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Figure (1): Annual rainfall since 1976 - 2010 for the studied area.
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Table (1): Annual means of rainfall. standard deviation and coefficient of variation for
different periods.

ol Jalea il il | Jasal) 5 yial)
Cv% S Mean (mm) Period
38.46 190.86 496.18 1981 - 1976
23.07 101.75 441.02 1986 - 1981
47.85 233.7 488.4 1991 - 1986
17.7 129.68 731.36 1996 - 1991
31.68 145.63 459.6 2001 - 1996
14.05 86.38 614.6 2006 - 2001
42.45 181.89 428.5 2010 - 2006
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Table (2): Monthly means of rainfall. standard deviation. coefficient of variation and
monthly annual ratio of Duhok Governorate from 1976 to 2010.

4 il Jad) gud) A Jalaa SV (k) & il JUaall Jaza )
Al Al ol =kl Monthly mean rainfall M)(g)-;th s

Monthly annual ratio Cv% SD (mm)
4.23 111.80 2491 22.28 Oct. Js¥) G
11.87 77.44 48.38 62.47 Nov. S8l s
17.64 67.98 63.12 92.85 Dec. ds¥ osis
18.12 61.74 58.89 95.38 Ja. QA oS
17.93 53.95 50.92 94.37 Fe. Ll
15.66 56.10 46.23 82.4 March B
10.47 70.26 38.71 55.09 April Ol
4.04 171.50 36.53 21.3 May outle
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PRSP USSP
2017 (2) 222l (45) Al

B yid Lad) guddl Bagall 3 yid | ) gudll
i) (a)pasadl | Apsiad) | Judaall | Aglaa) () sl | Julud)
Probability Return | Annual | Rank | Probability | Return | Annual | Rank
period rainfall period rainfall
51.5 1.94 532.3 18 1.47 68 888.6 1
54.6 1.83 522.4 19 441 22.66 884.0 2
57.4 1.74 472.9 20 7.35 13.6 794.0 3
60.6 1.65 454.7 21 10.2 9.71 735.3 4
63.2 1.58 447.9 22 13.2 7.55 726.6 5
66.2 1.51 437.5 23 16.1 6.18 711.2 6
69.4 1.44 434.6 24 19.1 5.23 700.8 7
72.4 1.38 430.8 25 22.0 4.53 693.5 8
75.1 1.33 419.2 26 25.0 4 688.9 9
78.1 1.28 389.8 27 28.0 3.57 606.6 10
81.3 1.23 347.2 28 30.9 3.23 580.4 11
84.0 1.19 323.8 29 33.8 2.95 574.4 12
86.9 1.15 314.9 30 36.7 2.72 559.7 13
90.0 1.11 298.0 31 39.8 2.51 558.1 14
93.4 1.07 278.3 32 42.7 2.34 548.1 15
96.1 1.04 215.9 33 45.6 2.19 547.8 16
99.0 1.01 212.4 34 48.5 2.06 539.9 17

_aUJi ‘):IJEAJ\ e ds.a )i &)Luu Lfd‘ .L;B\}uﬂ EJJ’J\ 3).\3 (4) d}i;j\
Table (4): Return period and probability for rainfall which is equal or greater than the
amount shown bellow.

5 yd Lad) gl 3agall 3y | Lad) gl
Lllaiay) (aw)oasadl | Ayl | dudadll | Adlasy) (Aias) L | Julu
Probability Return Annual | Rank | Probability | Return | Annual | Rank
period rainfall period rainfall
51.5 1.94 539.9 18 1.47 68 212.4 1
54.6 1.83 547.8 19 4.41 22.66 215.9 2
57.4 1.74 548.1 20 7.35 13.6 278.3 3
60.6 1.65 558.1 21 10.2 9.71 298.0 4
63.2 1.58 559.7 22 13.2 7.55 314.9 5
66.2 1.51 574.4 23 16.1 6.18 323.8 6
69.4 1.44 580.4 24 19.1 5.23 347.2 7
72.4 1.38 606.6 25 22.0 4.53 389.8 8
75.1 1.33 688.9 26 25.0 4 419.2 9
78.1 1.28 693.5 27 28.0 3.57 430.8 10
81.3 1.23 700.8 28 30.9 3.23 434.6 11
84.0 1.19 711.2 29 33.8 2.95 437.5 12
86.9 1.15 726.6 30 36.7 2.72 447.9 13
90.0 1.11 735.3 31 39.8 2.51 454.7 14
93.4 1.07 794.0 32 42.7 2.34 472.9 15
96.1 1.04 884.0 33 45.6 2.19 522.4 16
99.0 1.01 888.6 34 48.5 2.06 532.3 17
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Fig(2): Depth frequency curve for minimum rainfall
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Fig(3): Depth frequency curve for maximum rainfall
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Figure (4): The relationship between winter mean temperature and winter rainfall
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.(2004-2001) 3_yidll &l a5 dipaal dilall 43 3) sall 2(5) Jsaall
Table (5): Water balance of Duhok city from (2001-2004).

2003 — 2004 2001— 2002
:xf;goﬁs Gro=ldl | fsﬁ;gojhﬁ Gro=ll
Storage o) ;Liimw JL.XMY\ s A &Y | Storage ol ;&:’i&mw ~ %me g - A sy
Water rainfall ET Water rainfall ET
amount up surplus \_N_ater (mm) (mm) Months | amount surplus W_aer (mm) (mm) Months
t(omzrg;) (mm) deficit(mm) up( rtT? rT?)OO (mm) deficit(mm)
161 21.9 182.9 10 174.9 8 182.9 10
54.8 71.2 126 11 59 25 84 11
74.8 74.8 112 37.2 12 57 57 91.1 34.1 12
161.3 86.5 126.8 40.3 1 132.9 75.9 103.8 27.9 1
200 41.9 89.8 47.6 2 124.9 8 48 56 2
90.8 109.2 30.3 139.5 3 200 103.1 186.8 83.7 3
31.9 58.9 91.1 150 4 170.1 29.9 72.1 102 4
0.0 206.3 16.9 223.2 5 0.0 246.8 4.3 251.1 5
0 348 6 0 333 6
0 424.7 7 0 341 7
0 372 8 0 279 8
0 285 9 0 201 9
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Table (6): Water balance of Duhok city from (2002-2005).

PRSP UM IS T
2017 (2) 22211 (45) 2l

(2005 -2002) 553l & a3 Al Gkl 4315l :(6) Jsaal

2004 — 2005 2002 — 2003
OO ke | L4l o OO ke | A4l o
2200 s | T e o | G g 200 ) | T | sedoail | Gl
> Wyl | 2 S Y| o Wyl | &= N
Storage ele : S Storage ele 5 : i
Water . .. | rainfall ET Water . .. | rainfall ET
amount up surolus Water deficit Months | amount up surplus Water deficit Months
to 200 P (mm) (mm) | (mm) to 200 P (mm) (mm) | (mm)
(mm) (mm) (mm) (mm)
162.2 8.3 170.5 10 114.1 16.1 130.2 10
82.2 82.2 136.2 54 11 42.3 23.7 66 11
47.6 34.6 11.9 46.5 12 177 177 204.9 27.9 12
187.4 139.8 183.2 43.4 1 152.9 24.1 96.8 120.9 1
200 50.5 100.9 50.4 2 154.2 1.3 211.3 210 2
113.5 86.5 57.2 144 3 132.6 21.6 139.6 161.2 3
0.0 163.9 16.1 180 4 0.0 30.5 4
209.6 41.5 251.1 5 3.7 5
339.2 2.8 342 6 0 297 6
0 399.9 7 0 315 7
362.7 8 0 390.6 8
258 9 0 288 9
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Table (7): Water balance of Duhok city from (2005-2008).

2007 — 2008 2005 — 2006
Al ke | e paildl N Al ke | Oe o=l -
Do | s e | e mesa Do | e | R ek
amihor:fgz N s\l/JVr?)tI?Jrs Water deficit r?r'::?)l | (nI]E;) Months ansqté’dﬁ?ip s\lljvr?)tlirs Water deficit r?rlr?:r?)l | (:]:;]) Months
200 (mm) | (mm) (mm) 0200 (mm) | (mm) (mm)

176.5 0.2 176.7 10 178.1 1.7 179.8 10

84.2 17.8 102 11 48.3 29.7 78 11

32 8.3 40.3 12 14 14 72.9 58.9 12

43.6 43.6 96.3 52.7 1 164.4 150.4 209.3 58.9 |

47.0 3.4 51 47.6 2 200 121.4 188.6 67.2 2

0.0 105.5 40.2 145.7 3 111.9 88.1 35.9 124 3

201.8 2.2 204 4 122.5 10.6 142.6 132 4

285 0.2 285.2 5 0.0 252.2 8.2 260.4 5

0 351 6 0 354 6

3.3 369 7 0 359.6 7

368.9 8 0 362.7 8

0 249 9 0 261 9
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PRSP UM IS T
2017 (2) 22211 (45) 2l

.(2009-2006) 554l & a3 dipaad £l 453 5ol 2(8) Jsaa)

2008 — 2009 2006 — 2007
O e Al e |
ay | oroR © Geoald |
*‘: tzo(i(;ge sLual ‘—;ej m\ JL_L.Ay\ i - il oy el;i?rg N sall ‘—;i—‘\ ﬁ\ JL_L.AY\ 2 - Al Lo
Water rainfall ET ge Water rainfall ET
amount up surplus \_N_ater (mm) (mm) Months | amount up surplus \_N_ater (mm) (mm) Months
t(omznc]);) (mm) deficit(mm) t(omzn(*)lg) (mm) deficit(mm)
114.7 18.6 133.3 10 57.7 100.4 158.1 10
19.6 19.6 76.6 57 11 11.1 48.9 60 11
57.9 38.3 81.7 43.4 12 24.9 24.9 71.4 46.5 12
18.9 39 4 43.4 1 55.0 30.1 82.8 52.7 1
25.2 6.3 67.9 61.6 2 131.9 76.9 130.1 53.2 2
0.0 31.9 64.2 96.1 3 97.3 34.6 58.4 93 3
107.6 30.4 138 4 74.2 23.1 84.9 108 4
253.7 0.5 254.2 5 0.0 205.8 26.7 232.5 5
0 97¢2 6 0 321 6
249.7 6.8 356.5 7 0 368.9 7
0 325.5 8 0 325.5 8
0 210 9 0 273 9
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Table (9): Water balance of Duhok city from (2009-2010).

2009 — 2010
ale 200 as1 oAl laie olaall (e eatlall ale Jae¥) olpe & (il eyl -l | eay)
Storage amount up to 200 (mm) | Water surplus (mm) | Water deficit (mm) | Rainfall (mm) | ET (mm) | Months

87.2 55.4 142.6 10

7 7 64 57 11

158.2 151.2 194.6 43.4 12

200 60.5 110.1 49.6 1

200 20.5 68.1 47.6 2

179.5 61.2 28.7 89.9 3

77.4 102.1 26.9 129 4

oo e 5
---------- 6

---------- 7

---------- 8

---------- 9
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Figure (5): The relationship between annual mean temperature and annual rainfall

ANALYTICAL STUDAY OF CLIMATIC CHANGES AND ITS EFFECT ON
THE VARIATION OF PRECIPITATION AND WATER BALANCE IN
NORTH OF IRAQ
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ABSTRACT

This study was carried out in Mosul city depending of the meteorological
station records of Dohuk city since 1976 to 2010. while a large variation of annual
precipitation during this period (212.4-888.6mm) while the annual precipitation during
the study period was 525.5mm in which the dry and wet years were determined. in
addition to the possibility and return period which were determined using the hazen
formula. The return period of the large deficiency year was 9.5 year with probability of
10.2% while wet years which has amount of precipitation more than (656mm) has
frequency one time within (3.8) year with probability equal to (26.5%). Results also
showed that there was a reverse correlation between annual mean temperature. winter
mean temperature and annual precipitation water balance of the last ten years showed
that there was severe water deficiency and limited water surplus.
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