Juagall drala
durigl) 4ulg

ol falaiao (gl (i bk itd| pual
Sl Jhow dlad 2yl (gt o

gl el / dull] 2519019 29 dmatdf duniideed

wl| il
bl | i
uitlall 390 il

22013 A 1435



aldlinld)

=l Olsally Sl Galsal ddall Ghliall 4zl il s
Bus hdse Ay dasdaudl A0l 3lgall Lwla) aladll (e Lgibsd e gL
A LAY Ll e Caagll o) L alsall sda Al g () ALl il Qe
sy e )l @by sl caplaill af e ALl el b du
&y . JtaaYly Hlall cilays clibe AlauYl (oAl AV Qblly Jdewyl Qi)
Ladlgl) digSiag S Sy iS5y illanal daasll iyl ulas ALyl s
sl sl e (L3lally eV Qbilly Jaay) Gl gyl 4l (alsal Gara
(1992-1959) 5 (1990-1959)5 (2009-1960) Al clgiall auylly oLl
Cras Al Ll alad) pan e dlaeYh gl e daball a8l
Y anally duygdll HUaeY) goane by st 2 LS L5 (glaall Sl Ll
Ofalial gibadly Lol oy oBall cawse DA lall clajal Al

. D) 8ysShal ailg A3 Galeal (e (indlgl (Cpall 2Dy duiladladl)

o) Dbeal LB a0 S ey i) s dallad) duhal) G

paa J& SHe (e Jbmay Spring Pulse Onset (S.P.O) =)l panll ey
Boanll Calanll 8950 () Jleay Center of Mass of flow (CT) —ajlaill
bda o caly 3 (LW eV Gllly JeaY) YY) el Time to Peak (TP)
A (50) Dla sl e Ly (20 5 7.7 5 13.5) Jaal) Gl Lely uledl
(32) Bla sl e Logy (113 5 9.4 5 7) eV Qb el lgad caaly Laiy
oaill ed ey Dbma ded (8 Cia) Jsas il @il el o) s B
e (TP,CT) oplerall jSae (fie) Cia) dgemn (o8 Lai )l jedl 2l
das (b palidl Jsean 0 WS L4 (34) D sl e L (7.2 5 5.5)

hll) LU (Peak of Discharge) dueuw)l Caylail] 89,0 aid Jane
S5 DA (%10.8 5 %46 5 %24) ke aly 31 (53ally e Clly i)
FWR

(TP 5 CT 5 S.P.O) dogll wbaall Sl Sajll casdll o)
e ) Al Campes ) (QP) (spenill Bpmanl) Clstl) o o b mlisls



Gilayy cVaee b g linV) b dam sa Al a8 Aald) i) sae e dlas
Vsl = ms Lladed) Alane 8 Alacedl mully SBEN ase DA clogl B
Ay, sl e diw (25)5 L (38) s dusie dap (039 52.96) il
L (50) DA e (135 5 38) abbluidll [UadY) poene 3 (aliad)) A
CNaee 8 gl 530 o oad WS sl e pandlial) pilaaall dia (34)
Oo i B sa dlalud) dase 3 Alaeadl gy oAl assse A Bhall sy
G ) Gl e A gas o dkiladl laa] £uS 8 alasy)
e 8 oY) Ll o€ Y @lld e el e (2009-1960) Lila) i
ana b dlacally ddailiaal) a8 (@liady) e bl ) g gha cila
Gladl Pla Al ess AoV Bl 4 L35 pass G dadlgll Gl #Ola
Jue didss sl cpla) L Il e (1992-1959)5 (1990-1959) sl
ciblee ol 2l sy cagall Cigeiall Janagy S0 2 (ga Aallaall daagl Chylsl
OSars bl B0 DA Juas (3 aliall il paaly J<a @b 8 ) Jus

) Jowd bllaiall dnlh 3 jae Jgas () 5250 o)



Abstract

Snowpack in the mountain regions for the basins of rivers
and spring flow that resulted from snowmelt is considered essential
resources for surface water and good indicators for the climate change
which occurs on their watershed areas. The aim of this work is to
study the effect of climate change on the values and timing of daily
discharges of Tigris tributaries (lower Zab ,upper Zab and Alkhazer).
In this thesis an analysis of the daily discharges for Dokan ,Eski Kalak
and Manquba stations located in the watershed of Tigris tributaries
(lower Zab ,upper Zab ,Khazer ) respectively has been accomplished
for spring and winter seasons of water years (1960-2009), (1959-
1990), (1959-1992) depending on several temporal criteria which
describe the stream flow hydrograph . The monthly rainfall and
temperature data for spring and winter seasons of meteorological
stations of Alsulaymania and Salahaddin which are located in the
same basins mentioned above are also analyzed.

It has been concluded that an earlier time shift (to winter)

for the criteria: spring pulse onset (S.P.O) , time center of mass flow
(CT) and time of flood peak discharge (TP), occurred for lower Zab
(13.5, 7.7, 20) days for (50) years respectively, while the values to
these criteria for upper Zab were (7, 9.4, 11.3) days for (32) years
respectively, but no shift in spring pulse onset (S.P.O) is detected for
Khazer river, while an earlier shift occurred in (CT), (TP) values by
(5.5, 7.2) day for (34) years respectively. Also it has been concluded
that a decline in the ratio of average peak spring discharges values
(QP) for (lower Zab ,upper Zab ,Khazer) river occurred as (24%, 46%,
10.8%) day for (50) years, (32) years and (34) years, respectively.

The earlier shift of the time criteria (S.P.O, CT, TP) and the
decline in the maximal average values (QP) which occurred for Tigris
tributaries through the water years under study is due to the rise in
average of air temperatures through spring and winter seasons in
Alsulaymania and Salahaddin meteorological stations valued by (2.96,
0.39) "¢ for (38) years and (25) years respectively and also due to the
decline in rainfall amount of (38, 135) mm through (50) years and
(34) years for two meteorological stations respectively. It appeared
that the effect of the rise in average air temperatures through spring
and winter seasons in Alsulaymania meteorological station is less than
that of the decline in rainfall on the watershed as for the lower Zab
within the water years(1960-2009). On the contrary, the rising effect
on the average of air temperatures was more than the decline of



rainfall in Salahaddin meteorological station within the watershed of
the upper Zab and Alkhazer rivers through water years (1959-1990)
and (1959-1992) respectively.

The results of the analysis of the average outflow daily
discharges from Dokan dam and the average daily elevations for the
dams lake indicated that the dam process operations had been clearly
affected by the climate change which occurred through the water years
within the period of study and this might lead to shortage in the
downstream requirements.
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