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ha data; sel of h;g.,hmi mgi;{} by rainfall for B&smh 5&&;&}1}, wmh\
gf Iray, for 75-given yx;araa for period (I%Q%QOQ) with missing
data for (1959-1979) provided the required data to identify the
pmpu theoretical s&agmmf,ﬂ distribution. A demonstration
version of HYPE{AI‘*‘«: f wmdaw&. sofiware is used to it the
available data set. Six distributions are selected to carry this
study including: Normal, La;&mmmi 3-paramcters lognormal,
Pearson type 1, L% Pearson 2ypﬂ 1L, and Gumbal. Maximum
likelihood method is selected to ¢ stimate theoretical distribution
parameters. Adaquauy test is conducted using Chi-square test.
Results indicate hat Pwr&sun Lyp;, I and Gumbal distributions
ave ihe proper for dcmihe ummnmm monthly rainfall in the arca
) buzzgﬁ gkamsmd

INTR(}}}U{, I i(}N v

Frequency - -estimates  of hydrologic, &l;maﬁzu, and cconomic data are
required for the pim’mmg}, design and. evaluation of water management
plans. The dala to be ‘maiyzud could be stream flow, precipitation amounts,
“sediments loads, river stages, 1a¥m sm;,u;; aiorm surge iwt.. 8, Haud damagc,'
~water demands, ete. ‘
- There are muihpl immg of ;.s;u,x;:mamn data used in frsdqucncyv_-
1;;&;&1}31%, including annual maximum series {AMS) Due to its simplicity,
the AMS-based method is the.one used most often (Nguyen ef al., 1998)
and (Nguyen et al., 2002). An alterative to ﬂm AMS rmiizod is thc partial
duralion  serics {Pi}is) iy dod, used. in extreme value dmiyszs by
,,_’5;&,11;13;,1&;1%;3{3 (iuwier and ‘ ishy! 20(53 K*a;u& et ul,, 1994b; and I" mem et

S fany aiunamiag,xeai dﬂd I’rydrs.ﬂogz,u,ai siudm ‘debate iha pmp&r.:{
statistical distributions 10 use. ~when analyzing extreme events and suggest
that no distribution can be used everywhere (Keim and  Faiers, 2000;
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Rt}hh et ai 2&}(}2 am:} Hz,:{'f and Angﬁig 2?92) I‘ mfﬁmm d;ambutwn xg ;;

(W; ks 1993) and (I{uh of al 2()02} Anﬁther s;imtrxbutmu usz:ci in thz 3
analysis of return periods is the Lu;;f’man Type HI distribution (Nd}:,hd‘v’l *
et al., 1993a) and (Naghavi ef al., 1993b). Still other studies have found
that no 9peum distribution is best fmﬁ iize;r da{a (Ke:m ami miers 29@())1';
‘ and( {uff and Augel, 1992), o
- The aims of this mwmh is to me thc mammnm mmzdm da{a c;sf
mamhiy rainfall in Basrah station, south of Irag to identify the px@per{'
statistical distribution m Gi(.k& tg) use wim} auaiy;mg: extreme events in the
arca bumg, examing, ,

mmma L SE T TING ,

Basrah is the :zsg:;.‘st city in smt}wn imq, located on the west bank {:s.t '
Shalt Aiwz‘\mb 55 kmfrom the Arabian Gulf and 545 km form Baghdad.
. The mveshgatacm area sub;ue:tu} 10 the preamm study is focal point of
~ Basrah city and is a part of the Shatt Al-Arab area which is situated withinn
the sg-Called delta plain. This delta pluin again is a part of a large
mor phg} : g:,mai unif, the Mesopotamian plain (Fig. 1). The area bung
:exammed is very flat and ahghtiy dwimmg, along the course of the Tigris
“and Shatt Al-Arab rivers. The ¢ lovaiion of the hzgimsi ;mrt in the. m:szih e:af
. the area is about (3-4 m) above sea level. - 5
~ The area is sjtuated within the f:anh of a wide az.cumumt:m &:sasm kh&%'
;,smkmg, process of which has not yf;g come to an end (Buday and Jassim,
- 1987). The upper part of the basin is formed by the B:b&xi&ba Formation
(Pl mcgn&i’im%@mxm) which is partially covered with a series of clays and
silts of alluvial origin {Mwiiamma}*?i‘m zmtmn) The Dibdibba Formation is
mainly composed of sandy-gravel st iments. its floor declines coastward,
The total thickness of the Dibdibba Formation is. {,3(}(}-4(}*3313} (Buday,1980).
 Below the Dibdibba Formation the Niayil §mmatmn (Middle ancine}?
is located, coutaining anhydrites, Lypsum, marl and limestone. It is
. uniderlain by the Ghar Formation {M;dg lerand Lower Miocene) which: is.
~ built of sauds with gravels and eccasiona Hy- aupplemzmtﬁd by clays. It lies
~ discordantly on the Dammam Imnaimu (E mezm} which is mpm&wieﬁ byf;
,}t;si@ﬁiﬁm% of ;mmuhm fmzas;,j

CLIMATIC Cﬂml)i r !()NS
 The climate of the most part of Iraq, as well the Samh ragmﬁ is semi-
arid, characterized by dry, hot and In;, l wind velogity in summer, and ccxid
hmmd and hitic to moderate ;amiaﬂ n wmter Me{mi%mai data related 143

Ea
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Fig.1: Map of Study arca and location of metrological station used in
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the arca being ﬁ,xammud are si}s}riiy meﬁsmed m iab ¢ (1} b&iaw based Qn' :
the meteorological records in Basrah station for period (1980-20(58}
Figures (2 and 3) show the comparison between monthl y average rami‘a}l@
and evaporation .md mﬁ}miﬂy average iunparaium and ;uiaﬁve immxdnyf',
ru&pecuvz,iy ’

DATA COLLEC I‘IﬁN AND PROCEDURE
An "extreme event” is the largest or qmaiiést value of mm@mmgswlg}?
variable that occurs among a gives number of beit;f\’gitl(}n (Wilks, '1995),
- For this study, the h;g,_,hest mamhly ramfaii duri mg gwm year ;}r{}vsd@d t,h@-,
data, - '
Data were acquired from raumds wm;uia{i by the zmimiggzmi rewxds
stations in Basrah ¢ity, There are four metrological stations in Basrah city,
these are: Basrah, Shuaiba, Magil and Fao. Stations. Data Base of xmnthiy >
rainfall is presented ‘for Basrah station: I'c;r the pur;zxﬁ (1900-1958). It is
. provided by Development board and :mman'y of development (1959)
 (Summary of monthly precipitation at stations in Iraq for }}sfmd (138’?5‘?
1958), 1946). For the period (1980-2000) data are: compiled from Iraq
‘weather institute ("I’he m&teami%mi records station in Basrah City, {3{?}(}} .
missing Data for main station, i.e., Basrah-is derived from the adjacent
stations like Al- -Magil. }*maily, ’?5 yc:ars (}f mczmhiy ram&zii are ready w use
in the analysis, ;
A demonsiration version uf‘ ii‘ii‘ RAN (hydmi%zwi m:a:;uam;y axmiyssa)
for windows soflware is used herein. HYF RAN for windows is software
that allows fitting several statistical distributions to a data sample, The
- software has been du%iﬁp&i by IHE% Eau wnh wilabamﬁm of hydm«
Québm hydraulic service. e
First, data entered into z»pmad»: M:i of ihe p.z%mm maﬂuaiiy or via
windows clipboard. The program aummatwaﬂy calculates the ampima}ﬁ
probability via several options, basic statistics of the entered data set, and
“allows ﬁﬁwmg., several plots like absnwatmns On pmbnbzi;iy pap&r,’
hzsmg;mns, and chronological curves.” - i
“Second, a theoretical distribution is sclected ,{Gmi the I mmg meng. “l#;,{"
program calculates jtzae‘.nan@%mediﬁg pxt}baﬁlhty (4), Return period (T)
: aﬁd estimates distribution paramelers via several options iﬂm Maximum

square or empirical moments test {1>49). A plot -
pmimb;hfv VCISUS maximum ramfaii is also presented.
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wisds s N
iy i

Tdbiﬁ i: Manﬂ;ly average metwmmgwai data ﬁf Basrah 3mtmn
B for §>maﬁ (msaamﬁ) | o

f‘am era%ur& G | T g
(;z‘c; I{mafaii | ‘Relative | Wind | Sunshine | Evapora |
e = thumidity | speed | Duration tion |
Highest Lawe,s (mm} ; 59 eed : e
yﬁg S_:vm,__ ) | () (mm) ;|

October | 3620 | 2050 | 0742

270 ::‘;V'ﬁg,é{};" | 330

1330 | L5245 | 305 | or70 | 127

November

December | 2040 | 9.60° | 2190 | 6390 | 285 | 0690 | 84

Juvary | 1s10. | .{33,5&[ . 25' | 6900 | 302 | oree | 7

February | 2060 | 09.50 | 26, 56 | 5836 | 340 | o770 | 02 |

March | 24.80 | 1330 1?23.‘53'} s160 | 373 | oseo | 203 |

JApil | 3250 [ 1960 | 1489 | 3874 | 402 | o080 | 287 |

iMay o0 | 2525 9‘34.46‘; 278 | 385 | 1000 | 421

L dune. 44.80 ﬁ«,gs‘é{} 00. {3{3'"," 2200 | 500 | ni30 | 538 |

wly | ass0 | 3060 | 0000 2300 | 576 | 1100 501

1 August 146,10 | 29.00 :uu,;oof\ 2245 | 485 | 1030 501

| September | 43.00 | 2560 | 0002 | 2500 | 335 | 1020 st |

'linn;;ai évémge 33,3& 3960 L 410{3 3.83

| Totalannual 1 b gt L 105,50 3524
|average T e R e

 Six distribufions arc’ aﬁie@tsd o carry ﬁ;;a study ;izuiudm;m Nogmal,
Lognoraal, Eu;mmmmfg iﬂgm}ﬁﬁmi Pearson type Ill, Log Pearson type 11,
and Gumbal.- Table (2) shows the basic statistics of the data set, and Figures
(4 and 5) show the ;?Ic}té: of c}bsnrvaimn on pmbab;my paper and histogram,
respactweiy . - ,
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Table 2: Basic statisties of data'set

Basic statistics <~ |, Number of ' 75
: , ebazweztmm : :
Minimum . F o213 F
Magimum b4
Mean . T (’61 B
w:‘;tgmdard dwwizem S o 34? B
Median : A (:ei 2
. "Ceﬂzfﬁmmt of variation RN
MSRLW: «..m..iitug,m ({ } o } ?i
Kurtosi sis coefficient (CK) | 62,'?

Empuxwi non-exceeding })I‘fﬁb&biiﬂy isca wiaiw using Wubui
formula:

Flx [k}}m[*»«’i}/[ﬁw’?’aﬂ} L}caﬁﬁﬁ (b
Where, k=rank and 3= nmnbs.,r of ub&w;ﬁ;mm, :,md iur meui &«(}
therefore Tt el R T :

CFxk]=p, =k/nat | S TR (2)
The return per iod T {m ymm) is zhg rwzpwwl oi Pa, ur m ﬂmihumucai

fnﬁ,}i&ti(}ﬂ , . R
T=U/P, s 3

Maxzmum likeli ‘a:zc;ii met msd 18 used. to estimdte theoretical dxszrﬁ:}mzmz .
parameters, Adequacy test is conducted &.xsmg;‘-}u‘&qua& test. Table 3y
shows the theoretical distributions used ‘herein and the zxmiim}mizmif .
forntula for cach one, with éstimated distribution parameters, while Table
(4) demonstrated the adequacy fest via {,hmquam method, Fi ‘igures (6»12)_[;»

‘show theorstival non-exeeeding probability calevlated by fitting :m , réi with
aﬁip‘himi probability and using (29%) confldence interval, ~ 8

It is obvious {rom Table (3) and Figures (6-1.1) that Pearson Type [ and
Gumbal distributions are the proper for deseribe the daia sct, especially
- Gumbal. Results of this ésil}d}’ are pmtmiiv agend wnh the studies deseribed
carlier, . :
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Table 3: Fitting nwde!g with esmwziﬁcﬁ ,;}i;irmxwtegs

No.

 Distribution

&r‘iaﬁmmzziiml formula

Fstimated
ymmmmgfs

.| Normal

= H 33

e

. Lognormal

1 3eparameters
| lognormal

-| Pearson type HI

'm

Log Pearson type

. ) Gumbdl

— . ..: ‘ : m'v . i» i { j} ‘; I‘, ’
, Jj(x).m {3 {‘;2\;}{’” — e

| ,fﬁ‘f’f‘?f“*'] ol ‘”“*}

ple

{muw»)»f,u; }

fa w{( (1 "‘H’?) " ‘."i’ ")

<o eem}

{!n a=m)"" ¢

: j in x= ,xr } :
‘ f{ ) (’x - m}cr ‘q}{m

= 4076722
o= 0.47432
= 3878262
o = 0.570963

i =0.303968
a =0.04144

A =1.928395

- m=19, "5447' ?
= em 01571

4 =80.8526
M =-0.06641

o = 23.50957
51.56874

o

. Table 4: Adequacy test using Chi-square

- No.

Disiribution

Chi-Square test

Tabulaied value.
(G0 a;gmimmt
evel

Calculated value

. r-ifi-'? Nm mal

Luggxm i mﬂ

.

. b v
Eand o I e .
3 e H

| 3-parameters
i%ﬁwmai

Gumbal »

Csaen

11.344

L
o 344
13.277

B

20. 7‘?(}
M GSG

14.030

RTECTI

(§‘
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;; CONCLUSIONS

- Krequency estimate of maximug szwmhiy ramh;i is helpful fﬁr the

f’g plmmn;,, design and waluaimn of water mmmg,exmni plants of Basrah, one
~of the largest cities in Irag. Gumbal distribution is the best disiribution in.
;ﬁm maiys:s of axizunc maﬁm Iy mml‘xii it Basrah city.
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