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_, co:;::t:::r of Ira~ , t:-,:>ou~"1 o':lic:-, th" T i gr is and Euphra­

t es r i v:;;-: =. flo·.'; , lo~e; has bce :1 :-· acog!:j i .z e::: as ·:,a ing in an area of 

w~:.~r cie: ... .:.::i.Bnc y thoug':l &t the sa:ue ti:::e sr.5oying the reputation 

o~ e:.::J a:'~~ o~ ::-£.ig:-l agr·iculturf.:l proS.'..lct. i vity . ':he many civ iliza­

t :.::;ns a:C: ey; ir;,s -,;h i e:, h ave p~>ospered ~l! t:-1e ''val ley of the t wo 

r :.~·s_ s·• ::.a ·;e. c·~·:d thci!' s·.:ccess to t:::e -;:roo:L-::tivity of the Tigris 

a:::: :::Up::.:-~;;;ss b asin an;! its a<;:'icult"J.ral procuct ivity r ather th an 

Th is productivity was 

ms::e pos:: :. o le through use of t~e we.ters of t:'1e Tigr is and Euphra­

te s r:.-, s::s in ir!' iga tin ;; e.;;r i c-.<l t ural l sr.d i": the oth erwise dry 

areas. 1 

:::..~?-=! now is undergoin; vast p r ogra::;s of eco nomic deve lop- · 

me:-;-::.. r,::·:::ese p ro g;::a=s a:e aimec at i:::;:>roving and expanding the 

ec::: ~_ cw ic ·:.ase o f t!Hl cou:: '.:. ::y t::rou3):, ::lore e:~fic i ent ut ilizat ion 

o f ~he b~~~c r escurces of the l2nd . ~a of t::ese b as i c resources 

i s Y& '.:.er, e.nd , as l n the past , it will conti~~e to be one of the 

::::e p:-oble::1 of' wiss u::. i lize.tion e.r.C. ::.G..."lagement of the wa­

t e :- resc·;:_~ces of Iraq has und?:-eone r:t:ch stud:y in r ecent y ears as 

wc~~ r;.s :..::: t.~e pc.s·t .. ·sate!"" u t"!.l iz etio!J at p:-esent i s patterned 

a.:.':;~r a ;:.lsn aC.o:?ted by t:-,e gc·: srnxent in l?SS . Th a t plan was 

:for=:~.1ls:-: :. ':Jy t::Ja?pen, 7i~?atts , A"::lCett , 11cCar~~y En g ineers, and 

b as '0-d t: ?C:1 tbe co::1trol, r ec;'Jla ':;ion , and s tor a i;6 of the waters o f 

t~e Ti z;;•:s and :::u:::-hrates rive:-s a s tee basis u;con which the govern­

me:::; e:::;-sc: s to =x :..:n ize the be:1ef its o·ota i:-:ed from water 'resources, 

to elL-:::1:-:s-::e the da n ger o:: :'lee~ , an.:! to o7e::-' co:na the con:f lict be­

t w.e~:J r.a·; ~~ a.t ion and irrigat ic:1 ove:' the a ·~·ailable water. 

:::..--: or der to control and. regulate t~e wa:.er suppl y , five 

stc:'ac:;e :-e.=e:rvo ir s are pla!med in the T i gr i s Bas in (F i g . 1): three 

· on t'.::;e t::;::;:e r c ot:.r~ es o f t '::!e tributaries o:: t!:le Tigris , Derb endi 

Kr.s.::; on :.-:.: ale.h , Dok.s n on t!le :;::.esser Zab , Bekhr::e on the Greater 

i 
-_.!._~ed Sou3a , 

1 '2~5) ' p:;:. 21 - 34 . 
Irr_'_i_~_a_"_v ~:: __ :J __ i~n--=Ic.!'_a_,_q New Publish er s , 

1 



Znb, and tho remaining two, 'rhurthur And Esk i !1osul, on tho muin 

stem of tbo rivor . In the Euphrates Basin the plan c ulls for 

con 3tructing throe stora~·.o ro!.lo t•voirs, on•) on tho mnin rl.vur HbO V El 

!lit, an d tho remaining two l.n Lnl<e HuhbnnLyuh <1n<! Abu-U ibbl:o (Fig. 

l) . Thurthnr on t h<• 'l'l.tr,l'l:J nne! r.ol'o Hn bbqn':lllh ond Abu - D.lbbl!:l on 

tho l·:uptn·ul. on v1lll bo uoo<1 1 primnrily, to )' udu o t ho clung,. l' oJ.' 

1' 1<;.._·: tn tll u Tigri.:J and ~:uphr:)to:J b.~:J ln s . •rho c:h:toi' oret'~' or flood 

d.n ::•·:.::.'' hu'l.nrd uro in tho lowor rooch os o!' tb0 1'isrts IH1C1 Eup\lr~t o:J 

bul.l.ln; prlmnrlly :tn tho jr•t•lE:nt<hl (\!'0!\:J .In L l 'J Mo:J o po~nulllln tl'O\ll:)lt . 

The re st of the r eservoirs (lr o dosl~nod 1 mulnly , to storo wator 

which will be \!SOd for irrigation, navigation , and possible gener ­

ation of hydroelectric powor . 

Tho govornmont plan concerning wutur utilization c alls 1'or 

the expansion of the irrigutod o.roas from tho proaont lj . • 7 million 

acres to nbout !.l illtlllon acres . 'l'ho nrun ou,;::f;.O~'Itocl fol' oxpon:J.ton 

is located in oouthorn Iraq, whuro ull tho prosuntly lrrlgatod 

lond 'ls loco ted 1 nncl wh ero more than hnlf.' of Iroq 1 :J p optllnt.lon 

dwoll:J , Tho pattern of cultivntion on tho expanded arous :ts plnnnod 

to be moro ;l.nten!l i vo thnn the puttern prevailjng in tho presently 

irrigatod are as . The plan also calls f or tho construction of dr u :tn­

ue;e sys t em3 simultaneous ly with tho in stallation of the irrigatio11 

systems in the proposed expans ion areas . Similarly, major new 

drainage facilities will be provided for the presently irrigated 

are.as . A system for operating the storage reservoirs has been 

adopted to maintain the required depth of wat~r for year - round nav ­

igation in the lower part of the Tigris River. The generation of 

hydroelectric power from these reservoir s i s only in the re alm of 

possibility at the present time . Definite plans concerniD g the ex­

tent and magnitude of power generation have not yet been formulated. 

By c urrying out the adopt ed plan of water utilization, the 

government expects a direct improvement of the present l evo l of liv ­

ing among the f arming communities in the irrigated areas. 'rhis im­

provement will be shown in the provision of l an d for landless f arm­

e r s, tho increase of gx·oss oerlcttl turol produc:tion wh l.ch n t\lrn 

~ .1 'l.ncroaso the !'armor• s income and , finally , the elimination of' 

--.·,:; .;o)nt confl ic t between navigat ion and irrigation ov e r the 

' ·.•;:~te r in the lower purt of the T igri.s. 

:~) present plan is not bused upon _ deta iled as ses s ~ent ot 
e:o::is·ting condit ions of water supply and use in Ir aq . Such a n as ­

s ·essment would seem desirable in order to 9,elineate more clearly 

_the, present and possible future problems which may affect expanded 

w~ter · use, and to suggest alte rnatives, othe r t han expansion, for 

1 .• ··~ 
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.,·<ut imiz :tng the b enefits from water r esources utilization . 

Ari understanding of Ir aq t s present water supply a..'1d its 

utilization .:. s in the :!. nt e r est of sound ond fruitful p l anning . 

Th is seems s o fund ame nt a l that it h as prompt0d the author to make 

it the s ubject of the current study. 

Characteristics of the Stv 1y Are a 

To assess thoroughly the water supply of tho Tigris and Eu ­

phrat e s in Ir aq , it will prove fruitful to ex~ine first those e le­

~nts in the physical setting insofar as they r e l at e to the sour ce 

and areal distribution of the water r esources ond then to examin e 

t.~o manner in which the water is u sed by man . 

. Be caus e of Iraq ' s p lace in the dr a inage area of the Tigris 

and Euphrates rivers and tb 0 ~ . '· ~tionin g of t h e T igri s and Euphra ­

tes basin by s everal nations , a t-horough examination of the water 

pr -oblem lllUSt include the entire basin as the study ar ea , both in 

t erms of water supply and of water use . 

Physiography of the Tigr is and Euphr ates Basin 

The basin of the Tigri s and Euphrates rivers is roughly 

ob long in shape, with the longer axis runnin g nor thwes t and south-
2 

east. The dra inage area of tho basin amounts t o about 784 ,500 K.m. 
:::c uted in five c ountries : Ir aq , Tur key, Syria, I ran, and Saudi 

Arabi~ -- as shown in Table 1. 
The basin is rimmed by moun ta ins on three sides. The Anti ­

Leba non mountain r an ge of Lebanon and Syria an d the Taurus mountains 

0f Turkey bound the b asin on tho wost . Tho Pontuin mountain chain 

and t ho Ar nr n t highland a bound the bas in on t ho north . On tho oru1t , 

t iJ (J Wtl ~ <.l l' lll\oc1 l'IU11J t>l(> n v.. t.h'l Zli [!,I' Ort ll n t1 r .ntl[•\ pl ) lll• ) \111tlltno of Jr'"ll· 

'l'hn ol'liiUt t on or ~he Ul-\0 ln u OOt'OfHJCHJ ,:;r ' ll <.1uaJ.ly fl' <J ll\ llOl'l·h 

t \> rwn t:h . l" n l!l' \.l"l )>Of-':> ' llJ' l>lf" f't• l!,IOtHt 1 u!Jr.lou ( u) •Jl o v t-~l.lo iJ ttm1 lHnd 

forlfl, Oflll b~;~ r u<.:()/:?i.\:.:o<.i . L 'l'tto r !Ul' t0]10!J.,1' 0Pil1c l'<lt\lOil::J t\l'() :JllOWTl 

1 11 !" _1!,\\ro l.nntl nt'Ol ( 1 ) tho hiP,.h nnd r1 gr.:od mount!\i twin thr) 

'tr;• l n o. t.huoatu r n pur~n of t ho bt•uln , ( >~) tho 1'oo th 1.11 ~J ro~lon 

;:or1:1!.1 a trunn i t l.on botweon tho moun tu1n region s to t ho n ort lt 

:;r, l ow l ands to the south, ( 3 ) the lowlands, and ( 4) the wonte r n 

. .. •' ,·: ·t . 

1 Kn app en, Tippetts, Abb e tt, McCarthy Enginee rs, Development 
Pian. for the Tigris and Euphrates Rivers, Iraq (Baghdad : ~evelopment 
B~ard, 1955), PP · 11-17. 

·, 
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.TABLE 1 

THE DISTRI BUTION OF THE AREA OF THE TIGRIS AND EUPHRATES 
JJJ,.S TI,i A.~~ f:G ':'1C..; 3~/\EING COU~T H IES n 

Country Are a ~n K.m·. 2 ?.;Jr Ce :1t of BnsL'1 

Iraq ..••.....• 

Turkey ••.••.•. 

Ir a n • ••..•...• 

Syria 

S audi Ar ab ia .. 

Tota·l . . ... 

359,000 

162,000 

146 ,000 

70,000 

4 5 ,000 

784,000 

46 . 0 

20 . 5 

19. 0 

9 . 0 

5.5 

100 . 0 

The mountains occupy the northern and ea st e r n parts of the 

b as in . This is. an area of rugged folded and volcanic mount ains 

with limited l and suitable for cul tivat ion. Eleva tion s in thi s 

nroa var y from 1 ,500 meters to 3 , 500 meters above sou l e ve l. Tho 

genera l ridge line of the mountaL'1s is from northwest to southeast. 

This ~ea constitutes t he rain i e st and ·coldest part of the basin , 

with prec ipitation exceeding 1,000 mm. a n nually and temperatur es 

fr equently falling below fr eez ing. 1 The greater. propor tion of the 

area is loca t ed in Turke y and Ir an. 2 A s maller par t is in Ir aq l 

where i t is called "Kurdistan . "· 

The foothills fo rm u folded t ecton ic zone of tr an::Ji tion bo -

twoon the hibh mountains bordering t ho b asin and tho flat lowl anda 

wl.thtn . Tho f.ooth'l.lltt nrruPl' In " b r· o ntl ~·.onn II OUt l l r r t.ll o ll)f)\1(1-

~ It .\. l ie> . t n )1' '''1 Ut<:> r out.h 1 .l.n tll'"l ''"nflll 'Ju l.vd.w'":J!l Ll\ 0 u:,r.tenJ lJ tttl lt :J 

of tlJ.o Tttr. •• l t• Hl.vor !lll l. l>n VV(HJI, ""d . t. il n /." !--': '' '"' m<IIIIJI.tdn n " " u 1,1 

fl tw t. 'l' hfi n ur·ti\ <H'n oon!..lrntn l •. L• lll Qf' Lli.l :; t·ur, t \JJl .tn 'I' Jn•kny oo 1111,; •t :.l1 Jn 

tho contrnl d r o:tnnp:o o.r aa· of tho •r:tp:rl. o nnd Euphr [•\;ou r 1v<JI' :.J, wh!l<J 

t\lu 110\tthw ll r d oont::uJU t>\..1on 

of tno '£ l f:Tl.O tr.tbut ur l oo . 

ln Jx•on f "OJ't:J:.I \..IJll C'J il t "l'n l tl.rnJt1t\f.O Ul"J tl 

Ele vations ln th13 r eeio n vnry fro~ 

1 Ali H. Al-Sh a la s h , "The Clima t e of Ir nq " (Unpublished A. M • 
tho!l ls, Dvpnrtment of Geog;;-apby , Univursity of i'!:lry l 1'r><2, : ·.<· ') , 
p . 13 . 

2Sirri Enric, "Th e Climate of Turkey Accor ding to Thorn ­
thwalte ts Classi f icat ion, " Annals of the Ass ociation of American 
~oe;raph er~ , XXXIX, No. 1 (!'larch, 194 9) , .:>.:>. 
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600 meters to 1 ,500 meters above sea level. The land r i ses in 

steps towurgs the cast anq northeast. Each step is marked by 

ridges . Jaba l Hamrin and Jebel Makhul in Iraq ropre s~nt such 

ridges . The r ainfall in the foothills v arie s from 300 mm. in the 

lower limits to about 800 llh11. in tho upp or part rJ . no s t of tho re ­

gion is located in 'l'url<cy and Iraq, but o :moll p nr t b1 loc n tod ln 
Iran. 

To the south of the foothill:.~ lies o broad , exten o ivo l ow­

land , d e creasing in elevation in a s outhward dirGction and reach ing 

its lowest e l evation at the head of the Persian Gulf in southern 

Ir aq . El evations on the lowlands vary from 600 me ter s i n tho north 

to son level in tho south . Hu ch of tho ~outhorn ro rL of t ho low­

lands is on l y a few meters above s e a l e vel. 

Two sub - regions, based on e l e v a tion, can be recognized in 

the lowlrmdo--"Al - Joziro" ln tho n ort l1 nnu tho "M o :Jopo tuwi nn trou f~h'' 

in tho oouth . 1 'l'h o fll-Jo;•, .lr n ltJ un und ul:ti; J. ne: lowl nn d l o n t tH,l mtt l.n­

ly botwoon tho 'l'ierls und Euphr o to:J l n Iroq . 'l'h o woo t orn oJ.tcn s ion 

of the area comprioe s the Syrian port of the b o o n (Fig . 1, 3a - :,;) 

whil e the n orthwestern extension is within Turkey (Fig . 1, 3a - 3) . 

The Syrian part of Al -Jazira is the only cultivated part of this 

s ub - reg i on . 2 

The southern l im i t o f Al - Jazira is approximately a line ex ­

t end ing f~~m Hi t on the Euphrates to Belled on the Tigris . 3 To the 

s outh of this line the Mesopotamian trough extends as a uniformly 

flat p l a in compr i s in g most of southern I raq (Fig. 1, 3b), and con ­

tinues to southv1estern Iran, f orming the "Khuz is tan plain." The 

l att er is an all uv i al p l ain of about 30,000 sq~are kilomete r s lo ­

cated complet e ly in Iran (F i g . 1, 3c). All the pres e ntly irr i ga ted 

l ands o f I raq are l ocated i n t h e tlesopotamian trough . Extensive 

patches of swamps exist in the ar ea . The great er p art of the swamps 

is po r man ont while tho r est is season a l , occurring during irrigation 

and flood periods. The swampy areas in the country comprise about 

30 , 000 square kilometers, or slightly ove r 5 pe r c ent of th e tot a l 
4 

area of Iraq . 'l'he extreme flatnes s of the l and and t h o in effi c ient 

lnans H· Boesch , '·'El - I r aq,"· ;Economic Geoszaphy, XV, No. ~ 
( October, 1939), 341. · · · 

" n te r national Bank for .Re construction and Development , The 
E conomi c Deve l opment of Syria (Baltimore: The Johns Hopkins Pres"il;"" 
1955), P · 42 . 

3 Hans H. Boes ch , loc. c it., p . 341 . 4 
- Ibid . , p . 345 . 

? 

ti k d ' ge a critical problet:l in t he irr i -irrigation prac cos rna e r aLna 

g a ted areas of this psrt of Ir aq. 
All of the Ho s opot amion tr ~u gh i s loc u t od in Iraq . The 

gre a ter p art of tho Al-Ja z i r a i s a l so lo ca t e d in Ir aq . A s ma ll 

par~ of the Al - Joz ira is l o c a t e d in Syria and Turke y , bu t non e is 

l ocated in Iron. Gon er ul l y 3pookin g , tho l owlands oro ma inly l o­

cated ln Iraq and Syria . 
The wes t e rn dos ort r eg i on r o pr os on t s tho v os t ar ea s ituated 

to the west of the Euphrat es in Syr iB , Ir aq , an d Saudi Ar a b ia . Th o 

largest proportion of tho d e sert is located in Iraq i I t compri s e s 

about 60 per cent of the total aroa of the countr y . Th e des e r t 

ri s o s gon~ly f rom oo~ L und s oH ~h towurd :> t h o wo ~1t und n orth wo ot; . 

'l'he region is greutly dissected by n umerou s wud i s do:o c ond in t:; fr om 

the high plate a-u t o·.vards the Tit,ris - Eu phrates trough . J'l o:a t of t h ose 

wud l n uro 100 to 1 50 f oot doop . 

Drnlnoe;o 

Tho h eadwaters of t ho Ti t:;rl s a nd Eu phr t~ to s riv or· o uro lo­

cuted in the mountain r og ion of 'l'urkoy. F lowin t; fr om tho he odw::~ter 

area, tho two rive rs trave r se tho f oothills re g ion in Tur k ey .. Th o 

Euphrat e s e n t ers Iraq aft er crossin t:; tho 1\.l- Ja:·.ir a are a in Syri a 

f or 600 km · , while the Tigris enters ' Ir aq d i re c t l y a ft e r leav in g 

Turkey . 
There are no import ant tribut arie s of t he Euphr a t es in ei­

ther Syria or Iraq . The Tigris has four major tributar ie s, all of 

which ,join the main st em of the riv·er in Iraq . All the tributaries 

of the Tigris have their h e adwaters in the eastern mounta ins of the 

ba s in . Th e Great er Zab, the largest tributar y (s e e Tab l o 2 ) ,"ha s 

its headv: a ters in Turkey, while the Lesser Za b a nd t h e Diy a l ah have 

t h eirs in Iran . 'l.'h e Ahd uim, the sma ilest of tho t ribu t ary rivora , 

ha s its h e adwaters entirely in Iraq . 

Eros1.on in the h e adwa t er ar e as con s ti t ute the major sourc e 

of sedin10 nt in tho Tl,t,ri s and Euphra t es . Thi s i c c au sed ma i nly by 

rainfall on thf bt~r e n: oun t oins and f o oth ill s of tho un s.l.r. i.n '.C~:rl-::oy , ! 

Iraq, and Iran . The presence of l arge qu antities of silt in the wa ~ 

ter is o. con tinual menace to the irrigation canals in southern Iraq . i 

The steep grad ient .of the rivers (1 me t e r per 3 kilome t e r s) ois ­

courages the deposition of sediment, le aving stream be<i.s ratj, ~;r 

1Gor don Hasted, The Physical Background of Iraq , translated 
in Arabic bJ · J . 1'1 . Khalaf (Ba ghdad: Ar abi an Press, 1 948) , P .. • 6. 
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-stable . River valleys are deep , which nakes it necessary t o use 

pu!nps for lifting the water for t he ad joinin g higher areas. 

TABLE 2 

MAJOR RIVERS AND TRIBUTARIES OF THE 
TIGRIS AND EUPHRATES BASm 

River Drainage Ar e a in Len gth of River 
Sq. Km. in l{m. 

Euphrates 109,500 2 ,737 

Tigr i s 166,155 1,851 

Main stem 68,280 160 

Greater Zab 26,473 392 

Lesser Zab 22 , 250 400 

Ahdaim 10,988 230 

Diyal ah 31,896 386 

Total 275, 655 

aEl Kholy, The Hydrology of River Tiscis, pre­
-p ared for the Iraq Government, Director ate Gene r a l of 
Irrigation (Baghdad : Al Rabbitta Press, 1952), p . 173. 

The t wo major rivers flow in a southeas terly direction in 

Ir uq. As they ent er the lowlands, especial l y the Mes opotamian 

trough, t ne ir gradient becomes more gradual_ ( about 1 meter per 20 

kilometers in the Euphrates, and por 40 kilomet-ers in the Tigris). 

Depos ition of sediment occurs in this part of the basin. 3ecause 
there is no great difference in elevation between river beds and 

the surroundin g irrigated areas, gr avity canals are used to divert 

the water s for irrigat ion . 
Tho •r igri::J and Euphrot <HJ rivoru join together in uouthern 

Iraq to form a single river, Shatt - al -Arab (the river of the Arabs), 

which dischar ges into the Persian Gulf . The Ko~on River is a tr ib­

,,tory of Shatt - a l-Ar ab, but it is located outsid e the political 

· .. d c::- y of Iruq . (In ho oren of junction Shott-al-At- ob io tho 
·· .l' ~.c: n l bounc;lary , s o that tho Karon River novor a ctually enters 

Cl imate 

Three climatic types can be reco gnized in the Tigr is and 

~phrates basin: humid, steppe (s emi-arid), and desert . These cli­

·mat.ic type s coincide, roughly, with the topographic re gions of the 

9 

b asin (Fig. 1). The humid cl ima te is confined to the mountain 

r eg ion of the basin (Fig. 1, 1) . It is chnrac terized by high pre ­

cipitation (botwoen 1 , !:>00 and 800 mm . annually), and low tomporo ­

t u;r 0s (be low fr ee zing durin g the winter) . Steppe climate pr e vai ls 

in tho foothills (Fig . 1, 2) with precipitation r an g ing between 800 

and 300 =· annually, while dezert climate predo:ninates in the low­
lando (Fig . l, 3) and i s characterized by precipitation of lo ss 

than 300 mm. annually . 
Both temper ature and precipitation are strongly i~fluenccd 

by the surface configur ~t ~ons of the basin . Because the elevation 
of the basin increases from the south to the north, the mean annua l 

t e:nperature decreases in the s~e dir ection . The mean annual t em­

perature at Basrah , which i s located at the l ower part of the Mes o­

potamian trough,- is 75° F . At Baghdad, in the upper limits of the 

Mesopotamian trough, i t is 72 . 7° F . In the northern p art of the 

lmvlands, Al - Jazira , the me an arrrmal t emperature ia low~ :- than the 
ttesopotamian trough . At Mosul, in t he Ir aq i an section of Al-Jazira, 

the mean annual temperature amounts t o about 66 . 9° F . In Deir Ez ­
Zore , the Syrian se ction of Al - Jazir a, it is about 69° F , while in 

Urfa, the Turkish section of Al -Jazir a, it is about 62 . 3° 7' In 

t he foothills r e gion, in Diyarbaker in the Tur kish part of the ba -
. 0 . 

sin, the mean annual temperature i s 60 .. 8 F and is , generally, 
lol'ler than that in t he mountain r egion s . 

The t emperature in the basin revea ls a great de gree of 

· cont inental ity, as evidenced by large annual and diurna l r anges . 

The degree of continentality i7 greatest in the central p art of the 
basin, and decreases toward the north and the south . The soc:thern 

parts of tho basin show l es s continentality as a result of the in ­

fluence of the Persian Gulf . Th i s i s evident from compari son of 

tho moon nnnunl r nngo. of Bunr ah nnd Ba~ 1d t1 d ( 38 . 9° V und G0 . 2° F , 
r espe ct i vel:y) . S i m.ilarly, t he north orn par ts of tho bas in :Jhow lo:J s 

continentality a s a r esult of hie,h er olevat ion . This is shown by a 
comparison of the average annual r ango at Mosul (4 9 . 1° F) with that 

of JJo.ghdud (GO . 2 ° F'). 

Rainfal l in the basin is aloo inf l uoncod by tho topoerophy . 
Th5.mountain re gion in the nor th i s an ar e a of' h'l.e,h r nl.nfall , while 

the lowltmds ar e char acterizeo by low a.'l!ounts of ra:!.nf .:t l l. Tho 
ra i nfall incr enneo from th o ~outh and southwoot townrd o the nor t h 
and northeast, '!'he lowes t amoun t of rainfa ll occurs i n t he r1o sopo­

tamian t rough, 't'anging from 108 mm. at Sulman; in its lower limits , 
to about 134 t m· at Baghdad, in the upper l imits of the trou&~ · In 

the Al - Jazira , rainfall increase s steadily. In Rass etdie, in t he 
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Syrian section of A1-Jazira , it is 264 mm.; in !1osu1, in the 

Irnqinn section of Al-Jozira (Pig . 1 1 3a-l), it is 376 = · In the 

rooLhilln, in Dlyorlxdwr ln 'l'uJ•kuy , procl.pltni..lon ruuch•l~ 'lf.I'J mm . , 

while in Bingo l it is 820 mm. In the mountain r egion it exceeds 

this amount, reachin g about 1,500 mm . in the highest parts . 

Tho winter season (December , January , and February) is the 

wettest part of the yo ar . I1ost parts of the bnzin r eceiv e from one ­

half to ovor thre0 - quortcrs of their tot nl annual r ninfnll durint, 

thi!l pt'rlod . Sulmnn ttml Kut, in t h o southurn lowl !Hld!J , rocolvo Oll 

much us 71 p er c ent anc.l 67 per cent, ro spe ctlvcly, of their annual 

rainfall during th is period . This percentage decreases toward the 

no:rtltorn rorte of t.h bn~j.n cl\10 to th o fnc t th a t 11 conn1.dornbl 

amount of tho rainfall comes during tho spr i ng perlod . Nos ul, in 

the northern limits of t h o lowlands, r oco i ve!l 52 pur cent of it s 

annual r ainfall c.luring tho win te r . Amodio, in the mountain ret::;ion , 

roc oivo!l only 44 por cent , while Rnwonduz (in the mountain r egion 

of northern Iruq) r e c oiv os only 33 . 5 per cont . 

During tho Sp1• .Lpg seuson (J'lnrch, April , nn d J'lny) r ninfn ll 

is consider ab ly l es:J . However, h e r e , too, r nin f u ll .lncrouso:J from 

the south to tho north . In Sulman, Iraq, it constitutes 16 per 

c en t of tho nnnunl roin ftil l, in J'lonul 30 p <> r cont. , Hnd 1n 1\ mnc.lio 36 

per c ont, 
Sunmer is an extremely dry season throughout the basin. 

: 

From June to September there is generally no rain. During the Au ­

tumn, rainfall received throughout the basin is less than that Qf 

Spring and much less than that of Winter. Sulmon receives only 3 

per cent of its annual rainfall during· the Autumn, !'losul 18 per cent, 

and Amadia 20 per cent . Because prec ipita t ion is the initial sour ce 

of water in the basin, both Summer and A\).tumn are periods of low wa ­

ter supply. 
Cloudiness is on important phenomenon which is a ssoc iat ed 

with rainfall and t emperature . The higher parts of the bas in have 

the highest amounts of c loudiness , the highest amounts of rainfall, 

and the lowest temper a tures . Cloudi.?1oss , in gene r a l, nl:Jo increuues 

f r c ::c ,:o:..\ th to n or th . In Sulman th e mea n p ercentage of sky covered 

by ('. l o~.,;~ r.;nounto to 1.6. Tov/[lr.d t.1e nor th :tt increuoo:; untll it 
- 1 

o' 0t~c l:: e ~ 2 .1 at Baehdud and 2 . 7 a t 1'\osul. 

1Ali H. Al-Shalash, op . cit ., PP · 71 - 72. 

ll 

Vegetat. ion 

The distrib~tion of v ogotat\on is 8trongl y controlled by 

ton:pornturo nnd r ninf11ll, nnd lhoro i~ u cl o :1e cor-rol:Jtion botwoon 

the cl~stic and vese t ation patterns in the basin . The climatic 

condition::; as we ll us the vegetat ion d i :Jtr ibution ur e , in turn, 

de t er mine d to a con s idor ,ble extent by topography. 

Tho vegetative cove r in the basin shows a tr ansition f rom 

tho coldor, wottor , f ore sted ar ovs of the mount inf.l to t ho roue.h 

arous of sloppo::: with modo r nto t omr.orHturo and J.e:J!J rainf £• 11, and 

to the hot, dr•y, desert aroos . 'l'wo ve ge t ation r eg io11 s can bo di!.l ­

tingu i shed--the mountains and foothills r et;ion, t he lowl a nd s and 

tlH'I u ::or\ . . 

In the mountains and foothills r egion tho v egetation typos 

J.'luctuoto with e lovotion . In tho higher part:J of tho region , above 

2 , 400 m., especially in·tho western pnrt of tho basin and in the 

/1rorat highl nn ds i n the ens t, above 2,700 m. , on ulpln o vegetation 

prevoi ls . 'l'his con:::ists prlncl.pn l ly of ernssen in un :.J oci a tion with 

Alpine flowers, monnos and lichons . Tho sh rubs nrc ma i nly diffor ­

l:n t k i nds of juniper. 

Belo·.v this Alpine vegetation a thick for es t begins. The 

foro~Lu cover uruau of ul ovotionu up to BOO m. as f ur south as 

Diyarbaker and Sirit in Turke y an d Dohok, Za kho a nd Sulmuniyah in 

Iraq . The larger part of the f orest cover has bo on destr oyed by 

over-gra zing and cutting of timbe r a nd shrubs for use u, s fuel, so 

that only coarse s hrubs, principally oak trees, are left while 

greater portions of the mo~~tai~s and .foothills are bare and sub ­

ject to erosion. A fe w patches of forest are e ncountered in the 

·Turkish parts of the basin around 11t . Bine;o l and Nus, where the 

are&.s are thin ly populated and far from cities and village s. 

In the lowland the rainfall de cr e as es rapidly and tho 

length of the Summer season in creases. The vegetation i s of a 

steppe type , thou eh there are different grasses and palm tr ee s in 

the irriga ted l and alon g the riv e r \"- :m ks and irrig a t ed cannl:J . 

In tho nor the r n pu.rt of tho lowlnn<! ;: ~ 1\.l -Jozir u , tho voe::ctn t ion 

consi.sts principally of d ifferent kinds of gr Hsses uml bulbou s 

plun to nn <l :;nvn.rnl v orj ot. lu u o f L h"1~1 llo:J unJ thl:;t l o -l ik'J plon t u . 

In Lho s ott thorn part ol' the l ow lund s , tho Mos opotami ~m trou c:;h , 

thorp is a tcavy veget ~ion of cownon reeds, sed ge s, tube grasses, 

and water lilies. The marsh .borders are covered chiefly by mint 

and Bermuda grass . 
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Soils 

Informat ion conce r ning types , characteristi c~, and d i stri ­

bution of soils in the Tigr i s ond Euphrate s bu ~ in i:J mouger and 

limited .to t he lowl ands, main ly the Mesopotruui nn trough. General­

l y, the soils of the Al-Jaz ira and footh~lls of northern Iraq are 

old r esidual soil s derived i"ron mixed and tufaceous rocks . The 

silt clay type p~ed omin ates throughout these areas. In the Meso ­
po tamian tr o gh the soils are recent alluvials derived mainly f r om 

mixed lime ~~d sandstone rocks . The silt clay, silt loam, and 

sand loam types pr edominate in most of the ar ea s . These s oil s are 

characterized by l mv organic matter and high salinity. Salinity 

usually increases from north to south throughout the i'Iesopotamian 

trough • A general comparison be twee n the soi l s in Al- Jazira and 

foothills, in northern Ir aq, with the soils in the I1e sopotamian 

tr ou~~ of southern Ir aq, shows that the f ormer hove higher organic 
matter, no salinity, and no maj or dr a inage probl em, while the l at ­

ter have 1 ov1 organi c matter, high s alt content, and a con spicuous 

drainage probl em. 

Pre sent Sett l ement 

Occupations. --The major occupations of the people living 

in the basin are agriculture and animal husbandry. In Iraq n early 

50 per cent of the popul ation derives it s income directly ·from 

wor k ing on the l and . 1 Similarly, the ma in 9ccupation of the set ­

tled parts of Al-Jazira in both Syria and Tur~ey, is a griculture . 

The r es t of the populat ion is engaged in commerc e , personal and 

publ.ic service s , manuf a ctur in g and handicraft , transport ation, and 

gover nment servic e . 
In Iraq, it has been estimated that tho persona ongngod 1n 

the se non - agricultur al occupations amoun t to 500,000 in number , of 

which on l y 7S ,000 ore en gu ged in manufacturin g and hundicrnft s .
2 

Commerce represents the largest oc.cupational group after agricul­

ture, employing 100,000 persons who l ive chiefly in smo.l l towns 

" ;- oughout tho coUI)tryside wh ich sor vo as tr 11d 0 cantor s and col­
·'; :'..on poin ts for· agr icultural produce· Tho thor non - agricul~ 

, , c-:-.cup:at ions include government service , tr ansport, and per ­

. :- ,;. •. J ervices . 

1rnternational Bank for Reco.ns truction and Deve l opment, 
~he Economic Development of Iraq (Balt~ore : The John s Hopkins 
Press , 1952) , P· 128. 

2Ibid. , · p. 129. 
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Most of the cult iva t ed areas are concen trated in the low ­

land parts of the basin and in the f oothill · re gion in both Iraq 

and Tur key . The scantiness of rainfall in the He ::;opotnr~ion trou[.;h 

und the Al-Jazir a sections makes cult i vation in tho se areas virtu ­

::~lly impossibl e without irriga t i on . Slight l y over 90 per cent of 

tho irr i gated are as are loc ated in the Mesopot ~~ian tr ough in Ir aq . 
The other 10 per cent of the irriga t ed a r eas are loc a ted in tho Al ­

Jazira in Syria . 1 The rema ininB parts of Al- Jazir a , other thun the 

Syr i an section, have no irrigated cult i vat ion at pr e sent . In tbe 

r e~ainin g sections of Al-Jazira and in the foothi~ l s of Ir aq and 

Turkey , cult ivation is dependent entirely upon rainfall . 
From a consideration of the physical setting in relat ion to 

the occupations of inhabitant s of the basin, t wo ma jor r egions of 

wate1· utilizat io_n can be r ecogn ized -- a re gion of nourishme nt and a 

r egion of depletion . The re ion of nouri shment c overs the higher 
pnr t s of the bas in, in Turkey and i , Iran, wher e most of the we ter 

originates but where litt l e is used, The r ebion of . nour i shment 

covers tho high er parts ·or tho basin , in Turkey and in Iran, wher e 
most of the water or i ginate s but wher e little is us ed . The r e gion 

of dep l etion r epresents t he lowlands of tho ba s in, in Ir aq and 

Syria , where most of tho water is used . 

Population distribution . --On the basis of a comparison of 

population distribution with physical anc occupational factors the 

ba s in may be divided into four population r egions . The first coin ­

cid es roughly with the western desert and inc l udes the greater port 

of the Al - J azira re gion in Syria , Turkey, and Iraq . Th i s r egion 

bas no sedentary population . It i s most ly a home for the Bedouins 
1'1ho move, wi th their livestock, fr om place to pl ace . 

Of the r em ining three re gi ons, to which the seden tar y pop ­

ul at ion ia confined , tho mo:Jt impor ton.t is tho lower port of th e 

lowln'nd re t:; ion of the bas in, t ho l'le:::opo t nmiun trough, which ru pre ­
Ge nts tho alluvia l p l oln wut ored by t ho 'l' ieri~t bolov1 Sonwrrn and 

by the Euphrate s below Hit . 'rhe t otal population or this region 

io 3,250,000, or 70 pe r cent of tho total sedent ary populat i on in 
Iraq . 2 In this re c; i on pruct i cully 'all tho irrlf::•tod arcus o!' Iraq 

ln. Warriner, Land Rofor~ and ~cveloproent in the Mi ddle 
East, A Study of Egypt , Syr i a , a!Jd Iraq (Lond on: O;.: .~ Q c Univ er s ity 
Pru., s , 1957) , p . 18 . . . . 

2 J. •H. G· Lebon , "Population Distribution and t ne Agrl.cul ­
tur a l . egions of I raq," Geo gra?hic a l Rev i ew , XLI II, !1o . 2 (April, 
19 53}' 223 - 28 . 



and 70 per cent of the annua l cultiva ted areas , ~re loc uted .
1 

Thi s i s c b i ofly a rural are a, tho Gh ther e is a con c en tr ation of 

town s in tho west and nor thwcnt of t ho roe;).Otl wh i ch :JOrv o as con ­

te r :J of c oiUJilod i ~y exchon ;:.o for tho nt;r i cu1ture~1 orcas . 
Tho two r oma lnlng r ogionn aro t.ha footh ill!! unu tho mo, m-

tains, wh ere rainfa ll is sufficie nt for n on- irr igated cult iva t i on 

an d where Winter -s own barley and wheat ar e a c cor d i ngl y the ba s is 

of huubandr :y . nn':tnfnll c.u lt iv(l t :l. on i:J practiced on appr ox imat e ly 

z, 3 mll l lon acr es l ocated ma inl y J.n thu fo o thill l' oeion oT Irnq . 

Sheep, c at t l e , h or ses e~!1d mul es a r c grazed on stubble, ful l ov: , 

rou gh p osture, and scrub . 
I n thu f oot hill s r og i on piedmont 1ulno oro usually well 

dotted with mnall villages . 'rho hi ghes t den l:lity occur s .tn I r aq , 

in t h e s out h ern limi t o of tho f ooth\llo , whore tho thr ee lnrt:.o!Jt 
" urban sett).on;ont s , 11osul, Kirlw1< , un d Er bil are ~ocatcd . ~ 'l'ho 

•rurld.sh part of th iil r eg i on is spar s ely se t tled . ·J 

In the mount a in r eg i on the popul at i on i s s c a t ter ed . How -

ever in m:m y brood , longitud inal valleys and intermontan e basin s 

t he Kuru tsh inh abit ants are numerous . Towns are small and i n ­

fr ort u on~, toml in g to bo l ocntod i.n t ho l orsor v olle ys ut s i tos 
acro:Hl t,\w v nlloy . !.iu lltlW1 .l ynh (:~:),000 pooplo ) 

coimHanuin E r ou ~ u!l 

and Hs labja ( l e ss 
4 

ti~il3 r egion . 

than 20 ,ooo) are the lnrges t cities in I r aq in 

The Nature of the Problem 

The Importance of water to Iraq and Other 
Countries in the Ba sin 

Iraq , with an ar e a of 168 ,000 square miles and a population 

of about 5 , 000 , 000 , occupies the sou thern p ar t of t he Tigris and 

Euphr ates basin · About 20 per c ent of the tot al ar ea of Iraq is 

loc ated in the mounta in and foo t hill re g ions of the ba s in . The r e ­

maining 80 ::>er cent j..s in the lowlands . 
5 

linternational Bank for Recon struction and Development, 
The E c onoElic Development of I raq, P • 137 · 

2J. H. G. Le bon, loc . cit·, P · 227. 

3Intern o.tionnl Bank for Rec onstruc t ion ~~d ~~~nlop~ont , 
'l'ho Economy of Tur lce x (Baltimore;: ThQ J ohn s Hop~cins Pross , 1951), 

p:-Iti . 
4 J, H. G. Lebon, 1oc . cit ., P • 228. 

5Jassim M· Khal af, The V/ater Re s ources of t h e Lower Colo-

1 .­.;J 

The b nsi c occupation of tho peop l e i s Uf~lcu ltur o , u pon 

which about 60 p er c ent of the p opula t i on de p end for the ir l i v e l i ­

h ood , though only a ro l oti voly nnrrcw \.J o lt of thf3 mountnins und 

footh i l l s l.r1 northern Irnq hn v o :;uff1dcnL rn:lnfn1l t.o :1\1:1\:t,.l.n nsr\· ­

cultnr ··· without irri(~ll~ion , tho two r 1vor:J nnd thoir- t r ibutaries 

prov i de water for irrigat i~n of t ho lowlands of tho Mesopotamian 

t r ough. The t ota l cultiva t ed a r ea in Ir aq a t pr esent o~oun t ::; to 

7 mil lion ·a c r e s. Abou t 30 pe r cen t of th o tot al c ul t i vated nrra 

<.lopon<.l:l :1~ loly upon rtJlnfnll , tho rest dO)'f'n (l .l nr: cnLJ.r- uly 1pon 11.:. 

rl so tion . 

Th o e con omic an d sociu l l e ve l o f tho peoplu of Jr uq bus 

rison nn d f11llon with t h o od v onc o oncl doc llno of np·lcult11r 0 • With 

tho full of tho gro u L Abbn:JL\id Dyno :Jty to nuln[£U Kbon i n 1258 end 

tho do l l.bor nto d_oatruct ion by •r l.mur, in tho !'lftoo nLh colltur y , of 

Lho irrisution s y s t omo u pon which ho r pr o:Jperlty uopondeu , Irnq wu~1 

plunged fr om un e conomy of abundan c e t o on e of bnre sub:Jistonco . 2 

Wi th tho establishmen t of t he n ew state in 1 932 , I r aq initi­

ated progr ams for r e storation and expansion of t he irr igat ion s ys ­

tems t o incr e a se production an d r a ise the le v e l of livin g of tho 

poop l o . One of tho b o ~l c d ifficulties wh ich ftJ c od tho now s ovor n­

~"'nt wns Lho J l mitod onpltn1 uv 11 1ln\llu Lu f l ntmco t. l lO n<wdod du v ol ­

opment pr ogram. As a r esu lt , t ho roto o f devo l oprnont wus nlow and 

t h e ec onomic condition of the country r emained p oor. Evon at the 

present ~ime the per c apita ye arly income is I . D. 30 (equ iva len t to 

$84 . 00) . 

Th e r ecent incr e ase of oil production in Ir aq has offered 

new opport unitie s i' or economic ' devel~pment . At the end of World 

. war II, the y early production wa:; und er 5 million ton s . By 1 955 , 

only ten years later , the yearly production was r a is ed t o 30 mi llion 

t ons . Tho revenues accruin g to Iraq under the e7. is tln g profit - 3 h ar ­

i ng a gr eeme nt (on tho basi s of 30 million tons y early pr oduct ion ) 

r ado River Basin (Ph.D . disser t at ion , Department of Ge ogr aphy, Th e 
Univ~rs i~y of Chicago [ Chic ago : Priv a t e Ed ition, 1951 ) ), p . 193 . 

1 
In ternationa l Bank for Re construction d D 1 t 

F.c onom,ic Dev e l..£P.n:ent o f Ir aq' P • 137 . an e ve opmen ' Tho 

2 . 
Ahmed Sousa , op . cit ., pp . 33 - 34 . 

3 
, Inte rn at i or. ol Bunk for Reconstruction and Do volopmont, Th o 
Economic Deve lopment of I raq, P • 101.. 
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amoun t to I . D. 70 million a year or the equ i valent of $196 million 

a year . 1 

The gove mnen t of Iraq reol i zes that oil is a .1 exhaustibl e 

r esourc e whereas l~d and water are renewaoie resource s. 'l'he ex ­

haust i on of t he oil r esour ces may be r emote , but with substantial 

and i ncreas i ng production, it i s inev i table . It was with this con ­

sider a tion i n mind, an d the urgent des ir e to raise the level of 
l i vin g of t he peop l e of Ir aq , that the government establ i shed the 

Development Board in 19 50 . In 1955 a Mi nistr y was creat ed to su­

pervise the b oar d , and provided with f unds that equal 70 per cent 

of the o i l r evenues .
2 

The Developmen t Board spon sored a survey L~ 1951 t o s eek a 

p lan for the economic development of Iraq . The s urvey was c arried 

out by the I n t ernat ional Bank for Re construction and Devel opment . 

From information made ava ilab l e by the surv ey a plan which offered 

sever a l pr ograms for cons i derat i on was formed and submitted to the 

Deve lopment Board. These pr ograms dealt main l y with agr i cultur e, 

indus try, tr ansport ation , and education . The r epor t i ndicated that 

any de ve lopmen t pro gram fo r Iraq mu s t, obviously, put a primary em­

phas is on agricul tur e because both indust ry and commerce depend in 

turn upon far min g and an i ma l husbandry . 3 The Development Board 

~:-~~'"..'~~ .. ~ .. ~h~ ?1.? .. :: a>:<J. ?-. $ '~~::: .• !.r.l952~ ~9.~?e::J,.Ti??e":.ts, Abbott, 

--~ 'C ::----

~e~~ils the ~ evelo?~~· 3oarC L~iti~ ~ ed ~be de~elcr~e~t 

-;:-u;:"'~ :.:.., ~e\·d:-.. :~1 «." t:~· ss:;:.7 ... ts su;sest$: i.n 1 9'='",1 . s~twaa:1 1~51 

art. ian o f th(l e.~)' o:1 . .i.t ·.n·o:; or tlH• Dl;) \'t:l p::;,mt. 3C'~ln~ ,. l'. :; stlow:l tn 

Tt:bl •> ;:. . 
In 1 95-1 , tho Devolop1non t l3onrd usl~ud Lor<.l J . A. Sul\..01' t.o 

r ov tew tho vor l ouo projocLo ndoptod for tho dovolopmont or Iraq , 
·- -----·--------

1 J . A. Salter, !2_ove~_o_mont ?f' Jrnq: A Plqn for Action 
:Bn ,hdad : 'rho Devuloproon tBourcf;-lU5:JT , P· 12. . · 

,, 
'){"''l'P 'J!l, '\lppnL\; 

1 
1\l •\.• nt L , l'l r•Cnrthy F.nv ·lnn !'T'!! . op · o l_t.', 

'" \ . 
~Internat.lonal nunk for Rucon atruc tion and Dovelo mont, •. ~ 

Economic De vel opment of Iraq , p . 4 . --

' ., ... 
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TABLE 3 

EXPENDIT URES OF THE DEVELOFI1ENT BOARD, BE'rWEJo..'N 1951-19!:<:>\l 

Administrat i on •.. . 
Irrigation .. . . . . • . 

Communi cations . ..• 

Buildings . . . . ..• .• 

Land reclamat i on . . 

Industry .. ••. . • .. . 

Total .... ..... 

1951 - 52 

99 , 637 

841,441 

626,887 

788, 164 

772 , 023 

3,128, 152 

1952 - 53 

213 , 875 
2,560,643 

1 ,751, 535 

2,265,229 

1,535 , 246 

81,429 

8 ,308,052 

1953 - 5~ 

250,712 
. 4,781,402 

1,913,991 

2 , 445 ,G34 

2 , 319,377 

465,965 

12,187 , 081 

1954 - 55 

650 , 000 

6,864,367 

4,928,778 

4~2 56 , 912 

2,637,170 

994 , 469 

20 , 331, 696 

a J , A. Sa l ter, The Deve l opment of Iraq : A Pl an of Action 
(Baghda d : The Development Board, l 855) , p . 20. 

The r e vi ew showed, a s had been sugge sted i n 1951, · that the greater 

part of the developmen t of I raq should be n t h e form of increased 

agricultur a l product i on . 1 

General d.evelopment i n I raq , then , i s d irectcd to a· con ­

s iderable extent toward agr icultural expansion . If most of the cul­

t ivated areas at tho pr esent time depend upon irr igatio~ , it is ob ­

vious that agricultural development wil l be affected l arcely by the 

ruz:oun t of wate r available in the country . Agricultur a l developme nt 

r:;~st be associated with water development progr run s in or der to pro ­

>1de agriculture with the maximum possible benefits f r om .the vmter , 

Ho71ever, o ;:;reat pr o;;ort ion of t he ?rate r of the T igr :s and 
"' , h-nteo .,....J i ; • . ·-~~-- _ ... ver s or 3 -"l a~es in other countr ies, and the a:nou:J t 

~Y~ :l•b le for de velopment in Iraq depends upon the present and fu -

. 1. " l.nt•) n o l ty of •-a tor u.ne i th t ,-, n o up z r o0J11 orcas . Th o exi~ting 

:>; ).::lt ntill1 wn t..or U'Jt.l:1 l n T l I • · 11\'<oy , l' Hn , nml 0y l'J n show t.l111t tho 

,,!~:· n i1rly of t..ho 'l' i f;J' i:J nn<l Eupbrnton r!vo r n !. :1 l11tpor !.t~ nt to 

··ft ~" ''O \l!t(l·)w U 'J W")1 ' I v n:• c O !'nq . :.iyt·l.n . tiL ttHJ p t•o:J('t \1, t .\lJl (•, 

:. ; •r ~ c up on the r·;uphrn too Ri V<,Jr t o irr .l f!.U to mora than half of her 

l!"'r- t ~~· '' t od lHnt . 'rl- 1. t l!J mpol' ·nnc•J or tllill rlvnr l.:t in crou:Ji ll~~, Juo to 
~ ' .. (t t d ru :·nm t<ll f uturo o:o:pan !l ion o f i r rigation . .. t ho country . Tur -

•,,' t:- ')n!'l i rlor}nf~ rl.nns l'Ql' hydroelectric powor' for wh:l.ch tho wn -

~ ' :-- ~· :· lhu 'r ip r1.t:t nnd 1~:uphrot·.o:1 i ::t oP~t(·1 tl' . '>l l -a ,, S 1mjlorty , poss1b o 

.. .. _ ~ j " l'l~:.t~ ~) i~ d . .'\_\'..:.t!l='-' '''. l 1•. • • .. ! \ : \ \1 ~ ! .:; ~ ~ :.l .I _: .: • ~ tl ·' \II' - ~ 1.1 h :;. ·, .:J ~ \,) 

~'~ :he wo t~rs of tho Diyolab ond Le sser Zsb r i vers . Tbus, 

l ,T • Jl. • ~ • t "';' . .. •• }>~ 
• ... l . 

other 
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countr ies in t he basin besides Iraq may become significant users 

The Scope and l')ethod of the Study 

water devt~lopJnont if it is to max imiz e benefitz from water 

u se should be d irected in such a way as to eliminate water losses 

and maintain a high .de gree of efficiency. This presupposes an ac ­

quaintance with tho presen t conditions of vwtor utiliz ation . Previ ­

ous studie s of wate r r esources of Iraq concerned themselves mainly 

with how the resour c es should be ut i lized within the country, but 

none of them surveyed the v1ater balance for the entire basin . 
The author proposes in the present study to survey the quan ­

t .ity and distribution of present water supply and the quantity of 

present water uses in the Tigris and Euphrates bas :!.n in order to as ­

sese a budget showing the amount of water supply and the typos and 

. extent of present uses. It is hoped that sucb. information will help 

those people concerned with tho development to direc t their efforts 

toward improving the present conditions by mainta ining a more effi -

cient utilization . 
The study does not attempt an apprai sal of all the condi-

tions v:hich would enter into the design of E4'1 integroted develop ­

ment of the Tigr-is - Euphrtltes basin for multiple purposes . It omits 

a review of flood con t rol needs, of power potentials and markets, 

of the silt problem , and of the very serious questions of soil 

salinization . Thus, it takes the water balanc.e as a point of de ­

parture and asks what implicat ions the water balance findings may 

have f or . the larger issue of wise water policy for Iraq . 

The h ead waters of Iraq's major rivers, the Tigris and Euphra­

ton, oro l ocute0 in othor aountrioo . Mony of thn tri butar ieD nlno 

hnvo tholr fiUUl'OOI.l uuyon ~ltu ]l'!.H.tl. IJ Ol' d<•• · · 1\l) <J VII.l.un\,l.OJI (,!" ]l· nq ' ~l 

wut;or resourcoa mu!lt, therefor e, includo un ootl.motion of tho amount 

of watur .Lmportod by thono rlVO!'O onu tx•ll.lut.ul'lo:t lnt; o Jroq, Ofl 'lloll 

us tho amount of wntur which orl~_:in nt oc1 in Iroq · 
. -.•• dU'C iculty of nuch a n ost l. motion iH t.ho lncl< or rivor 

·::-~g stations outside of Iroq , so thut tho rivor flow::: u:;wt.roa.m 

. -: one are not gauged . For an estima tion of the wator re ­

~· <..>UI'C \:'8 ~: h::.·2·-•. , ),.;:i.o i:'r; : " " ·'"' t he ent ire dr a inage basin, t he 'N:::.ter Ba l~ 
anco J1e thod of Thornthwuite unO, Mather, 1 95!) , can be uocd.

1 
This is 

1c . w. Thornthwaite and J , R. 

1 

· }ications in Climatolosy, 11 Vol. VITI , L___ Laboratory of Climatology, 1955)· 

Mather~ The Water Balance ("Pub­
No . l; conter~on, New Jersey : 

lD 

a method by which the runoff of the entire Tigris and Euphrates 

basin can be determined. c limato lo gi c a lly, as based on precipita ­

t ion and temperature d a ta . Other methods for estimat i ng v:ater 

loss throush evapor~tion and transpirat~on --Bl aney - Criddle method- ­

and water runoff -- Ionidos :nothod--exist . However they aro either 

linri ted in appl icability or ruuch too gonoral to give an approximate 

assessment of the differentiation in the moisture conditions over 

the entire basin . The Bl C id'l uney- r a e method estimates evapor ation 

and transpir ation for areas having a vegeta t ion cove r only, a.~d 
cannot possibly be used to she·,- evaporation condit ions for the ex ­

tens,ive b arren areas of the basin . The Ionides method, a lthough it 

can oe applied to est~ate the tot al runoff of t he Tigris and Eu­
phr ates basin [runoi.'f = o. 75 (rainfall in mm. = 1 00)] does not a c ­

tually indicat e any diffe r entiation in the runoff d istribut ion be ­

cause it assumes the same evaporntion coefficient a ll over the ba­

s in anC. disregards the infl uence of e l e vation and ve~;etat ion in 

modifying the amount of evaporation . 

The water balance method ia employed in this study bec ause 

of its comprehensive concept of potent i a l ev~potranapiration which 

assumes a complete ve ge t at ion cove r over the entire basin, and 

thus will enable the cuthor to sho1·1 the distribution of e vapor at ion 
and trnn s piration conditions of . t'ne ti en re basin . The v ar iou s 
evapor e..t ion and tr anspiration rates can then be used to shoV! the 

different i at ion in the rQ~off dis tribution in the basi~ B . ~.. ecause 
tne potent ial evapotranspiration of the water balance me thod indi ­

cate s the maximum possible evap~rat ion and transpiration f~om 

areas completely covered with vegetation, it c an be used to esti­

:r.ate the maximum amount of water which can be applied fo r irric;a ­

t ion . 

'J'}tr ) wlll.nt· hn1"110<' llt<! l.hi od l' U}.~IIl'li~l pl'U<.:lpl\.nLl o n 11 u tltu Lnl­
tio l w;tor sup1)ly 1' tl b o · 1o ns in. LoH:J O!.l tlu·ou c;h ovnporf,ltion and 

tr on:J pl.rntion uro detormlnod a:.J hnsud on potontiul ovupotrnn::;plrn­

tion , t. hun :.Jubt r a ctod f rom t ho procipl.to!; l on 1n orcl or to o~;t.iJ11nto 

tl1a runofr Tho lott · t r . · • · · ur may 1 0 o.x.pro~::Jod on n mop of tho banln, 

• rrru whlcll way bo rnQu:Jur od tho mnoun t of water or i (~lno t lng in Iraq 

ond the amoun t impor ted .fr om tho up3trerun countries. S•Jch , mea::;ure -

~~nts may have an important bearing on the t'roe and ext ent C'r· 
"'olat i h' "· ~ onn .~.ps botwoen Iruq and the upstreum countrle ~ with rellpe ct 

0 water c:on t rol. The i nterpretation of the runof~' ;nap. of the ba ­

:,~ in, b; indicating the major ar eas of ~mter supply, has signifi­

cn:Jce or any plan for water - shed management ·or river control.~ 

Fe::.- est i mot in~ tho monthly wator supply in rr uq the 0 trc.am 
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i O
rds will bA used because tt.c-:; aro ea s y to compute and 

gaug ng rec " t 
more roudily available than the computations of tho monthly wa er 

runoff through the wntor balance method .. If the wut<?>' b f.1 lnnco 

method prov l do s a n es ti:nuto of the annual water s upply s 1JJ1ilar in 

it d to 
tho amount measured through strOlllll gtuglne; s t·,t lons, 

macn u e d i 
then the monthly strerun gauge me nsurmoents should not diff er ra -

cally from a monthly wate r balance ost i mnte. 
· of •;at er will b e clas s ified as withdrawal The present uses . 

and non - wlth drmval us es . Withdrawal uses con nt itute wa ter unos for 

id ti 1 municipal indus t ria l and liv estock u ses , 
irrigation, r es en a , ' 
while non - withdr awal 11 :;e s constitute navigation--·.7hich exists prin -

cipally in southern Iraq -- and wstcr for tho r oc ontly plannocl hydro -

electric power otat ions. 
Further differentiation will bo tnado botweon tho consump -

tive u ses , which phy r; icully remove the v1ater mo lecules, and tl1c non ­

concumpttvo ttno s , which return the water t o th e stro run or e;rou.nd 

wi.thou·t; dilninution of t h o qu nntity. 
Tho nmount of wnter u ood for trrle;otion will be dot0rmined 

by e ot i mot ing tho prooont wutol' d iversion fro:>m tho riv ers . Wuter 

uo od for rosidonttal purpoooo will bo estimutod by determining tho 

per cnpit.o annual consumption as bnsod on onmples se l e cted from 

urban centers . The per c ~;~pita annual consumption w1.11 be applied 

to the whole population to determine the volume of water used . 

a!mually through these uses . An estimate ·uill also be made of tne 

amount of water u sed for municipal purposes. The industrial water 

use will be assumed to be the difference between the amount of wa­

ter so l d in each municipality and the water used for domestic and 

munic1pal purposes. 
Although navigation does not make any direct consumpt ive 

d t r r1ulo.r flow of a c ertain uaos of water, it i s dopon on upon n eD 
· magnitude . By estimating tho di s charge v1hich is needed to ma int a in 

the stage nec essary for navigat ion, the amount of water u s ed for 

navigat ion can b e obtained. 
The effici ency of utiliz ation c an be estimated f rom the 

o f s atisfying t hes e o.moun t of water ·:~h i ch is lost in the pr oc es ~ 

uses or from the conflict of use s l which arc ind ic ations of in-

o =~ ~ c ien ~ planning. The amount of wate r loss will b e as sumed t~ 
be the d1.ff or ence betv1een the amount of wate r r oqutrou t o S~' t i s.l.y 

these us es and the amount of water wh ich is used at the present . 

. Both the amount of supply and the amount of water u sed at 

t d i b • t form to show the extent the present will be presen e n a u a ge 

L_ of current utilization and to indicate the degree of use efficiency 

and some of the prese nt problems of water utiliz ation . . 
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Limit a tions of Av~ilable Dnta 

Informa tion nvnj l ol>lc for this invooti.<",nt. ion b o f two 

tyre:J : clime.to l oe:; ical anti str oul!J d1.Hcho r ce r ocordo . 'l.'hc distr i ­

b\ltion of t.his information, n~: rov onled by Fi D ro 2 , show:-< th ot 

the highor porto of tho ba~in have a mon ger amount of available 

d ata, while the loVIlands of tho basin , especia lly Irnq - -v:hero tho 

wote r us es are concentrated --ha s t h.e t;ro utcr amount of nvailnblo 

i n f ormat ion. Recently there h as been a major e ffort to se t up ne w 

cl!.mntologic ul nnd stroum gouging :Jt.utior1s, ospoc i s lly in t h o moun ­

tain and foothill r egions of the bastn . 

The clima tolo gical data ore limited in number , un ove n .ln 

di~trlbu t1.on, and r eprooen t dif fe rin g pe r iods of t ime ( Fi~ . 3 ). 
There a re only eighteen ntations in Ir aq with doto on hoth tempe r a ­

Lure nnd prec i plt ut ion (T ab l e 1) . Tho o thor coun tries of tho bo:J in 

huvo even few e r such stntiono . 'J.'ho Tnrlcish part of tho bn:.;in hn:J 

oit')lt r1 LoL1.on s , tho Syrinn p nrt four , and tho It·oulnn purt, two . 

Thu·1, tho total c l.lmutolo t;icul :Jtut.J.ons numl.Jcr z,;~ . 

Add:l.tion1tl ruin gn u t;o Dt ul. l o n [; ox.ts t in tho bllDin , but t.h oy 

provlJ o pre cipitat ion duto only and f or d iffe r ent por1.od s . Thcoo 

sLntiorw number 3 1--ctgh t oro l ocn tcd i n 'l'urkoy , two 1.n Irnn, . and 

tvronty-on o i n Irnq ('l' ob l e 4 ) . Tllo lonc;ect precipitai 1. on r ecords 

(s light ly over 50 yours ) are available for three stations : Baghd ad, 

Bas r ah, and !'Iosul . About half of the r emaining stations have r e c­

ords for ten to twenty years, y;hile the rest of the st at ions have 

records for less than ten years, usually for thr ee year s . (Fig. 3) . 

Stream discharge measurements are a va1.lable for the Tigris 

and Euphrates rivers and t he ir tr1.butarie s, mainly in I r aq (T ab le 

4) . Thirty~two d ischarge sites have stream discharge measureme n t s 

f or d ifferin g periods (Fig. 4). Th ese pe r i ods are longer for stn ­

tlon s on tho mnin str on:us thun for tho !lo on tho tr 1.but nries . Mor e 

t hnn hulf of the stream gaug i ng s tations have record s for over 40 

y ear s . Mo s t of the r est h a ve records for 15 to 20 year s, while a 

'lory limit ed nu: b'lr- - only three - - h ave records for les s than f . v o 

yours (Flg . 4). The d1.sch ur go stationn on the main r i vers have 

. r ec ords which are continuous and which r epr ooont a longer period 

t han do those of most of the clioDtological stations . 

The dls chare;e sit e s aro locat ed in eithe r tho lower or mid ­

dle part s of t h o rivors and tributaries (Fig . 2 ) , f!lr from the po ­

litical bourr:laries . Thus, although the discharge data provide in ­

formation about the total water s upply of Iraq, it is li~ited in 

revealing t he distribution of the v1ater i..."l the different are!ts of 
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T HE AVAILABLE PR EC I PIT AT ION DA-:1 ~RATIO N OF 

IN THE TIGRIS AND E UPH R ATES BASIN I 

S TAT ION 192 0 25 

AOI YA MA N 

AHW A Z 

AL HAl 
AMA OIYA 
..\MARAH 

ANA H 
AQRA 

.:..K81L 
BAGHD AD 
9AIJI 

6 AKR AJ 0 
Et.SK~i\ M 

BINGOL 
~ ITL IS 
CATAK 

C!IE:R 

OER EZ ZOR 
OI WANIYA 

01 YAH BAKI R 

OIEB I S 
ELAZ IG 
EAZ !: ~ U M 

f AO 

GAZIANTEP 

1-'AL/,eJA 

HAOO/\ NIY AH 

!I AO ITHA ,. , 
H2 
H 3 
tiA~ S[T!O I( 

HILLA 
lfTIKHA R 
Kl f-"IL 

KE RMASHAH 
KH AN I K I ~l 

KIRK UK 

XUT 
tAAIOAN N~FTU N 

MALAT't'A 
hi A RUI N 

M tJSUL lllllllillllll 19 19 
MU S 

lroU\ SIA IYAH 
l'flU.IYHA 

OU IILAT SHK /tR 
flAM A 0\ 

n r,'NI\tlU\Jl 
HU lU A 
SA.IdAW AH' 
5 4'-! MARA~ 

:lii U!illfl: ll um 
SII IHJ 
:I I NO A If 
GI VA:l 
:.Ullri'A. N 

:IUL A\ IoCA"iiYA 
HBL~ "T 
':"EL TA l.f E~ 
T U l 
UH,..A 
VA N 

ZA KH O 

30 35 40 45 

FIQ. 3 

50 5 

IIill 

lli!l 

ill1 
lllil 
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the basin or the contributions of the upstream areas to the water 

supply of IrRq• 

TABLE 4 

CLIMATOLOGICAL AND STREAM FLOW STATIONS IN THE 
TIGRIS AND EUPHRATES BASIN 

T-ype of 
n ata 

Climato­
logical 
stations 

Rain 
gauge 
stations 

Iran 

1· Kerman-
shah 

2. Maid an-
i-Naftun 

1. Ahwaz 
2. Shushter 

= 
Iraq 

;3. Baghdad 21. 

4· Baiji 
5· Basrah 22· 
6. Diwaniyah 2:3. 

7· Rabbaniyah 24. 

e. Haditha 
g. H. 1 

10· R· 2 
11· H. :3 
12· Hillah 
13· Kbaniquin 
14· Kirkuk 
15· Kutel-Hai 
16· Mosul 
17· Nasiriyah 
le. Ramadi 
19. Rutba 
20. Sulman 

3· Al-hai 
4. Amadiya 
5· Amara 
6. Anah 
7· Aqra 
e. Arbil 
g. Bakrajo 

10. Dibbis 
11. Fao 
12· Halabjai 
1:3. Iftikhar 
14. Kifil 
15· Qualat Saleh 
16. Rawanduz 
17· S ammar ah 
le. S amma wah 
19. Singar 
20. Sulmaniya 
21· Table Ht. 
22· Tuz 
23. Zakho 

Turkey 

Deir Ez- 25· Diyal'-
zor baker 
Hassetdie 26. Elaz1£ 
Palmyra 27· Erzrw= 
Tel-Tamer 28. Gazinntt>j 

29. Malnt}• 
:30. Hardin 
:31. Siirit 
:32. Urfa 

24· Adiy u.w 
25. B1ngol 
26. B1tl11 
27. Catik 
28· cttor 
29. Erz1nj11J 
:30. 1'\UII 

31. von 

.: 

;J 
H 

': ~ 
Ji 

" t' 

·~::r 

I 25 
I 

--:::;=====~~~=====T=A=B~LE=·~4~-:-=C:o:n:t:1n~u~~e:d==========~============--
~rro or 

Oa ta Iran 

~~roa-=~----~~~-----~~~~Ir:a~q:-------~~S~yr~i~a~--------~T~u:r~k:e~y~--
'' 'J r: ~.~e '' · · · 7. Zakho • t•~ ! onu e. Faish Kha- 6. Heskene 

bour 
9. Mosul 

10. Teswe 
11. Bekhme 
12. Eski Kelek 
13. Mangubah 
14. Guwair 
15. Shargat 
16. Dokan 
17. Al-tun Kupri 
le. Fatha 
19• Sammarah 
20· Inja~ah 
21. Baghdad 
22. Berbendi 

· Khan 
23. Disch Site 
24. Diyalah 

Confluence 
25. Gharraf 
26. Ammarah 
27. Qualat Saleh 
28. Anah 
29. Hit 
30 • Hind !yah 
:n. Kifn 
32. Nas1r1yah 

1. Bes1r1 
2 • B1llior1s 
3. Hatunkoy 
4. Keban 
5. Kemaliye 
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CHAPrER II 

THE WA'r ER SUPPLY 

The water supply of Iraq is provided by the Tigris and Eu­
phrates rivers and by the tributaries of the Tigr is: the Gre ater 
Zab, Lesser Zab, Ahdaim, and Diyalah. The Tigris and Euphr at e s 
waters supply a vast tract of irrigated lands in their flood plain 
and delta region before joining to form the Shatt-al-Arab which 
empties into the Persian Gulf. The Karon River, which is a tribu­
tary of the Shatt-al-Arab, discharges out s ide the political bound­
ary of Iraq and thus it does not contribute to th e water supply of 
Iraq. 

The principal part of the water supply of Iraq is derived 
·;; from its rivers; yet most of the flow is acquir ed in the countries 

.: upstream. It is prudent, therefore, to consider the water supply c! 
1f of the entire Tigris and Euphrates basin in order to evaluate and 
;! understand the basis of the water supply of Iraq. 

The Water Balance of the Tigris 
and EUphrates Basin 

The analysis of the water balance of the Tigr is and Euphra-
·; tea basin must be based to a considerable ext ent upon the amount of 
·· precipitation falling over the basin. Besides the precipitation, 

however, other elements--such as topography, soils, and t emper atur e 

--enter into the analysis since they exert certain mo~ific ations on 
the disposition of the precipitation within the basin. Part of the 
precipitation will be evaporated and transpired by ·the plants, sub­
ject to differences in the amount of soil moisture, and the rema in-

. der runs off. The disposition of precipitation can be stated ac­
cording to the following fundamental hydrological equation: 

P • E ! AST + S 

in which precipitation P is equal to the sum of evapotranspiration 
E, corrected for changes in soil moisture AST, and S is tho water 
surplus or runoff. 

I 
Changes in soil moistur e are important from month to month, 

but on an annual basis tho change in soil mois t ure is n eglig i ble. 

27 
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If, then, the three major elements of the equation--precipitation, 
evapotranspiration, and surplus--can be estimated well, an esti­
mate of the average annual water supply of the basin can be made. 
If monthly changes in soil moisture can be estimated adequately, 

the average monthly water supply can also be derived. 
The amount of precipitation can be determined from rain 

gauge data. The determination of tpe amount of evapotranspiration 
and soil moisture, however, has always been more difficult. A meth­
od for determining these quantities was introduced by c. w. Thorn-

. 1 
thwaite through the concept of potential evapotranspiration. The 
potential evapotranspiration is defined as the amount of water that 
would evaporate from the soil and transpire from the plants, from a 
surface completely covered with vegetation, assuming that there is 
never a shortage of water. The amount of water which is subject to 
loss to the atmosphere through evaporation and transpiration de­
pends upon the climatic energy available for vaporizing the water. 
Thus, the potential evapotranspiration represents the climatic de­
mand i'or woter; in othor worua, it is the naturul wat·er need. 

Application of the Thornthwaite 
Water Balance Method 

The relation between the potential evapotranspiration and 
the precipitation determines the quantity of the actual evapotran­
spiration. If the precip:!.tation is more than potential evapotran­
spiration, in any season, the actual evapotranspiration will be 
equal to the ~otential evapotranspiration. By contrast, during a 
dry season when the precipitation is less than potential evapotran­
spiration, the actual evapotranspiration will be equal to the sum 
of the precipitation and the moisture available from the soil. At 

the same time, because the total available moisture may be less 
than the natural need, a concurrent water deficiency may occur. 
The amount of water deficiency is determined by the quantitative 
relation between the actual and potential evapotranspiration as ex­
pressed in the following equation: 

D c PE - AE 

whero D 1a the water deficit, PE is the potential evapotranspiration, 
and AE is the actual evapotranspiration. 

1c. w. Thornthwaite, "Report of the Committee on Transpira­
tion, 194:3-1944, 11 Transaction of American Geographical Union, XXV 
'( 1944) , 683-9:3. 
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The relation of precip ltntion t o potential evapotr ans p ira­
tion in each month deter mines whether the month is in a we t or dry 
season of the local climate. Durin g a dry season, when potential 
evapotranspiration is greater than precipitation, moisture may be 
withdrawn from the soil according to the difference between pre­
cipitation and potential evapotranspiration and according to the 
amount of soil moisture available. The latter quantity can be de­
rived from special tables. prepared by Thornthwaite and Mather which 
regard the available soil moisture as being less readily available 
as the soil moisture content decreases. On the other hand, when 
the precipitation is more than the potential evapotranspiration, 
there is an excess of water and a wet season occurs. The excess 
water first replenishes soil moisture to its capillary capacity. 
After the demands of the soil are satisfied, any further surplus 

runs off, gathering in the streams and rivers. Because precipita­
tion is subject to loss through evapotranspiration, runoff is 
quantitatively less than precipitation. 

.. With:!.n tho bnnin divor !l ] f.lod wut. or bnl unc<1:l rrov nil bo c •lWJe 
'; of varying topographic, vegetative, and climatic influences. Sam­

ple water balances for climatological stations in the basin are 
I if given in Table 5 and Figure 5 for Gaz iantep, Turkey, and for Hosul, 

. 1 Iraq. These samples illustrate two types of wa ter balance s occur­
!' 

ring in different parts of the basin, the Winter surp lus t yp e and 
the negligible surplus type respectively. 

In the sample water balances the dry seas on in Goz iantep 
;I extends from Hay through October. At Mosul it extends f'rom April 

... through October. During the wet season, from October through J'Jarch 
or April, the trend of precipitation is opposite that of potential 
evapotranspiration. During this period actual evapotz·anspiration 
is also less than precipitation at both Gaziantep and l1osul. The 
excess water is used to replenish the soil moisture first, and un­
til the soil moisture storage reaches 300 mm., the assumed capillary 
capacity of the soil according to the water balance method, no sur­
plus will occur. 1 Table 5 shows that the excess water raises the 

soil moisture storage in Gaziantep to :300 mm. After recharging the 
soil moisture to 300 mm., all the excess water becomes surplus and 

runs otr. This amount is 168 rom. in Gaziontep. On the other hand, 
there 1a an exce·aa of preclpltotion over the potential ovapotronsp1-
rat1on at Hosul, but the amount or excess water fails to raise the 

soil moisture storage to 300 rom.; thus, no water surplus occurs. 

1c. w. Thornthwaite and J. R. Mather, op. cit., pp. 56-61. 
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Fi~1re 4 shows that during the wet period, while a water 
surplus occurs at Gaziant ep from the beginning of January until 
the end of 11ay, the san1o period in Mo 11ul is characterized only 
by r echar ging of the soil moisture and not by a reliable surplus. 
Of course, it may be true that for any short period of time, when 
very intense precipitation occurs, th6 soil moisture at Mosul may 
be replenished to capillary capacity __ and there may be some surplus 
which, over the ye.ar, averages to a positive, though negligible, 
amount rather than the zero. derived in Table 5 by the water balance 
method. 

The four basic elements--precipitation, potential evapo­
transpiration, water surplus, and water deficit--remain as most im­
portant in determining the average annual water balance. The appli­
cation of the water balance method to the entire basin permits the 
appraisal of the moisture conditions of the basin and the determina­
tion of the water supply. 

The Distribution of the Water Balance 
Elements in the Basin 

The four basic water balance elements are presented on maps 
of the basin ( see Figs. 6, 7, 8, and 9) in order to shovt the pat­
t erns of their distribution and to incorporate an areal dimension 
into the estimate of the water supply of the basin. 

Thirty-two climatological stations tor which both tempera­
ture and precipitation data were available for various periods of 
time were utilized in constructing the maps. These stations are 
located mostly in the southern parts of the basin in Iraq and Syria. 
A very limited number are located in Turkey and Iran. Additional 
data of precipitation for 31 rain gauge stations were obtained most­
ly for the three-year period, 1936-1939. 1 Seventeen of these sup­
plementary stations are located in the northern and mountainous 
parts of the basin in II'aq and Turkey. The potential evapotranspi­
ration , water surplus, and water deficit data were computed tor the 
32 climatological stations by the staff of the Laboratory of Clima­
tology in Centerton, Nevt Jersey, according to the method described 

~hese additional data are compiled from M· G. Ionides, The 
Re ime of the Rivers Eu hrates and Ti is (London: E. and F. N. 

• ·, pon Company, , p • .., , ; appen, ppetts, Abbett, McCarthy 
Engineers, fR' cit., chap. iii, pp. 1-4; The Meteorological Service 

: of Iraq, Ra tall in Ira~--1936-1939, Publication No. 3 (Baghdad: 
; .. The Government Press, l9 0); and c. w. B. Normand, Climate and 

,Weather of Iraq (Baghdad, 1919). · 

I 
I 

by Thornthwaite and Mather. 1 
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The maps of the water balance elements wer e ba sed on aver­
age values computed from climatological data which certainly vary 
in their magnitude according to the climatological conditions pre­
vail'inp; in anY specific year. Although averages do not repres ent the 
conditions prevailing for every specific year, they are a short cut 
to a general estimation of the moisture conditions over a period of 
years and they indicato th? supply that may be available with stor­
age. The values were plotted on a 1:2,000,000 scale relief map of 
the basin prepared by the Irrigation Department of Iraq.2 Isari t hm 
patterns were constructed to fit the data and also were made com­
patible with the significant features of relief, In areas where 
data were limited or unavailable, as in the highest parts of the 
basin, interpolation of the isarithms was guided by the relief pat­
tern. 

Avera~e annual precipitation.--The interpolation of the 
average .annual precipitation map was based on the fact that the re­
lief pattern has an acknowledged effect on the processes which con­

'{ trol the precipitation distribution. The precipitation stations 
: were sufficiently abundant throughout most of the basin to enable 

I H the precipitation isarithms to be constructed, with c onfidence, up 
ji to an elevation of 1,000 meters. There were almo s t no pr ecipitation 

_· data available for places above this elevation. 

,, In a preliminary rainfall map Ionides indicated that these 
1higher parts of the basin had more than 600 mm. of precipitation, 

;~ but he did ~ot exclude the possibility that the precipitation could 
.be greater. In 1956 Shalash constructed a precip itat ion map of 
~ Iraq showing the 1,000 mm, precipitation isarithm crossing the 

higher parts of Kurdistan in northeastern Iraq. 4 Yet both maps 
omitted parts of the basin, especially the mountainous parts to the 
north and northeast, where even greater precipitation totals should 
be expected, 

In order not to overestimate the amount of precipitation in 

1 c. w. Thornthwaite and J, R. Mather, op. cit., PP• 14-55. 

3
M. G. Ionides, op. cit., P• 33. 

4A. H. Shalash, op. cit., p. 52. 



the basin it was assumed that the gradient of the precipitation 
isari thms above 1,000 meters of elevation was oot different from the 
gradient in the lower area. The general pattern of the isarithms 
indicate s a continuous increase :l.,n precipitation .from the lower to 
the middle elevations o.f the basin and essentially no increase nor 
decrease in the upper parts of the basin. 

As shown in Figure 6, a general tendency for an increase in 
precipitation from south to north is apparent. The part of the ba­
sin which is located in southern Iraq appears to be an area of lim­
ited initial water supply. There is. a gradual increase in precipi­
tation toward the higher elevations, with the 900 mm. isarithm rougn­
ly separating the lowlands to the south and the uplands to the north. 
It outlines quite reliably the areas having 1,000 meters or more of 
elevation. 

The 1,500 mm. isarithm of precipitation bounds the highest 
parts of the basin. These parts border the basin on the northeast, 
north, and northwest. The regions which have precipitation of be­
tween 900 and 1,500 mm. are rather wide and fairly continuous in the 
northeastern parts of the basin; they become narrower toward the 
south and toward the northwest and are absent in the southeast along 
the ranges of the Zagros and Lourish mountains. Most of these high­
er areas are the location of the headwaters of the major rivers and 
the tributaries. 

Average annual potential evapotranspiration.--The method for 
constructing the average annual potential evapotranspiration map 
(Fig. 7) is _ es~entially the same as one described by Carter. 1 The 
method considers that latitude, altitude, and nearness to water are 
factors affecting the distribution of potential evapotranspiration. 
The effect of nearness to water was eliminated in drawing the map 

shown as Figure 6 since large bodies of water are absent within the 
Tigris and Euphrates basin. Because the basin extends through only 
a few degrees of latitude, the effect of latitude is less dominant 
than that of altitude. The latter is considered the most important 
factor in the distribution of potential evapotranspiration in the 
basin. 

Potential evapotranspiration decreases rapidly with eleva­
tion through the lowlands and less rapidly in the higher areas. The 

1n. B. Carter, "l'iaps of Water Requirements for Southwest 
Asia" (Unpublished manuscript, Laboratory of Climatology, Centerton, 
New Jersey, 1957) , P• 6. 

·I 

~. 

' d 
I 
' 
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general order of isarithms indicates an uninterrupted decrease 
from the southern and lower parts to the northern and hi(:;her parts 

of the basin. 
The distribution of potential evapotranspiration indicates 

a pattern contrary to the pattern of precipitation. The highest 

parts of the basin have the lowest amo\mts of potential evapotran­
spiratiQn, 200 mm. or less. The lowlands of the basin have the 
highest potential evapotnanspiration--n natural water need exceed­
ing 1,:500 mm.--yet the lowlands have a precipitation of less than 

:500 mm. 
The 1,000 mm. isarithm of potential evapotranspiration marks 

the general change in the topography of the basin. To the north of 
the 1,000 mm. isarithm there is an uninter1•upted decrease of poten­
tial evapotranspiration with elevation toward the summits of the 
ranges and the headwaters of the basin. Most of the areas which 
have leas than 1,000 mm. of potentiai evapotranspiration are lo­
cated in Turkey and northeastern Iraq. To the south of the same 
isarithm there is a continuous but gradual increase in the poten­
tial evapotranspiration. Most of this latter area is located in 

Syria and Iraq. 1 

Average annual water deficit.- JThe interpolation of the aver­
age annual water deficit map (Fig. 8) was sin11lar to the technique 
used by carter for constructing water requirement D18ps for Southwest 
Asia. 1 The important factor influencing the distribution of water 
deficit is relief. The water deficit decreases with altitude, though 
slowly. In the sheltered valleys where a rain shadow occurs there 
is (in many areas) an abrupt increase in the water deficit. 

The distribution of the average annual water deficit in the 
basin, shown in Figure 8, indicates that the higher parts of the ba­

sin, which have the lowest potential evapotranspira~ion have the 
lowest amount of water deficit, less than 100 mm. The lowlands, in 
the southern parts of the basin, which have the highest potential 

evapotranspiration and the lowest precipitation, have the highest 
amount of water deficit, more than 1,200 mm. 

The 800 mm. isarithm of water deficit separates, roughly, 
the lowlands and uplands of the basin. This isarithm passes thx•ough 
Mosul in Iraq and almost coincides with the northern limits of Syr­
ia. All the areas south of this isarithm have a continuously in­
creasing deficit toward the lower elevations. North of this isarithm 

1 
~·, PP• 6-7. 



the water deficit decreases toward the uplands until the lowest 
deficit is reached in the highest areas. The greater part of these 
latter areas is located in Turkey; a minor proportion is located in 

Iraq and Iran; none is in Syria. 
Average annual potential evapotranspiration and water defi­

cit _maps which were constructed by Carter for Southwest Asia coin­
cide basically with the maps of potential evapotranspiration and 
water deficit of the Tigris and Euphrates basin presented in this 
dissertation. This is logical since the same climatological data 
and the same interpolation techniques were utilized. However, the 

Tigris and Euphrates maps are more detailed since they are drawn on 
a larger scale. The two sets of maps coincide in value and loca- _ 
t i .on of the areas of greatest and least potential evapotranspiration 
and water deficit. The series of maps in this dissertation magnify 
the water balance information available for that part of Southwest 
Asia occupied by the Tigris and Euphrates b'asin. Moreover, the 
present series of four maps ere valuable in being complementary. Any 
point in the area has values on the four maps which fit the basic 

equation, 

S • P - (PE - D) 

in which S is water sUrplus, .P is precipitation, PE is potential 
evapotranspiration, and D is water deficit, all in their average 
annual values. 

Average annual water surplus,--In drawing the average an­

nual water surplus map (Fig. 9) special attention was directed to­
ward the higher parts of the basin where lack of climatological data 
was a hindrance to construction of the previous three maps. The 
estimated precipitation, potential evapotranspiration, and water 
deficit values of these areas as presented in the previous three 

maps were used in conjunction with basic hydrologic equati~ to 
estimate the water surplus of these areas. 

On the summits of some of the highest mountains the values 

of 1,500 mm. of precipitation, 200 mm. of potential evapotranspira­
tion, and 100 mm. of water deficit were presented in the previous 
maps. Water surplus at the summits of the mountains was therefore 
estimated by substituting in the following equations for the aver­
age annual water b~lance: 

P • AE • S 
and D • PE - AE 

or AE • PE - D 
It r 

thus, 

or 
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P • PE - D -. S 
s P - ( PE - D) 

For all the swmnit regions, therefore, the average annual water 
surplus, the runoff, is 1,400 mm. 

On the basis of this and similai' estimates for various 
critical elevations, the isarithm of 1,400 mm. of average annual 
water surplus was constructed around the highest areas of the basin. 
For the rest of the basin there were 33 climatological stations for 

which water balances had been computed. Five of these stations had 
a significant surplus and all were in the uplands of the basin. 

Four were in Turkey. 
The construction of the average annual water surplus isa­

rithms was essentially similar to the method used by Carter in con­
structing the surplus maps of the land around the Mediterranean and 
Black Seas. 1 water surplus increases with elevation at a rate 
greater than that of precipitation because of the inverse change in 
precipitation and potential evapotranspiration values with altitude. 

1\· Thus, in the higher areas of the basin the gradient in the pattern 
Jj 

of water surplus is shown as steeper than that of precipitation. 
if The distribution of the average annual water surplus, as 

li 
indicated in Figure 9, shows that the greatest amount of water sur-

·r plus is located in the areas which have the greatest precipitation, 
J the least potential evapotranspiration, and the least water deficit. 

These areas contribute the principal part of the stream discharge. 
;:; The area which has a water surplus greater than 1,000 mm. appears 

continuously in the northeastern part of the basin; it becomes dis­
continuous towards the northwest. The largest proportion of this 
region is located in Turkey and a small proportion is located in 

Iraq and Iran. Turkey can be regarded as the primary supplier of 
water in the basin, while Iraq and Iran must be considered second­
ary suppliers. By contrast, practically all the region which has 
less than 100 mm. of water surplus is located in the lowlands of 
Iraq and Syria. 

The Water Supply of the Basin 

The water surplus map, shown in Figure 9, presents the aver­
age annual water supply of the basin. In order to dotermine the 
volume of the average annual water supply, the map of water surplus 

ln. B. Carter, The water Balance of the Medi\:erranean and 
the Black Seas ("Climatology," Vol. IX, No. 3; Center Son, N.J., 
1956) , P• 139. 
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was planimetered. The patterns formed by successive isarithms were 
measured by planimetry and the average depth of the strip was multi­
plied by the area of the strip in order to arrive at the volume. 
This was done for each river and tributary separately. 
water surplus is presented in Table 6. 

The computed 

River 

Computed ' 

TAl3LE 6 

COMPUTED AVERAGE ANNUAL WATER SURPLUS 
OF THE TIGRIS AND EUPHRATES BASIN 

(In Million Cubic Meters) 

Euphra­
tes Tigris Greater 

Zab 
Lesser 

Zab Ahdaim Diyalah 

surplus 26,367 17,026 11,622 7,019 812 6,224 

Total 

69,070 

The computed surplus represents the initial runoff in each 
river basin. However, not all of this runoff is recorded through 
the gauging stations because some loss may occur above the gauging 
stations by evaporation from the irrigated areas and water bodies. 
Thus, the computed surplus should be adjusted in order to be com­
pared with the discharge records of each rivor. 'rho estimation of 

the evaporation loss above the gauging station depends upon the 
size of the evaporating body, the depth of the water, and the amount 
of water deficit. Since there are no extensive water bodies above 
the gauging stations, other than the rivers themselves, the loss 

will come primarily from the irrigated areas. The size of the irri­
gated areas multiplied by the average annual water deficit will give 
the volume of water loss by evaporation which is not supplied by 
precipitation. On the average annual water deficit map the isarithm 
of water deficit which passes through the center of each irrigated \, 
tract was selected to be representative of the average annual defi­
cit of the area. 

Table 7 shows the size of the irrigated areas, the repre~ 
sentative water deficit, and the estimated water loss through evapo­
ration by which the water supply, transported from the mountains, is 

dissipated abovo the stream gauging stations. 
The volume of the evaporated water was subtracted from the 

water surplus of the basin to obtain the estimated runoff at the 
place where the stream gauges are located. The adjusted computed 
runoff in the Tigris and Euphrates is shown in line 1 of Table a. \· 

---------- --- ----- -- -- - -· - -

:: 
·! 

.. . 

I 
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TABLE 7 

WATER LOSS THROUGH E.'VAPO'l'RANSPI RATION 
ABOVf; GAUGING STATIONS 

Bas 1,n 

Diyalah •.••••••• 

Euphrates (Sy;ria) 

Tigris .......... 
Greater Zab •.••• 
Lesse.r Zab •••••• 
Ahdaim .......... 

Irrigated Area 

588b 
824c 

(1,000 
Acres) 

361 

506 
negligible 
negligible 
negligible 
negligible 

Repre­
sentative 

water 
Deficit 

( IIUn. ) 

800 

800 
negligi ble 
ne gligible 
ne gligi ble 
negligible 

Estimated Volume 
of Evapotran­

spiration 
(Million Cubic 

Meters ) 

1,176 

1,648 

negligible 
ne gligible 
ne glig ible 
negligible 

aOne ~eshar = 0.614 acres • 2,500 sq. m. 
b Knappen, Tippetts, Abbett, l'lcCarthy Engineers, Deve lop -

mont Pl~n for the Ti~is and Euphrates Rivers, Iras, (Baghdad: The 
Developm~oard, 1 5), chap; v, p. 26. 

cD. Warriner, L~o~nd 1 Reform and Development in the I'liddle 
East, A Study of Egypt-,-gyrla, and Irnq (Lonuon:-nxrord Univer s ity 
Press, 1957), p. 78. 

Runoff measured by gauging stations on the major streams is tabu­
lated in line 2 of the same table (Table 8). 

TABLE 8 

COMPARISON BETWEEN COMPUTED AND MEASUREDaRUNOFF IN 
THE TIGRIS AND EUPHRATES BASIN 

(Million Cubic Meters) 

River 

Adjusted 

Euphra- Tigris 
tes 

runoff 25,000 17,026 
Measured 
runoff 26,410 18,499 

Greater 
Zab 

11,622 

13,719 

Lesser 
Zab 

7,019 

7,650 

Ahdaim Diyalah 

812 5,048 

969 6,167 

Total 

66,246 

73,414 

llnata compiled from Knapp en, 'l'ippetts, Abbett, McCarthy 
Engineers, Development Plan for the T1f9is and Euphrates Rivers, 
Se~q (Baghd~The Development Board, 55), chap. 111, pp. 21-
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A comparison of lines 1 an~ 2 in Table B shows that prac­

tically all the runoff originating in the basin, except in the Eu­
phrates and Diyalah .basins, passes through the gauging stations 
without any significant evaporation loss upstream from the gauges. 

Some losses may occur through evaporation from the channels of the 
rivers, but the volume is inconsequential because the area of the 

streams is small. 
This can be illustrated by computing the amount of water 

evaporated from the channel in a segment of the river. The length 

of the river between Baghdad and Kut on the Tigris, for instance, 
is 350 kilometers. The width of the river is 350 meters and the 

total area is approximately 121 million square meters. The aver­
age annual water deficit of the same area is 1.1 meters. Thus, 

the total amount of water evaporated from that part of the river 

is 133 million cubic meters annually. This amount can be consid­

ered negligible since it represents only 0.3 per cent of the supply 

of the river in that area. 
The difference between the two sets of figures presented 1n 

Table 8 is so slight that for many purposes of estimating water sup­

ply one of them could be substituted for the other. In addition to 

the close agreement between the two, certain basic advantages of 

the water balance method over the stream gauge measurements are evi­

dent. The average annual water surplus map shows the locations of 
the major areas of water nourishment in addition to the quantita­

tive aspects of the water supply. The nourishment areas have a 

high average annual water surplus and, thue, are important to any 

• future program for water conservation. The average annual water 
deficit map shows the distribution of the major areas of water de­

pletion through evaporation. Because the average annual water def­

icit represents the amount of water by which precipitation fails to 
satisfy the water need, it shows the amount of water which should 

be added to the cultivated parts of the basin, 1n additio~o the 
precipitation, to satisfy the water need. water deficit, there-

fore, expresses the irrigation requirement. 
The water balance method provides invaluable estimates of 

irrigation requirements. Confidence 1n the method and its esti­

mates is encouraged by the agreement of the measured and computed 

runoff. The one ~lear disadvantage of the method, however, is the 

necessarily extensive computational work required to obtain twelve 

monthly runoff amounts for areas with and without snow, although 
the previous agreement indicates it would be well worth the effort 
if stream gauge records for monthly flow were lacking, or if differ-

I .. • 

j. 

i 

I 
·I 

,, 
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ences within the areas from which monthlv 1 J surp us comes were re-
garded as critical to some program. Thus, to estimate the water 
supply of Iraq on a monthly basis the more convenient monthly 

stream discharge records will be utilized; to estimate the irriga­

tion requirements of Iraq, the climatically derived water deficit 

will be utilized. 

The Water Supply of Iraq 

Almost all the water which originates in the basin is avail­

able in Iraq, although the water supply of the basin does not come 
from Iraq alone. The proportion contributed by every country to 

the water supply of the basin was measured through planimetry of 

the annual water surplus map according to the political boundaries 
in each river basin. The results of the planimetry are shown in 

Table 9, where it may be seen that Iraq contributes 24 per cent of 

the basin's annual water supply, Turkey contributes 70 per cent of 

the annual water supply, and Iran contributes only 6 per cent. The 

larger part of Turkey's contribution comes through the water supply 
of the Euphrates and the main stem of the Tigris A 11 of the t i • sma er part 

con r bution comes through the ~ater supply of tile Greater Zab 
River. The contributions of both Iraq and Ir th an come mainly through 

e water supply of the tributaries of the Tigris. 

The two major rivers and their tributaries contribute strik­

ingly different amounts to the water supply of Iraq. The Euphrates 

is the largest contributor, followed by the Tigris tributaries and 
the main stem of the Tigris, as shown in Table 9. However, if the 
Tigris River and its tributaries are considered as 
Tigris contributes 62 per cent of the water supply 

while the Euphrates contributes only 38 per cent. 

one unit, the 
of the bas in, 

A well-developed seasonal variation in the water supply is 
characteristic of all streams in the basin. In Table 10 the meas-

maximum, 

the beginning 

ured monthly water supply of the basin shows that . the 

14,312 million cubic meters, occurs in late April and 

of May, while the minimum, 1,898 million cubic meters, occurs in 
September. 

The seasonal changes in the supply, as shown in Figure 10 , 

indicate that the supply begins to increase in November. Through­
out the Winter the supply for all rivers inc reases generally. Fig-

:e ~Q shows how much the rate of increase between December and Febru­
y is greater than the increase between September and o~ e b s ri d - c m er. As 

P ng a vances, the supply increases steadily. h T e maximum supply 



TABLE 9 

CONTRIBUTIONS OF THE COUNTRIESEUTOPHTRAHET_!~~~N~ATER SUPPLY 
OF THE TIGRIS A1~ ~ 

(Million Cubic Meters) 

Per Cent Turkel 
Per Cent 

Annual Per Cent rran from from 
Ir~-1 from Supp!y Supply Turkey River Water Supp y Iran 

Supply Iraq 

17,026 100 
Tigris, main stem 17,026 ...... 

42 4,100 
Greater Zab ••••• 11,622 7,500 58 

36 ~ 

64 2,719 1'\) 

Lesser Zab ·····• 7,019 4,300 .... : ~ . 
812 812 100 

Ahda1m • • • • • • • • • • 66 2,224 34 
Diyalah ••••••••• 6,224 4,000 

26,367 100 ...... 
Euphrates 26,367 . . . . . . ....... 

4,943 7 47,493 70 
23 

Total ....... 69,070 1,662 

s ign1ficant quantity to the water supply of the 
•saudi Arabia and S,ria do not contribute any 

rivers. 

TABLE 10 

THE AVERAGE MONTHLY WATER SUPPLY OF THE TIGRIS AND EUPHRATES BAS IN IN IRAQ a 
(Million Cubic Meters) ·-

Gauging J J A s 0 N D An- Years of River Station J F M A M nua1 Records 

Tig~•is 

Hain- Hosu1 1,270 1,979 2,512 3,964 3,421 1. '693 829 453 380 431 651 916 18,499 ( 33) 
stream 1919-52 

Greater Eski 720 1,130 1,800 2,720 2,806 1,595 814 455 339 344 466 530 13,719 (27).- ·· - ~ 

Zab Kelek 1925-52 

Lesser Altun 635 977 1,369 1,423 1,037 578 343 225 187 198 .271 407 7,650 (27) 
Zab Kupri 1925-52 

~ 

Ahda1m Injanah 163 183 198 146 70 29 16 
vo 

14 14 14 47 75 969 ( 19) 
1933-52 

Diyalah Discharge 514 531 1,052 1,186 790 385 275 232 219 240 310 433 6,167 (28) 
site 1924-52 

Euphra- Hit 1,572 1,616 2,577 4,873 5,973 3,136 1,519 948 759 849 1,122 1,466 26,410 (27) tes 1924-51 

Total 4,874 6,416 9,508 14,312 14,097 7,416 3,796 2,327 1,898 2,076 2,867 3,827 73,414 

aData compiled from Knappen, Tippetts, Abbett, McCarthy Engineers, Development Plan for the Ti-
gris and Euphrates Rivers, Iraq (Baghdad: The Development Board, 1955), chap. 111, pp. 28-31. 



AVERAGE MONTHLY

WATER SUPPLY

OF THE TIGRIS,

EUPHRATES RIVERS

AND THE TRIBUTARIES

Fig. 10

occurs during the last two weeks of April and the first two weeks

of May, except In the Lesser Zab and Dlyalah rivers, where the

maximum supply tends to occur earller--ln the last two weeks of

March and the first two weeks of April. This Is because the basins

of the latter three rivers are lower In altitude, and thus less of

the precipitation is in the form of show. ^ The small quantity of
snow at the lower altitudes tends to melt earlier when the advanc

ing Spring season brings an Increase In temperature. After May,

the monthly supply begins to decrease continuously, until the lowesi

amount of the supply occurs In September.

A variation of the supply occurs also from year to year.

The measured water supply of both major rivers for a period of yeari

is presented in Table 11. The supply of the Euphrates at Hit is

considered representative of the supply of that river in Iraq. Thii

station has the longest records of all the stations and is located

to the north of the main irrigated areas, above the zone where di

versions are made for irrigation. The site of the Dlyalah conflu

ence with the Tigris is considered representative of the supply of

the Tigris in Iraq, since the Dlyalah is the last significant trib

utary which adds to the supply of the Tigris. The period selected

for examination of annual variability of the water supply extends
from 1924 to 1946.

That the water supply of both rivers was subject to an ex
treme variability from year to year is shown in Figure 11. On the

Tigris the range of variability was 45 billion cubic meters, result
ing from a difference in the supply between 19 billion cubic meters
In 1930 and 64 billion cubic meters In 1946. On the Euphrates the
range of variability was 26 billion cubic meters, ranging from 10

billion cubic meters in 1930 to 36 billion cubic meters in 1941.

The reliability of the water supply of Iraq, in the period
1925-1946, was measured by constructing a table to show the fre
quency of occurrence of the supply in each river. Table 12 was con

structed by tabulating the water supply of each river for the dif

ferent years in order of magnitude according to the following equa
tion:®

P . ^ 100

G. Ion Ides, op. cit. , p. 140.
2
Stanley S. Butler, Engineering Hydrology (EnKlewood Cliffs.

K.J.I Prentice-Hall, 1957), p. 43.
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where m is the order of the supply, n is the total number of years, 
and F is the per cent of years during which the supply is equal to 

or greater than the supply of order m. 

TABLE 11 

WATER SUPPLY OF THE TIGRIS AND EUPHRATES 
IN IRAQ, 1925-1946a 

(Billions of Cubic Meters) 

Year Euphrates at Hit 
Tigris at Diyalah 

Confluence 

1925 16.6 23.3 
1926 28.5 55.7 
1927 16.6 35.6 
1928 19.6 35.4 
1929 31.6 45.1 
1930 10.2 18.9 
1931 24.1 34.2 
1932 17.0 30.0 
1933 15.3 36.4 
1934 1'7.'7 :n. 9 
1935 :n. 9 34.9 
1936 31.3 41.9 
1937 27.7 40.0 
1938 33.8 52.3 
1939 29.7 51.3 
1940 35.0 58.5 
1941 35.9 54.2 
1942 34.8 56·2 
1943 32.1 50.0 
1944 34.4 41.1 
1945 27.:3 37.7 
1946 :3:3.5 6:3.5 

Mean annual 
supply 26.4 42.2 

Figure 12 demonstrates that in more than 90 per cent of the 
years in the period of the study a supply of 16 billion cubic meters 
of water was provided by the Euphrates River, while the mean supply 

of the same river, 26.4 billion cubic meters, occurred about 60 per 
cent of the years. In the Tigris River a supply of 30 billion cubic 

meters was provided more than 90 per cent of the years, while the 

mean, 42 billion cubic meters, occurred about 50 per cent of the 

years. \. 
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TABLE 12 

DATA OF ANNUAL WAT ER SUPPLY FOR THE TIGRIS AND 
EUPHRA'l'SS RIVERS, 1924-1946 

(In Order of Magn 1 tude and Occurrence) 

Tigris Euphrates 

Order Annual Water Occurrence Order Annual Water Occurrence 
No. Supply in in Per No. Supply in in Per 

Billions of Cent of Billions of Cent of 
Cubic Meters Years Cubic Meters Years 

1 6~ 5 1 36 6 
2 58 10 2 35 12 
3 56 15 3 34 18 
4 54 20 4 33 23 
5 52 25 5 32 29 
6 51 30 6 31 35 
7 50 35 7 30 41 
B 45 40 B 29 47 
9 42 45 9 28 53 

10 41 50 10 27 59 
11 40 55 11 24 65 
12 38 60 12 23 70 
13 37 65 13 20 76 
14 36 70 14 lB 82 
15 ~5 75 15 17 88 
16 ~4 80 16 15 94 
17 :52 85 17 10 100 
18 31 90 
19 23 95 
20 19 100 

It may thus be noted that although the rivers of Iraq have 
been providing a system of irrigation for many thousands of years, 
there have been cases in Which the water supply was so little that 

it failed to meet agricultural requirements. Recent cases which 
illustrate the situation occurred during 1935 and 1944 when most of 
the fruit trees of the Diyalah District were nearly annihilated by 
droughts. 1 Sausa attributes the damage to lack of water ~r irri­
gation, though the effect was so localized that it is not apparent 
from the records of streamflow shown in Figure 111. This yearly ir­
regularity of water supply exposes the agricultural lands to the 
danger of inundation by flood in some years and deprives them of 
sufficient water in others. 

It therefore has been essential in drawing up a comprehen­
sive expansion or improvement plan of water use for irrigation in 

1Ahmed Sausa, op. cit., pp. 13-14. 
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FREQUENCY OF OCCURRENCE 

OF SPECIFIED AMOUNTS OF 

THE WATER SUPPLY OF 

TIGRIS AND EUPHRATES 

RIVERS 

70 

LEAST AMOUNT OF WATER AVAILABLE, IN BILLIONS OF CUBIC METERS 

Fig, 12 
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Iraq to consider the monthly and annual supply in the country. 

t ide for storage reservoirs in or-More over, it is essential o prov 
der to achie ve the greatest feasible concurrence between water sup-

ply and water r equ irements. 

CHAPI'ER III 

WATER UTILIZATION 

Almost all of the water supply of the Tigris and Euphrates 
basin is available in Iraq. The average annual water supply of 
Iraq amounts to about 73 billion cubic meters, but the water which 
leaves Iraq through the Shatt-al-Arab amounts to only 27 billion 
cubic meters. 1 Consequently, there is a diminution in the water 

supply within Iraq of about 46 billion cubic meters or 63 per cent 
of the total annual water supply of the basin. 

Evaporation from the river channels is negligible as com-
pared with total depletion. Seepage through the river beds is also 

;· believed to be minor; it has been estimated that only 3 per cent of 
· i 2 
. the total supply of the rivers is lost through seepage. Thus, it 
., must be assumed that the greatest cause of diminution of the water 
H. 
· supply within Iraq is the diversion and use of the water by or for 
i\ man and his activities, and by the extensive swamps supplied by the 
· rivers. 

Ji The recognizable water uses in Iraq at present are irriga-
1! tion, residential, municipal, industrial, and navigation. These 
! 

uses can be classified generally into two types: withdrawal uses, 
' which include the first four uses above, and a non-withdrawal use, 

navigation. 

The withdrawal uses may in turn be classified as consumptive 
or non-consumptive. Only part of the water withdrawn for these 

\. uses is consumed througn evaporation and transpiration or througn 
processes which involve a physical change in the state of the mole­
cules of water. The other part of the withdrawn water returns to 
the stream or seeps into the ground and ultimately flows to the 
stream. Thus, part of the withdrawn water may become available 
again for later use. 

elation 
1c. B. Cressey, "Water in the Desert," 
of American Geographers, XLVII ( 1957) , 

~. Fe Haigh, op. cit., PP• 25•26. 
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withdrawal of Water for IrrlRatlon

Among water uses in Iraq at present Irrigated areas are
the largest consumer of water. Irrigation Is responsible for much
of the diminution In the water supply, throu^ crop consumption,
losses, and wastes.

Withdrawal for Irrigated Areas

The withdrawal of water for Irrigation In Iraq is devoted
mainly to the delta and flood plain of the Tigris and Wates
rivers extending north to the alluvial fan of the Dlyalah River.
This area, shown In Figure 13, coincides with the Mesopot^lan
trou^, which is shown In Figure 1. It occupies the southern ha^
of the lowlands of the Tigris and Euphrates basin. Withdrawals for
irrigation eventually seep to extensive swamp areas. In respect to
soils, methods, and quantities withdrawn and consumed, the
areas In Iraq are rather slonllar to the Irrigated areas In Pakistan
and Egypt, which are located In the flood plain and delta of the
Indus River and the flood plain and delta of the Nile. Slmll^ cl
matlc conditions reveal the same Indications of water thirst In
Egypt^ and In Indla.^ where similar values of precipitation, water
need, and water deficit prevail.

At present, water is withdrawn for a total Irrigated acreage
amounting to 4.7 million acres (equivalent to 7.7 million meshars).
This represents about 60 per cent of the total irrigable acreage
(about 8million acres) in the country. Due to the practiced fallow-
system of cultivation, the remainder, about 3.3 million acres, s
not used 1. any given year. In Table 13 it Is revealed that a ^ea
proportion of the total Irrigated acreage Is devoted to
while perennial cropping is practiced in only a small part of the
land. The Irrigated areas cropped with annuals are devoted mainly ^
to grains but include beans ii, addition to wheat and barlfr. Peren
nial irrigated areas are devoted to alfalfa, citrus fruits, dates,
and deciduous fruits. ______

^D. B. carter, "Maps of the Water Requirements for Southwest
A8la."ioc. clt. , p. 7.

^V. P. Subrahmanyan. "The Water Balanceto Thornthwaite.s Concept of Potential Evapotransplratlon^^als
of the Association of American Qeographers. XLVI, Ho. J. vna
1956).

=0. H. Davles, "Observations on Land TJse in Iraq," Economic
r.eoeranhv. L, Ho. 2 (April, 1957). 123.
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TABLE 13

iCRKAaB OHOP THJ.IBRIMKD iHKAS I» iW

Area planted to
crops Dec.-May"*
Area planted to
crops June-Mov.

Tigris Total
Euphrates

"Icres Meshars Acres Keshars Acres Mes^

S,068 4,912 4,990 8,127 8,006 13,039
2,414 3,931 3,992 6,501 6,406 10,434

308 502 401 653 709 1,155
1,509 2,475 2,528 4,118 4,037 6,575

1,817 2,959 2,929 4,771 4,746 7,730

462 752 650 1,059 1,112 1,811

®Data cor?>lled from Knappen,_^Tlppetts,
•SSSTT-Ch.pr V. pp.

34-36.

t

M-Sb.

•.Ehls period ,.pj.».nt> |hlgl "
sr.- r.s:;

irrigated during this season.

T,o of lTt.lg.tl<.» ooltl7«l.n «•. r.=oenl..a 1»
Th. shlt.1 (Wl»t.r) «.son «tena. fro. 0«e=.ber " "«

Ourins th. iiin
„„ th, p,r.«nl.l. mi .o.. t.« .n™.! ""P". " f"'
„d ,.e=t.M... Although th. tot.l .»itlv.t.d .""e'

^ ^ , n ™iiHnn acres (7.7 million meshars) , water is proamounts to 4.7 ^ i. c o million acres (10 million meshars)
vided for irrigating ahout 5.9 million acres vxu m
of crops.

Types of Irrigation Withdrawals

water is withdrawn from the river for the irrigated areas
•. in two different ways, by gravity and by pumping, m the gravity

method water is diverted from the rivers through canals which are
designed to be lower than the natural level of the river and to
utilize the difference in elevation for water flow. These canals
are usually constructed by making a break in the river's bank so
that the water will flow through. There is very little control
over the amount of water which flows in such canals and, especially
during the season of large supply, a tremendous amount of water en
ters the canals and floods the cultivated areas. Half tha Irrigated
areas in Iraq are supplied with water by gravity. On the remainder
of the area, installation and operation of pumps for Irrigation la
controlled by the government through a licensing system.^

In both diversion methods the water is supplied from canals
and laterals to the cultivated areas through ordinary flooding.
The water flows from the field ditches without any levees to guide
it. This method is used primarily because of the low expense in
volved in water application.

Consumption of Water In Irrigation

The consumptive use of water in irrigation is defined as
the loss of water through evaporation and transpiration from land
covered by vegetation of any kind.

The initial water supply to satisfy the consumptive use is
precipitation. If the precipitation is available in sufficient
amount during the growing season, it may satisfy the consumptive
use of the plants. In many cases the precipitation does not coin
cide either In time or in amount with the consumptive use. Under
these circumstances irrigation will be necessary for plant growth.
The amount of water, exclusive of precipitation, which is needed
for the growth of the plants is computed from the consumptive use
minus precipitation, corrected for soil moisture availability.

The estimation of the consumptive use of water on the ba
sis of climatologlcal data has been practiced by Irrigation engi
neers for many years. In 1924, G. R. Hedke developed the effec
tive heat method to determine consumptive use,^ in 1940, Robert L.
Lowry and Arthur F. Johnson found a linear relation between annual
consumptive use of water and heat supply.® In 1941-1942, Karl V.

^appen, Tlppetts, Abbett, McCarthy Engineers, op. cit.. p. 3.
and guiiu,if^^^^^Wiley

R. L. Lowry and A. P.' Johnson, "Consumptive Use of Water
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Morin and Harry F. Blaney oeveloped formulas for consumptive use 
of wat er from temperature, daytime hours, and humidity records. 
In 1945, Wayne D. Criddle and Blaney si.Jnplified one of the formu­
las and developed the present version of their method.

1 
In 1944, 

c. w. Thornthwaite developed a method for determining actual and 

potential evapotranspiration. 2 This procedure was utilized by 
D. B· Carter for d~termining the irrigation requirements in North­
western United States. 3 carter considered potential evapotranspir­
ation as equivalent to the consumptive use. He constructed a hy­
drolo gic model in which only 80 per cent of the precipitation was 
considered effective in offsetting the consumptive use. In this 
way irrigation requirements were computed as the difference be­
tween the potential evapotranspiration and the effective precipi­
tation, with certain considerations of the available soil moisture 

storage. 
Pot ential evapotranspiration can also be utilized to com-

pute l rrignt ion r equirements in Iraq since it may be substituted 
for the consumptive use or wut.er. However, instead of conuldorlng 

precipitation effectiveness as 80 per cent of the total precipita­
tion, it must be considered as 100 per cent because estimates of 
precipitation effectiveness are not available for Iraq. Although 
a discrepancy may occur by such an assumption, the discrepancy 
will be quite small since the average annual precipitation falling 

over the irrigated ur eos amount s to less thun 300 n~. 
In 1952, the irrigation requirements of Iraq were computed 

by Knappen, Tippetts, Abbett, and McCarthy engineers by applying 
the Blaney-Criddle method for determining the consumptive use of 
water by plants. The data of the climatological station at Hillah 1 

Iraq, can be utilized to illustrate the difference between the 
estimates of the Blaney-Criddle method and the Thornthwaite water 
balance method. Results are summarized in Table 14. The estimated 
irrigation requirements for Hillah according to the Blaney-Criddle 

-----·-----------------------------------------------------------------------
for Agriculture," Transaction of American Society of Civil Engi­
neers, CVII (1942), 1243-1302. 

~arry F. Blaney, "Climate As an Index of Irrigation Needs," 
Water, Yearbook of Agriculture (Washington, D.C.: Government Print-
Ing Office, 1955) 1 P• 343. 

2c. w. Thornthwaite, op. cit. 

3 . D. B. Carter, ''The Relation of Irrigation Efficiency to the 
Potential Development of Irrigated Agriculture in the Pacific North­
w~:lt11 (Unpublished Ph.D. dissertation, University of Wa:Jhington, De• 
partment of Geography, 1957)• 
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· mothod are greater than the estimates ba sed on the potential 
evapotranspiration of the Thornthwaite water b 1 ever th a ance method. How-

~ ~ 
.; 

th ' ere ,is no convincing demonstration of the applicability of 
e Blaney-Criddle method, which is based on somewhat subjective 

n var ous environments judgments of each crop's needs for water i i 
But the Thornthwaite water balance method has • already been demon-
strated to be applicable in the Tigris d an Euphrates basin, which 
gives it an advantage oven the Blaney-Criddle method. 

TABLE 14 

COMPARISON OF ESTIMATED IRRIGATION 
REQUIREMENTS OF HILLAH IRA 

(In Millimeters)' Q 

Consumptive Use Irrigation Require-
Method 

Precip~a-
menta Mothod 

Blaney- Thorn- tion 
Criddle a thwaiteb 

Blnney- Thorn-
Cr1dd l o 11 thwal tob 

1,907 1,271 168 1,649 1,103 

'( a 1-.. Data compiled from Kna en 
.\ Engineers, Development Plan forp~h 'T1ipletts, Abbett, McCarthy 
!·· Iraq (Baghdad: rl'he Development B e d ~r s and Euphrates Rivers , oar ' 955) ' chap. v' P• 38. , 

,. t bnato obtained from the Laborntory f :; on, N. J, o Climntology, Cantor-

The volume of water consumed in irrigation in I 
~~ puted bv the Thor th it raq was com-

~ n wa e water balance method fr 
. monthly water deficit of eleven climatol i om the average 
located either within the irrigated t ~g cal stations which are 

criterion for choosing the stations w::cthsator close to them. The they should represent 
~verage conditions for the i i 
tential evapotranspiration a:: :;::~p~:::i~~ vtaelrms _of both the po-
monthl t d ues. The average 

y wa er eficit of the representative 
by the size of the irri ated t stations was multiplied 
drawal which i g ract to get the volume of the with-

a consumed• these 1 ' va ues are shown in Table 15 
Because irrigation i t ' season, th s no required for about half the Winter 

e irrigation consumptive uses shown in Table 15 are 
ligible from December to February in eith i neg­riod of 

1 
er r ver basin. This pe-

March i:oth:r:~gratiion consumption extends into the beginning of 
' s. In March and April th i menta increa:le at e rrigat1on require-

an accelerated rate until th ey reach the maximum 
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in May. After May the volume of the irrigat ion consumptive use 

drops considerably since the actual irrigated acresc:;e is much l oss 

than that in the Winter season. The irt•lga tion consumrtive use of 
Iraq, at present, amounts to 6,077 million cubic meters of water 
annually. This amount corresponds to an average depth of about 
315 mm. of water over the total presently irrigated areas . 

Non-Consumptive Use of Water in Irrigation 

Besides the diminution of the water supply to satisfy the 
consumptive use of the crops, certain losses ar e entailed in irri­
gation practices, such as farm losses through deep percolation and 
seepage. A large part of the losses are possibly economically 
justifiable under the present inefficient irriga tion practices in 

order to assure that the amount of water which will be delivered 
to the crops is at least sufficient for the irrigation requirement. 

It is a common belief among the farmers in Iraq, as in 
other parts of the world, that the application of more water to 
the crops will bring more growth and a larger harvest from the 

crops. Thus, the am.ount of water which is actually diverted de­
' pends mainly on the supply. If the water actually diverted ex-If 

ceeds the requirement for consumptive uses plus the justifiable 
li losses, the excess water may be designated as 'ta s ted water, since 

it is avoidable, unjustifiable, and not necessary. Unfortunately, ·t 

,, little is known of the losses on the irrigated farms or from the 
;f canals and there are no comprehensive data on the volumes wasted 

in irrigation. However, the non-consumptive utilization of water 
,., cannot deplete the total supply over a long period and the water 

not consumed must therefore be incorporated as return flow with 

the remainder of the undiverted water supply. Large quantities of 
water may be stored below irrigated land and show themselves in a 

f· rising water table. 

The swamps, which surround many of the irrigated areas, 
are the primary consumers of the lost and wasted water from irri­
gation. As shown in Figure 13, the entire irrigated areas in Iraq 
are bordered with swamps, and almost in all cases the canals which 
carry the diverted water end up in the swamps or close to them. 
The water which is diverted from the river goes through the follow­
ing processes, illustrated in Figure 14. At the point marked 1, 

water is diverted from the river to be carried through the irriga­
tion canal, 2, where part of i 't is lost through seepage and a srunll 

1· part is consumed by evapotranspiration. The remainder is applied 
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to the field, 3, where a large part is consu~ed by the plants and 
by evaporation, but probably a larger part is lost through deep 
percolation. What is left will flow into the swamps directly, 4, 
but the swamps also receive the flow from seepage and deep percola­

tion through the soil. The swamps present an exposed water surface 
during parts of the year and much water is consumed from them by 
evaporation and transpiration. 

Withdrawal Losses of Water by Swam~ 

In addition to the consumptive uses in irrigation, the 
swamps dissipate further large amounts of the water supply of Iraq. 
The difference between the large volume of water carried into the 
irrigation and swamp zone of Iraq by the combined water sources 
and the small volume of water carried away from the irrigation and 
swamp zone to the Persian Gulf by the Shott-al-Arab reveals the 
consumption of water swamps and irrigated lands. The incoming wa-
ter supply to the irrigated zone is the sum of the Euphrates, Ti­
gris, and Diyalah streamflows, 71,000 million cubic meters. The 
outflow in the Shatt-al-Arab is 27,000 million cubic meters. The 
water consumed through irrigation and through the swamps is thus 
44,000 million cubic meters. Deducting the consumption for irri­
gation, 6,077 million cubic meters previously determined, leaves 

the consumption in the swamps as 38,000 million cubic meters. 
;
1 

There is no estimate of the volume of water stored underground as 
., , revealed by rising water tables. 

The volume of water evaporated from tho swamps also de-
~' pends upon the extent and the character (seasonal or year-round) of 

the swamps and the rate of evaporation and precipitation which, of 
course, comprise the water deficit. It can be seen from Figure 8 

that the northern limit of the swamps lies between the 1,100 mm. 
and 1,200 mm. isaritbms of average annual water deficit and the 
southern limit lies between the 1,200 mm. and 1,400 mm. isarithms. 1 

An average of 1,300 mm. of water deficit is ther•efore taken as rep­
resentative of the consumption from the swamps areas. 

The extent of the swamps in Iraq is not exactly known. No 
attempts have been made to do any actual mapping of the swamps in 
the country. The various available maps of Iraq indicate only the 
general location of the swampy areas with no distinction between 

1n. B· Carter, "Haps of Water Requirements for Southwest 
Asia," loc. cit., P• e. 
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permanent or seasonal swamps. However, the water deficit, 1,300 mm., 
sugges ts that the swamp area should be about ·30,000 square kilo­

meters in order to account for the depletion of stream flow of 
38 ,000 million cubic meters attributed to the swamps. An average 

area of swamp of 30,000 square kilometers is slightly over 5 per 
cent of the total area of the country. This estimate of the swamp 
area is not far different from an earlier one made by Boesch, in 
which he considered the area of the swamps as 5 per cent of the to-

tal area of the country.
1 

However, part of the swamps is seasonal in character. In 

this case, the swamps have less water than the year-round swamps. 
Inasmuch as data are not available to show the extent and location 
of this type of swamps, the author assumed, tentatively, that it 
comprises at least 25 per cent of the total estLmated area of swamps 

in the country. Evaporation from the seasonal swamps is less than 
that of the year-round swamps and probably does not exceed half of 
the annual evaporation rote, t~bout 650 mm. Under these assumptions, 
about 28,000 million cubic meters of water evaporate from the year­
round swamps (21,000 square kilometers multiplied by 1,300 mm· of 

evaporation rate), and approximately 5,000 million cubic meters 
evaporate from seasonal swamps (7,500 square kilometers multiplied 
by 650 mm. of evaporation rate). All the swampy areas in Iraq ac­
count for the evaporation of about 33,000 million cubic meters in 
the average year. If the total crop consumption of the irrigated 

areas (about 6,000 million cubic meters annually) is added to the 
-estimated total evaporation from the swamps (about 33,000 million 

cubic meters) and tho total (about 39,000 million cubic meters) is 
subtracted from the total depletion (about 44,500 million cubic 
n1eters), a total ranging between 4,000 and 5,000 million cubic 
meters of water remains unaccounted for. This amount is neither 
consumed by crops, nor evaporated from the swamps. Furthermore, 
it is not returned to the water source (rivers). It may~en be 

assumed that this water usually seeps to the water table of the 
irrigated areas. Tho fact that the water table of the irrigated 
areas is rising encourages such an assumption. But until the data 

on fluctuations of the water table in the irrigated areas become 
available, this figure remains only as a rough estimation. 

1 H. Boesch, lac. cit. , p. 35. 
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Other Withdrawal Uses 

Other withdrawal uses in Iraq and industrial. are residential, municipal, 
These uses were i d of gnore in prev ious water studies 

~raq either because theylwere considered relatively unimportant 

or eoause of lack of data I h it i • nasmuc as precise data ore lacking 
s necessary to estimate the water withdrawn for those uses in 

order to shaw their relative importance in the present water 
of Iraq. budget 

The term "residential water use" is employed t here to indi-
ca e water which is used in the residential units to h satisfy ordi-
nary ausehold needs such as drinking cooki 1 d 
cleanliness. Municipal uses include ~he wat:!'usaeudnfroyr and personal 
tal fi parks, foun-

ns, re protection and street cleaning. 
be used either as raw mat 1 Industrial water may 

er al, as process water, or for miscella-

neous services in the industrial plant.2 
These uses are represented in fourteen cities, in which 32 

per cent of the countryts population live 3 Th 
cent of the population lives in s • o remaining 68 per 
industrial t mall villages where municipal and 
vill wa er uses do not exist; the residential uses in these 

ages are satisfied from wells d f 
In the cities, the residential use:n rom irrigation canal water. 

ll municipalities. All the ind t i are supplied with water by the 
found in these cities. us r al and municipal water uses are 

Under the s 00 ial and 1 1 1 econom c conditions prevailing in Iraq 
::f n 957, residential, industrial and municipal uses of 

relati 1 water are 
ve y unimportant in terms of the amount f t draw Th 1 ° wa er they with-

• e ow level of living th 1 units and the b , e ow quality of the residential 
' a sence of sanitary canve i 

ta residential water oonsumpti i n ences make the per cap1-
tr1es with hi h on n Iraq lower than that in coun-

g er gross national produ t h 
and the United Ki d 4 ° sue as the United States 

ng om. In the United States it has been esti-

l.rhe two most inte 1 Iraq, The Haigh Commissionn~ ve studies of water utilization in 
the Rivers of Iraq 

1951 
~rvey, The Control and Utilization of 

tfiy Engirieers repo;t' Th~ ~~ve!he Kn~ppen' T lppetts, Abbett, tlcCar­
Rivers, Iraq, 1955, maae-fio re1'oepmen of the Tigris and Euphrates 

~ renee to these uses. 

-Harry E. Jordan "I d t lean Water Works Associati n us rial Requirements of water," Amer-
3 on, XXXVIII (1946)' 66-67. 

International Bank far Economic Development of Iraq, p.R~~~~struction and Development, The 

4F I rancis S. Friel "How T E Needs of a Gt•awing Communit " W o •stimnte tho Future WntcJr Supply 
ber, 1956)' 1114-15, 1136. y, ater works Engineering, CIX (Decem-
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mated that the per capita consumption for residential uses is 50 
gallons per day. 1 In Iraq, few houses have water installed for 
sanitary and drinking purposes, other water-using machines are 
rare, and the per capita consumption may be expected to be con-

siderably less. 
Municipal uses are limited in number and restricted to three 

large cities of ~aghdad, Mosul, and Basrah. Fire departments are 
limited to these cities. Parks are rare. In Mosul, the second 
largest city in Iraq, there are only two parks, neither of which 

exceeds 200 acres in size. Street washing is carried on in the 
larger cities during the Summer season only. If similar municipal 
uses of water in the United States, where they are carried on to a 
much greater extent, are estimated to be 10 gallons per day, it is 
justifiable to assume that the per capita use in Iraq is lower than 
10 gallons per day, and probably not more than 4 gallons per capita 

2 per day. 
Industrial use of water can be expected to be small in Iraq 

since it has none of the major water-using industries; that is, 
steam electric plants, steel industry, and wood pulp industry. Oil 
refining is carried out in a limited scale. The aforementioned in­
dustries account for about 80 per cent of the total industrial wa­
ter intake in the United States. 3 The number of employees in manu­

facturing in the country amounts to 90,291, of which half are en­
gaged in industries which do not use significant amounts of water-­
for example, tailoring, shoemaking, carpentry, and the tobacco in­
duatry.4 Industries . which use water such as the soap, cement, 

fruit-packing, and dairy industries, exist on a small scale. 
water for residential, municipal, and industrial uses in 

Iraq is obtained from the municipal supply, which is in all in­
stances a government enterprise. The supply depends primarily on 
the waters of the Tigris and Euphrates and their tributaries, be-

-------------------------------------~~---
1!. F. Jordan, "The Problems That Face Our Cities," Water, 

A Yearbook of Agriculture, 1955 (washington: Government Printing 
Of!':!.oe) 1 P• 6&lo 

2~. 

3Jack B. Graham and Meredith F. Burrill, Water for Industr~ 
American Association for the Advancement of Scien~blication 
No. 45 (Washington, D.c.: The American Association for the Advance­
ment of Science, 1956), p. 109. 

4Government of Iraq, Ministry of Economics, Principal Bu­
reau of Statistics, Statistical Abstract, 1955 (Baghdad: Zahra 
press, 1956), P• 100. 
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cause underground water is not utilized at present. To tho best 
of the author• s knowledge, privuto wells are not used on a l arge 

scale at this time to meet these uses. The total amount of water 
withdrawn for these uses is !mown through the official statistics, 
but the amount of water used for each purpose is not available. It 
is therefore necessary to estimate the amount of water used for each, 
purpose Vlithin the reported total withdrawal. 

The amount of water used for residential purposes was com- ! 

puted according to per capita per day consumption of water. The latj 
tor was estimated by using two samples, selected from two large I 

cities in Iraq, Baghdad, and Basrah. More than 90 per cent of the 
families in Baghdad have water piped into their homes. 1 Data are 
not available on Basrah to estimate such a percentage; however, the 
author•s familiarity with the city encourages him to assume that 
the situation is not too different from that in Baghdad. (The sam­

ples were selected by the Directorate of the Municipal water Supply 
of Baghdad and Basrah in respon se to the request of the office of 
the cultural attache of the Embassy of Iraq in washington, D.c.) 

\i The Baghdad and Basrah samples were taken in residential quarters 
where water use is metered. Each sample contains two hundred sin-

li gle-family residential units. The water bought in each of the se 
n units was obtained from tao offices of the above-mentioned directo­

rates for the year 1955. The data for the whole year were added to­
gether, and then averaged, to obtain a figure for average family ·•· 

•:! water consumption per year. The average annual per capita consump­
tion was obtained by applying the average family size in Iraq of 
six persons. The application of this figure to the population of 
the cities is assumed to provide a rough approximation of water 
used for residential purposes. 

Table 16 explains the steps for obtaining the average an­
nual per capita water use for residential purposes. 

The estimated daily per capita use in Iraq is similar to 
the estimated maximum per capita daily water use in Aleppo, Syria, 
which reached 25 gallons in 1952. 2 It is also similar to the esti­
mated per capita use of 20 gallons in Karachi, Pnlcioton , a fHl o£ 

~he Comm1~tee of Water Supply of Baghdad, Administrative 
Report of 1953, Report No. 27 (Baghdad: Rabbits Press, 1956), 
p. s. 

2Ernst lt Wa er, "Die Wasserversorgung Aleppos, '' Gas und was -
ser Warme, XI, 2 (1957), 33. I 

I 
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d 1 Burma. 1 Thus, the per capita water use in 
17 gallons in Man a ay, 

Iraq for residential uses is quite similar to that of areas in 
level of living, and a which the same type of culture, a similar 

similar agricultural economy, prevail. 

TABLE 16 

ESTIMATED AVERAGE DAILY PER CAPITA CONSUMPTION 
IN BAGHDAD AND BASRAH , IRAQ 

(Range of Consumption 
Gallons -Per Unit Per Year) 

Number Maximum Mean Minimum 
Sample of Units 

100 95,000 39,600 22,000 
Baghdad 

100 102,000 30,039 7,400 
Basrah 

Total: 
102,000 34,999 7,400 

2 samples 200 

OF WATER 

Total Gallons 
of water 

Bought (p. a • ) 

3,960,000 
3,039,000 

6,999,000 

1. 
6,999,000 .. 34,999 gallons per family per year 

200 

2. 34,999 5,833 gallons per capita per year 
6 

3. 5~~~3 -= 16 gallons per capita · per day 

using the estimate of 16 ga~lons per day per capita, the 

Use in the urban areas of Iraq amounts to annual residential water 
The r esidential use of water is expected 46 million cubic meters. 

to be relatively less in rural areas because water is there less 
readily available, and because conveniences usually identified with ;, 
urban areas are absent. The rural per capita consumption of water 

will probably not exceed half that of the urban consumption. If 
the urban per capita consumption were applied to the rural popula­
tion the m•xtmum pr•aont residential water use in Iraq would amount 
to 1; 2 cubic meters annually (29,040 million gallons), or the equiv­
alent of 5 ,B33 gallons per capita, 34,999 gallons per family, per 

year. 

lunited Nations Economic Commission for Asia and the Far 
t i B rma India and Pakistan, 

·East, Water Resources Develo~men n u ' N tl Publi-
Flood control Series No. 11, art 2 (Bangkok: United a ons I· 

ca~ion, 1956), PP• 93, 43, 
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At present, estimates of livestock consumption of water 
in Iraq are not available. Such estimates are available in the 

United States; these can be used to obtain a rough estimate of the 
livestock water consumption in Iraq. In the Cheyenne River Basin 
of the United States it is general+y conceded that cattle consume 
about 10 gallons of water per day. 1 If this estimate is applied to 
the total livestock population of Iraq (7,500,000 in 1955), the wa­

ter consumption of livestock in the country should amount to about 

125 million cubic meters annually, none of which is assumed to be 
used non-consumptively. Livestock are usually supplied with water 

from the irrigation ditches, especially in the Mesopotamian trough, 
unless they are owned by the Bedouins. In the latter case wells 
in the scattered Bedouins camps--mainly in the western desert and 

Al-Jazira areas--are the major source of water. The estimated live­
stock consumption is not greatly different from the total estimated 
residential water use of the country. 

Because both the municipal and industrial water uses depend 

upon municipal water supply, the municipal water withdrawal may be 
·! taken to represent those uses plus the urban residential water use. 

The municipal water uses were 1considered to be 25 per cent of that 
H of the United States, in order to arrive at an approximate figure 
j:\ of such water use in Iraq. On this assumption, the municipal water 

use in Iraq amounts to 7 million cubic meters annually. The indus­
trial water use for each municipality will then represent the dif­
ference between the total water withdrawn and the amotmt of water 

01 
used for urban residential and municipal purposes. It is recognized 
that other methods, such as water use per unit of product or water 

2 use for employee, might be used to estimate water use in industry. 

However, statistics concerning the amount of manufacturing produc­
tion are not available in Iraq; the employees are not classified 
according to the type of industry in which they are engaged. Ac­
cordingly, the previously suggested method is considered to be sat­

isfactory, at least in that it gives a general estimate. 
As shown in Table 17, the estimated water use for industry 

amounts to 29 million cubic meters annually, which is aboYt two ~ 

thirds as much os that used for residential use. The industrial 

of Stock Reser-

overnment 

Association of Manufacturers and the Conservation 
in Industry (New York, December, 1950), P• 23. 
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TABLE 17 

WATER WITHDRAWAL FOR RESIDENTIAL, MuNICIPAL, AND 
INDUSTRIAL USES IN THE l:'lUNICIPALITIES OF IRAQ 

(In Million Cuoic Meters) 

Res iden.tial Industrial 
Urban Area Population a water and Munici- Use Withdrawnb pal Use (Estimated)d (Estimated)c 

Mosul .... 27:3,000 e.o 7.8 negligible 
Diwaniyah. 61,000 2.6 1.8 o.e 
Montafiq 81,000 1.9 1.9 negligible 
Basrah ... 219,000 8.9 6.:3 2.6 
Ammarah .. 192,000 LO 1.0 negligible 
Kurlruk •.• 147 ,ooo 11.6 4.2 7.5 
Karbala .. 71,000 1.8 1.8 negligible 
Diyalah •• 42,000 1.7 1.7 negligible 
Hilla .... 80,000 0.7 0.7 negligible 
Arbil .... 69 ,ooo 1.4 1.4 negligible 
Baghdad .. 558,000 :34.3 16.1 18.3 
Sulmaniyah 79,000 o.e 0.8 negligible 
Kut ...... 81,000 0.7 0.7 negligible 
Dulaim ••• 85,000 0.7 0.7 negligible 

Total . 76.1 46.9 29.2 

aGovernment of Iraq, Ministry of Economics, Principal Bu­
reau of Statistics, Statistical Abstract, 1955 (Baghdad: Zahra 
Press, 1956) , pp. 2-3. 

b Ibid. , P· 195. 

cBased on samples selected from Baghdad and Basrah. 

dEstlmated as the difference between water sold in the 
municipalities and the residential and municipal water uses of 
those municipalities. 

use of water is significant only in three cities: Baghdad, Kirlruk, 

and Basrah. Mosul uses a negligible amount because the industries 
existing there, such as tailoring and shoemaking, are no~ater­
using ones. It is noticed that more than 50 per cent of the indus­
trial water was used in Baghdad (18.3 million cubic meters), where 
approximately half or the industries employing twenty persons or 
more are located. 1 Kirkuk, the leading oil producer in Iraq, is 

second after Baghdad, while Basrah, the largest date-producing and 
packing center, is third. 

1J. A. Salter, op. cit., P• 71. 

!· 
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The total water withdrawn for residential, municipal, and 
industrial water uses in Iraq, both in citie s and rura l are a s 

amounts to approximately 168 million cubic meters annually. ~ 
the United States it has been reported that cities rarely consume 
more than 10 per cent of their water withdrawals, the remainder 
being returned to the water source. 1 If this fi gure is applied to 
Iraq, the amount of water consumed by these uses can be summarized 
as follows: 

TABLE 18 

ESTIMATED CONSUMPriON OF RESIDENTIAL, MUNICIPAL, INDUSTRIAL 
AND LIVESTOCK WATER USES IN IRAQ 

(In Million Cubic Meters Annually) 

Use Withdrawal Consumptive Non-Consumptive 

Res !dent ial 
Urban ........ 46 4.6 41.4 Rural ........ 86 8.6 77.4 

Municipal ...... 7 .7 6.3 
Indbstrial ..... 29 2.9 26.1 
Livestock 125 125.0 

Total 293 141.8 151.2 

If the 10 per cent figure were accurate for Iraq, the amount 
;! of water consumed by these uses would be less than .003 per cent of 
., the total water consumption for all purposes. Even if all the with­

drawn water were consumed, it would account for less than .03 per 
cent of the total consumption for all purposes. It would be con­
servative, when computing the water consumption of Iraq, to assume 
that all the water withdrawn for these uses is consumed, 100 per 
cent, because sewage systems, which facilitate the return of the 

unconsumed water to the stream or to the ground storage do not exist 
in Iraq at this time. 

The amount of water withdrawn for these uses is less than 
·25 per cent of the mean water supply and less than .:;:; per cent of 
the minimum supply. The uses, therefore, are relatively insignifi­
cant in terms of the amount of water withdrawn by them. 

1
G. F. White, "The Facts About Our Water Supply " Harvard 

Business Re.view, XXXVI, No. 2 1 (March-April, 1958), 88. ' 
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Non-Withdrawal Uses 

Navigation on the lower Tigris constitutes the major non­
withdrawal ·water use. Hydroelectric power has not been considered 
in the study because it does not exist at this time. Furthermore, 
the government plan to utilize the storage reservoirs on the tribu­
taries of the Tigris to generate hydroelectric power has been 
tentatively dra~ and limited to Bekhme Reservoir only to generate 
600,000 Kw. There is no indication that such a plan will be car­
ried out in the near future. 

Navigation is mainly practiced between Baghdad and Basrah, 
a reach where railroads do not exist and where roads are unpaved 
(Fig. 15). Different types of craft are used in navigation, ranging 
from steam or Diesel-powered tow-boats with a draft of one-and-one­
half meters, to barges of shallow draft, about one meter, and smaller 
craft propelled by sail. 

Except for petroleum, no statistical information is avail­
able about the type of mat erials transported by river, although the 
principal items are assumed to be cereals, bricks, hides, sand, and 
gravel. Petroleum is transported from Basrah to the rural communi­
ties upstream which use white oil for heating, cooking, and light; 
and black oil for operating the pumping machines for irrigation. 

The required depth ·for the present practiced navigation is 
1.4 meters below Baghdad, which corresponds to an average discharge 
of 2?5 cumecs. 1 Below Ammarah the required depth is 1.8 meters, 
which corresponds to an average discharge of 60 cumecs. 2 When the 
river is at a lower depth a series of pools form with crossings 
(shoals) between them, making navigation difficult or impossible 
for all except small crPft of less than one met~r. 

Except during the dry years, navigation is usually praet1oed 
between Baghdad and Ammnrah without difficulty. Figure 16 shows that 
the mean supply provides an adequate depth for navigation,(hroughout f· 

the year. During the dry years navigation is faced with'alfficul· 
ties during Summer and early Autumn. For example, during the year 
of 1951, the supply of the Tigris was below the mean at Baghdad. 
The number of journeys made upstream decreased from 295 in 1950 to 
190 in 1951. Similarly, a decrease occurred in the downstream jour­
neys from 398 to 180. The depth of the river was inadequate during 

chap. 
~nappen, Tippetts, Abbett, McCarthy Engineers, op. cit., 

i v, P• 19. 
2 
~·, P• 25. 
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' the last part of July and d~ring all of August and September. The 
discharge in August amounted to 213 cumecs, while in September it 
was 177 cumecs, both of them lower than the required discharge of 
275 cumecs: In the same year the total tonnage moving downstream 
decreased from 17 1 931 tons in August and 14,910 1n September of 
1950, to 5 1 925 and 5,537 tons in the corresponding months of 1951. 1 

The agricultural cammunities in both Ammarah and Basrah Liwas 
(States) were affected ~eriously, since there were no facilities to 
ship their fruits and vegetables to the north, mainly to Kot and 
Baghdad, which constitute the major market for such products. 

At Ammarah the mean supply of the river provides a depth of 
more than the 1.8 meters required for navigation. During 1944, a 
dry year similar to 1951, the supply was not enough to maintain the 
necessary depth during September and October, as indicated by Fig­
ure 16. However, the depth provided by the mean supply of the dry 
year supply, does not give a true picture about the navigation con­
ditions below Ammarah. Downstream from Ammarah the discharge and 
the corresponding depth decreases rapidly, both under the mean and 
the dry year conditions, to a depth which is inadequate for naviga­
tion. As shown in Figure 17, the depth of water in Qualat Saleh, a 

I 
short distance south of Ammarah, was below the required depth from 
the end of July to the end of December, under the mean condition of 
the supply, and for a longer period, from the end of June until the 
end of March, in the dry year of 1944. It is in this part of the 
Tigris, south of Ammarah, that all the difficulties of navigation 
are to be found. A short distance below Ammarah the water of the 
Tigris is diverted for irrigation. The diversion is carried out 
through canals located above Qualat Saleh, shown 1n Figure 15. 
These canals--Chahalah, Masharah, Majar Kabir and Macheriyah--irri­
gote an area of 434 1 520 acres in the vicinity of Ammorah. The flow 
1n the canals is not controlled or regulated because the beds of 
these canals are lower than that of the Tigris (the Chahalah canal 
has a bed which is 2 meters lower than that of the Tigris) , and be­
cause the general tendency among the farmers is to get as .much wate 
to the field as possible, a tremendous amount of water from the Ti­
gris River enters these canals. The result is a decrease 1n the su 
ply of the main river to a level which is inadequate for navigation 

The conflict between irrigation and navigation over the avai 
able Tigris River water gradually became more severe as the irrigati 

1 
~·I P• 24. 
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NAVIGATION ON THE TIGRIS 
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expanded, until it re.ached the stage at which the oldest xJaviga­
tlon company on the Tigris ceased operation late in 1950. As early 

as 1917, Sir William Willcocks, referring to the irrigation canals 
below Ammarah, pointed out that "these canals endanger the naviga­

tion of the river and constitute a serious menace to the existence 

of the river. 111 

The proposed reservoirs on the tributaries of the Tigris-­
Derbendi Khan, Dokan, and Bekhme--will be operated according to the 

plan adopted by the government, which seeks to maintain the require 

depth (1.6 meters) for year-round navigation between Baghdad and 

Basrah every year. 
Water will evaporate from the surface of these reservoirs. 

The loss through evaporation depends upon the evaporation rate, pr 
cipitation, and the size of the evaporating surface of the reser­
voirs. The areas inundated by the waters of the reservoirs are es 
mated to be about 300 square kilometers. The isarithm of 1,000 mm. 
of average annual potential evapotranspir ation passes, roughly 
through the areas of the reservoirs (Fig. 7). Similarly, the isa­
rithm of 500 mm. of average annual precipitation passes through th 

reservoir areas (Fig. 6)· Accordingly, the possible amount of wat 
loss through evaporation would be the difference between potential 
evapotranspiration and precipitation, 500 mm. (not too different f1 
the isarithm of annual water deficit passing through the reservoir 
areas), multiplied by the total evaporating surface of 300 square 
kilometers or the equivalent of about 150 million cubic meters annu 
ally. This estimation is based on the assumption that evaporation 

from the water surface is similar to that of the ground. Actually, 
evaporation from the water surface is less than from tho ground sur 
face. c. w. Thornthwaite l' eported that evaporation from inlaJtd 

ground pans, in some of the areas which he invest :!,gated, was more 
than two-and-one-half times that from an inland sea. 2 He also ind 
eated that in other areas the evaporation from a surface of o l alte 

was 93 per cent as great as the evaporation from a nei~1boring 
ground pan. 3 If we assume that the evaporation from the surface 

lw. Willcocks, Irri&ation of Mesopotamia (2d ed.; London, 
1917), P• . 30. 

2c. w. Thornthwaite, "Climatology in Arid Zone Research," 
The Future of Arid Lands, Papers and Recommendations from the Inte 
national Arid Lands Meetings, Publication No. 43 of the American A 
sociation for the Advancement of Science (Washington, n.c.: Ameri­
can Association for the Advancement of Science, 1956), p. 72. 

3 Ibid. , P• 73. 

------- --· - -



76 

area of the reservoirs in Iraq is less than that actually indi­
cated on the ground (the 1,000 rom. isarithm of potential evapo­
transpiration) at least by 20 per cent, the water loss will be 
about 120 million cubic meters annually--the same magnitude as the 
estimated residential use of water in Iraq (Table 18). 

The previous estimation of water loss through evaporation, 
based on either 590 rom. or 000 mm. rate of water loss, is far less 
than the estimate made by Knappen, Tippetts, Abbett, McCarthy 

1 Engineers, which is in the magnitude of 2,600 mm. annually. This 
estimate was not based on actual observations in the proposed reser­
voir areas, but rather adopted from the available evaporation rec­
ords of Lake Habbaniyah, as based on inflow-outflow measurements of 
water in the lake. The lake is located considerably to the south 

· of the reservoir areas, where temperature is higher and precipita­
tion is much lower; consequently, the water loss--according to 
Knappen, Tippetts, Abbett, McCarthy Engineers• estimates--will 
amount to about 600 million cubic meters annually: 2,500 mm. (evap­
oration) minus 500 mm. (precipitation), or 2,000 mm. multiplied by 
000 square kilometers. This estimate is twice as much as the esti­
mated water withdrawn for all other water uses in Iraq, except 
irrigation. 

It is evident that a . price will be paid for storing the wa­
ter. This is expressed in the amount of water which will be con­
sumed by evaporation. However, the price is not likely to be as 
high as that estimated by Knappen, Tippetts, Abbett, McCarthy 
Engineers, because or· the lower temperature in the reservoir areas. 
But even if we assume that evaporation will probably not exceed 120 

million cubic meters, its importance is of the same magnitude as 
the amount of water consumed for residential purposes in the entire 
country (Table 18). 

This evaporation is a factor that ought to be taken into ac-
count if a water budget is to be reckoned. ~ 

It is noticed that the estimates of the quantity of the dif­
ferent water uses are made for Iraq only leaving out the upstream 
areas of the basin--Al-Jazira in Syria and Turkey and the foothills 
and mountains areas in Turkey and Iran. The lack of essential data 
--irrigated acreage, types and amount of industries, total and dis­
tribution of population, and the number of livestock--make it rather 
difficult to make such estimates for those areas. 

!,• 

~appen, Tippetts, Abbett, McCarthy Engineers, op. cit. 1 !: 
cqap. iii, P• 16. 
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is carried out in the Syrian part 
Water is supplied by the Euphrates. 

Irrigation water consumption is estimated to be about 1,600 mil-
lion cubic meters annually (Table 7) , or equivalent to slightly 
over 20 per cent of the water consumed by the irrigated crops in 
Iraq. The other upstream areas have no reported irrigation water 
withdrawals, 

As for the amount of water withdrawn by other water uses-­
residential, municipal, industrial, and livestock-~it may be as­

sumed that it is not too different from that withdrawn for the sim­
ilar uses in Iraq (Table 18) , because of the similarity in culture 
and level of living between Iraq and those ar eas. These uses may 
then be considered relatively insignificant in terms of the amount 
of water withdrawn by them. 

- -- -------- ------



CHAPI'ER IV 

CONCLUSIONS 

Southern Iraq, especially the Mesopotamian trough, consti­
tutes the major area of water utilization in the Tigris and Euphra­
tes basin. water is mainly used for irrigation. Review of the wa­
ter budget suggests that the present pattern of water utilization 
in irrigation is not conducive to the attainment of maximum benefits 
from the land, and is characterized by a great wastage which sug­
gests that improvement of the present utilization may need to be 
considered as well as an expansion of irrigated areas. 

The inevitability of conflict between irrigation and navi­
gation, and the possible conflict among Iraq, Syria, Turkey and II·an, 
over the available water, indicate the need of international co­
operation and coordinated planning for . a wiser water utilization. 

Auditing the Present Budget 

The water supply of the Tigris and Euphrates basin is pro­
vided initially by precipitation falling in the mountains and foot­
hills areas in Turkey, Iraq, and Iran. Turkey contributes the 
largest proportion of the supply, approximately 70 per cent; Iraq 
contributes 25 per cent; Iran contributes the remaining 5 per cent. 
Syria and Saudi Arabia do not contribute any significant amount to 
the initial water supply of the basin. Syria, though mentioned by 
Cressey as a contributor to the water supply of the basin, contrib­
utes nothing. The annual water surplus map (Fig. 9) supports this 

contention. 1 

During a normal year the water supply of the basin amounts 
to about 73,000 million cubic meters of water. Ot this 65 per cent 
(47,014 million cubic meters) is supplied by the Tigris Basin. The 
remaining 35 per cent (about 26,410 million cubic meters) is sup­
plied by the Euphrates. During dry years, the water supply of the 
basin is about 50,000 million cubic meters per annum. 

The greatest proportion of the supply comes during the Spring 

1G. B. Cressey, "Water in the Desert," loc. cit., P• 114. 
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season, March through May, in both river basins. Summer--especial­
ly September--is characterized by the lowest amount of supply. 

At present, three physical areas located in four countries 
--Turkey, Syria, Iran, and Iraq--are involved in the utilization 
of the water supply of the basin. Two of these areas are parts of 
the first three countries, which are located upstream from Iraq: 
Al-Jazira in Syria and Turkey (Fig. 1, 3a-2 and 3a-3), and upper 
Khuzistan in Iran. The third area is the Mesopotamian trough (Fig. 
1, 3b), which is located entirely in southern Iraq. Both the Al­
Jazira and Khuzistan areas withdraw very little of the water sup­
ply. The Syrian part of Al-Jazira (Fig. 1, 3a-2), is the largest 
water withdrawer in the first two regions at the present, and con­
sumes approximately 1,600 million cubic meters of water annually 
for irrigation (Table 7). Neither the Turkish part of Al-Jazira 
nor Khuzistan is making any significant water withdrawal at present. 

A great part of the water supply is withdrawn and consumed 
in the Mesopotamian trough. The water is used for irrigational, 
residential, municipal, industrial, and navigational purposes. 
These uses in Iraq consume about 64 per cent of the average annual 
water supply of the Tigris apd Euphrates basin. The remaining 35 
per cent of the supply, 27,000 million cubic meters of water, flows 
through Shatt-al-Arab to the Persian Gulf, without being used, where 
it is dissipated. 

In the Tigris Basin, as shown in Table 19, the average an­
nual consumption amounts to about 38,000 million cubic meters. .Al­
most all of it is consumed through irrigation. Other uses are un­
important, inasmuch as they consume only about 128 million cubic 
meters annually. Navigation requires about 9,000 million cubic me­
ters of water annually to maintain a channel sufficient for float­
ing vessels of drafts ranging between 1 and 1.5 meters. In the Eu­
phrates the average annual consumption, as shown in Table 20, 
amounts to sligntly over 9,000 million cubic meters. Here, too, 
the greater part is consumed by irrigation. 

During the average year the water supply in both river ba­
sins adequately provides for the existing conournpt1ono As shown !n 
Figures 18 and 20, the mean supply exceeds the estimated water con­
sumption througnout the year. 

During dry years, however, a shortage of water occurs in 
the Tigris Basin (Fig. 19), whereas in the Euphrates Basin (Fig. 

21), the minimum supply is sufficient tor the estimated consump­
tion. 
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TABLE 19 

THE PRESENT WATER BUDGET OF THE TIGRIS BASIN8 

(In Million Cubic Meters) 

Use 

Withdrawalb 
Irrigation 
Residential 

Rural •.••.• 
Urban ) 

Municipal ) .••• 
Industrial) 

Non-Withdrawal 

Consumptive Non-Consumptive 

37,940 

60 

68 

Total 

37,940 

60 

68 

8,950 Navigation •••• -=In~s;i~gn~i~f;i~c~a~n~t~-------~8~,~9~5~0~----------~~~~-

Total use 38,068 

Dissipated 

Supply 
Mean •.•...••.• 
Minimum •..•.•• 

8,950 47,018 
8,800 

47,014 
31,000 

NOTE: Discrepancy in totals is due to rounding in build-
up. 

~he limited water withdrawals of the Turkish and the Iran­
ian parts of the basin are not included. 

bThe table does not include water ~onsumption by livestock 
in the country (125 million cubic meters) due to the difficulty of 
distingui shing the proportion consumed from each river basin. It 
also does not include the possible evaporation loss from reservoirs 
for all purposas. 

cit is estimated by the author that an average ranging be­
tween 4,000 and 5,000 million cubic meters of water remains uncon• 
sumed in the water table, but it is not possible to distinguish be­
tween the proportion which belongs to each river basin. Because no 
attempt is being made, at present, to use this water, and because 
it is possible that part of it will evaporate from the surface of 
the areas having a high water table, after its movement to the sur­
face by capillary attraction, the author has left the non-consump­
tively used water, of each river basin, tentatively undistinguished 
from its total consumption. 

In d!'y yeara, ahortage occurs in the Tigris Basin in all 
months except January and February. Theoretically, the estimated 
yearly water consumption in the Tigris Basin, 38,000 million cubic 
meters, exceeds the minimum supply of 31,000 million cubic meters. 
This gives the impression that during minimum conditions all the 
water supply of the Tigris will be consumed. Actually, in spite 
9f these conditions, about 1,500 million cubic meters of water is 
di~sipated at Qualat Saleh, in the lower reaches of the Tigris. 

\: 

·' 

I 
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TABLE 20 

THE PRESENT WATER BUDGET OF THE EUPHRATES BASIN8 

(In Million Cubic Meters) 

Use Consumptive Non-Consumptive 

Withdrawal 
Irrigation 9,574 
Residential 

Rural •••••• . 26 
Urban ) 

Hun icipal ) ••.• ?.7 
Industrial) 

Non-Withdrawal •• 0 0 

Total use 9,607.7 
Dissipated 

Supply 
Mean ••••••.••• 
Minimum ,' ..•..• 

Total 

9,574 

26 

7.7 

0 

9,607.7 
16,800 

26,410 
19,000 

NOTE: Discrepancy in totals is due to rounding in build-
up. 

a The table includes irrigation water consumption in Al-
Jazira , Syria, while the limited other withdrawal uses in the up­
stream countries are not included. 

This can be explained by the fact that during the dry years some of 
the farmers in the Mesopotamian trough, where most of the water is 
withdrawn, simply give up the idea of cultivating their fields. This 
automatically reduces the total consumption. 

It is evident that water consumption in the Tigris Basin is 
greater than in the Euphrates. This indicates that at the present 
time the Tigris Basin is utilized more than the Euphrates, contrary 
to some recent estimates.l 

The characteristic pattern of use in both basins is irriga­
tion which is practiced mainly 1n the lowlands, primarily in the 
Mesopotamian trough of Iraq and the Al-Jazira area of Syria. 

1J, H. G. Lebon, "The New Irrigation Era in Iraq," Economic 
Geogratht' XXXI, No. 1 (January, 1955), 53. (Lebon conclud~nar­
the to a acreage irrigated in the Euphrates, in Iraq, is equiva­
lent to that in the Tigris. This conclusion conflicts with the da­
ta in Tables 13, 19, and 20. 
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Evaluation of the Present Budget 

An evaluation of the current water use's suggests two re­
spects in which water is now being used at low efficiency, and two 
points at which conflict is likely to arise in the future, unless 
effective steps are taken to ~prove the present methods of utili­
zation, and to prevent the heightening of international problems. 

Iraq, at present, does not obtain the maximum benefits from 
her water resources. A great proportion of the supply is being 
wasted by the prevailing inefficient methods of utilization. The 
various demands for water appear irreconcilable due to lack of plan­
ning. In addition, the present utilization is complicated by the 
possible rise of international conflict between Iraq and the up­
stream countries over the available water. 

Unequal Distribution of the Supply 

The distribution of the water supply during the year has an 
important influence upon the present pattern of water utilization 
in irrigation. The nature of distribution is not conducive to ob­
taining the maximum benefits from the irrigated land. More than 70 
per cent of the water supply of both river basins comes during the 
Winter and Spring, providing an abundance of water for irrigation. 
On the other hand, the Summer ' and Autumn supply is low. During the 
Winter a farmer. can cultivate only a limited acreage of his land 
(about 14 acres) due to lack of machinery and limited labor in the 
family. Durin~ the Summer cultivation is practiced in small acre­
age only, along the river banks, because of limited water. The rest 
of the irrigable land, the farmers and their machinery (if any) re­
main idle for almost half a year, throughout the Summer and part of 
the Autumn. As a result, a tremendous range between the amount of 
acreage cultivated during the Winter, 4 million acres, and that cul­
tivated during the Summer, 0.7 million acres, appear--as sh~ in 
Table 13. Accordingly, the farmers depend, mainly, upon the Winter 
crop for their income, which generally does not exceed I.D. 20 ($56) 
llfln\\l:ll.l.fo 1 

Inefficient Methods of Water Utilization 

Irrigation is the greatest water consumer at present. The 
·water consumption of the irrigated crops amounts to approximately 

1rnternational Bank for Reconstruction and Development, ~ 
· Economic Development of Iraq, p. 133. 'l 

I 
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6,000 million cubic maters annually (Table 15). Conversely, tho 
amount of water applied to the irrigated land through irrig&tion 
canals totals about 46,000 million cubic meters. Thun a W8ste of 
about 40,000 million cubic meters of water occurs ev ery ye or. 

The wasted water is designated as the excess withdrawn wa­
ter which is not consumed by the crops. However, in irrigation 
practices a certain amount of wasted water is entailed through doep 
percolation and seepage. This can be deemed economically justifi­
able, considering the current methods of irrigation, to assure that 
the amount of water which is delivered to the crops is at least 
sufficient for consumption requirements of the crops. The amount 
of justifiable waste in irrigation in Iraq is estimated, by Knappen, 
Tippetts, Abbett, and McCarthy Engineers (based on samples of farm 
deliveries), to be about 35 per cent of the amount of diversion re­
quirement for irrigation. 1 Diversion requirement equals consump­
tion requirements of crops divided by 0.65. (DR • CR • JW, or 

6,000 DR : 6,000 ~ 35% of DR. Thus, 6,000 • 65% of DR, or ~ = 9,231 
million cubic meters. In order to make the computations easier, 

::· the resulting figure is rounded to 10,000 million cubic meters.) 

., 

The justifiable waste, then, is the diversion requirement minus the 
consumptive requirements, or about 4,000 million cubic meters annu­
ally. The remaining 36,000 million cubic meters is an unjustifiable 
waste (total waste 40,000 million cubic meters minus 4,000 million 
cubic meters of justifiable waste) , since it is neither consumed by 
the crops nor needed to assure the arrival of the consumption re-

::l qu irements to the crops. 
The justifiable waste cannot be prevented under the present 

methods of utilization. The possibility of reducing this amount, 
however~ lies in the extent of the improvements in the current meth­
ods of conveying and applying the water to the irrigated land, as 
for example, by lining the irrigation canals in order to reduce seep 
age and reducing water percolation in the fields, , and by applying 
the irrigation water through controlled ditches instead of the exist 
ing uncontrolled flooding method. But even if the justifiable waste 
1s reduced to half of its present amount, or even if it is elimi­
nated, Iraq will save only a small amount ot water ae compared with 
what she can save through preventing the unjustifiable waste. 

The unjustifiable waste, at present, raises the water table 
or works its way as surface or sub-surface flow to the swamps. The 

lKnappen, Tippetts, Abbett, McCarthy Engineers, op. cit., 
chap. v, P• 39. 



BB 

swamps ore located either at the end of the irrigation canals or 
adjacent to the irrigated areas (Fig. 13). 'Host of the under­
ground water comes from the irrigation canals and deep percolation 
from the irrigated fields. The unlined canals and the flood irri­
gation practices tend to magnify seepage and deep percolation. 
This water eventually is evaporated into the atmosphere or returns 
to stream flow. _ However, it creates certain problems in that 
process. The water which seeps to underground storage from irri­
gation canals and from the fields through deep percolation may 
raise the water table. The rising water table, through capillary 
action, brings moisture to the surface of the irrigated lands, 
where it evaporates, leaving behind such chemicals as sodium chlo­
ride, gypsum, and calcium carbonate. Although the extent of fluc­
tuation of the water table is not known due to lack of published 
data, definite rises in the water table are demonstrated by the 
fact that areas have become saline. The total acreage affected by 
salt is not known, but the Iraqi delegate to the Near East Region­
al Meeting on Irrigation and Drainage practices reported that a 
considerable amount of land has been abandoned in southern Iraq 
because of the progr.essive increase in the concentration of salt 
in the soil. 1 In 1955, the investigations of the International 
Bank for Reconstruction and Development revealed that some of the 

saline areas, although still being cultivated, produce very low 
yields per acre. 2 

Saltation also became serious in newly settled areas after 
irrigation was initiated. This can be illustrated by the newly 
developed Dujaila project which is located south of Baghdad. It 
is a pilot land settlement project and the first of its kind in 
the Arab Middle East. The project covers an area or about 29 1520 
acres and accommodates a population of between 10,000 and 15,000 
people. The project is completely supervised by the government. 1. 

Settlement or the area began in 1946, and until about 195~the har­
vest was good. However, salt concentrations accumulated on the 
surface or some or the irrigated areas to such an extent that those 

!united Nations, Food and Agriculture Organization, ~ort 
of Proceedings, Near East Regional Meeting on Irrigation and Drain­
age Practices, Teheran, Iran, 6-13 of November, 1954 (Rome: Agri­
cultural Division, Food and Agriculture Organization or the United 
Nations, 1954), p. 25. 

2International Bank for Reconstruction and Development, The 
Econo!llic Development of Iraq, p. 25. ,-

,, 
•I 
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parts of the project were abandoned. 1 The total abandoned acre­
age is not knoVIn at this time. Drainage works have been started 
in most of the remaining parts of the project to reduce the danger 
of salinization. Here, as in many other irrigated areas, tho need 
for extensive drainage is a symptom of over-application of water. 

The swamps, where most of the wasted water goes, constitut 
a source of many epidemic diseases which affect the people living 
in the nearby irrigated areas. Approximately 93 per cent of the 
Bilharzia cases, SO per cent of the Ankylostomiasis cases, and 
slightly over 50 per cent of the Malaria cases in Iraq are found 
among tho people living within the areas south of Baghdad, where 

2 most of the swamps are located. 
If the irrigation water wastage is stopped, a gradual, au 

matic reclamation of the swamps will occur. Besides saving the 
wasted water at this time (36,000 million cubic meters), the swam 
will eventually become additional land available for cultivation 
stead of remaining a source of various diseases. Use of the save 
water would depend in part upon its quality: some might well be u 
suitable for irrigation use. Attempts to reclaim the swamps have 
not been started in Iraq as yet. The possibility of reclaiming t 
swamps lies in the control and improvement of the diversion and a 
plication of the water to the irrigated land. If we assume that 

these steps will be taken, a natural reclamation of the swamps wi 
occur through the evaporation of the present water to the atmosph 
Since the average depth of the swamps, in most cases, does not ex 
~eed 2 meters, the evaporation of their water, at an average rate 
of 1. 3 meters (Fig. B), will take approximately two years or sli 
ly longer, but 1n the same magnitude. Additional time will be re 
quired for the evaporation of water from the exposed saturated so 

and with possible correction of the emerging salinized soils, Ira 
will be able to gain about B million acres (the present area of t 
swamps), twice as much as the area irrigated at the present time. 
But such reclamation is based on the assumption that more wasted 
ter will not come to the swamps during the estimated period of re 
lamation. 

If the wastage of water in irrigation were to be stopped, 
Iraq would be able to save about 36 1 000 million cubic meters of w 

1a. Fisk, "Dujaila: Iraq • s Pilot Project for Land Settle 
Economic Geography, XXVIII, No. 4 (October, 1952), 343-54. 

2Government of Ir~q, Ministry of Economics, Principal Bur 
of Statistics, op. cit., pp. 315-16. 
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annually. With the reclamation of the swamps and the utilization 

of the wasted water for irriga~ion, Iraq wou~d need to use only 
part of this water {about 20,000 million cubic meters) in order to 
irrigate all the swamp areas (the present irrigated acreage of 4.7 
million acres uses only 10,000 million cubic meters annually). If 
we assume that the present pattern of cultivation were also to be 
used in cultivating the reclaimed swamps, the estimated gross in­
come of the reclaimed cultivated swamps would amount to about I.D. 
120 millions ($340 millions) annually, twice as much as the gross 

income of the irrigated areas at present. 1 

Since uncontrolled diversion is the primary cause of wasted 
water, the initial step to reduce or prevent wastage is to control 
the diversion canals. Theoretically, the government of Iraq, through 
the General Directorate of Irrigation, is supposed to supervise and 
control the amount and distribution of water in irrigation. The 
irrigation law of 1923 declared that irrigation engineers shall de­
termine the dimension of irrigation canals, and the areas which may 
be irrigated from them (Article 5). The distribution of irriga-
tion water is carried out by the irrigation department (Article 8). 2 

In reality, the practice is quite different. The attitude of the 
farmers and landlords toward the laws and regulations is one of in­
difference and irresponsibility. The farmer diverts greater amounts 
of water, supported by influential landlords and assisted by the 
ease of diversion, through breaks in the river•s banks. He is also 
encouraged by the false belief that a greater water application will 
bring a grea~er yield. To enlighten the farmers to the dangers in­
volved in such practices, the government has established an agricul­
tural extension station in each state. These stations have been 
trying, since 1923, to guide the farmer in obtaining the maximum 
possible benefits from the land and 1n the most economical use of 
water. However, their success in this direction has been meager 
~d discouraging. Its lack of success is due to the fact~at the 
farmer does not cooperate in most cases because he either does not 
believe in such guidance, or is afraid of government officials, who 
are all thought of as tax collectors. Also, in most cases, the guid• 

1Knappen, Tippetts, Abbett, McCarthy Engineers, op. cit. 1 

chap. v 1 P• 56. 

!· 

2Dante A· Caponera, Water Laws in Moslem Countries, United 
.Nations Food and Agriculture Organization, Development Paper No. 43 
(Rome: Food and Agriculture Organization of the United Nations, ).954), 
PP• 129-37. I ' 
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ance programs of the government must meet with the acceptance of 
the influential landlord, who owns the land and hires the farmers 
to work it. The landlord primarily objects to any program which 
will either cost him money for improvements or somehow modify his 
authority among his farmers. The task of enlightening the farmers, 
through such programs, will continue to encounter difficulties b~­
cause the aforementioned factors still exist. 

It is evident that controlling water diversion and distribu 
tion in Iraq involves basic social and political changes as well as 
the necessary laws and regulations. 

Because some of the wasted water moves to the swamps throu 
seepage from irrigation canals, there is a possibility of reducing 
such wastage by lining the canals. Inasmuch as there is no availab 
data concerning the length and width of these irrigation canals, es 
mation of the possible cost of lining is difficult to assess. How­
ever, it is safe to say that if the present diversion is controlled 
and the canals are lined, Iraq will save water which is bein g was te 
in irrigation (40,000 million cubic meter•s annually). If the con­
trol of diversion and the reduction of seepage were to reduce the 
wastage to about half of its present size (20,000 million cubic me­
ters), and assuming suitable quality, this amount were to be used f 
irrigation in the same areas where wastage is occurring (in souther 
Iraq), yields worth at least I.D. 120 millions ($ 340 millions) migh 
be obtained annually. 

Furthermore, by reducing the amount of water wasta ge Iraq 
will be able to reduce the present high expenditure on draina ge wor 
--the present development plan accounts for spending about $63 mil­
lions for drainage works in the presently irrigated areas. 

Conflict of Water Uses 

The present pattern of water utilization reveals a conflict 
between navigation and irrigation. Other possible conflict s betwee 
residential, municipal, industrial, and wildlife uses of water seem 
unimportant. 

The conflict between navigation and irrigation appears in t 

lower part of the Tigris, between Baghdad and Basrah (Fig. 15). In 
the upper half of the navigated Tigris, between Bagbdad and Ammarah 
conflict occurs during dry years only; late Summer and early Autumn 
(Fig. 16). Below Ammarah the conflict occurs every year and lasts 
longer; from late Spring until the end of Autumn (Fig. 17). 
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In order to eliminate such conflict the government has con­

sidered a plan for operating the proposed storage reservoirs, on 
the tributaries of the Tigri s , so as to provide the required depth 
(1.8 meter s ) to operate the vessels used presently for year-round 
navigation under all conditions of supply. 

The possibility of eliminating or reducing the conflict be­
tween navigation ~nd irrigation will depend either upon the control 
of the irrigation diversion canals, in the lower reaches of the Ti­
gris, or upon reducing the demand for navigation facilities. 

Possible Future International Conflicts 

Feelings of insecurity are expressed at times among water­
users of Iraq regarding possible conflict with the upstream countries 
over the waters of the Tigris and Euphrates rivers. Various inci­
dents with the surrounding countries justify such insecurity. 

It has been reported that the agricultural communities of 
the Diyalah River basin, in eastern Iraq, and near the Iranian bor­
der, have been threatened many times with the loss of their water 
supply from the Diyalah River. This water was dammed and diverted 
within Iran and in each case caused tension and ill feelings between 
the two countries. 1 Furthermore, agricultural expansion is being 
currently planned in KPuzistan, southwestern Iran, adjacent to Iraq. 
The expansion program will depend upon the Karon River for irriga-· 
tion. 2 The success of this expansion may encourage further expan­
sion to the n~rth . of Khuzistan. In this case, the waters of the 
Diyalah and Lesser Zab may be subject to use by Iran. 

There are no guarantees that such incidents with Iran will 
not happen again, inasmuch as no measures have yet been taken to set­

tle the basic problems of allocation of available supply. 
Groups in Iraq 

posed irrigation plans 

lie to utilize part of 

have also been disturbed by the recently pro­

by the Syrian part of the United Ar~ Repub­
the water supply of the Euphrates. "ihe Syri-

an plans expect to double the present irrigated areas in the Al­
Jazira (Fig. 1, 3a-2) from 1 to 2 million acres by storing about 
2,000 million cubic meters of water in Youssef Pasha reservoir on 

1 J, M· Khalaf, op. cit., p. 206. 

!-

2united Nations, Food and Agriculture Organization, Expanded 
Technical Assistance Program, The Development of Land and Water Re­

··sources 1n Khuzistan, Report to the Government of Iran, FAO Report 
No. 553 (Rome: Food and Agriculture Organization of the United Na-
tions, 1956), pp. 181-87. !' 
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the Euphrates. l If d h th 1 an w en ese p ana are realized, the total 
acreage in the Syrian part of the United Arab Republic which is 
irrigated by the Euphrates River will be more than that in Iraq 
supported by waters of the same river. Additional plans maj' be 
formulated by Syria as a result of the recent agreement between the 

two parts of the United Arab Republic, Syria and Eerpt, for ami­
gration of two million Egyptian farmers to Syria. 2 It is logical 
to assume that these people will be settled within tho E.'uphrates 
part of Syria, which, according to the evaluation of the Interna­

tional Bank for Reconstruction and Development, in 1955, has the 
greatest potentialities of irrigation expansion in Syria in both 
availability of water and suitability of land. If we further as­
sume that each farmer will have as much as two acres of irrigated 
land (about the average amount of cultivated land per capita in 

Iraq), then the irrigated areas 1n Syria will increase from two to 
six million acres. To irrigate such areas in Syria at least an ave 
age of 0.9 cubic meters of water would be applied annually (see Fig 
8), Accordingly, a total of about 25,000 million cubic meters woul 
be required annually. This is as much as the mean total unregulate 
supply of the Euphrates (Table 10). In those circumstances, a con­
flict between Iraq and the United Arab Republic will de f:U1itely oc­
cur unless necessary steps for agreement 1n water alloc a tion are 
talten. 

Althougn Turkey does not utilize the waters of the Tigris 
and Euphrates for other than livestock and domestic purposes in the 
foothills region and the Al-Jazira section (Fig. 1, 3a-3) at pres­
ent, this does not exclude the possibility of future utilization. 
Plans have been initiated to utilize the waters of the Euphrates fo 
hydroelectric power in Keban, with a capacity of 400,000 Kw. and in 
Elazig with a capacity of between 4,000 and 7,000 Kw.3 This will 
require a certain amount of water storage but only such consumptive 
use as would come from reservoir evaporation losses. Data concern­
ing the amount of water storage for hydroelectric power are not avai 
able. However, a rough estimation can be made by considering the 
amount of storage in one of the reservoirs in Iraq in order to gen-

1
International Bank for Reconstruction and Development, The 

Economic Development of Syria, pp. 41-48. 
2 

New York Times, February 2, 1958, sec. 4, p. 7. 
3International Banki for Reconstruction and Development, The 

Economy of Turkey, PP• 143-44. 
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erate hydroelectric power, almost equivalent to that expected to 

.. ,, 

be generated in both Keban and Elazig. In the proposed Bekhme 
Reservoir on the Greater Zab River in Iraq a storage of about 8,300 

million cubic meters of water is expected to generate an amount of 
electric power almost similar to that of Keban and Elazig. 1 If the 
same amount is needed for storage in Turkey, it will hold about 
one-third of t~e mean unregulated -water supply of the Euphrates Riv­
er. If and when those plans are realized, a definite conflict may 
be expected to arise between Turkey, the United Arab Republic, and 
Iraq as to the operating schedule for the various regulating reser­
voirs. 

The Al-Jazira section in Turkey is quite similar to the Al­
Jazira section of the United Arab Republic in climate, topography, 
and population density. Since this area is considered, by the re­
cent surveys of the International Bank for Reconstruction and Devel-
opment, the area of greatest potential development in the Syrian 
part of the United Arab Republic, it is likely that Turkey, though 
having no plans at present, may also develop her part of the area 
in the future by irrigation. 

Although the potential use of the waters of the Tigris and 
the Euphrates Basin by the upstream countries is not as great and 
as immediate as that in Iraq, these countries may be expected to in­
crease their use of the waters of the basin in the future, Mean­
while, the present government plan of Iraq for utilizing water re­
sources is based on the assumption that all the waters of the Ti­
gris and Eupbrates basin will be available in Iraq. Such discrep­
ancy may well result, in the not too distant future, in a conflict 
over water rights between Iraq and the upstream countries. Conflict 
now seems more apt to develop at an earlier time with the United 
Arab Republic than either with Turkey or Iran; because expansion is 
more obvious in Syria than in the other two countries. 

Early cooperation among the countries in the Tigris and Eu­
phrates basin may well be necessary to avoid conflict. Examples of 
the partial success of international cooperation in finding solu­
tions for international water problems may be observed in the activi­
ties of the International Joint Commission of the United States and 
Canada under the Treaty of 1909 between the United States and Great 
Britain, and of the International Boundary and Water Commission set 

1 Government of Iraq, Development Board and Ministry of De-
velopment, Major Irrigation Projects (Baghdad: Al-A.i1i Press, 1956), \ ' 
P• 14. 
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up by the United States and Mexico for regulating and utilizing 
Rivers. 1 

the waters of the Rio Grande and Colorado 
int ernational coopers­
the spirit of cooperation 
Italy in solving the dis­
the Gash River irrigation 

Another example of the success of 

tion on a limited scale is illustrated by 
which prevailed between Great Britain and 
pute between Sudan and Eritrea concerning 
claims. One of the clauses of the agreement was that if profit on 
the sale of cotton in the Sudan scheme exceeded a certain figure, 
Eritrea would be paid a percentage of this exces~, thus sharing in 

benefits from water flowing out of that country. 
Cooperation among Iraq, Turkey, the United Arab Republic, 

and Iran could be used to provide better understanding of the water 
resources of the Tigris and Euphrates basin. Together they could 
gather and exchange the essential, but lacking data, such as pre­
cipitation, temperature, evaporation, streamflow, groundwater, soil 
moisture topographic, geologic, vegetation, and soil information. 
Cooperat~on could also be used in a thorough assessment of needs for 
water by the different countries; not only for existing usos, but 

t Such assessment~ for possible future expansion of the presen uses. 
if realized by these countries, could be used as a basis for water 
allocation to prevent conflicts which may result from continued un­

coordinated planning of water utilization. 

Improvement or Expansion 

The meager benefits which the farming communities get from 
the land, the conflict of uses for irrigation and navigation, and 
possible future international conflicts are not due to a shortage 
of water but rather to inefficiencies in the utilization of the wa­
ter supply. It may be asked, if increased benefits are sought from 
the nationts water resources, whether improvement of the present 
conditions of water use should not receive greater attention than 

expansion of new irrigation acreage. 
In the present adopted government plan, which will eventu-

ally completely control and regulate the amount of the available 
supply through the proposed storage reservoirs--five storage reser­
voirs on the Tigris and three storage reservoirs on the Euphrates--

lunited Nations, Department of Econo~nic and Social Affa;rs J 
ated River Basin Develo ment, Report by a Pan~lsof i~p!~iairs 

ew or : un e a ons epar ment of Economic an oc a 
1958), P• ~7. 

2Ibid. 
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benefits are sought from expansion of lands under irrigation rath­
er than front improvement in the efficiency of water utilization. 

In order to improve the economic conditions of the country 
and raise the level of living among the farming communities, the 
present government has adopted the idea of expanding the present 
irrigated areas from 4.7 million acres to about e million acres. 
The additional n~w acreage is intended to provide land for land­
less farmers and increase the irrigated acreage of the present 
farming con~unities. This expansion will increase the gross agri­
cultural production as a result of the increase in the irrigated 
acreage, and of a more efficient crop rotation plan in the pro­
posed areas of expansion. According to this plan, the income of 
the farmer is expected to increase from slightly over I.D. 20 ($56) 

1 to about I.D. 60 ($168) annually. 
Lord Salter recommended that, in a small country such as 

Iraq, agricultural development should, from the beginning, include 
the improvement of production from existing cultivation rather 
than establishine new settlements, since the presently cultivated 

2 land is not used to the best advantage. 
The author also feels that if the expansion of the present­

ly irrigated areas is aimed at increasing the gross income from 
agriculture, . end thereby raising the income of the farmer, there 
is a possibility of accomplishing the same aim by improving the 
method of cultivation of the presently irrigated areas. If the 
presently Winter-cropped areas (4 million acres) are cropped again 
during the SUmmer, the total crop acreage during a year will amount 
to 6 million acres. This is as much as that expected to be ob­
tained from the present plan of expansion. If the income of the 
farmer, which is based primarily on one Winter crop, amounts to 
slightly over I.D. 20, then Summer crops may raise his income to 
about !.D. 50; not too different from the expected income increase 

from the plan. 
If all the present-day Winter-cultivated areas are culti­

vated during the Summer, the water consumed by the Summer acreage 
will amount to about 15,000 million cubic meters in the Tigris Ba­
sin (Figs. 18 and 19) and about 9,000 million cubic meters in the 
Euphrates Basin (Figs. 20 and 21). This estimation of water con­
sumption is based on the assumption that 35 per cent of the water 

~nappen, Tippetts, Abbett, McCarthy Engineers, op. cit., 
chap. v, P• 56. 

2J, A· Salter, op. cit., PP• 5~-54. 
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diverted for irrigation is a. justifiable waste. Total water con­
sumed for Summer cultivation in both river basins then v1ould amount 
to about 24,000 million cubic meters annually; about 66 per cent of 
the amount of water unjustifiably wasted at the present. Thus, be­
sides reclaiming ~he swamps, the prevention of present irrigation 
wastage would offer the possibility of uning such water, insofar as 
it may be of suitable quality, for Summer cultivation. 

The irrigation o£ 8 million crop acres in the basin will re­
quire about 34,000 million cubic meters of water annually (10,000 is 
used at present plus 24,000 for the suggested Summer cultivation). 
Of this, 21,000 million will be used in the Tigris, and the remain­
ing 13,000 million in the Euphrates. This amount of water can be 
provided by each river basin, even during the minimmn conditions of 
the supply (the Tigris minimum supply is 31,000 million cubic me­
ters, and the Euphrates minimum supply is 19,000 million cubic me­
ters). However, it can be noticed from Figures 18, 19, 20, and 21, 

that if the assumed Summer cultivation is carried out, a shortage 
of at least 8,000 million cubic meters in the Tigris Bas in, and al­
most 6,000 million cubic meters in the Euphrates, will occur. The 
presently planned reservoir~ will provide this amount of water unde 
both mean and minimum conditions of supply. 

An obvious benefit ·of such recommended improvement is in 
not investing all the capital in land development but rather in us­
ing more efficiently the amount of land which is presently under 
cultivation. 

It also may be possible that such improvement could be car­
ried on in the rainfall-cultivated areas of northern Irnq, in the 
foothills, and Al-Jazira regions (Fig. 1). In this part of Iraq 
cultivation is practiced at present on about 2.3 million acres dur­
ing the Winter. This depends exclusively upon rainfall, and is lef 
idle during the Summer because of lack of water. Irrigating such 
areas during the Summer would require about 7,000 million cubic me­
ters (estimated from annual Water Deficit Map, Fig. 8). The farmer 
would probably welcome such improvement because of the possible in­
crease in his income, s inca it would give him something to work 
with during the Summer, usually his idle time. SU1W11er crops, which 
are grown on a very limited scale--cotton, vegetables, sesame, 
and fruits--can be expanded. Although this aspect of development 
has never been tried in Iraq, its consideration should not be ex­
cluded. Further research may be initiated in this respect to show 
the possible required changes in farm system, if this idea were 
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adopted. Investigations could start on pil.ot schemes, in Al-Jazira 
or in the foothill regions in Iraq, similar to the Dujaila pilot 
scheme, which was initiated in the south. The cost of installing 
new irrigation systems in the rainfall-cultivated areas may be 

high, but the possible benefits justify such expenditure. If we 
assume that a sprinkler irrigation system were to be tried in these 
areas of northern Iraq, the average cost of installation would be 
approximately $50 to $100 per acre. 1 For an average of $75 per 
acre, the total cost of installing sprinkler systems for all the 
rainfall-cultivated area (2.3 million acres) would amount to about 

$172 million. If we assume that the value of products per unit 
area in the rainfall-cultivated acreage, at present, is similar to 
the value obtained in the irrigated acreage in the south--such as­

sumption may be considered justifiable for a rough estimation since 
they have similar cultivation practices, similar crops, and Winter 
cultivation predominates in both of them--then the value of prod­
ucts of the rainfall-cultivation amounts to approximately I.D. 31 

($85) millions. Present irrigated acreage in the south--4.7 mil­
lion acres--has a total value of products of about I.D. 62 ($170) 
million. Let us further assume that the value of products of the 
suggested Summer cultivation will be similar to that of present 

Winter cultivation. Then, the installation cost of the suggested 

sprinkler irrigation systems would be a half or a third of annual 

gross product from the land. The author feels, however, that any 
judgment of . the feasibility of such a development requires further 
res earch to show the proportional costs and benefits as based on 
more precise estimates of installation and maintenance costs of such 
systems, and the possible needed changes in the farm systems and 
crop rotations. 

Let us assume that in the future Iraq will expand its irri­
gated areas. The expansion is more likely to be carried~ut in 

places where irrigation already is established or planned. But, 

the question arises: Where is the use of water likely to yield the 
maximum benefit? In terms of water use the foothills and Al-Jazira 
parts of northern Iraq may be better suited for expansion than the 
southern parts of Iraq. One of the immediate benefits which would 

result from expansion in the north is the saving of water. In order 
to irrigate a square meter of land in the south, an average of 1.2 

f. 

1 
Info~mation was obtained through on interview with the ex­

perts of the Champion Corp. of Irrigation Equipments," in July, I' 
f-958. 
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cubic meters of water is consumed, while an average of abou t 0.7 

meters is consumed in irrigating a similar square meter in the 
north (Fig. 8). Thus, to irrig11te 1 million ocros in the south, 

about 5,000 million cubic motors of water are consumed annuully. 
A similar amount of acreage in the north would consume 3,000 mil­

lion cubic meters. To the estimated water consumption, by crops, 
an allow.ance of 35 per cent of the diversion requirement may be 
made for the just ifiuble waste, conveyance and application, which 

will increase the water required to irrigate a million acres to 
about 7,000 million cubic meters in the south and about 5,000 mil ­
lion in the north. Therefore, for irrigating every million acres 
of land in the north, 2,000 million cubic meters of water can be 

saved. If Iraq were to dev elop 4 million acres in the north the 

amount of water required would be approximately 20,000 million cubi 

meters annually. Developing the same amount of acreage in the sout 

as already planned, would require 28,000 million cubic meters. 
The estimated cost for installing irrigation systems for tt 

proposed 4 million acres in the south is about I.D. 120 ($337) mil· 
lion. 1 Meanwhile , the cost for installing sprinkler irrigation sy ~ 

tems for 4 million acres in the north, based on an average cost of 

$50 to $100 per acre, would be betwe en $300 to t350 million, not t• 
different from the estimated cost of the new installations in the 

south. 

If the suggested expansion is carried out in the north, th 
return flow, from the water diverted for irrigation, may possibly 
be used in the lower parts of Iraq, depending upon its quality. 
This is an advantage which may not occur if the development is car 
ried out in the south, where most of the return flow will appear a 
the lower parts of the irrigated areas to be dissipated, through 
Shatt-al-Arab, to the Persian Gulf, without being us ed . 

The value of water in the northern part of Iraq is much 

greater than in the south. At present, each cubic meter of water 

consumed by crops in the irrigated areas yield products worth 10 

Fils (equivalent to $. 028). If this cubic meter is used in the 
north, it will yield products which would be worth about 33 Fils 
($.10). This is assuming that a similar pattern of irrigation wil 
be used and that similar crops will be grown, in the north. 2 

~appen, Tippetts, Abbett, McCarthy Engineers , op. cit., 
chap. i, PP• 15-17. 

2 r 
At present the t9ta1 water consun~d 

cubic meters (Table 15). The total value of 
61,000,000 or 61,000,000,000 Fils (each I.D. 

o~·=> 
y 

by crops is G,OOO,OOO , I 
the products is r.n. 
: 1,000 Fils), annu-
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If the utilization of the presently irrigated areas were 
impr oved through reduction of uneconomic waste of water and year­
round cultivation, and if area expansion of irrigation were carried 
out in northern Iraq, certain favorable results would be achieved. 
These would be expressed in an increase in the amount of water con­
sumption, a higher return per unit of water used, and concomitant 
incre ase in agricultural production. The farmer of the south would 
have at least two harvests--Winter and Summer--every year. This 
would increase his gross income to approximately twice its present 
size. Another possibility would be an increase in the land avail­
able f or cultivation through reduction of the size of the swamps, 
at the same time reducing the existing epidemic diseases. The farm­
er, in the north, would depend upon two harvests--Winter and Summer 
--for his income, which would be undoubtedly increased. Further­
more, an increase in Summer cultivation would promote the introduc­
tion of more valuable and profitable crops such as vegetables, ses­
ame, cotton, and fruits, which are cultivated now on only a very 
small scale. However, the pattern of Summer cultivation, as to the 
extent of acreage which could be devoted to each one of these crops, 
would be influenced by the market situation. It would be helpful 
for the agricultural economists to do research in that direction. 

Concerning navigatio,n: the government plan for storage 
reservoirs on the tributaries of the Tigris will provide water for 
year-round navigation for the different types of vessels used at 
present. However, it would be worth while to consider a cost-

ally. The value of products of each cubic meter of water will 
e(qual, then, 6l,000,000,000/6,000,ooo,ooo, or approximately 10 Fils 

'fr' 
I 
\ 

about $.028) • The water is used primarily for Winter cultivation 
to irrigate about 4.7 million acres, or about 19,000,000,000 squar~ 
meters (each acre equals about 4,000 square meters). Each irri­
gated square meter of crops consumes 6,000,000,000/19,000,000,000 
or about ,3 cubic meters of water. This amount of water is simila~ 
to the average Winter water deficit of the present irrigated areas f• 
as expressed by the average Winter water deficit of Nasiriyah Kut' 
El-Hai, and Baghdad, which are .~7, .34, and .28 cubic meters're­
spectively. Thus, one cubic meter of water is consumed by 1/.3 
square meters of irrigated crops, or, approximately ·3 square me-
ters of irrigated crops, to yield products worth 10 Fils ($.028). 
Meanwhile, in both Al-Jazira and the foothill region of northern 
fraq, the average Winter water deficit does not exceed .1 cubic me-
ers, as expressed in the Winter deficit of Mosul and Kirkuk. Thus 

one cubic meter of water in these two areas will irrigate 1/.1, or' 
about 10 square meters of irrigated crops. If we assume that the 
r~l~~loffproducts in the north will be similar to that in the south 

. . s or each 3 square meters of irrigated crops, then 10 s uare' 
(e~er~ $o~ f~r)igated crops in the north will be worth about~~ ~ils 

a ou • • Therefore, every cubic meter of water if used in 1: 
those areas of northern Iraq, could have a value of 300 per cent 
mQra t han ita existing value in southern Iraq. 

. i 
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benefit study to find which 'is more beneficial; constructing a 
road to the south of Baghdad, along the Tigr i s, or utiliz ing the 
water which will be used by navigation, for irrigation. On land, 
the distance between Baghdad and Basrah is about 4 60 kilomete r s . 

According to Salter, the average c.ost of constructing a r oad i s 
about $61,416 per kilometer. 1 Thus, the total cost of construct­

ing such a road between Baghdad and Basrah would be about 
$28,000,000. To this c~st would have to be added the costs of 
operating and maintaining road transport, the cost of the unused 
investment in river transport equipment, and, with data on probable 
tonnage movements, it then would be possible to compare the bene­
fits and costs involved in providing all-year river transport with 
those involved in substituting land transport and using the liber­
ated water for irrigation. The released water might be used to 
¥ield products which would have a gross value of about $170,000,000, 

if the water were used in the south, or about $500,000,000 if it 

were used in the north. 
The lack of required data for the comparison makes the au-

thor hesitant to draw any definite conclusions at present, but he 
would recommend further research in this respect, since the tre-

' mendous range between the figures indicates the possibility that 
the more beneficial use of the water moy be for irrigation. 

Thus, if greater benefits are desired from water and land 

resources in Iraq, a good case can be made to investigate the pos­
sibility of concentrating both effort and capital toward the im­
provement of the prevailing methods of utilization in order to ob­
tain the maximum benefit from the current investment in these two 

resources. 
If expansion of the present use of water for irrigation 

is to be carried out, then it might be more beneficial to carry out 
such an expansion in places where the water would give greater 
yields. The northern parts of Iraq, both in Al-Jazira and the foot 
hills regions, are well suited for expansion; a· situation which 

2 
was emphasized by Salter in 1954. 

Existing and potential water developments in certain areas 

upstream from Iraq, indicate that the upstream countries may re­
quire part of the water supply of the Tigris and Euphrates rivers. 
Consequently, any development plan for expansion of water use in 
Iraq should be based on the premise that all the water of the Tigri 

1J, A· Salter, op. cit., P• 139. 
2 Ibid. , PP• 54-55· 
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and Euphrates rivers will not be available for use in Iraq, a 1. 

situation which was considered in the plan formulated by Knappen, 
Tippetts, Abbett, and XcCarthy Engineers, and overlooked by Salter. 
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