
being part of Syria on many Syrian maps, and Syria systematically refused to discuss
water issues related to the Orontes Basin. The case of the Friendship Dam constitutes
also a ‘de facto’ recognition of Turkey’s rights related to the Hatay province.
The reciprocal positions of the two countries in Orontes and Euphrates, although
at different scales, necessitates the inclusion of the Orontes Basin in discussions
about the Euphrates-Tigris Basin in particular, and of middle-eastern water problems
in general (TMMOB 2006; Ozis and Ozdemir 2009; Kibaroglu et al. 2011; Ozis
et al. 2013a, b; Kibaroglu and Sumer 2016).

12.6

Euphrates-Tigris (Firat-Dicle) Basin

12.6.1 Geographical Position of the Euphrates-Tigris Basin
12.6.1.1

The Euphrates-Tigris Basin in the Middle-East

Euphrates and Tigris are the two principal branches of the transboundary river basin,
joining each other 70 km north of Bassorah in Iraq, forming the Shatt-al-Arab, and
discharging 100 km thereafter into the Gulf. A large closed basin in Iraq, the Thartar
Subbasin, is artiﬁcially linked with Tigris and Euphrates.
Turkey is the upstream riparian of both the Euphrates and the Tigris. Iran is the
upstream riparian of certain eastern tributaries of Tigris. Saudi Arabia is the
upstream riparian of some virtually non-contributing creeks southwest of Euphrates.
Syria is largely the upper downstream riparian of Euphrates and, for a short stretch,
the downstream (boundary) riparian to Tigris. Iraq is the main downstream riparian
of Tigris and Euphrates.
The Karun Basin in Iran, including the Dez Subbasin, discharges to the Gulf at the
eastern edge of the Shatt-al-Arab delta near Khoramshahr and Abadan. It is geographically conceived also as a subbasin of the Shatt-al-Arab by certain references;
in the present text, however, the river Karun will not be considered as a subbasin of
the Euphrates-Tigris Basin.
The drainage area of the Euphrates Subbasin is 121,560 km2 in Turkey,
87,300 km2 in Syria, non-contributing 58,000 km2 in Saudi Arabia, and
182,300 km2 in Iraq; thus, the total is 450,000 km2 at the beginning of Shatt-al-Arab.
The drainage area of the Tigris Subbasin is 57,615 km2 in Turkey, 850 km2 in
Syria, 39,400 km2 in Iran (excluding Karkheh), and 146,150 km2 in Iraq (without
Thartar); thus the total is 244,015 km2 up to the beginning of Shatt-al-Arab. The
Shatt-al Arab ﬂows across three groups of marshlands: (a) Qurna, close to the
conﬂuence of Euphrates and Tigris; (b) Hamar to the west of Shatt; (c) Havize to
the east of Shatt. The area of these marshlands largely vary according to the seasons
and to stochastic variations in hydraulicity.
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Fig. 12.14 The Euphrates-Tigris Basin in Turkey, Syria, Saudi Arabia, Iran (the tributary Kharkeh
excluded), Iraq. (U. Ozis & Y. Ozdemir)

The entire drainage area of the Euphrates-Tigris Basin (Figs. 12.14, 12.15 and
12.16), including the closed Thartar Basin and the ﬁnal part along Shatt-al-Arab
down to the Gulf, is roughly 700,000 km2.
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Fig. 12.15 The Euphrates River near Karkamis. (Photo by U. Ozis)

Fig. 12.16 The Tigris River near Diyarbakir with the 180 m long Dicle-Bridge of roman origin.
(Photo by A. Alkan)

12

Transboundary River Basins

12.6.1.2

419

The Euphrates Subbasin

Euphrates originates as the tributaries Karasu and Murat from the north-east.
Through its course, Murat receives the tributaries Peri and Munzur, largely fed
from karstic springs further down. Murat joins Karasu close to the Keban dam
site, and both discharge into the Keban reservoir.
The Euphrates River receives, in succession, the tributary Tohma from the northwest between Keban and Karakaya dam sites, the tributary Kahta from the west
between Karakaya and Ataturk dam sites, the tributary Goksu from the west between
Ataturk and Birecik dam sites, and the tributary Nizip from the west between Birecik
and Karkamis dam sites, the latter located close to the boundary between Turkey and
Syria.
Some smaller tributaries of Euphrates in Turkey cross the border to Syria, e.g.
Sajour (Sacir) to the west of Euphrates, Balikh (Culap) to the east of Euphrates, and
three creeks (Circip, Zerkan, Cagcag) farther east, forming then the tributary Khabur
in Syria. The tributary Sajour from the north-west joins Euphrates to the south of
Jerablus. Euphrates receives the tributary Balikh from the north near Rakka and the
tributary Khabour from the north-east near Buseyra. The Euphrates crosses the
Syrian-Iraqi border near Abou Kemal and joins Tigris at Qurna to the northwest of
Bassorah.

12.6.1.3

The Tigris Subbasin

Tigris originates from Lake Hazar to the southeast of Elazig, close to the tributary
Murat of Euphrates and upper levels of the Keban reservoir on Euphrates. Tigris
receives, from the north, the tributaries Batman, Garzan and Bitlis along its course
towards east before turning to the south.
On the way to the Turkish-Syrian border, Tigris receives the tributary Botan from
the east and forms for around 30 km the boundary between Turkey and Syria to the
south of Cizre. Then, for about 7 km, it establishes the boundary between Syria and
Iraq until it reaches Faish Khabur.
The eastern tributary of Tigris, Khabour (Habur) and its tributary Hezil, both
originate in Turkey. Khabour crosses the border to Iraq and continues until its
conﬂuence with Hezil. Hezil forms the Turkish-Iraqi border for around 30 km
until its conﬂuence with Khabour. Khabour then continues as the Turkish-Iraqi
border and joins Tigris near the Turkish-Iraqi-Syrian border junction.
The Greater Zap (Buyuk Zap) and its tributary Shamadinan (Semdinli) originate
in Turkey. Then, they cross the border, and Shamadinan joins the Greater Zap in
Iraq. The Greater Zap ﬂows into Tigris southwards of Mossul. The Lesser Zap
(Kucuk Zap) originates in Iran, crosses the border to Iraq, and joins Tigris westwards
of Kerkouk (Kerkuk). Another eastern tributary, Adheim (Al-Uzaym), originates in
Iraq and joins Tigris between Samarra and Baghdad. The tributary Diyala originates
in Iran, crosses the border to Iraq, and joins Tigris to the south of Baghdad.
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The Karkheh River, with all its tributaries, ﬂows almost entirely in Iran and
crosses the border to Iraq at a quite low elevation near Amarah to join Tigris. Tigris
continues to ﬂow in Iraq to join Euphrates at Qurna north of Bassorah.

12.6.2 Water Potential of the Euphrates-Tigris Basin
12.6.2.1

Water Potential of the Euphrates Subbasin

The average water potential of Euphrates and Tigris are cited with large differences
in numerous publications. The ﬁgures cited below are based on the authors’ own
investigations, based on various data and approaches (Ozdemir 1998; Ozis et al.
1998, 1999a, b, 2000; Ozdemir and Ozis 2000; Ozdemir et al. 2002).
In these studies, observations of monthly discharges at key stream-gauging
stations on Euphrates and Tigris in Turkey are analyzed and missing data estimated
through correlation analyses. Long-term average discharges (m3/s) are evaluated for
the period of 1940–1989, as natural discharges without modiﬁcation by large
reservoirs and major withdrawals.
Similar studies are carried out for the discharges at the southern tributaries, which
reach the main watercourse in the Turkish territory, or which cross the border
separately towards the downstream riparian (Ozdemir and Ozis 2000). Furthermore,
the unit average discharge (l/sec/km2) values of these tributaries were instrumental in
estimating the contribution of drainage areas uncovered by stream-gauging stations,
or where reliable ﬁgures were not available neither in Turkey nor in other riparian
states (Ozdemir 1998).
The average discharge of the main watercourse near Karkamis at the Syrian
border is around 30.5 km3/y. The small tributaries of Euphrates, crossing the Syrian
border, contribute an additional 1.5 km3/y. Hence, the total water potential of the
Euphrates Subbasin in Turkey is roughly 32 km3/y.
The contribution of the interim drainage area in Syria between the Turkish border
and the Iraqi border is about 4 km3/y. It should be noted that about 40% of this
potential originate from several springs with signiﬁcant discharges, located close to
the Turkish border. Thus, the water potential of Euphrates near Abu-Kemal in Syria
at the Iraqi border amounts to roughly 36 km3/y.
The contribution of the interim drainage area in Iraq, partly through small creeks
from Iraq to Syria on the left bank, partly downstream of the Syrian border and
upstream of the Hit stream-gauging station, is in the order of 1 km3/y. The contribution of the interim drainage area from Hit to the junction with Tigris near Al Qurna
to form the Shatt-al-Arab can be neglected. The drainage area of the rather theoretical south-west right bank tributaries in Saudi Arabia has virtually no contribution.
Hence, the total water potential of the Euphrates Subbasin is around 37 km3/y.
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Water Potential of the Tigris Subbasin

The average discharge of the main watercourse near Cizre at the Syrian border is
around 17 km3/y (Baran et al. 1995). The contribution of the interim drainage area
upstream of the Iraqi border to the Hezil-Habur tributary basin from Turkey is 2 km3/
y, and that of the interim drainage area upstream of the Iraqi border to the tributary
Greater Zap in Turkey is 5 m3/sec. Thus, the total water potential of the Tigris
Subbasin in Turkey amounts to 24 km3/y (Ozis et al. 1999a). The contribution of the
small watershed in Syria, on the right bank of the border-forming Tigris, is
negligible.
The upper drainage areas of certain eastern tributaries of Tigris in Iran contribute
2 km3/y to Lesser Zap, 6 km3/y to Diyala-Hamreen, and 2 km3/y to southern
subbasins. The total water potential of the Tigris Subbasin in Iran is then roughly
10 km3/y.
The interim drainage area in Iraq between the Turkish border and Mossul,
including the Hezil-Habur tributary, contributes about 2 km3/y. The contribution
of the interim drainage area of the tributary Greater Zap in Iraq is somewhat more
than 5 km3/y and that of the Lesser Zap less than 5 km3/y, so that the total is in the
order of 10 km3/y. The contribution of the tributary Adheim and that of the
remaining interim drainage area between Mossul and Bagdad in Iraq is 3 km3/y.
Hence, the water potential of Tigris at Bagdad amounts to 41 km3/y (Ozis et al.
1997).
The closed Thartar Basin between Euphrates and Tigris is linked to both water
courses and serves actually as an interim reservoir for ﬂood mitigation. The basin has
virtually no direct contribution to the Euphrates-Tigris Basin.
The water potential of the interim drainage area of the tributary Diyala-Hamreen
and the remaining interim drainage area of southern subbasins, excluding Karkheh,
between the Iranian border and Shatt-al-Arab is about 8 km3/y. Thus, the contribution from Iraq to the water potential of Tigris equals 23 km3/y. Hence, the total water
potential of the Tigris Subbasin at Al-Qurna amounts to roughly 57 km3/y.

12.6.2.3

Total Water Potential of the Euphrates-Tigris Basin

The total water potential of the Euphrates sub-Basin is 37 km3/y; of this total, Turkey
provides 32 km3/y, which is about 85% of this potential ﬂowing from less than 30%
of the drainage area. The water potential of the Euphrates subbasin is around 4 km3/y
in Syria and 1 km3/y in Iraq; practically, no contribution comes from Saudi Arabia.
The total water potential of the Tigris Subbasin is 57 km3/y; Turkey provides
about 40% of this potential or 24 km3/y coming from less than 25% of the drainage
area. The water potential of the Tigris Subbasin is negligible in Syria; it is in the
order of 10 km3/y in Iran (excluding Karkheh) and 23 km3/y in Iraq.
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Hence, the average total water potential of the Euphrates-Tigris Basin is in the
order of 94 km3/y or roughly 3000 m3/s. Turkey provides about 60% of the total
water potential of Euphrates-Tigris Basin originating from 25% of the entire drainage area.

12.6.3 Water Resources Development in Euphrates-Tigris
Basin
12.6.3.1

Water Resources Development in Turkey

The Euphrates-Tigris Basin represents more than 25% of irrigable agricultural lands
and more than 40% of the hydroelectric potential of Turkey. The development of
land and water resources of this basin is considered as the driving force for socioeconomic development of the region.
The ‘Southeastern Anatolia Project‘(Turkish acronym: GAP) encompasses the
Lower Euphrates and the Western and Central Tigris regions of the basin
(Harmancioglu and Ozis 1978, 1983; DSI 1980; Ozis 1982, 1983, 1994, 1997;
Harmancioglu 1986; Uskay 1987; Ozbek 1989; Congar 1994; Unver 1994, 1997a,
b; Altinbilek 1997, 2004; Altinbilek and Akcakoca 1997; Akuzum et al. 1997; Bagis
1997; Avci and Yanik 1997; Bayazit and Avci 1997; Kulga and Cakmak 1997;
Turkman 1998; Ozis et al. 2013a, b; Tortajada 2000; Biswas and Tortajada 2001;
Aydogdu and Yenigun 2008; Ozis and Ozdemir 2009; Baskan 2011; Sen 2011;
Tigrek and Kibaroglu 2011; Topcu 2011; Ozdemir et al. 2013; Kibaroglu and
Gursoy 2015; Harmancioglu and Cetinkaya 2016).
In the Upper Euphrates Basin in Turkey, covering Karasu, Murat, Peri, Munzur
rivers and their tributaries, more than one hundred dams, mostly for irrigation and/or
energy production, are proposed. Some of them are already in operation.
The total area to be irrigated in Upper Euphrates is 0.45 million hectares; the
anticipated total energy generation is 19 TWh/y (billion kWh/y). The 207 m high
rock-ﬁll Keban dam has an active storage capacity up to 25 km3 and generates 6
TWh/y energy. It is the key reservoir for the regulation of Euphrates discharges (Fig.
12.17) (DSI 1995).
A total of 53 dams in Lower Euphrates and 15 dams in Western and Central Tigris
in Turkey will regulate the ﬂows for ﬂood control, irrigation and/or energy production, as well as for certain urban and industrial water supply schemes.
Around 1.7 million hectares of agricultural land will be irrigated in the context of
GAP, two-thirds in Lower Euphrates and one third in Western and Central Tigris. 18
hydroelectric power plants with 20 TWh/y in Lower Euphrates and 12 plants with
8 TWh/y in Western and Central Tigris in Turkey are planned. Outside the scope of
the Southeastern Anatolia Project, 22 dams and 30 hydroelectric schemes with 9
TWh/y are planned on Eastern Tigris tributaries in Turkey.
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Fig. 12.17 The Keban Dam on Euphrates. (Photo by Y. Ozdemir)

Fig. 12.18 The Karakaya dam on Euphrates. (Photo by U. Ozis)

Several dams, power plants, and irrigation schemes are already in operation.
Among these are the rock-ﬁll Ataturk Dam with 85 million m3 embankment,
creating a reservoir of 48 km3 and generating up to 9 TWh/y (Harmancioglu and
Ozis 1981; Harmancioglu 1986; Ozis et al. 1990, 1992; Ozis and Harmancioglu
1994); the Sanliurfa twin tunnels, each with 26.4 km length, conveying 330 m3/sec
(Kurt 1992; Tanriverdi 1992); and the 173 m high arched-gravity Karakaya Dam
generating 8 TWh/y (Ozis and Ozel 1989). These schemes are particularly noteworthy among those on Lower Euphrates (Figs. 12.18, 12.19, 12.20 and 12.21).
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Fig. 12.19 The Ataturk dam on Euphrates. (Photo by U. Ozis)

Keban – Karakaya – Ataturk – Birecik – Karkamis dams form a cascade of
reservoirs on the Euphrates main river down to the border with Syria. Among the
major dams of the Upper Tigris, the Kralkizi and Dicle dams on Tigris, Batman Dam
on Batman, and Alkumru Dam on Botan are in operation; and Ilisu Dam on Tigris is
under construction.

12.6.3.2

Water Resources Development in Syria

Three dams are located on the mainstream Euphrates in Syria: Teshreen with the
maximal reservoir level approaching the Turkish border; At-Thawra (Tabqa) as the
key dam for irrigation, energy production and urban water supply to Aleppo; and AlBaath to regulate the discharge of the former dam. Turkey’s proposal to jointly set up
a high dam (Yusufpasa), using the head of Teshreen dam in Syria and Karkamis dam
in Turkey, as a more beneﬁcial plan to both countries, has not been received
favorably by her downstream neighbor. Three dams for irrigation (Saab, Taaf,
Shuhey) are located on Khabur and two tributaries in Syria, originating as the
tributaries Circip to the west and Zerkan and Cagcag to the east, both of which lie
to the east of Euphrates in Turkey (Kolars and Mitchel 1991; Karadamur and Hadid
1992; Wakil 1993; Bilen 1996, 1997; Kout 2008).
Another proposal by Turkey to heighten and shift the location of the Cizre Dam
towards the end of the Turkish-Syrian border formed by Tigris has also not been
received favorably by her neighbor. The purpose of the proposal was to divert part of
Tigris waters to supplement Syria’s irrigation needs in the Khabur region. Turkey
constructed then the lower Cizre Dam entirely within the country. Syria is actually
anticipating to pump 1.25 km3/y water from Tigris, where the river forms the
boundary between Syria and Iraq for about 7 km.
Syria plans to irrigate 0.8 million ha of land by Euphrates and 0.15 million ha by
Tigris. However various factors, especially soil quality, appears to limit it to 0.3–0.4
million ha in Euphrates.
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Fig. 12.20 The Sanliurfa twin tunnel, fed from the Ataturk dam’s reservoir. (Photo by U. Ozis)

12.6.3.3

Water Resources Development in Iran

The hydroelectric potential of the upper stretches of certain eastern tributaries of
Tigris in Iran, such as the Upper Lesser Zap and Upper Diyala, can eventually be
harnessed by high-head diversion plants, diverting water either by weirs or partly
regulated by dams. There is no accurate information about such hydroelectric
schemes; however, their operation would not cause serious problems as long as
the diverted discharges ﬂow back to the same basin.
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Fig. 12.21 The Sanliurfa main irrigation canal. (Photo by U. Ozis)

The Karkheh river, with all its tributaries, ﬂows almost entirely in Iran and crosses
the border to Iraq at a quite low elevation near Amarah to join Tigris. The Karkheh
Subbasin is important for hydropower and agricultural production. Iran planned a
series of six dams in Karkheh Basin, namely Tang Maashoureh on the tributary
Kashkan, Sazbon and Seymareh on the tributary Seymareh, and Pa Alam and
Karkheh on Karkheh. The earth-ﬁll dam Karkheh and the concrete arch dam
Seymare are in operation.

12.6.3.4

Water Resources Development in Iraq

One major dam, the Haditha Dam upstream of the Hit stream-gauging station, is
located on Euphrates in Iraq. The scheme incorporates also a hydroelectric power
plant. This is followed by the Ramadi weir, Habbaniyah and Abu-Dibbis (Razaza)
off-stream reservoirs, and Dibban, Warrar, Hindiyah and Nassiriyah weirs (barrages), all serving irrigation purposes (Hadithi 1978; Bilen 1997; Altinbilek 2004;
Chen et al. 2011a; Ohara et al. 2011; Onucyildiz et al. 2016). Signiﬁcant water
schemes are apparently neither possible nor anticipated on the ephemeral dry creeks
at the south-west regions of the Lower Euphrates in Saudi Arabia.
The Mossul (formerly Saddam) Dam and Fattah and Samarra weirs are located on
the main river Tigris in Iraq. Duhok Dam on Duhok, Bekme Dam on Greater Zap,
Dokan and Dibbis dams on Lesser Zap, Adheim Dam on Adheim (Al-Uzaym),
Derbendikhan and Hamrin dams, and Diyala Weir on Diyala are dams and weirs
located on eastern tributaries of Tigris in Iraq. Some dams are equipped with power
plants and are capable of generating a total of 10 TWh/y energy. Kut, Dibban and
Gharraf weirs, all supplying water to irrigation systems, are located on Lower Tigris
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in Iraq, southwards of Baghdad (Bilen 1997; Chen et al. 2011a; Ansari and Knutsson
2011; Ohara et al. 2011; Onucyildiz et al. 2016).
There is no accurate information on hydroelectric schemes harnessing the hydroelectric potential of the upper stretches of certain eastern tributaries of Tigris in Iraq.
High-head diversion power plants, with water diverted either by weirs or partly
regulated by dams, can be implemented in these regions.
The Thartar closed basin in northwestern Iraq is used to store excess ﬂood waters
of Tigris, forming the Lake Thartar. It is also linked with Euphrates and may be used,
among other options, to transfer water from Tigris to Euphrates for irrigation along
its banks (Kolars and Michell 1991; Ozis 1994; Bilen 1997; Ozis et al. 2004a, b,
2013a, b; Ozis and Ozdemir 2009, 2010; Ohara et al. 2011). The link between the
two canals can preferably be directly established, bypassing the turbid waters of the
Lake Thartar and avoiding excessive evaporation losses.
A long canal, called also the ‘Third River’, was built between Euphrates and
Tigris in southern Iraq, to provide an efﬁcient collection of the drainage systems. The
marshlands of Shatt-al-Arab’s delta have been signiﬁcantly reduced thereafter
(Karpuzcu et al. 2009; Chen et al. 2011b).
Iraq anticipates to irrigate about 2.0 million ha of land along Tigris and even more
than 2.0 million ha along Euphrates, without substantiating the details of many
projects (Bilen 1997; Altinbilek 2004; Ohara et al. 2011). The ﬁgures cited for the
total anticipated irrigation areas in Iraq reach even 5.8 million ha in some studies
(Kucukmehmetoglu and Guldmann 2010; Kucukmehmetoglu and Geyman 2013).
Turkey uses the same land classiﬁcation criteria as the U.S. Bureau of Reclamation
in evaluating irrigable areas, whereas it is not often the case in Syrian and Iraqi
evaluations.

12.6.4 Water-Related Issues in the Euphrates-Tigris Basin
12.6.4.1

Discrepancies on Water Potential Estimates

Water scarcity in the Middle-East in general, and water allocation claims of the
riparian states in particular, make the Euphrates-Tigris Basin one of the foremost
conﬂict centers of the world. This conﬂict is enhanced by international geopolitical
and energy issues stemming from states and organizations outside the region.
In various publications dealing with the middle-eastern water conﬂict, the ﬁgures
for the average total water potential of Euphrates varied from 29 to 37 km3/y and
those of Tigris from 42 to 58 km3/y (Ozis and Ozdemir 2009, 2010; Ozdemir et al.
2013; Ozis et al. 2013a, b).
The differences between 37 and 29 km3/y (up to 8 km3/y) for Euphrates on one
hand, and between 58 and 42 km3/y (up to 16 km3/y) for Tigris on the other hand, are
due to classiﬁed observations, lack of information, data bias, and disinformation.
These discrepancies should deﬁnitely be clariﬁed, and the accurate long-term water
potential of the Euphrates-Tigris Basin has to be determined by contribution of all
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parties involved before entering the discussions on any water allocation agreement.
This corresponds basically to the ﬁrst stage of the ‘three-stage plan’ proposed by
Turkey to her neighbors since 1980’s, relating to development of the EuphratesTigris water and land resources.

12.6.4.2

Discrepancies on Estimates of Irrigation Demands

In addition to several urban and industrial requirements, Turkey anticipates, besides
hydroelectric energy generation, to irrigate around 1.6 million ha of agricultural land
in Euphrates and 0.65 million ha in Tigris subbasins.
Turkey will use as a long-term average, including evaporation losses from
reservoirs, 19 km3/y (600 m3/sec) out of the 32 km3/y water originating in the
country in the Euphrates Subbasin. This corresponds to about 50% of the average
total Euphrates water potential of 37 km3/y. The ultimate long-term average discharge to be released to Syria from Euphrates and tributaries will thus be in the order
of 13 km3/y (400 m3/sec).
In the Tigris Subbasin, Turkey will use as a long-term average, including
evaporation losses from reservoirs, 8 km3/y (250 m3/sec) out of the 24 km3/y
water originating in Turkey. This corresponds to about less than 15% of the average
total Tigris potential of 57 km3/y. The ultimate long-term average discharge to be
released to Syria and Iraq from Tigris and tributaries will thus be in the order of
16 km3/y (500 m3/sec).
The ratio of the long-term average water use in Turkey (including evaporation
losses from reservoirs) will be in the order of less than 30% of the long-term average
total water potential of the Euphrates-Tigris Basin. This is quite an equitable and
reasonable water use for the upper riparian Turkey, with 56 km3/y or 60% of the total
potential originating in the country. Furthermore, the reservoirs created by dams in
Turkey will also provide signiﬁcant beneﬁts to downstream countries, such as
sediment retention, ﬂood mitigation, and temporarily the augmentation of low
ﬂows (Ozis et al. 2004a, b, 2013a, b; Ozis and Ozdemir 2009, 2010). With regard
to water quality, the salinity in Euphrates will be in the order of 700 ppm after all
irrigation activities in Turkey are completed, thus not causing signiﬁcant harm to
Syria (Bilen 1997).
Syria anticipates, besides certain urban and industrial water requirements, to
irrigate 0.8 million ha of land from Euphrates, eventually adding up 0.15 million
ha land from Tigris. However, various factors, especially the soil quality, appear to
limit the irrigation to half of these ﬁgures (Kolars and Mitchel 1991; Wakil 1993;
Bilen 1997; Kibaroglu and Unver 2000; Altinbilek 2004; Salman and Mualla 2008;
Oztan and Axelrod 2011). If Syria irrigates the anticipated 0.8 million ha, a very
small part of the Euphrates water will ﬂow to Iraq. A diversion of surplus Tigris
discharges into Khabur Subbasin in Syria may also be investigated upstream of
eventual major diversions in Iraq.
Syria claims that the 500 m3/s provisional allocation on the basis of the 1987
protocol should be accepted as her deﬁnite share. On the other hand, studies in
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Turkey show that the long-term average release can be in the order of 400 m3/s and
should be staged according to probability levels of discharges.
Iraq anticipates to irrigate about 2.0 ha of land along Tigris and even more than
2.0 million ha along Euphrates without substantiating the details of many projects
(Bilen 1997; Altinbilek 2004; Ohara et al. 2011). The ﬁgures cited for total anticipated irrigation areas in Iraq reach even 5.8 million ha in some studies
(Kucukmehmetoglu and Guldmann 2010; Kucukmehmetoglu and Geyman 2013).
Iraq claims that Turkey should release even 700 m3/s from Euphrates.
Turkey uses the same land classiﬁcation criteria as the U.S. Bureau of Reclamation in evaluating irrigable areas, whereas it is not often the case in Syrian and Iraqi
evaluations. The application of the second stage of the ‘three-stage-plan’ proposed
by Turkey, depicting a joint determination of irrigation areas and agricultural water
needs of each country in accordance with the same criteria, can help to clarify this
very critical issue.

12.6.4.3

Attempts for Cooperation

Turkey and Iraq had signed in 1946 a protocol, setting certain conditions related to
the development of Tigris and Euphrates. However, this had not been applied by the
Iraqi side and became obsolete in the meantime. Turkey proposed since 1980’s a
‘three-stage plan’ to Syria and Iraq for the ultimate integral development plan of the
Euphrates-Tigris Basin in an optimal, equitable and reasonable context (Tekeli 1990;
Turan 1993; Bilen 1997; Altinbilek 2004).
The ﬁrst stage depicts the determination of the water potential of the basin. The
second stage consists of the determination of irrigation areas and water needs of each
country. The third stage foresees the elaboration of a master plan for the optimal
integral development of the basin. The ‘three-stage-plan’ is basically a quite reasonable operational tool with regard to resolution of conﬂicts and creation of cooperation. However, it has not been welcomed by downstream riparian states, and Turkey
was not able to reach a consensus.
Turkey and Syria signed an economic cooperation protocol in 1987, covering a
provisional clause (Art. 6). It states that Turkey will release 500 m3/s as monthly
average ﬂow at the Syrian border during the ﬁlling of Ataturk reservoir and until the
three riparian states reach an agreement on the ﬁnal allocation of the basin’s waters.
Deﬁciencies in any month will be compensated the next month. Syria and Iraq
agreed in 1990 that 42% of the water released from Turkey will be used by Syria and
58% by Iraq (Bilen 1997).
Impoundment of the Ataturk reservoir necessitated the closure of the bottom
outlet for about 1 month due to technical reasons. Downstream riparian states were
informed on this matter 50 days in advance, and the release was increased up to
820 m3/s from 23 November 1989 on in order to compensate for the necessary cut.
When the impoundment began on 13 January 1990, a ﬂood of hostile allegations that
‘Turks have cut the water of Euphrates’ spread over most of the press in the Arab
world and various other countries. The cries of ‘water wars’ did not even cease after
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resuming the release of 500 m3/s on 12 February 1990 (Bilen 1997; Ozis et al. 2004a,
b; Karpuzcu et al. 2009).
Syria considers 13 km3/y of Euphrates waters as her ‘share’. The provisional
500 m3/sec depicted in the 1987 protocol between Turkey and Syria correspond to
about slightly less than 16 km3/y. On the other hand, Syria agreed in 2000 to release
58% of the Euphrates ﬂows coming from Turkey further to Iraq, so she will let ﬂow
9 km3/y to Iraq and use 7 km3/y in Syria. Since the part of the Euphrates waters
originating in Syria is about 4 km3/y, Syria requires an increase of at least 2 km3/y
additional water, either from Euphrates or through diversion from Tigris.
Iraq considers Tigris as totally her own and refuses to deal with both rivers as a
single watercourse basin. Iraq claims that Turkey should increase the 500 m3/s
discharge to 700 m3/s, thus to about 22 km3/y, in order to receive 13 km3/y in
Euphrates through Syria. It should be kept in mind, however, that the ﬂow of 500 m3/
s is provisional, and the long-term average allocation can only be in the order of
400 m3/s (Ozis and Ozdemir 2009, 2010; Ozis et al. 2013a, b). Moreover, any such
allocation should be timely staged according to probability levels of river discharges
because of the highly varying stochastic nature of the discharges in spite of the huge
reservoirs in Turkey.
The development of the Euphrates-Tigris Basin in Turkey is, in fact, a means of
cooperation rather than a cause of conﬂict in the region (Bagis 1994; Kibaroglu
1995, 1997, 2000, 2002; Kibaroglu and Unver 2000; Kibaroglu et al. 2005, 2011;
Kibaroglu and Baskan 2011). The agricultural and industrial products will serve to
satisfy the needs of many middle-eastern countries. The generation of surplus
secondary hydroelectric energy in wet years will reduce oil and other fossil primary
resources consumption at many locations. In very dry years, Turkey may release
additional water against indemnity for some temporarily refrained domestic irrigation activities (Ozis and Ozdemir 2009, 2010; Ozis et al. 2013a, b).

12.6.5 Hydro-political Attitudes From Outside the Basin
The impact of the water scarcity in the Jordan (Seria) River Basin led to a ﬂood of
publications from 1980’s onwards, covering also the Euphrates-Tigris Basin
(Karpuzcu et al. 2009; Kavvas et al. 2011; Kibaroglu and Scheumann 2011, 2013;
Kibaroglu et al. 2011; Kramer and Kibaroglu 2011; Ohara et al. 2011; Scheumann et
al. 2011a, b; Turan 2011; Williams 2011; Ozger et al. 2013; Kankal and Uzlu 2014).
Some of them consider the Euphrates-Tigris Basin as the emergency resource to
alleviate the water shortages in the Jordan Basin. The relatively small Orontes River
Basin, adjacent to the Euphrates subbasin, has a potential of 2.5–3 km3/y. Lebanon,
Syria and Turkey are the riparian states. Orontes should also be taken into account
when dealing with water allocations in the Middle-East because Turkey is rather a
downstream riparian in this Basin.
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In 1997, the United Nations adopted the “Convention on the law of the nonnavigational uses of international rivers”, foreseeing the ‘equitable and reasonable
use’ principle, ‘without causing signiﬁcant harm’ to other riparian states (Cano 1989;
UN 1997; UN/ECE 1997; Wouters 2000; ASCE 2004; WRPM 2007). The accepting
votes were far from being a solid absolute majority although only three countries
(Burundi, China, Turkey) voted against it.
The deﬁnition of these watercourses as ‘international’ instead of ‘transboundary’
was an unfortunately misleading term; ‘multinational’ watercourse would have been
a rational compromise, if the expression ‘national’ were to be maintained in the
terminology. Various clauses and restrictions of this convention can be abused by
some riparian states. The inclusion of regional economic integration organizations as
‘parties’ may cause troubles.
The publishing of an article (Peters 2006) in the U.S. Armed Forces Journal, with
a map showing most of the Euphrates-Tigris, Kura-Araks, Chorokhi Basins in
Turkey as territories of a future ‘Free Kurdistan’ state, can neither be explained
simply as the sole opinion of that article’s retired colonel author, nor the provision is
compatible by the more than half a century long alliance between U.S.A. and Turkey
in NATO and other matters.
Terrorist activities all over the country, focused mainly in the southeastern
regions, were intensiﬁed when Turkey began to develop her water and land
resources in the Euphrates-Tigris Basin. This is especially true with regard to the
implementation of the Southern Anatolia Project and the related irrigation schemes,
which constitute the driving force in the social and economic development of that
region. More than 30,000 Turkish citizens of diverse ethnic origins, either civilians
or belonging to security forces, have lost their lives by terrorist attacks for the last
four decades. In some foreign countries, including several members of the European
Union and NATO, such terrorist activities in Turkey were claimed to be realized by
rebels or freedom ﬁghters.
Furthermore, declarations by the E.U., proposing joint management of the
Euphrates-Tigris Basin, upset Turkey by evoking reminders of the 1920 Sèvres
treaty, which became obsolete by the 1923 Lausanne treaty. Some groups in the E.
U. and several international or national non-governmental organizations are trying to
hinder dam and hydropower constructions, as experienced on some large projects in
the Euphrates-Tigris Basin. The case of the Ilisu Dam on Tigris is a prominent
example (Bilen 2003).

12.6.6 Impacts of Discharge Regulation by Dams in Turkey
The discharges of the Euphrates-Tigris Basin in Turkey show signiﬁcant seasonal
variations as well as year-to-year ﬂuctuations, although they are largely fed, besides
rain, from snowmelt and karst spring discharges (EIE 1955–1993; DSI 1961–1995;
Baran et al. 1987; Bilen 1996, 1997; Ozis et al. 1999a, 2000).
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The discharges of Euphrates at Dutluca gaging station, just downstream of the
Ataturk Dam, which represents about ﬁve sixths of the Euphrates Subbasin ﬂows
originating in Turkey, showed an average value of about 870 m3/s during 1937–
1980 water years with the annual averages varying from 460 to 1500 m3/s. Monthly
mean discharges, rising up to 4360 m3/s in May 1969, were usually about 300 to
500 m3/s during the 8 months between July and February. These values were well
below the average and much less during months like August and September, even
decreasing to around 170 m3/s (Ozis et al. 2000).
In view of the above ﬂuctuations, large reservoirs have to be created by dams on
the two main rivers and their tributaries in order to regulate the discharges for water
power, irrigation, ﬂood control (DSI 1980, 1995; Fistikoglu et al. 2008). The total
active storage capacity in Turkey will ultimately reach the order of 60–70 km3 in
Euphrates, equaling almost twice the average annual ﬂow volume in the country. It
will be 20 km3 in Tigris, being in the order of the average annual ﬂow volume in
Turkey. The ﬁrm energy of the hydroelectric plant at the foot of the Tabqa dam in
Syria have been increased annually by several hundreds of GWh for the last 40 years
and more, beneﬁting primarily from the regulation at the Keban reservoir in Turkey.
The topography in downstream countries does not permit the creation of such
large storages, especially in Euphrates. In addition, the unit evaporation rate from
water surface is signiﬁcantly higher than that in Turkey. The total active storage in
downstream countries will be around 15 km3 in Euphrates (mainly in Syria), and
20 km3 in Tigris (basically in Iraq).
The annual average evaporation from reservoir surfaces in Turkey will be about
5 km3/y in Euphrates and 1.5 km3/y in Tigris; that in downstream countries about
2 km3/y in Euphrates and 6 km3/y in Tigris (Ozis 1994, 1997; Ozis et al. 2004a, b,
2006, 2013a, b).
Reservoirs created in Turkey provide signiﬁcant beneﬁts to downstream countries, such as the retention of sediments, mitigation of ﬂoods, and temporary
augmentation of low ﬂows. Hence, the evaporation from these reservoirs should
not be considered as an unnecessary loss of water and should not be solely debited to
Turkey.
After completion of all anticipated schemes on waters originating in Turkey,
around 13 km3/y or 40% in Euphrates and 16 km3/y or 65% in Tigris will continue to
ﬂow downstream, as long-term average values. However, it should be kept in mind
that any water allocation has to be timely staged according to probability levels of
discharges because of the highly varying stochastic nature of the discharges, even
after the regulation by the huge reservoirs in Turkey (Figs. 12.22 and 12.23).
It should be kept in mind that climate changes may affect the discharges of the
basin in the future (Kibaroglu 2008b; Yenigun et al. 2008; Ozdogan 2011; Bozkurt
and Sen 2013; Ay et al. 2017) (more information can be found in Chap. 14 of this
book).
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Fig. 12.22 The Euphrates river downstream of Ataturk dam. (Photo by U. Ozis)

Fig. 12.23 The Tigris river at Hasankeyf (with remains of the historical bridge from twelfth
century). (Photo by U. Ozis)

12.6.7 Equitable and Reasonable Use of the Euphrates-Tigris
Water Potential
The water balance for a year of average hydraulicity is given in Table 12.1 for
Euphrates and in Table 12.2 for Tigris Subbasins for an average total water potential
of 94 km3/y for the Euphrates-Tigris Basin (37 km3/y from Euphrates and 57 km3/y
from Tigris) (Ozis et al. 2013b). These water balances are based on the ultimate
development of the Euphrates-Tigris Basin under equitable and reasonable
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Table 12.1 Approximate water balance for average hydraulicity in Euphrates subbasin
Water balance of the Euphrates subbasin in a year of average ﬂow (in km3/y)
Natural ﬂow in Turkey at Karkamis
Natural ﬂow of tributaries at Syrian border
Total natural ﬂow originating from Turkey
Evaporation from reservoirs in upper Euphrates
Evaporation from the Keban reservoir
Irrigation in upper Euphrates (0.45 Mio.ha)
Water supply in upper Euphrates
Return ﬂow in upper Euphrates
Evaporation from reservoirs in lower Euphrates
Irrigation in lower Euphrates (1.15 Mio.ha)
Water supply in lower Euphrates
Return ﬂow in lower Euphrates (to main river)
Return ﬂow in lower Euphrates (to tributaries))
Outﬂow from Turkey to Syria
Flow originating in Syria
Evaporation from reservoirs in Syria
Irrigation in Syria (0.7 Mio.ha)
Water supply in Syria
Return ﬂow in Syria
Outﬂow from Syria to Iraq
Flow originating in Saudi Arabia
Flow originating in Iraq
Evaporation from reservoirs in Iraq
Transfer from Tigris to Euphrates in Iraq
Irrigation in Iraq (1.5 Mio.ha)
Water supply in Iraq
Return ﬂow in Iraq
Outﬂow from Euphrates to Shatt-al-Arab and Gulf delta

+30.5
+1.5
+32.0
1.0
1.0
4.0
0.5
+1.0
3.0
12.5
1.5
+1.0
+2.5
+13.0
+4.0
2.0
8.5
1.5
+2.5
+7.5
0.0
+1.0
1.5
+13.0
21.0
1.5
+5.5
+3.0

considerations. Eventual signiﬁcant water diversions in Iran from the eastern Tigris
tributaries is not taken into account; the Karkeh Subbasin in Iran is excluded; the
Karun Basin is considered as a separate basin entirely in Iran, and is therefore also
excluded.
The water potential of the Euphrates Subbasin is not sufﬁcient to satisfy the
irrigation needs along its banks in Iraq. On the other hand, Tigris offers an excess of
water potential in the order of 10–15 km3/y, which should be diverted to Euphrates
and beyond in order to relieve the water shortages in the Middle-East. This transfer
may occur via modiﬁcation of the existing Tigris-Thartar-Euphrates canal system or
by alternative options.
Turkey has been accused to act according to the absolute sovereignty doctrine
with regard to the development of Euphrates-Tigris Basin. However, the water
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Table 12.2 Approximate water balance for average hydraulicity in Tigris subbasin
Water balance of the Tigris subbasin in a year of average ﬂow (in km3/y)
Natural ﬂow in Turkey at Cizre
Natural ﬂow of Greater Zap at Iraqi border
Natural ﬂow of other tributaries at Iraqi border
Total natural ﬂow originating from Turkey
Evaporation from reservoirs in Western Tigris
Evaporation from reservoirs in eastern Tigris
Irrigation in Central Tigris (0.65 Mio.ha)
Water supply in Central Tigris
Return ﬂow in Central Tigris (to the main river)
Return ﬂow in Central Tigris (to the tributaries)
Outﬂow from Turkey to Syria and Iraq
Flow originating in Syria
Irrigation in Syria (0.1 Mio.ha)
Outﬂow from Turkey and Syria to Iraq
Flow originating in Iran and ﬂowing to Iraq
Flow originating in Iraq
Evaporation from reservoirs in Iraq
Transfer from Tigris to Euphrates in Iraq
Irrigation in Iraq (2.0 Mio.ha)
Water supply in Iraq
Return ﬂows in Iraq
Outﬂow from Tigris to Shatt-al-Arab and Gulf delta

+17.5
+4.5
+2.0
+24.0
1.0
0.5
7.5
1.0
+0.5
+1.5
+16.0
0.0
1.0
+15.0
+10.0
+23.0
4.5
13.0
28.0
4.0
+8.5
+7.0

claimed by Turkish schemes is well in the range of equitable and reasonable use
principles reﬂected in Articles 5 and 6 of the 1997 UN Convention (UN 1997;
Wouters 2000).
This is especially the case when the following points are taken into consideration:
(a) the economical feasibility of the projects prepared for the State Hydraulic Works
(DSI), (b) the application of modern water-saving irrigation techniques, (c) the
activities of the Southeastern Anatolia Project Regional Development Administration (GAPBKI) in the frame of the gigantic plan for the social and economic
development of that region of Turkey (Unver and Voron 1993; Unver et al. 1993;
Akmandor et al. 1994; Unver 1994, 1997a, b; Ozis 1994; Disisleri Bakanligi 1996;
Karakaya 1996; Kutan 1996; Yakis 1996; Altinbilek 1997, 2004; Altinbilek and
Akcakoca 1997; Akuzum et al. 1997; Bagis 1997; Bayazit and Avci 1997; Bilen
1997, 2009; Kulga and Cakmak 1997; Yilmaz and Kadilar 1997; Alpaslan and
Harmancioglu 2001; Ozis et al. 2004a, b, 2013a, b; TMMOB 2006; Ozis and
Ozdemir 2009, 2010; Yildiz and Ozbay 2011).
In fact, detailed analyses to be carried outside the scope of this chapter would
show that the relevant factors cited in paragraphs ‘a’, ‘b’, ‘f’ of Article 6 favor
deﬁnitely the developments in Turkey. As of paragraph ‘c’, the entire population of
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Turkey depend heavily on these developments; as of paragraph ‘d’, positive effects
signiﬁcantly overweigh the adverse ones, leading to cooperation rather than to
conﬂict; as of paragraph ‘e’ the potential uses of the watercourse are the most
optimal; and as of paragraph ‘g’ the alternatives, wherever available, are far from
being reasonable.
The development of the Euphrates-Tigris Basin in the upstream riparian Turkey,
using only half of the 60% of Basin’s water potential originating in the country,
appears well equitable and reasonable under consideration of all relevant factors.

12.7

Conclusions

Development projects in transboundary watercourses of Turkey, including the
Southeastern Anatolian Project (GAP), basically comply with UN’s principles of
equitable and reasonable use. Moreover, dams in Turkey provide also signiﬁcant
beneﬁts to downstream countries, such as ﬂood mitigation, sediment retention, and
temporary low ﬂow augmentation.
The average water potential originating in Turkey corresponds to about 60% of
the entire Euphrates-Tigris water potential. Ultimately, as a long-term average, half
of the potential originating in Turkey, about 40% in Euphrates and 65% in Tigris,
will continue to ﬂow towards downstream countries.
However, any water allocation has to be timely staged according to probability
levels of discharges because of the signiﬁcant periodicity and the highly varying
stochastic nature of the discharges even after the regulation by the huge reservoirs in
Turkey.
The water potential of the Euphrates is not sufﬁcient to cover the large irrigation
requirements along its banks in Iraq. Therefore, the surplus water of Tigris has to be
transferred to Euphrates in Iraq, eventually allowing the transfer of a few km3/y to
adjacent Orontes and Jordan river basins of the region.
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