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Ceomorphological analysis of
Morphometric Characteristics of
the Upper Part of the Rumeimine and

|ekala Catchments:
A study in the Climatic Ceomorphology

Dr. SAbri Mohammed AlTom

Abstract

The study concentrated on the Geomorphological analysis of morphometric characteristics
of two catchments (The upper parts of the Rumeimine and Tekala) which are located in two
different climate regions (Tropical and semiarid). The network was defined in both catchments
depending on topographic maps, Arial photographs (1: 25000) and fieldwork. The study
showed a group of main basic different facts in the morphometric characteristics between
the two catchments (Stream length; Catchment area; Drainage density; Stream frequency,
Elongation; Circularity; Relative relief and Streams slopes). The difference is endowed to
climate conditions. Horton’s laws were applied in both cachments gave the power equations
(Y=aXb) between morphometric variables: (mean of basin area, mean of Stream length,
Stream number, mean of Streams slopes, Stream frequency and stream order). Curves fitting
indicate that the power equations (Y=aXb) is the best relation between different indices,
whether the relation is negative or positive. The basin area is positively correlated with stream
length in both the first and second stream orders in both catchments. The index of stream
length shows the highest Coefficients of Determination (80%) with the basin area in the
first order. The relationships between the stream density and the basin area in the first and
the second order are negatively correlated with exponential equation (Y=aXb) where it was
powerly correlated with stream frequency. The stream frequency holds the first class in the

interpretation of variance in the drainage density of the morphometric indices.



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

PV RV-iq
el yudl e S il e d g il olg a1 Al ys gl
ALl oLl Alaulgy (o 9 elans LSS A0S Gle <3850 A slshgagen|
IS A ,eill wslgl L @ g sl Gle HUas¥l olus ol 84S
o251 I gty colid) J3 @iy I (e g2l daaugl &y gidl clSi
el sald (ia i LISl 2yl (s 912 U Gyl ulSus 5355 12 g
L Litl oy lallg dm glguand) Auiully (o glguand| pungll 2 Alicia duaedall A0
e 9l 3 yalie Bayylay 5555 Jalsall o2g) Eiasd il @l @ oey (Aslilly
aslad 20555 Lajgy ity (A el Galgm DI B yiagasll ASadl 2 5 palie
Jailly ol liee dolid I (ye (6 el s puatl] (olga] 2 2] IS

- e ol

35100 Ayl aa HLleY Gl & yiegsell el sl alaa¥l 15

degaza U3 oy « (Horton. 1945) uslll ¢y, cre Jo¥ caunill 2 ()5 554!
Strahler (1957)4 «Schumm (1956 )¢ «Maxwell (1955) JLisl cxiiml 1 e
(1980) M vy «Abrahams (1984)y Shreve ( 1966) Morisawa (1959)4
Slalyudl el o pglsl . (2002) Aogeg ¢ (1988) S3LeS,all 50 (1983) sl ey
2 Al Budall Jolgall L5 o B gl (ol M & agasell pallasl o
o Lo @lBe sl gt Ll Jolovg cmlidly «FLlly cauidly (g pomiall (0gS!
Ml s fin dpmadall il 5 L3110 (ang & yagayell & el @lSiidl jailas
«(Abraham. 1972 ; Chorley & Morgan. 1962)  zLidlg ddy ymd! A8LESII oo
Gl Sl A yagt ekl il g da
Jalg .(1980) dedewy «Day (1980)9 «Wilson (1971)4 «Melton (1957): fie

SO 2 yagh sl pailiadl e JIu8 LS »E5e g9 Chorley. (1957)

238



2011 - 20 scdalf - ASLuiY ! pslall Alue

L el G gls8 gagunl duuall OIS Gillg (A pal) Ao glsB 5000 Ayl
e B sls)y5agun 5o S (6 peill gl Bl Gle (g Lyl Gudl md
Laladl & yag8 yell caleal yud cilS g ¢ (ol g ¥ clls aSlind g il liws (3 YA
a2 3 juaill s Ll Gany ,S20 o aSag Lo ,S a8 alall pudty ¥y clgie Is j
by gl cogumag sgile g cniuall ol sall il s e IS bl s Jis alall
2 Aadl Laael Sl 305100 bl yully pumn 20 s5ama 5ol 339 ol 321

.Q;fz?\

PR YRV

o2l A agayall (ilasll dulyl s ya Sl clulull @S
B g8 (gl Gagat! i U il yudh el Zslss (AsLial| Aalizea 2 g
ol 6 g Al yd Can ya bl ydl o2 IS o s Mg A 5158 5505
sde eyl il Lgie 5 51 W1 (3l bl yan 35 2 3y g polsa] Aegara
Ralis e A lie @181 2 & 5gill (alga DU & yiagaoll pailasdl on bl
AL ol 3am Al yudl ola el UL Lguna (e 3auarg Lala

¢ 3ol Gingond &y yiagayskl ailasdl Jle s Lill Cag tall ulSall dulys —
A s18y9asumd| B Ll (e WISS (g g e s 11 g (e (oY

Crasa | Gy (pa eV 25l Gungamd By yiagiysll alluastl dul)s -
docugill pomdly (Slgia¥l) Laled cnalizen onuislie Oreuld) 2 0lazy 31 VIS5
(ol aus

Ongndl SIS 24 hegayell Ladlaasl o Aslall clsMall Al s -

deal (o pailiasdl il W cinganl| MSI & 520585l pailiastl 31l -
JSE3 2 a0y «agun ) Lga Ll 5 o2y gl Lty Il Adke Lo cqunll clatl 2
Lauslgnd 2 3m,3 JISEY sk

239



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

P (-1 )

Lladl 215 oy 125 JS Jo¥) o pgd Crusgs ol dulyud! ezl
@319 563 65 ol 4yl oY G pe dag B cnaga Il @31y gl
43012 (mpe 3505y o 1B yd 35 48 12,3535 4220 Jolo Lok o gk 5 cue poul
Jleddl @8 3 il A it (e g pnd! ﬁUa;‘\_?:uJ&Laﬁ’szmlssj 32
Slaniglgl g g alladl Llall salg Il sl JSay 1 YISS 56 g L1
32.523 101 50 18.3 Jsbo s o sgmztl (b 3ulles 5933w 25¥5 5 Ulu Langat
1 Jsad) Vet 35 34.14 ¢ 331241 (e gzjjbﬁl::\fi 101 53

¢ Ay AN (s 5] Aecd| oA

QPSS PN P TEE, 1

> H et gl

O 1252 S o9y g2y a1 Bgandl (ye reana pll (6319 Bl wn ey
g ) il s Al guall BddSI Apagll (o s 5 589 c21B) 501 1g (g allas
Balaill 2 S Ul A paall clagll @aly (0031 iyl dawg 2. (g5l
Al 3523y Glapdl sl Hemis 358 w5 Gl Gl LSl sl
sl a9) 590 ls (asS3 ionanid N @udiy (1982 wsle) Jawd ilagil|
$3Ladl Grpaglgadl GulSIl pe Hlinally JHUT CBlad (e (5809 + (U ulad!
e el aala Loy Blinl IS LSy 5uaBiy Ol gaall pms 393 -
a3 (GHU) el jommntl Busg) (mumall (126S5 9 (3 )38 Glolin 2 elasl
BealSI B gll e 39 (OSLY) pans 2 mladl e gty seli (083 Bgn
Bender.) e ilagiuad! I g 39 Adsladl Ludall Sasgll 3gb 3335381
352 e y3 1 Slagiaadl g po A1 el (0985 Al e ( (1974
(U s Seaglgadl GulSHly (ulSI culads CBlad (po (5ST0g paumall (51683

240



2011 - 20 scdalf - ASLuiY ! pslall Alue

Gaus day pis S Sl pglagg (1988 s ) Olguall (o ciliydls Sl (ggimys
(1982 casle) Ghaygall Il gan A i (30985 oglay Aa ) (6319 oan 2
6219 2 iy gadall (ulSI e ilads alleh judlidsy Jle cBLad (1o (9Sg
29 3538V B gl 9o 35 TSI Bl 5 g1l ygimins s 39 1 Bn y
lagie (an pe Gl 38) Clall GBS S e Adlie ol e 350e
NETR-NEW FRVILY (sl A agais (1982 il ) (lguall ye culiyls
Ayl ooy el (ye

Cpngienld] i dogugll cilidee M5 (03,Y1 (319 5se 51l aue ol
o ) B a5l a1 g Lng B ) Balai¥ Lyl I eI
BaLs¥ls ¢ (1990 cagill) HLgid Ao yally Adglall plolall allamil auiey plazil
ole Bl Hlae ¥ clelld Lle w13 Hgbyg ALl gV (eSS I
(2004 casall) FuagD Ailadl sl pum il

s AL Jolgall

Sl &Y e by calad! s Gl dacgil| ol #lie Grene 1
Alams 2 @la 377.6 | (2Bl 1339n al Alama 2 @le 4917 gkl Jurall Jomus
a3 s liidl 59082 HUas¥l 58,09 339> al (ye G ddl ] L3l craga !
)39 saling yrenns) S13Ts dolidg G 00s3lSs Js¥I 0938 el 2 Lgia %85
(peoles

el )3 il 3|yl el Wl ooyt 2 dama sg g ‘:.L«J ‘;J'al
3yt by 3liadg 3 ! %u‘uaﬁ’d‘u-”;‘—'ﬁ;‘g“gﬁ‘ (dasdl An=a
2 223 M (el) SO 2- a6 o Le 3 ,gdll L¥ans ol 509 Lell e Ly
(1990 agill) (LalacaTy gulss) @l 393

241



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

A,

w‘ )5&44_” Oe 3)31431‘ dj—'—“f‘-,!—mﬁ ;‘).n_‘»_” gIa.guj:ll‘ ).‘Lt.” 34)3 ).4.'2.].13
Al OIS (e @) e Calizeyg (Moorman. 1959 (yla yga) dpidally dd,lUl
Szl s 53 oo BaSe A3e cdan gl @Bally 5l uiW Aoy Aagids Coas H3
Ao a0 e 315509 (bl Lgy aags ) Glalitl o Ll (3l clawg
A GaY I A,at s adadl LGN sUadll Ala) de iy ] el
A 8.5 (e Ayglo J1 Anla s A3LAM 7l 559 ( (1986 3ace 501) Zaguinall Slglly
. % 19.5

255 Al g3 oty e sVl Olagd 2 Lypast| Aunall 3,00 au
By yiaall JSI aes ey pa335 a3 ) Bl Ledee Jimuy coplal) 2o Lgus
a3y sl yamill e Lgd Agailly Aladlall 5 yaeall

Lt slaaty

il pogiall Jin (Aalizs ol juomds 83 i b lin 2. (o9l mlaw Slass
bl 20 g 2yl Ciganin 392 2850 e Lgile Lanyl i 1 Gl 2
sl ddlsll ol jum il ladSy <2850 1 790 cr 3)gumzell Glalill 2 dogl !
IUF A wldae A pogantl 20 ALl e laddl (o g g9t (10 43 pita
(1987 gas 51) (g pomiall ladll Joma Fel 5 31

¥y @u25 Gle Lglelanyl w3 ¥y (ogadl 2. AL blie 2. (iAlandl yias
Ayl Syl o 51 3 5Lk g 4 s St (Bl JS25

WIS g3 p2g + Lol

e>H et oyl
§aall sgeall :x.;: @Ml Ld! Range 3 | ‘:U'al O Uacw 125 S0

242



2011 - 20 scdalf - ASLuiY ! pslall Alue

N PO Bt | PSSPV PRI Y1 { B SUNG SO S B
Eadgily ISCan (40eS |.:,\.AQ;| Ji%ayg «Gobbettand Hutchison (1973 ) g.,.ubj_?.ﬂ
Byl (a5l 2VIST (g g A | smaall (e dalans (5ST
by el gl byt e 3 G il el Herall syl G
Al jel ‘:;..\_” Semenyih Granite diew bl yo (11953 (pasis (gt Hadein

.(Roe. 1953) 3 S|

s L) Lol gall

Ale slasl dogion Jomes il angl] S5l FLLI pais (gt o
it ) ol (e Butiell Ayl gl Apangll 7Ly AW s (lied 4
2359 ke I sl (e Bunall 28,1 Aledd) Tuansll L 1 2501,
ple/@la2510-2290 gt 2 UasYl Juns

ST (sale) LT yes 51 ey el Al padl cllawgill 2. 35153 wags Y
o (li) G 09lS el dma cn 20 27251 Jutass 351, alall jsgi
.‘323.5 Jaaa QUa.mjj.U

2,1
ol gl Hlami¥l ugas ¥ B Lely YISS (ogs 355 Caleas
4,4l Lgde daig (Rangom) (Gopinahtan & Paramananthan . 1979) ej_e.-._}b
Oebing Aide Il S Geadl gy (Adall dule s Ak i) didat) dula )
Sl il mlac Gle 3 5l jpiall yglas 3 (g ] I Aalata cye 2,0 lew
BT 5T 6 3 LS Sy B 5301 (yn Bl iyt il 55 ale Sl
claatl daly Lag datizt] gzl aldae t)\.‘.usj cas il PRV UJ‘;LLU.\ =

243



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

- (AL Toum. 1997 ) al yi¥I cye 4,5l ules 59 (ya Sl

Lt liaats

e Lty 5 lma ¥l (e e Aady (6 9133 Mo 258 g Bl (yan oyl o
Lia 3Ll Slead juamy (Blat Glel e plad ¥ Lgsdais G LY (5lms
Crrea (pa ST 5gls il poimin B Al aal] praad| Al 1S S gl
Hill Dipterocarp)  Caiag |yt 50 (ya 38T LI Jomtd Lgsle L cpaling Lo g3
. (and Non- Dipterocarp - Al Toum. 1997

e cumill le gl ysasind| lilenll a2 Liga 1593 ol Canl
Al e Hlall el plad albasf 58l Julas ol csattl cliae Gaylo (pe U3 1S
sl Ol ol Jame Julasy 3,0l 5o ) ] Jaae gLl

¢ Ayt Ay ko

)y gl

225 @ tlall B gl &5tagansll pailandl Al dal o
b Lo Gle il by« pimgmmll ugad| jganlly dail y31 (ye e garme

t eyt o g (4o A 2 5t o g 1 W gl

1947 mhigung dabiadl i g1 250000 : 1 ulude 3580 pads IS )5 —

1977 alad 25000 : 1 Gulida 6« 5.3 alB)l Slacadl cl8)30) (g dail )5 -
@10 5 5 g5 Juolang

cadlall e daliatl ¢ Me ¢ Hloe il g125000 1 1 uliie A glgn dall 5 —

11984 51953 ale gl 25000 : 1 ulide &yl Hguall (o (lellad —

YIS g0 o9+ OB

Jooling 11969 alad 25000 : 1 pubiie culmilglsl 94f @) Zial yids Aoy 33 =
.(.\..,\:9:‘ 10 (5,928

100000 : 1 Lgeudt dalaiall Ao glgun Alny )5 —

244



2011 - 20 scdalf - ASLuiY ! pslall Alue

A gl ALl s Ad y 1o

o2 LS 5 il aaladall dadl sl Gle ) Ll Al spusd @
351 (2 25000:1 (yuliia cul a1 51 453 30 43,53 ol il g3 Lgule Fmings
O el Gle (1983 0 Hadle) 2 ymagaysll calilyudl 2 Aenseiall dadl y5)
251 I Balizea bl y3 coyLal el Ie¥) a5 00 aalg) s mangs ¥ 13 Lgil
ceonsinl @ (Cotton. 1964 ; Eyles. 1966) Lgas Jalaidl uie Hasdly dlaysd|
aaiady «@3Y) el saamll el bl gl Hgull doglad il ya3 Gaybo
g o Oyl doghas il Limil JMB (o & gl wBl gyl doglas a5 Lo
o g8y il Sl ausilg - (Smart. 19725 Butzer. 1976) (usdill daas
Ao (o a8 £ Al el 3 S5 c oLl sl Amasnl g1 52l g 1
63 VISS g 2 Buols il Graw of a1y (g1 gty B gl alg Il g
9 A5 L1 Bl amy gl Mo ¢,V b lady 2! S 3L ¢ Uil
4 >l AL @ gy @5 iy g ¢ (Eyles. 1966 uldl) dagad! Hgeall Jul=y
o2l B yTagayell pailasdl ey yell (2 JSA1) gl 2 A5LeI
<(2000) crisadl 531 9. (1998) Cagummsn Doornkamp & King (1971) a5 & 54!
.(2004) Zady

Sl Laat! Gulial g€ STuedi g ¢ sV Gulial tpuliall e cuaasiul
130 W1 gl i el e &M Gulidl) @ OIS ol 2 (sl 31 e
Anly 5 e puliall @i S elulall ou 3,41l ol

Orogmtl US 23y 5l Ll )1 ASl Candiaty dyasd @5 G Le e sl
Os—oga A3yl e Uaall (Strahler )1964 4 i 353l s Lgl) goam
.Horton 1945

ropiegazma Il Lgdlanialy Lguwld o3 ) 4 yiag el ol j 5311 @uuis

Jsboly A laall ety o3 yilis clueg ccoud G| poliall Joiid :1gY)

245



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

Ggeiag o2l Jlably daimag Ay gh A3 5e IS 2 5LeV sucy (sl
ol 3 A g gl 2 Al Llely conll dalaie
09 Lgalaial @ Gl el a3l Jeds il

s JadBy (A ,gdll ASLAN ailan—1
() Towdl ails 3l Jlanl Jokl

T e = (208/(S) iy pumtll 22l
2eeinnnans u{‘-.'g'::;:&ﬂ;f :(265/"\.3‘3)) é)—é—‘-”)‘)s:d‘
spall 3 Lpd; avany adlgyll dae _ i s

Bienans = [U:SJ._;;}ZTLJJ = adadull A

P81 ,1 A

Gle Commy sl 2 & el ASLAN ) Aty a1 BlSa (e pualy
1389 oI g¥ 45 AL Cateny il y 42y Y Ll JSa ¢ Strahler (1964 ) cogleol ulu]
dudh gLy IV A, e (el sl (e A0LN 3,01 Lol (48
Sy ISy AOLES 4b 0 fya sl LEdl pe IS 4G L) Lalgy ()8
Sty 1y (Bl Dalall walgy I A5y (1Y A, sl cain
.(Abrahms & Campbell: 1976 1980 3aHew) dds| ]

Lo Ll g ably )l aac ety s
doeeinnns ok 9__‘” ‘-U_>L|._+—‘ S0 o —‘_‘.Q.A.u.i_” Mﬁ‘ J..\.a.n
IS yailoasd]
A el 4L LICAN ailasdl Jods

5 (4S) wasal! Laluss

......... ) 52T b FPT PP e g Y =3l aY!

246



2011 - 20 scdalf - ASLuiY ! pslall Alue

6ueennnn (pS) stpadl Tabos (SIS Lpnloa 550a b8 —3y(tan,, Y
(+5) asall dsh
(oS) pasalliabas _ o
Teeiennns = ISl Jalaa
(65) wasall Jsb ppe J
(25) Lo Lipa 3 iy )l Jlski bogie R .
Buerrnnnn ) Gk 1 Gl 3 a5 Ik e =LVl Jlglsl Joras

e sl | ailasd |

L J = Jalg Il slo=dl Joaa
EXFIINES e

(dsall b sl 2daTy el gupeia o G o oyl _ S| I
) omll I = (0/p) il 2

6 n gl il
. (Strahler. 1957) dalizes calelas)l 25 gmnzell

i) gL

= Grraguungl! Jolall
Lreai) 3 Ll

sal olghasdl IS e lID @

radl | gl 3aeLall (S5 (395 cnan H5iS dad Ll A Gl —
el I Bl ¥ e Gl fiasg (gt 2 gL

dad (8) o 3ol o Ll ola @5 e S (6 5l (ogomt! A Lis (uli —
gt e Lany ¥ i sy o leadl 501 doglas (oglay (g2l g 5508

247



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

LIS Ao Lk 1 oglay g2 sty 5si€ dads ol o A Ll A ol —
oY sl e ey Gagll

el 29 8l pgmma (e sSU ikl IS e B L) ol g3 —

iz @3 Lo ludie 4 yal (i) Llaly Lool do Ll Guliig dalaidl Jumgs -
- ) sa e

Zalat) 2EBLA g A jud | LD

A pgd | ol g W A Luce

B (208 33.25) Operandl o (po e el (g Anbius JSA3
ool sx I A Lue B5laasy (28 9.78) YISH oy Aolive Canis g59 Calas]
2 0y, ol Y aladl dawsil! Gl o (1 Jgasndl) Rabinll & el o112
oy (sSang YIS g 2 Lgalasssl Byl 5S4 vyl g 2 Aatill (31,1
allaig 5laa¥l Juns plinyl 2 Alieie A Ll Cag yIally & il (ol Y1 A Lias
2,8l ey I 1D ol i agd! 351l Juas oL )lg « asall duds Lglaga
Ol g B lls uSe i on 2 VST 2. it (g pdmanll (asSl|
skl Jotes A3 I sl U1 (gl Ly oy 31 Bl s B Ll Loy il
(1980 (&edes) B ST oz iial Ay pundl sgimaally (g gl ol ilides
e el cresasll (6315 e eV 23l g Babise WIS s oS
025> L o Ul (platll aildae I pbogal MUS 2 4 56l (a1, g5l
2 bogugll olileey St Auagl coblial Gl 20,0l @IS 5> 2 Alicte craga !
2 a1l ALl Cagytatl ) BalaWl gall Aalaie 2 figie pulew¥l (S
(a3l el 1 el Slilae gl ) Racizes cisle Gle¥1 g M|
Aygho 1 Halg3 Al 2. Adaiss (585 Ul &y puandl gadl Hgimio IS Sle ue by
O aslsapagin! Jaall sdagy (Lasles Gogandl yelat ey ] wlls JS ol

248



2011 - 20 scdalf - ASLuiY ! pslall Alue

303 e Albalgll HUaaM o slsnysasuant] SV Als 1 (1980) Aedlw sLal 4
A 5350 A el Golgn I i Luwa 3315 0l w3 g By gl (ol I s Liwe
A I 6350 @1 ¥ o peiilly il Gayl (e el olus ye aBlall 35003
Ll 5Le U agiond) 28U 18 @3 (g S Lo opmy BLe bl gl
ooy Ao Ly (AU ol o 203 5l 23)e 3l gl (2000) cpigall 5o
b S G Dol (e YISS (g 2 Y1 Gy Lo (Se Iy 2y 50!
B Liwe 3y 30ll Al S le @il dud Lgasyss allaiy slae¥l jals Conen

g

Alg=d 13 purall @liall g crsogadl US 2 Aubgandl il Ll 58 )5 Jum
conasa il 220 02 (e JB Lginbiws 1 35,01 (olsal el (e % 835
26S 0.03 (pa J3I Lginblis YISS 2 Ig¥1 25,01 (olgal (ya % 658 s
% 714 ¢ % 626 O 31 ASEN L 01 oalgnl dxlie 25 ST L dlas MU
VIS3y Creawn Il g 2 3 il AV liall 258, Lguolgal ] (ye
2 o ) ol ls gt (@l Sl il limil o Glls iay (Mgl e
(13 JSdl) G ol comantl ol 2 Juay cruiagnd!

: adlg T Jighol
ool cliat) 2 a5ty I o 1 235U sl g 1 Jlsbl @lane o383
JSa1) crimgand! 2 Linga OIS 3l 01 J1ola¥ (6! Sl il 52l O ine
JB YIST (g 2 ol g1 Jlslol dacugia o3 i walg Il Jlglol &35Laes 5« (13
o9 25Ul June 315 A I a jug ¢ (1 Jgaadl) crasa il g 2 i
£ 5 (@5 (g el yamil! e Lsall (51 511 adlyy B Ae puw ) 5350 Las YISH
S Il Jans cye Lusd Juall sl iy gy JSiy Ralill ol 01 (3l e

249



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

A A1 walgy Jlelol A JSg . (Peh. 1980) Ljulle 2 Peh 4l Juoss
s> (pa JSI %4995 % 54.6 g gl WS 2 ol g1 Skl laa (e
Ao s> 2o dgams 4l Juogs W asline oy sl e YISy cana !
OO 2 nd 6315 2 WSl dlms L J315 < (2005 <35 azma) pucay
ol ol oo Jobol By 25150 cyaue 11 dalgy sslas Lal . (Salameh. 1988)
Jeasig 16 55T 3153 052555 (po Yoty B35 L1 a1 Ul A 6350 g a1 3]
9159 5a9ud! laeny - (1980 Aadas) 35¥1 2 Aadhas Lgeudh 2mill )
Wgamly cecnl g 0| Ja1g d paill ABLES A5 yae 2 a0lg 0 Jlebl e 5alanY!

v i) Jang oL} 4aS

Ay Y| AB LIS
w5 3 el Gl Akl Caglal LIS udy pendl BESH S5
G @3ge alld ¥ alail Al Heiaally lasYl c¥iae plas,l ge 2l
8l ALty B gl 5 501 30 5l e w08 (g 1S el 33145
o=l o el Lol Lasloe ! 2olSal GlSI ya 538 ol Al Cag,talt
2 2SI diaal (oS3 . (Strahler. 1957; 1958 o Horton «1945) dabizll ay ,gll
e 5y 3l HUas¥l Jess 31 ¢(Gregory. 1976) L Litl Cag,tall Lle iage Lgil
55 @ Cray e petl] Alggan ) BLSI Lyl 633 5 eyl ol 5

gl 5ol e pang e e | pdie
Aol 2l e pdage 31 Lol el 20 dy yeatt] ZLSI eyl ,S5 @38 3
51,8 gyazma (ye 9% 65 lgm e Crimgnd] IS 2 ALy LW o 2
(@3 JSadl) Linge 1S B 500l BBLSY (o) ,Sull i il ol gall O inas
029> (e ST ((205/ S 5.13) VIS5 (g 2 Ady puatl| ABLSII Jurnn 2|
Aatizel) & el (L aran @5 g < (205 /0S 226 ) case I (o eV & 3!

250



2011 - 20 scdalf - ASLuiY ! pslall Alue

352 Crrazally (Al ssiio 392 ST (os Helad (pe @ b (1 Jgand)
Ola (Strahler: 1957) ) yieug « (Smith.1950) Gorers caimil Lady .4 yus Hoieo
Jasgie 548 YIS3 (g Lal ((yiin il el Catimd yana | (ing 2 2l
- (Gregory & Willing. 1973 ) zeead!!

Ll eUasdly sl yadl jias 3y3Lad Ay ¢ HUae¥l Jane 33k Ju I3 sy
ol olatl 3aLy3g dolis I ool el IS 351yl b ys plasyly ol
oSl VIS (g 2 Adlizell il yaze il e wblg) 09S5 de s @ (a9 uzmlaal|
S ¥ onidle By3Laty Buslie @l 3 B yusdl ypimialls (openayll Gg> 2
skl A @ pag ¢ bl )l ol ol e HUae¥ olse o yua 3315 I 635
e 339 sl &y g ill (g)lomall Aol 5 HuEl Caning el jumill e &y ) Sy,
Al bl bl IS 2 Lt) Cag plall Byl puatl] 2lSI1 (uSa il
Cag Il I a3 3l yumtl] 28K 2 culaMan ¥l (e % 93 5l (Melton. 1957)
Aty elacadl pdadi e an 3l ol g 3y 3adl HUasd! Jas 3] 2Lt
(! g3 ) Ol pand ! Aay pcadl Aandly lamiW Bagadl ¢ 3 pnall HLgY e
o VIS5 2 Juall la Logrends ol (e 5531 oo s 2351510 5 (2000
«(Lai. 1992) L3 Jle 2 Chongkak Il _SG9.4 g Lawing gigl g 20—l
32 gkt 3 Golsal (e cnasayll Gmgs 2 Juall Gaiail ags a1 2 Ll
IS 6als 2 Lgan cuglias a2 (1980 (dadlew) (205 /(@S4.97) &y Hg3mion
(2005 1 ,a1) (268/@S22) ¥ 2

:(_S)GJJ‘J‘)S:‘“
Baysl ) iyl YISS (g 2 (6500l S1LSUI Juane Ol iaas (25 /6 s 69)
Bas, V1 Bl GBI IS 2 5,85 Juall 1amg oraga Il G 20l olas]



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

% 60 (o ST Jomaw 31 ccliall o) Sl o 3gll IS Catin| Gl12S ( (1 Joand! )
e 2501 gl U tornann yIl g 2 3L AN (rcall 2l 51 ,S31 oy
2055 OB YISS (g 2 (o) Sl g dgill I Calial A5y I s 11 2
LS Jaee Jagg - (o3 JSall) Aslatly I syl 2 Lalalss 58T @l
conasa sl 2 el dasugie 9o G 2 YISS Gags 2 @l gl O e (6564
ALl Cag plall s Aliaia YISS (g 2 Al Cag Il oyl D e (e
AYIST 2 alall Gogandl mlass il dacgia L)l oUaa¥ 35035 e 2!
sy e pimally o yuailly HUas¥l olua (ya dBLAIN Aby oS 3L o ladlly (26,53
Jie 19359050l Jaall 3535505 1 ool i (S ool Ol ynd 3313
@ e S s il Bl 5elatg can g sl ol cililee g5l
Sl dacugie 3y 5laa¥) A5 I3 (uSe i il 4 pmall usSall O
Lyl Hgtmaall B3Laky Aualive plaiyly (SLdl slhasll a3y (10.23) ladd
Ba35] ushal AB (@5 (yag sl (6 el Jaall Canis ) (31 Greana I g 2
RERpY

pladidt A

Laladl 20 1,01 2 crapa 1 2 i VISH (g 2 pladill B Jutne )|
A ALl Jang YIST 2 dalg Il e 35 3] s el laay (1 Jsaxdl)
IS S| PO PR [ PYE TP W FEN B P FSUN [ [ RETR VRSP RS- PR
By dally byl Hlaselil Ao Jarag il A glansle VIS (g 2
sl O 0S5 1 el yasm il Gle 3 gl al g, 01 6S5 Ae pus N sl 2ua L
cox3ls8ygasant! QL Al 50 2 s

Y.L { I NP

((1J5uad1) (47) oenn 1 2 Lgie (52) YIST (g 2 coniitll Al cond |

ALl gy lall o cnaga ) 2 die VIST 2. Ll 1 Halad de juuy IS juady

252



2011 - 20 scdalf - ASLuiY ! pslall Alue

(Peh. 1980 )y 4ull Jumss Lo o VIS5 (g 2 ccanll Jrns 331555 ot Bl
Syius e (1980) AeMw 4] Juogs Lo goo craga I 2. Juall plisy L julle 2
oD 4] Juogs sl Juall (ye iyl o 2 e 20 % il (olsa Y S
7915 eads Jaaa I SI1 (ol Jomwg ¢ ( Salameh. 1988 dadlu) cond o192
459 Jaall OIS Apsgacdl 2 le¥l Bdy ool 2 ¢ (2005 231 ,a01) 10 5 2.89 oy

(1998 Crguusea)

A ,gd| (ol g Y JIsal

AU 93 51 e L il By e il VISET A gl yslgn 1 S
GBI gl 350l gl Judatead | (e B pg il ol gm I ol B (Gt ot ¢S
P Y gl Gle ALl Al (19a1)

5y WY - 1

2! LalS g 16511 JSAT (ya (656101 Gl deld ol Cola e e Jo5
55 i) Jome iy e 51l JKA e gl IS (ol 5Bl e 3 Jaal
O 2 A A0l s U 20 g VIST (g 2 die Cega I (g 2
I3 pom y VISE 2% 58 g Crana I 2% 55 Jomud Aanl I A5 U1 2 LSl IS
2285 08 g el el nana ) s Lead o 55 Gl e 301 3 Al Jobs 11
029> pSay Ll Aslad) a Als HU1 I s I 35550 (e aa LT o L)
Jutall 5 do Mg € S Ly s oy B Lia Ly 1o Ll igit 31 WIS
oglad 25 WIS g 230 500l walg Il Ol I3 pudy dBlacugill Al HU1 2 s
ISl 331 gl e cdamd (o315l dud KA 250 Lgily A slsun Cisac
i 50 e cadi ) 120 o 1

ela 2L 20,01 2 gl 2055l clial g Sl el @y e
(= 3 ) Yotias g o]

253



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

Wiy i-2
I ey ¢ Jelaiaad | ST (yn (gand) il 331 (G | AUV yods
2 die YISS og (3l pe puer 2 Lola,l Juall Jma o Solall slaie¥l ya
O 2B el 311 2 e d el Byl 11 33 51 g (2 Jgaand!) crasa !
GUS yeudy 0 (0.65) cresa ) (e 2 U e JBT o s 200.84 caly YISS
23 5l Ag¥ Wl I Olosga 31 toan |y a1 comdl cililae doliy
doglad 2 WISS 2 salg, 31 L 4l 35La¥l i Lo I Zalisl (bl s pa
2 Bladl as Cagylall e 2 io3lpall s KA 2l orslsn s
ool I ol lidae o Giaes Ay ¥ JISEO daisd aud ) sl crage !
e ooyl Jsle Juwa 315 LelS il I 5,5LaY jumdy (onddyte dud el yillg
29> 2 el el Gl Lagg (A1 June 3345 9= (gl Jle 4 ye
2 Lgia 38T tslatl olod¥I 2 (ol ga V1 stiad il il comdl (ye ¢yl WISS
syl g a6 e e @ga piige TUATWY! Gl yglang s yall ola3¥|
et Leg cual I et 3005 Juas (e Ao Ll e ¥l sl Logluns 515 Lol
VIST g 2 dam ol Lo a5 LW il e Any V1l Legi¥1 3305 (pe U3
2o sl Jotas gLl G sl 3l B i) Cilsandl o Lgdl cliac goluas oye
AL Y1 Juaad 6518 g9l S Calizmy 150 (e 38T 1LY Cilg 0ye
MS 2 3y gV o 1 2 Jotall JSa! 2t 31 50! Juae 2 die
(23 JSad!) cpngt!

ISt Jolas— 3

IS Jang ¢ (033) crewa Il 2 die (0.56) VISH g 2 Sl Jalas paiyl
2 lesje lo 1588wy ¥ oLl dakaie 2 3,001 (ol gy Ol Sle

2551’ _



2011 - 20 scdalf - ASLuiY ! pslall Alue

Loie ST AIUaaa¥T I Juad WISS 2 ol N1 Y VISS (g 2 ool alais
4] Jeogi g1 Jaall (e y® Jualls crapa ) Googs 2 Lal 2350wl I
IS 2l ol I Jeed a1 2 2 il (ol Yl (a3 20 (1980) el
Sl s sy 13 ccuall Aalais 2. Gung olidl dahie 2 (o se ciulis
2 a,eil oolall 3Sa ol il (2) Sl 2 (el iy pemtll 3SA )
2Byl Jleddl 3ol ale oladl 2. 5 pmadl JSadl 36l gl Gos>
g7 ale olail 2 Lgine pa B3l ge Age yall sl g Il prazed (YISS (g 2 Calies
A il cpe Lale Laladl 2l ! eolia¥) ol 01 2 Lgasan Comtd tagin]

g glgaand ! Al Jalgal puiadey WIS (g 2. IS clIAT (5 501

APy P (TP [SINCRT PP

2 tpacaydl 2 i WIS mgm 2 Aalill Lalg ol il s dagia b
1S3 elhas @353 aBy Al I A5 1 2 gl o 2 Lol 3531 (3,1
rinas i laegl A2 gl IS 23S g A 0 p 1 251 ami¥ Ll
O W5Laally (53 JSa! Yotas OIS dalg ) Hlasil culial o) ,Sall il o
YISl 0 paen 2 2 pgill alg 1 lasil daugia (inlaseil das Sy gt
e alg ) Slasl Jarg <636 I cene p) 20 daugill gyl cn 20 492 )
gl alg Il IS 2 ade el 1oy & 5eill A, 3515

@l 3 doiugia Joman 31 (omena 2 die YIST 2 slaall il dacugia i
Lisy i cauad e sl (gl Gle 10.33 5 26.53 cngad! 2 Hlazs¥l
a3 2 i ¥ daugia Ol e 2l iy 0l WISS Catmy oY
sl 3 LgualiS gLyl g Une¥l culiaS 3303 2 Jranl 3 Lt Jalall g
VST 2 el 1 el Joane 3303 2 Alkiatie &y gl ol gy Al 350801 3505

255



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

Sl il il (1 53 Sue (pn i 3 039089 OLEY G)lome Gaas 3315 @ (g
Glaed 153231 2 el yumill lasil eals s a3 el cs N1 el L I
AL J1gn Y 33 31 comann Il 2 gl calisnl Liladl 1532912 Lgie
Comgily idaims dud guold (g edll il Joall 4B le cll3 (uSaila Calan!
ol s el A ol yamill g5ud o 63T L slgrsasindl Jolsall s yall

el o=l ol

O Al Ay

/a76.2) iasn I 2 die (05 /80.2) VIST (oogon 2 (o pulaill A dncugiin 51
Leie crrase ) 2 A5 A0, 2 G pitl] B 33013 O W14 (1 Jgamdl) (oS
O dacion 0S5y Al g AL 0r )1 2 Lgudany (e ¥aall il 5319 VIST 2
sl pagunt] A 1 2 dand I ool Ay Aalie Gy ylay pe Crasa |
O2sdl an OV 5 4w il Jama slazily gl clabadl @isl) @ ¢pag
BLaill Al o 2 (ogantl J15 Le S VIS 2 (uSall gr 20 2985 A je 2
s 1 Loy el yam il 2 ool gl (5 gl Jail gl comdl ol gun ¢ o2 5585550
cagill) @lamitl g 39 alal Lgsguuin (olismily colill @pands Blolia gl 53 (ye
lane 9 VST 26 gaall 3,38 ¢ peill Gueaid] Sililas Aoy e de by (2004
Lenganl ax Ll o Lo 3l O I Al 2L L glas £ sl g 1
(1980 cdaMi) (o puinill Ay

(6 k8 gl it
GOSN (e st IS 2 A ytaghyol) paSlad) pae ol il
© WA Glogadl Ley pan 1 L glsB)gasuantl Al I le BgB5lg cdyLisg
ol Gaa A sl Gl L 3] toriagmll (6 el JalSS Gl

256



2011 - 20 scdalf - ASLuiY ! pslall Alue

Slibeadl ol @ (rag 1 pgdll Gol5a Y1 Lay a3 Gl Lmglyaygasamd| Ayl
Lol 2 2y 5l

Ao YISy ara ! og> 2% 59.3 5 % 58.5 (g yiageangd) JolSH| S
39l Less crngond ol @St LiiSas it o e Ly - (4 JSdl) sl
iy (1982 59ld) 2 olsa 9050 ualdl Al o o9 031 53) aue Ao e
2 s el codl aililae 3ud I o il US 2 coall Aakaie 25 umiYl 30
g dad (Y1 g pdl] ol Cililas o 2 AN a0 1 L Luladl 3l L
Loy Lo sgdty ) VIS5 2 Guall o 2 calindl oyl oo ase Ml g 2
2 oyl Sl sha ()lE Laglsagasuntl 3ygenll JLSYy Al Ailie
Juogi Las 530 a1 Juall ol asnd 6,81 I &ty Lgaads 45 Ll Lt
2 (<l golg 2 (2005) Al ,allg (Salmeh. 1988) Cundi (6319 2 dadluw 4|
(S« .Chongkak g Lawing g 2 L 3dle 2 (Lai 1992) dul s e L o
D29 e 0N 2 Byl (olea Il Aalue 33l I alaally cplall gla sl
2 VISH po ALl Cagybally do Lokl ablias o 20 crana ) (e eI < ol
Ludla

el OUas¥l Zols Aa Ll Cag,lall ol Il paled Guw Lo S Gle <L
2 lae¥l dogiu Juwa 53035 g el aslssagund! deall 2 Lualu 13
e I (Sl g (6 5l Jaadl doli 3305 A sl (Lt @le 2500) YIS
s adll s lial!

Jlad s Lol 350 il 5 oy sl 0 5ol 1991 A 11 g5 039S Ay =
A ALYl Ly A Ll 2l e sl 00K 620 crasa ) g s sl
sl g ozl g Al el ALK June g JS gl )|

s o Lag By 5] il 201 aand 3315 I ol ) ool Juama gLyl 1 -
co il Jana (e 0y ¢ Ll aseil Ao (e sl HLEY! Cilsar wlslegsl (ye



podl dae (S o 2 4 p—Ta 92,9t pailasll (> 91 98 590 gt | Sl
YIST 53 29 g Cnoua H11 Galg a9 (30 e W& 5ol

Jans (e gy t203g¥) Wl I 6old an |yl ot Jutas i) IS —
AU

Canis Al @l a1l (e eVl e sl (g 2 Balall ad oy ylall oS
Lootay daisma deds dallnig il peranls « Gigamll 2 (g gl 5152 550l Sl
Dol @l e OV (e Bgle s 38T A Ll g yIall IS Gl g cprngianga M 2 0055
oyl 25 il Byl jgimanll (e @ Il Il dallai 21,58 5l

JEWMEANUPRIESIELWEIP) IS PE (VPR o e

2 A A, walg ) & yiagaislls dumglgtpaseand] pallasd! calias
Craead ) Ceanad IS Lgaa 353 e s Ly ¢ gt o 8351 g a1 511 (9|
cal,bl e do ! aalg,dl yaan Al lally (Galaall) de sl Jalg
gy ¢ Lladl 2 il ol ekt (e Algll g cdagamll (e oy Bl gl
lelecg A 5198550 0untl Al JU1 @0idi Ao juw (o IS pi Lag g ! A Lias
o (e Bogm (gl Jals Bdalall Ll )l 835 cam 2 gl u!
oaSlasl (2) @) ol g - (daumdl) (6,331 Golgn ¥ s oLl @uuas
diag )l pinga gl 2 3Ly IgV! cni ) (oalenY & ylagagll
L) 5L e Sl (S

YISy crape pll oy 2 12815 120 598 ) oW1 & L1 aaly) sae el
b ol 3l ey % 784 9 % 77.2 A Ll cdendl g (Al Sle
slael gaama cpa % 43 9 % 23 Ayl Lalg ) CdSE (opingantl play calad
O3 e BLalLg (gl e YISTy crana Il ing 2 AV ALl 3l
A8l 9,0 @lase ali « (Salameh. 1988) % 34.35 cualig cnds (6319 2 cadi ;| D
2 %615 9% 72.7 dpaidl OIS AHL A U1 dalgy IS ¢lguudh e dum L]
(gl e YISTg craga |

258



2011 - 20 sualt - ASLui¥ Aslall Alse

% 39.78 e La crmgand! MS Anliws (o o¥1 35,00 (olgad Anliws JSi3
L)L) Llg 0 (olga] Aaliws sl VIS5 (g (ya % 34.05 5 Craa s (e
GILF SN CPREN () RPN R{BCS- N W b PRSP ST (- N WE U S
LgiLuws 33005 (@ (pag g 01 ALl I (6055 1 a3l condl cilides A
il g 01 Sy es )2 Bl Glgn Yl pe oldl @i Aabkaie Gl Sl
2 3y5mme LEY Aorslsnygasant] 300l aud pe Lgin L Ja5 3l Auls )l
e 0S5 Laalael 25305 U8y« pasandl plaw (s I (63539 « gl damg
LAY AW ol g s Lews ol

As 1T 1319 ,T0 (ol (g sleall Bl pmi¥ g dawgill :( 2 ) i) Jgdant!

YISTg (oo o1 2 Al g T 931 O U1 2 paliat

2L A JEPE (R
B (] RSN ] WIS e 1 Mt
PESRL] okt FESRL] bkt PAENNT]) okt FESRL] ookt
10 18 15 9 68 52 76 22 31,01 s
0.218 | 0.267 | 0.519 | 1.026 || 0.027 | 0.029 | 0.122 | 0.183 (28) anLul
0.156 | 0.219 | 0.406 | 0.865 || 0.018 | 0.025 | 0.093 | 0.093
492 614 593 840 222 210 426 411 (2) somll Jobo

330 638 531 771 119 122 284 206
4978 | 3.73 | 8311 | 6.319 10.3 | 9.099 12.2 8.63
2.207 | 2.113 | 2.371 3.53 4.38 | 4.688 | 4.86 3.32

IRV W

~krErPEREFlE R [E

537 | 535 | 321 | 2.26 93 | 957 | 4.04 | 2.63 o
0.82 | 1.38 | 098 | 0.58 29 | 1145 | 1.89 | 1.47

221 | 275 | 982 | 56 553 | 53.6 | 12.82 | 6.74 SR
54 | 241 | 542 | 223 36 | 329 | 9.2 31

064 [ 067 | 064 [ 073 [[ 061 | 065 | 058 | 065 P
0.12 | 0.14 | 0.08 | 0.16 || 0.06 | 0.13 | 0.09 | 0.13

033 | 037 | 033 | 043 || 030 | 035 | 027 | 034 o 5
0.13 | 0.15 | 0.09 | 0.18 || 0.07 | 0.12 | 0.09 | 0.14

066 | 0.60 | 0.6/ | 0.68 ]
014 | 0.11 | 0.13 | 0.13

145 | 149 | 169 | 12.1 EEIEW

3.9 7.8 5.3 4.9




pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

NP E TSNP NeWER R P P E R PN I A PSS
e ALl g, bl dagie 13 5L 25,00 2 oo 2 gl S
Of Lizo il 13091 ¢ 5 yaliall o2g) g yucudi aogo Wy o cyimgand| IS 2 Al 01
e LeS g o Ltall (3 pald Lubadl ol sl acie¥) JSE3 cpamgmd| 2 20000 23,11 al g
Sl 1 oy 13 2 2Ll Lo glad o VIS5 2 2 gl sy 01 o 1 3,0y
gl pplaill Ao 5

2oLy I o, b 2 3a ) e Ll g 01 1ol el ys S
T P e WES U P TR BN VY PR ESUPSY FUNREL LSV TRT O [ V5= B
BINE IR Ry PR ISV (REES P RPN S PSP JPVTREN RN
Sy gl ¥ Babl] Sl e Ll il (0585 de pug Ll g
Aaslamsl el 53 23505

o 2 VIS (mgs B e 5Ll ye Bl |l sl g 1 ZalSII Joee o
B pall alibee Ol @lId i Saag conasayll g 2 Jasll ulE o 2
ISy i ) Al 03 1 cmal Aol 3Ll 1 a1 3 5 Jobog e Laal
2 alall suclall g 25 Sl dogagll clibae ) painl O Y1 YIS 2 Jslaia
2 g lie A3 (@ (pag sl all ol el Ay Il ol Lasbs Grega 1!
Jsod clld Cobio ¢ nliatll Ay 5315 (g 3oy Lum s 1 ol )l s o
cEadtl ynall B Calastl gt s Lkl Cag,atl B

ool g S AUate¥l Jotes gty 3] G Lo JS 0S5 DV 505 sl
Cpimgdl IS 2 (ALly Ig¥1) 0 12 sl (e B L

dinglgaysagendl pailaddl 2 Auulul cladusl sgay Il palss
LAl PR P RN (M P BN (PR NES U PN I SRS RPN 1
S ngand|

260



2011 - 20 scdalf - ASLuiY ! pslall Alue

A y%a 58 81 Sl 530 (v ATALERS S8 Slat)

095298 (1193 pans (Gedal Wawlgy - Y
Cracsy dBy gl US 23, | Al Sle (45509 (15192 pany Gudad @
L(5) ISl 2 58l gl e bl Guags w500

Law of stream numbers 4y ygd! (gHlantt sue (9018
SIS 2 2 gl 4,y gl Sly 0l sae n ApeSe Adan 3BMe i pgls
Gynuay Legd€ 2 (0.996) lux Jle Juae I amidl Jalas pdisly ccniagant]

A, Zé\fjtnz\:v)@_m a8l g Il sue o) Liaes L(O.OOI) Je diglaa

Law of stream lengths 4 ,gd | Lt ! Jgkol (9313
aBMall ey A g B pgill ity kol daugio o Bl 335e gl
I3 yendy cOranayll Gogs 2 Lgia (58T VST (g 2 clilly uilitl
Jalas gaile conaseyll 2 Lgie VIS 2 A gloumndly A L) Cag,latl il
ddle 45 Jolaasy copanaydl 22093 I (aazily NS5 20099 A agasd!

A5l (ol Ll g1 Y (53 59m (0s3le ulail liiyy «(0.001)

Law of basin areas 4y yg:d| !9 ¥ dluwe (1g3l8

el g A el B 51 g Aumgandl il Ll dagin (o B3N 2 ¥ 5,85
US 2l Adle @ ) il Joles piisl a Lgeds 2l 23LI
35500 Cye 381235 JS O e U130 (0.001) 4y 335 Jalaasy ¢ (0.998) Crunganl|
A (o ST BSLEN 43,1 (olga] Gl gl 2 (Leie 391 L 3!
NSy a0l e ST R

261



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

Law of stream slops 2 »gid ! (& Lot |yl (5313

L el A5 009 walg Il Hlaml A s dagie o LSl ddad 3o o6l
gzl Jabaa paisly A (4585 IS5y HlazedW An s culdy crumgantl NS,
dolsdl bolaill cadal u3y . (0.904) YIS 2 die (rota )l (og> 2 (0.992)
dasdl e dolaill o Aae sgme cllia o 2l dad Joo cae HIb
6Ty ALl gk 5wl e Ol I iy Leyyy YISS (g 2
(gl MUS Ly s U & plgBsaguantl Al A1 COMEA Y| ALY Lgan ¥
6% Aoy A Lie gyl ey Bl Gl Als e 2 15 Lo YISS (g
g glatial G cnaga Il g 2 GUD (e Sl Gle ol ailidae gl )
(534! gl yae Jolo o slall dalaia tya (gguu Ol daews (S

Ldad @Ml el By, a1 Gle o) SIS dangin @) e
(Ol g 2.0.94 | sgazill Jalae IS adi)ly copuogndl US 2 40Se
NISE (e 2.0.90 LI cundzll cns 2

LLaill ae Tae oyl Gle cddail 5 58 ¢ilsd ol Joall Ll palis
B 5ol walg ) Gan Ol I els gl coliim il Gaags sy Sl e

A ,l050 5981 puoliall (s A3 Mall-LaLS

Lgomdl il Leal 9 3y gl 0l g 31 Jlalol s EB3MaSI— 1

23,6401 sy, Jlsloly (> p) Awagandl el Ll cs lasi¥l Julos gl
Lyl Jlolel g gama sl (5 do) uoluu¥) gl oo eles BS99V i L
4B g 2 Adle A3 A ge Audad oLl wlaMe (L do 2me) (gl 2
BMall colSy e doys I A Jelaay spusidl Jales iyl 31 ol
2 Lguud 22l ka3 @f 233l Gl W 16 I 11 (e ¥olall 2 3ipis o LS

262



2011 - 20 scdalf - ASLuiY ! pslall Alue

fa )l ) T 3,00 2 ol g 1 LB 3 Gl8s o g cpngand ] IS AL 2 1

(gl (pe JS 2 BB A5 o yolga]

Fas R? Aslatf FRRY ol
e 76.2 #%(0,445 079858 1,0.24768 = ~ SR R
| 2453 #%() 675 10403 1,0.8125 = ~ o S yiss
13e 32.1 #%(0.594 065157, 1, 0.85988 = ~ aatul sl
14— 102.9 *3%() 824 101206, 1, s 0.00027 = o Al ]
15— 118.3 *%(.820 07914, 1.0.39434 = » o st YISs
16— 520.9 *%() 960 L0, 0 20 0.19114 = s 4l s

Jlsbol gyama 5o ma i sl Jsbo 5 do ialgn ¥l dnbiss > 2+ 0.0001 Zugiall (Gyins **

_xb‘j_)_ﬂ

Lo Aol sl 203, 5 (ol il lis 0 ol Sy lling

4 Lol dcdl e¥oslall Suc by g HLe¥! Jlsbol (uld JUS (e sl
gLyl rasg (0.001) Adle 325 oo T onulill Aagd s pgls aBy (16 1 11 (ye)
2 yaidl il A L 23505 &l O 6T 51 (G5iung wpamil] Jalae (ye JS
Aty 0l gl oazma ol «unla¥) gl Jsbo 2 33L 501 Il a3 Crngantl 2
cndalall 2 die 16 9 14 codolall 2 spasntl Jolas glasylg  yngand! 2 24 4ol
L puais (e crognd! 2 LI A0 2 s liadl O Gle yii5a 15 5 13
Caliall ealud! sl Jobo Anilgy Lo yreadi (o 38T cdalg )l poazma Jlsboly
dasl el Bl sgag I Ak sl ulys enlal J3y asll as b
JUtal ol w81 a0 Jgbog gl (ol >3 anl s o Lgwds
S8y Newson (1978) (jpews— 3 9 Morgan. (1971) ol = )5e

Hassan et al. )33 s}y L9 «Kumar & Pandey (1981)guil— 5




AYd! dasme (o - 4 p—Ta 92,9t pailasll (> 91 98 590 gt | Sl
YIST 53 29 g Cnoua H11 Galg a9 (30 e W& 5ol

Sharma & Padmaja)lal—euwy Lel)L g ((1988) LS ully « (1982
(1997

Autle A3 Syiunay Bulles @33all O (3 Jgantl) oL ¥l Jales yglal o 2
o ) Ay 16 gl 51 Sl g e lg 1 5l A 53 (ya IS5 walg 01 ke e
A Liwe 3303 1 6355 1 ol 3305 Ol IS s (Sang 351 wiaal! Juaas
@ld g Jolall 33003 o Hlami¥l Jues S5 deadd cgll 2 oST (nlga Yl
Al 35 Laim el Wy ¢ o puatl) Bl Juins Jay @3 (pag cpendl] 32
Jaas (e Jayg cAUaia¥) Jaas (o o @ (pag 19| Jsbo 2o Al g 30105
RNV

A g )il | O - d ) ynms (o dolG )W DIEMe : 3 @8 ) Jgunt!

@l il Gan ae B ygill Goalga ¥l Ao s oy dalus ¥l cul3dle + Yy
VLSS crann 1 2 AGLT9 IoW! 0 2L 2 B yagayol

A . ) REJUNORIE TN s REJURAN . )
B ETSRIIE PN ECIPII . ) . EVJRUI IPR]
el ulu St b
- - - **0.27- **0.67- **0.69 ¥ Cnaa 3
*0.49- **0.90 **0.83 *0.57- **0.62- **0.90 sl
- - - **0.41- **0.71- **0.80 oY YISy
*0.30- **0.92 **0.86 **0.21- **(0.55- **0.93 sl

sl Jslag (54l

sagml Jsle PIVRIReRy do Lt 25,01 ot
- **0,64 *%*0.45- Pl eI
*0.32- **(0.58 *%0.40-0 ol
=



2011 - 20 sualt - ASLui¥ Aslall Alse

**0.48

**0.27-

ST

YIS

*0.47-

*%0.83

**0.48-

2ol

il 31 1ol A5 (e S s renlaad! 3l 31 Sl oy dolis ¥ clade: Lls
el 51,8 g aalud]

sl Sl el Sl ool 31,01 sl 2y 4,1 ]|
- **0.49- *0.24- S o
**0.89 **0.51- **0.55- Akl o
- **0.59- *0.28- S e
*%0.94 *0.46- *0.20 Akl

0.0001 &zl ggne **

0.01 2zl ggie *

B O 31 AN ] Jead AL B0l 25 51 (ol O ety G L
oo 31553 (alga N1 o Liws 0 Lo yiie 129 ¢ 0.8 | cundi sl exponent (¥l
ool Al 31335 Wiy ¢ o pall Laslial e slall Lastasal 203505
exlingSall 20505 35 8 gl il g I Al ol I 3oLaY i LSy« ol
Ayl g 2 fiad Le Tag Byl @bl il s cadall & el

il led | 20 dwlyudl u® datiell 4 yiagayell ol il 30 ds s dajal

a L Ol Sliie] Gle o e glaidl Hlami¥l Jids & copogant| B Ayl
Jsand!) Aliiwe ol yuiie 6,231 4 ytagaysll il ya5lly (uli juiie (olgaYl
2 nlall s aalea¥1 it JSs 3 ,eill aslg ) Jlslel Ol gls (4 035
EIPR P TSP [ W] i [ = S W YU S LR PR S R BN P {
goema yiuha sl n> 20 (0.0001) Aygian 5iwnsy (082 = 25) Craun | (g
Jaloasg VST (g 2 A5LI1 33,00 AgY1 Ba sl 2 3,0l sl skl

LS yige Jislg (0.0001) (ya yisgoall dagias Gouasy 0.97 | pdiyl dusd



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

e M o9 (ya JST0.01 9 ¢ 0.10 iy oo Jalaay (ANL A 5l 24d) junn|
(e 1SN B B 51 2 g Mgl e VIST

A, o lgm W A lue g das paid ) ABLST | Cyo 48 Mati- 2

doLous poo BaSe ulBMay dags 3 Ay pomil) A3l o ol W1 ol gl
ooy Ao Luwe yge Lal (5 gl 1Sl go Bin ga dolis | cal®Shayg ol
2 aalgyll sae e JS pe Ablas| AV @iy Adley A ge By dag)
olazi¥l A (e S pe Al BBy syl s 2 o9l Jobog ¢ pos]!
S 438 ale el 12y (6 pgill 1Sl g Budy i) Al g ¢ o puiatl] Ay
ALl ol clind oLl 3305 1 ea35 aalg 01 Jlsbl 305 of 1 35Lay!
Cagun Lgie Ayl Bun L g il (ol S8 Y otalg 01 e 3305 pe a1a 33
P | VP RIRWRVE [ V- | PRS vV EX DR U X W PR EX U (oK1 Uy gl | R 9
(3 2y Jgaanl) (g g 51 S Jas Jay @8 pag Bl ) sue AlS I (5053

2505 coaST Sl oiay ¢ puiit] o Al Audad @Bl Gl Gl s
Engstrom ) 9 Ferguson (1978 ) ¢ Pethick (1975 ) fisd B liw el wl s
i el LgliS s A, (olen W Al sl LalS ines . (1981 & 1989
L 3 5l ol 2 L (o Byl G051 e ALy 35301 (S
(20 31 17) B, ¥ =¥ laclt

(& @) iy peatl) 8Ly F o puiill o oliinill 3055 Lnls i
Cpmgl 2 3Ly Y i 2 € (> p) Apedd olen Y A Luuss
A ele Sl

Faca 2, aslat) PRy gt
17— 48.1 xx0.336 044293, 2 1.2367= SHo¥ Crea
18— 71.6 xx0.377 03505, .2.2458 = = Sls¥ ¥iss
19— 6.9 xx0.239 02042, 2384 =5 2ol Crea
20-———---——- 20.2 xx0.438 01659, 239722 = ol Crea

0.01 agint) ggias® 0 0.0001 dugiatl ggrus™*

266



2011 - 20 sualt - ZSlui¥ Aslall Aloe

e 3 A pemtl) 38U Jorne 215,815 & yiaga ol il yal1 ST 2n 5l
Y il pitly Buls 1die Audy puatll 2alSI1 Hliel le gshaddl la=iy!
A i 2 I skl (el S1Sa Jials (2ol 35,00 2 Ak
2 ol Ao lie ciela oo 2 VIST 2 A5 crana I g 2 AL
YIS g (ye JS30.09 5 0.07 AL 2 U1 2 agasd Jalas s 31 ¢ 3l g4
Ao Leall o BMall s (uSay 1289 « (4 @) Joaantl) gl e oas 1
- AeSe OIS g Ay yunill dBLESI
i gont 1 2 2L g (I 9¥ 1 Cniei U 2 (Gglaind| Hlasd Y| el 7l < (4 o) Jgumnt )

Aae O iSOl il Bl (Cnasli (p jmiieS oy juall | 2BLSH g A Lud | 251 e

MSERNW] VIS5 2 3dy yuntl] AaliSI Ll e | 2 Aay sl AaliSI ) !
s |
Aol ag U Aol ag RN RN 3ol ag s Al Azl eyl
sl Aleat
Jﬂ‘};ﬂ Sl sl gl U e Jslo U EESVHIBIFS ] el
Loz Jalas
**0.96 **0.69 **0.45 *%0.82 **0.34 **0.40 ) 2 :LA
EREN]| Ll Al E RN 55wy s J?Ja Sl
el
*0.01 xx0.07 **0.28 **0.10 *0.18 *%0.22 %
gl Sl skl ez il Sl skl tlent ezl s ERIY gl
N el - FEPL
x0.01 0.07 **0.08 *0.03 *0.13 **0.13 )
RPN
oRell Ui Sl s J%‘i‘ o el
2l
0.05 *0.02 0.15 5
ERIY il
*0.09 5
0.98 0.88 0.81 0.97 0.89 0.75 2) pyema
0.01 a2l gsias® 0.0001 azt gmone®*
iS



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

ST 51y g Ay junil| ABLST s A8 Mat (- 3

o limil) 3255 yglaly (i Jle 435 Gtunes Amge Lybad 33l gl
cagamill Jalas pdisly (O @) o) LISy (@ o) Ay puanll 28l
YIS gl S 2y Ly IV o )l 2 Lagin 283all sy
(24 A1 21 (pe e¥sLatl)

Faca 2, FURRY PRy Logt
21— - 48.1 *%() 34 0.44301;:1.2366 = o S a1
22— 71.5 *%*() 38 0.35055 ;= 2.2466 = = o SIa¥ yiss
23 16.4 *%() 43 0.37335,=1.3088 = = 2ol ey
24 443 *%0.63 0.29205,2.1414 = = ol tS

(0.001) apiatt ggiuus **

Ageads il 3Nl | cdiags Al bl giliit uSTs Lia

Ao iil] oa galadl ¥l Juls uSTy . Newson: (1978) 5 Melton. (1957) Jie
elunt) Gl Ll e ol Ayl 2 3y yoanl) 35LSH Hlael wie
El 3 gl 2 I A 5ull (6 el S yiiga Jio| Alius ol yuiieS
Jle Ligins Ggiwarg (gl Lle creps Il WIS 2.0.34 50.69 wpumill Jalas
' (4@ Jpamll) o

s L

Clly Al 2 ol I ALY desame e BV Il Bl yull conls
L oo Ll ol @aly Al yull Zalall CaluaYl

2 0¥ a5l Lo o 91985t Joadl 2 Al A Ll Jalgall 593 595 -
B gl50 )90l ilibasdl yw e 13ikia 1593 i iy Lag coad VIS (g

268



2011 - 20 scdalf - ASLuiY ! pslall Alue

10 2y gl ity 12 | g el ) ¥ a3 2 Alictie (2 gl
Al 3 yilan 3 yglml| Lol gl le Auin ¥ 5 Lig¥l cilibee 1S5 I <l
b3 lan Cleatl codlpand) (e sl seimis Ol e @Il A el (g5Lnl
3 toman Il Cpa 33Y 5 3l g 2 pimgll Calind s 2 23 Ladl g dsaluat
S o) sl 55agundl Jaadl 2 Libes 31 Y1 Calis 4 Bl yo B3 g
O e @l le laa Canis 4 (65l Jolally ¥ (S daime 4l dileng
Al yelal Ale a5 31 thsho ) alal Adieis &y pux Hgiein gl joao
o9l e @pa U1 Al 1 Al I gt 2 B V1 JISEYT g By !
Cpeyisga Ml 2

3aL5 2- Aliaie Cpubgatl G & yiagansll pailaddl 2. ciladlinl g -
ole VIS 2 Lgie prape | oy 2 Lganlga Aol 3301359 <l Jlg ol
Onaa Il 2 die YISS (g 2 6 gidl 1Sl g AL Juma 315 el (ya oSl
gi) - e I 235 an Wl Jume adi )l o 20 VISS 2 ALY Joaae pd))
2 lId e puSall Gleg YIS 2 bl gl Hlasdl Juss JBy (o juill G Juns
c g 1 Slazil Juae 0dislg o puaidl A Jaas JB Slaay Gragn | (29>

(raRegazma Cn 83Oall i By gl IS e (053 )9 03 el
ey cably Il bl dacugiag syl VI dxLius dacugia) B yTagaypll eyl
L) A5y (red! LISl caalg ) Hlamil la s dawgie 9 cadly,dl
(7 oul = o) A A3

Lasl 1 sl <318 (7 o 1= m) s BB (] il g yls] -
Al 233l SIST ¢ lgan Aaliel] ol 5501 cy 2Bl 20 Julomil] L gl !
Jslol s Bals Bum go Loty lBDay (ol 9oV B Lie a3l 438 Ainga ]
SVl sl sglal udg coniagdl MS 2 ASLIy IV i Ll 2 Ll
2 ol s B y3ag0 sl ol a5l @l cpa ablg Il il o (gslasn!

269



Y i (NN SUIIN 4 p—Ta 92,9t pailasll (> 91 98 590 gt | Sl
YIST 53 29 g Cnoua H11 Galg a9 (30 e W& 5ol

2 A 4,0 2 %80 cye ST I asmll Jalas iyl 3] g ! ol Lt
(ool A Lag Audy peatd) ABESI oy Lgwds B3Nl iy ,S3g g NS
Jalae giny) cyumgand| NS 2 Aoty oW1 onii ) 2 Al 283l OIS
BT By gl 2 (g5l 1 Sl Ak pemtl] LU oy ol oLy
e By yag0 )51l ol 550 @al el LSS Gl golasdl Hlams¥l Julos

gl US 2 IV A U il g 0 Ady pend] ABLSII 2 0 lals

270



2011 - 20 sualt - ASLui¥ Aslall Alse

A W1 g A palt gt 2

o el e Lumll JISEYI 253 L gl 905l Jgal (2000) s cyaam el g5
c S el B8l Lege 12 0

bl s 13 @315 e 2 AL cile garmall 335SU AL cladall (1987) Gy < g 501
37-15: 12 aslall

Wlaie 2 4 g¥ (ailad an e iSRS 3l Gudas (1988) i 335 < 5LeS !
L 135-101 :20 Ly yall Al yaod] Aloell e lin 3 50 5 dud 3,5

> i Lo Uiy «@amslg8 5050 Aalyan raze 1 @olg g (1990) ez (g pium il
Olae ¢ 30,9 Aaaladl 3 guia

U299 Cressa sl g (e e 25l 2 el yumill Amglyasge (2004) dama (6 preo sl
=591 (2) 12 332-Aee ¥l Analondl Ao (A Lkl An glg8y0aguand| 20 2l 5y — VIS
.87

&3l gt & yiaghysll (ailasll aslshygasuantl Jul=ill (2005) Jron dems 1,0
2 194-171 30 ¢ uedi e daals QY1308 eldga o o (S

Agnalad! B jall Sl By Y JISEY qle Laslsaysasand! (1998) Grive 339> 33g
S Sy

Olee iy deldall 8iSey puad « Glae Zuglgn (1988) wazma JlaS < jruas

LU o9 D B yTag8 5l pailiaill 919359050l Sl (1980) (liiasy Cyeu <30 kes
132-97 1 (1) 7 cobal iy oo ¥ 2

-0V 3yl s ¢ Linglsaygagun! (Jsunl (2004) Gline (e (dedhas

e 2 839V (e le el pe ans se By paill 3)5u) S yuattl (1982) JLal o5l
.55-39 .14 A pall Al yasdl Al

Obee (A Ma¥! gl 38 (oY A glgun (1985) Halall sue cwle



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

124 101- 115 2 yadl bl yaod| Al ( Luluall 3 los

3yl padl Sl 15 s VI JISEY! B sl50 509un (1998) 6 oo damms cagums

— 341 45 2 )l Bl yiodl Alall (Alas 6315 Zinslsiysasis (2005) alis yuews c33ema
391

4 yiaga el (ailadly Ao glga sl culecad) (2005) sy dazms g39)ldl 5 lgd ol pae o 1) 50
ALYy Ao Lain Wl g 30l aglall (653l aT sl Alora e (S a ol 203sY L glg sl
175264 ¢ jols suc



2011 - 20 scdalf - ASLuiY ! pslall Alue

- Abrahams. A. D.. (1984) Channel networks a geomorphological perspective: WRR.
20:161168-.

- Abrahams. A.D.. (1972) Drainage densitiesand sedimentyieldsin Eastern Australia.
Aust. Geogr. Studies. 10: 1941-.

- Abrahams. A. D.. & R. N. Campbell (1976) Source and tributary- source link lengths
in natural channel networks. Geol. Soc. Am. Bull.. 87: 10161020-.

- Al-Toum. S. M. M.. (1997) Surface erosion study in the granite area of Hulu langat.
Selangor D. E.. Malaysia. Unpublished Ph.D thesis. UKM. Malaysia.

-Bender. F.. (1974) Geology of Jordan. Gebruder Borntraeeger. Berlin.

- Butzer. K. W.. (1976) Geomorphology from the Earth. New York. Haper & Row
Publishers.

- Chorley. R.J.. (1957) Illustrating the Laws of Morphometry. Geol. Magazine. 94: 140-
150.

- Cotton. C. A.. (1964) The control of drainage density. N. Z. ]. Geol. & Geophy.. 7
348352-.

- Day. D. G.. (1980) Lithologic controls of drainage density: a study of six small rural
catchments in New England. N.SW. Catena. 7:339351-.

-Doornkamp. . C.. &King. C. A. M.. (1971) Numerical analysis in geomorphology an
introduction. Edward Arnold. London. 272p

-Engstrom. W.N.. (1989) Morphometric analysis of mountain drainage basins in the
basin and range province. U S A. Z Geomorph N F 33 (4). 443453-.

- Engstrom. W. N.. (1981) Quantitative Geomorphology of Some Desert Mountain
Drainage Basins. Z Geomorph N F.. 25 (4): 383390-.

- Eyles. R.J.. (1966) Stream representation on Malayan Maps. J. Trop. Geography. 22:



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

19-.

- Ferguson. R.I.. (1978) Drainage density - basin area relationship. Area. 10: 350352-.

-Gregory.K.].. (1976) Drainage network and climate. In. Geomorphology and climate.
Derbyshire. E. (Ed) London: John Wiley and Sons.

- Gregory. KJ.. & D.E. Walling (1973) Drainage Basin Form and Process: A
Geomorphological Approach. London: Edward Arnold. 456p.

- Gobbett. D. J.. & C. S. Hutchinson (1973) Geology of the Malay Peninsula. Wiley-
Interscience. New York: John Wiley and Sons.

- Gopinahtan. B.. & S. Paramananthan (1979) Steepland soils of Peninsular Malaysia.
In: Malaysian Seminar on fertility and management of deforested land: 6167-.

- Hassan. F. A.. M. A. Yehia. A. M. Abdallah & H. Hamroush (1982) Morphometry of
desert wadi drainage on the West Bank between Danfiq and Ballas. Luxor- Qena
Region. Egypt. Qatar Univ. Sci. bull.. 2 (1):143166-.

- Horton. R. E.. (1945) Erosional development of streams and their drainage basins.
Bull. Geol. Soc. Amer.. 56: 275370-

- Kumar. A.. & Pandey. R N.. (1981) Quantitative geomorphology of small drainage
basins of Hazaribagh plateau. Geogr. Rev. India. 43 (2): 196203-.

-Lai. F. S.. (1992) Sediment and solute yields from logged. steep upland catchments in
Peninsular Malaysia. Unpublished Ph.D thesis. University of Manchester. UK.

- Maxwell. J. C.. (1955) The bifuraction Ratio in Horton>s law Numbers. Am. Geophys.
Union. Tr.. 36 : 520.

- Melton. M. A.. (1957) An analysis of the relations amang elements of climate. surface
properties and geomorphology. tech. Report. II. office of naval research. Dept.

Geol.. Colombia Univ. NY.

274



2011 - 20 scdalf - ASLuiY ! pslall Alue

-Moorman. F.. (1959) Report to the government of Jordan on soil of east Jordan. FAO.
no. 1132.

-MorganR.P. C.. (1971) A morphometric study of some valley systems on the English
chalklands. Ins. Br. Geogr.. 54: 3343-.

- Morisawa. M. E.. (1959) Relation of morphometric properities to runoff in the little
Mill Greek. Ohio. Drainage basin tech. Report No. 17. Dep. Geol.. Colombia Univ.
NY

- Padmaja. G.. (1975) Some aspects of quantitative drainage characteristics of the
Dhund basin. Geogr. Rev. India. 37 (2): 158164-.

- Pethick J. S.. (1975) A note on the drainage density- basin area relationship. Area.
7:21722-.

-Roe. F. W.. (1953) The geology and mineral resources of the neighbourhood of Kuala
Selangor and Rasa-Selangor. Federation of Malaya. with an account of Geology of
Batu Arang Coalfield. Geol. Sur. Dept. Memoir No. 7. New Series. Kuala Lumpur:
Caxton Press.

-Salameh. H.R.. (1988) Morphology of the first-order streams in a semi-arid watershed:
Wadi shueib Basin. Jordan. Arab J. for the humanities. 8 (30): 405435-.

-Schumm. S. A.. (1956) Evolution of drainage systems and slopes in Badlands at Perth
Amboy. New Jersey: Geol. Soc. Am. Bull.. 67. 597646-.

- Shreve. R. L.. (1966) Statistical law of stream numbers. J. Geology. 74:1738-.

- Sharma. H.S.. & G. Padmaja. (1977) Quantitative geomorphic characteristics of
streams of the morel basin. Rajasthan. Geogr review of India. 39 (4) : 353366-.

-Smart.J.S.. (1972) Quantitative characterization of channel network structure. WRR..

8(6) :148796-.



pHd! dasme (g puo .a A pin 92 ) ol ailiadnll (o> 93 58 ) g guand | Skl |
YISH 543 a9 g Cnes 1 (319 g (30 eV s jnll

- Strahler. A.N.. (1957) Quantitative analysis of watershed geomorphology. Trans. Am.
Geophys. Union. 38 (6): 913920-.

- Strahler. A.N.. (1958) Dimensional analysis applied to fluvial eroded landforms. Bull.
Geol. Soc. Am.. 69:279300-.

- Strahler. A. N.. (1964) Quantitative geomorphology of drainage basin and Channel
Networks. Part IT Sect 4-II. In. Handbook of Applied Hydrology. V. T. Chow (Ed.)
New York: McGraw-Hill Book Company. Section 4-1II.

- Wilson. .. (1971) Drainage density. length ratios. and lithology in a glaciated area of
southern connecticut. Geol. Soc. Am. Bull.. 82: 29552956-.

- Zakaria A. S.. (1972) Morphometry of part of Kelantan river catchment. Sains

Malaysian. 1 (1): 5976-.

276



g TR P o

Ae

A0LAY | a glall

2011 - 20 saatt -

11 SEeN] 890 S9°0 ¥8°0 €¢0 940 9€5'C S¥SC | T9L | TO08
. 3 11°0 €ro S0°0 S1'0 5500 €ro 6951 0C | TLT | 8T'¢
- 890 €50 690 SL°0 8¢0 €50 S¥6'c €8I’ | 648 | TTII
e 3 1o 9C1°0 CIo €elo €ro ¥1°0 ¥56'C cel'c | LSS | 99
. L£9°0 190 L2970 99°0 LE°0 9¢0 ¥95°L 8LTV |S0ST|CLYVI
s 3 601°0 01°0 601°0 01°0 6L 154
) - * % 865°0 €90 86¢C°0 (4] 6¢T1 8L'6 % *
hatadhiah [t SIR s SIR s SIR s SIR IR Ik
Bisial IR |Ce IRTTTI s eC%g o= © sl el
R RN AT Susah&lee BEaa I Seay il dlcatel
iy §Tee 8L°6 01S0T | Leo6F 9T'C e€r's 6L°¢ SLql 85V |997°01 1 1
3 ere 696°0 G611 759 S0 €90 6C'1 687 6L%'0 |TVLO 14 14
o | 8s¢es SLTT 8841 | €cel 1cc SIS STy L'81 860°C | SL'¢ ¥ 14
., 3 1590 L61°0 L79 orS 96°0 611 s 95°61 75¢'0 12090 9 L
| 6070 ST0 89 145 S8'C 9¢'s €8 L5°SC 9cT'l |1Cl'e| ¥¢C 8¢C
e 3 £60°0 120°0 L9C 611 61 8L 798 9v¢e 1874 9Y
] 9gT0 8200 (X414 L1T e w6 | SVIL 6975 86 0cI
Bradliatad Ixisaex IR Ixisaax SR [hisaes IR Iaisaax IR Iaisas SIR | e | sk [0 | R
.08 = (sY7) 10 <G (4) Il aheatsd T qlah oty badlie ol sre higr 0 e

IR TR 60 1€ € B T €S (TS by e 6 e G e

IR e (1) ¢ e (70 =) SRe= e TR (3) e G Ry iy e € e 10 gt i g R Gk




‘53:41 R (G D Aol gB sl il st 4;?3’3'3)3"%’."'“ .
VIST 563 o gam g o p11 (§319 (29> (30 e W1 ¢ jmll

AT 3l (e JSI 29 Al 301 pga s (1) @3 S|

YIS g g Cana Il g (0



2011 - 20 scdalf - ASLuiY ! pslall Alue

el G

Y sl
—— 2ol 45,4
— A5 )

o S~
% ) 25

Ol 2 pdll (31501 £(2) o3, S

279



Al deme (S o 4 p—ia g3 gtl pail sl (> 91 3-8 )9 guont |

YISS g3 293 g (o p11 (5319 29 (10 AN 5 5 l8

50% —

50%—

() Ledl (al Y dabis

(¢) 50 J skl

50% —
40 40—
= 30 30
3
N 20— 20 -
I
10— 10 — r———n
i i
] '————}
0 0 H
| | | | | | | | | | 1
WYl 04-02 0.6-04 0806 1-0.8 e ) oed0.2-0.10.3-0.2 0.4-0.3 1 0.5-0.4 0 o S8
[ I I [ | i i 1 i i i i i
Dod 0200 0302 0.4-03 0504 o8 ) gedd 0.02-0.01 0.03-0.02 0.04-0.03 0.05-0.04 0.06-0.05 .1 e S

50% ]
40 — 40—
_ 30— I 30—
3
= 20 20—
10— ] 10
0 0 RE | Tao0-200 | 600-400 | s00-600 |1000-800 |1... oo sl
T el 600-300 900-600 1200-900 1500-1200 1Y+ o 59
[‘h wo | 500-250 J 750-500 I1mm—7su Esn—munr\w- ,.;.]w I“" »S Faiso Dasosao 1 oo 58 I I
gl 5 5l | SN dgsal
Y& - ‘ Opapa ) ——

A5y AV 0 1 22 gl bl Sl ey (113) (@) JSad!
YISSg Craza ) (e PSP ON ] s> (e

280




2011 - 20 scdalf - ASLuiY ! pslall Alue

2 i3 aiony
[ NERt ]
70%—
80% __
50— 70 |
50 —] 60 —
= 40— 50 —|
3
40 —
= 30 —
30 —
20 —]
20 —
10 —
—+ 10 —|
R I
¢ T T T 1 ¢ T T T T 1
Cas Bl 453 643 TS ARV 5-25 7.5-5 10-7.5 o 39
T T T i i i r T T T T 1
s 554 7-5.5 857  Aeps . 10-5 Ty 20-15 Yoo ss
(18] g )0
%50 — %50 =1
40— pmeed 10—
= 30— 30 —
5
.
A 20 ! 0 —| I —
P |
] 10—
10 l ——r ey
] 11' i —Lrﬁ !
¢ T T 1 ¢ T T T T T |
P 8-4  12-8 161 0-16 o8 o 24-16 3224 4032 o 38
Y T T I | T I ]
Ve d 20010 3020 4030 5040 s 6 Tod 420 60-40  80-60  100-80 o 58
el <l
Aol 45 Hal YA
Vs - Oz ) —

A5y AV 0 1 23 gl 1 Sl Gany (0 3) @3 S
YISSg Cnaza I (e PSP UN] s> (e




‘53:41 R (G D Aol gB sl il st 4;?3’3'3)3"%’."'“ .
VIST 563 o gam g o p11 (§319 (29> (30 e W1 ¢ jmll

%50 — 5_)’ Sy
40—

30—

=]

10—

\ I | |

wd 6050 TO60 SO0 9080 4. . g6

Al

(U 60%—

s —| 50—
U 40 —

A - 30 —
- 1 | T 20 —
i s || 0

i T T I I | I 0

v e GOS0 T0-60 8OO 90-BO 4. . 36 el 60-45  75-60  90-TF 4. Lo g9
Al el
S pall (els¥ A al
Y == Opae il ——

LSy oY1 o U1 2 3 5l Sl Sall Gany (2 3) (@) JSad!
YISSg Craza ) (e PSP ON] 28> (e




2011 - 20 sualt - ZSlui¥ Aslall Aloe

<=l
U= 0%
50 — s0 —|
40 — 40 —
30 — 30—
20 20 —
W= 0 e
W=  F 0 e 1 1
I
0 _LE1
0 T I ‘”*“**; I T I
. Ve M-1S 0 459) 0-45 5 g 6
fooed 30-200 40-300 50-400 2. e e 0 e >
a8l lassl A o
60%— Si1%—
50 —| prem
! a0 —
|
46 -
I
i 30
30 — 1
30 H
[
I
20 —| 20—
10—
=== T N
4] g T
e [ T ‘ ‘ I
f ] | I I I ! o 32 1055 184100 J0-1R e L. g
Tl 42 64 86 A
Al oaall
Al A5 yal) el ag
VG —-e- Gzl ——

LSy A1 0 1 20 2 500l ) Sl Gang (5 3) @y JSa)
YISy Craza ) (se PSP ON ] 28> e




‘53:41 R (G D Aol gB sl il st 4;?3’3'3)3"%’."'“ .
VIST 563 o gam g o p11 (§319 (29> (30 e W1 ¢ jmll

00t

(%) e

ey (%)

0%

o
R

Pt eIR 6 res IR o0 o0

$

o<

PSP @ () | 7rer s

5z

5
L



2011 - 20 sualt - ZSlui¥ Aslall Aloe

" -
100 10 1000 100
O V=475 U 7Y RP=0 997
V& Y=635 U '™ R*=0.955
3 .§ 100 10
K E 4,
= 3 | K|
- A 3 3
] = E -
i | —
i = :’1_
10 1
ol 0.01 1 0.1
A gl it Gad b Apsh ape 0
Ay gl A el Ll A yal
100 100
%
o
y
A
=
7’\
E
’i
&
I 1
S sl HAA) i AT A HT) A
Al Al A el A el
Sy Teae e )

Suacg da Ll cpe JS9 4 gl 4 U o Aslall culdMall (5) @3 Jad!
Crngd| S 2 Lallglal daugiag Loyl ol 3 3 & ygidl alg I



LAl s el s (1901-2000) cydacatd 3yl pom Sl o 3 Cyts 48 Dhal|
(NAO) ot aidlo 12 4y gond 155908 Aaliisd 4

Tomozeiu, R. Busuioc, A. Stefan, S. 2002. Changes in Seasonal Mean Maximum
Air Temperature in Romania and their Connection with Large-Scale Circulation.
International Journal of Climatology, 22: 12181-1196.

Turkes, M. and Erlat, E. 2003. Precipitation Changes and Variability in Turkey Linked
to the North Atlantic Oscillation During the Period 1930-2000. International Journal of
Climatology, 23: 1771-1796

Turkes, M and Erlat E. 2005. Climatological Responses of Winter Precipitaion in Turkey
to Variability of the North Atlantic Oscillation During the Period 1930-2001. Theoretical
and Applied Climatology, 81: 45-69.

Uvo, C. 2003. Analysis and Regionalization of Northern European Winter Precipitation
Based on its Relationship with the North Atlantic Oscillation. International Journal of
Climatology, 23: 1185-1194

Wedgbrow, C.S. Wilby, R.L. Fox, H.R. and O>Hare, G.O. 2002. Prospects for Seasonal
Forecasting Summer Drought and Low River Flow Anomalies in England and Wales.
International Journal of Climatology, 22: 219-236.

Wilby, R.L. O>Hare, G.P. Barnsley, N. 1997. The North Atlantic Oscillation and British
Isles Climate Variability. Weather, 52: 266-276.

Wang, W. Anderson, B.T. Kaufman, R.K. and Myneni, R.B. 2004. The Relation Between
the North Atlantic Oscillation and SSTs in the North Atlantic Basin. Journal of Climate,
17: 4752-4759.

Wood, N.L.H. 2004. Regional Climate Trends in South-West England and the North
Atlantic Oscillation. Weather, 59: 38-41.

286



2011 - 20 scdalf - ASLuiY ! pslall Alue

Observed Record (1901-2000) and 16 Scenarios (2001-2100). Tyndall Centre Working
Paper No 55.

Mitchell, T.D and Jones, P.D. 2005. Improved Method of Constructing a Database of
Monthly Climate Observations and Associated High- Resolution Grids. International
Journal of Climatology, 25: 693-712.

Mote, T.L. 1998. Mid-Tropospheric Circulation and Surface Melt on the Greenland Ice
Sheet. Part I: Atmospheric Teleconnections. International Journal of Climatology, 18:
111-129.

Panagiotopoulos, F. Shahgedanova, M. Hannachi, A. Stephenson, D. 2005. Observed
Trends and Teleconnections of the Siberian High: A Recent Declining Center of Action.
Journal of Climate, 18: 1411-1422.

Perry, A. 2000. The North Atlantic Oscillation: an Enigmatic See-Saw. Progress in
Physical Geography. 24: 289-294.

Pirazzoli, P. A. and Tomasin, A. 2003. Recent Near-Surface Wind Changes in the
Central Mediterranean and Adriatic Areas. International Journal of Climatology, 23:
963-973.

Pryor, S.C. Barthelmie, R.J. 2003. Long-Term Trends in Near-Surface Flow Over the
Baltic. International Journal of Climatology, 23: 271-289.

Scheifinger, H. Menzel, A. Koch, E. Peter, C. and Ahas, R. 2002. Atmospheric
Mechanisms Govering the Spatial and Temporal Variability of Phenological Phases in
Central Europe. International Journal of Climatology, 22: 1739-1755.

Sheridan, S. C. 2003. North America Weather-type Frequency and Teleconnection
Indices. International Journal of Climatology, 23: 27-45

Stephenson, D.B. Pavan, V. Bojariu, R. 2002. Is the North Atlantic Oscillation a Random
Walk. International Journal of Climatology, 20: 1-18.

Spraks, T.H. and Menzel, A. 2002. Observed Changes in Seasons: An Overview.
International Journal of Climatology, 22: 1715-1725.

Terray, L. Demory. M-E. Deque, M. Coetlogon, G. Maisonnave, E. 2004. Simulation
of Late-Twenty-First-Century Changes in Wintertime Atmospheric Circulation Over

Europe Due to Anthropogenic Causes. Journal of Climate, 17: 4630-4635.

287



LAl s el s (1901-2000) cydacatd 3yl pom Sl o 3 Cyts 48 Dhal|
(NAO) ot aidlo 12 4y gond 155908 Aaliisd 4

Link Between EI-NINO and Springtime North Atlantic Oscillatioon and European-North
African Rainfall. International Journal of Climatology, 23: 1239-1311

Kozuchowski, K. M. 1993. Variation of the Hemispheric Zonal Index Since 1899 and its
Relationship with Air Temperature. International Journal of Climatology, 13:853-861.
Krichak, S.O. and Alpert, P. 2005. Signature of the NAO in the Atmospheric Circulation
During Wet Winter Months Over the Mediterranean Region. Theoretical and Applied
Climatology, 82:27-39.

Kysely, J. 2002. Temporal Fluctuations in Heat Waves at Prague-Klementinum, the
Czech Republic, from 1901-97, and their Relationship to atmospheric Circulation.
International Journal of Climatology, 22:

33-50.

Laternser, M. and Schneebli, M. 2003. Long-term Snow Climate Trends of the Swiss
Alps (1931-1999). International Journal of Climatology, 23: 733-750.

Lolis, C.J. Bartzokas, A. and Katsoulis, B.D. 2002. Spatial and Temporal 850hPa Air
Temperature and Sea-Surface Temperature Covariance’s in the Mediterranean Region
and Their Connection to Atmospheric Circulation. International Journal of Climatology,
22: 663-676.

Lucero, O.A and Rodriguez, N.C. 2002. Spatial Organization in Europe of Decadal and
Interdecadal Fluctuation in Annual Rainfall. International Journal of Climatology, 22:
805-820

Luterbacher, J. and Xoplaki, E. 2003. 500-Year Winter Temperature and Precipitation
Variability Over Mediterranean Area and its Connection to the Large-scale Atmospheric
Circulation. Mediterranean Climate: 133-153, Eds.Bolle, H-J. Springer-Verlag.

New, M. Hulme, M. and Jones, P. 2000. Representing Twentieth-Century Space-Time
Climate Variability. Part II: Development of 1901-96 Monthly Grids of Terrestrial Surface
Climate. Journal of Climate, 13: 2217-2238.

Mitchell, T.D. Hulme, M. and New, M. 2002. Climate Data for Political area. Area, 34:
109-112.

Mitchell, T.D. Carter, T.R. Jones, P.D. Hulme, M. and New, M. 2004. A Comprehensive
Set of High-Resolution Grids of Monthly Climate for Europe and the Globe: The

288



2011 - 20 scdalf - ASLuiY ! pslall Alue

75:179-187.

Goodess, C.M. and Jones, P.D. 2002. Links Between Circulation and Changes in
the Characteristics of Iberian Rainfall. International Journal of Climatology, 22: 1593-
1615.

Gouirand, I. and Moron, V. 2003. Variability of the Impact of EI NINO-Southern
Oscillation on Sea-Level Pressure Anomalies over the North Atlantic in January to
March (1874-1996). International Journal of Climatology, 23: 1549-1566.

Hanna, E. Jonsson, T. and Box, J.E. 2006. Recent Changes in Icelandic Climate.
Weather, 61: 3-8

Hasanean, H.M. 2004. Wintertime Surface Temperature in Egypt in Relation to the
Associated Atmospheric Circulation. International Journal of Climatology, 24: 985-
999.

Honda, M. Yamane, S. and Nakamura, H. 2005. Impacts of the Aleutian-Icelandic
Low Seesaw on Surface Climate during the Twentieth Century. Journal of Climate. 18:
2793-2802.

Hurrell, JW. 1995. Decadal trends in the North Atlantic Oscillation: Regional
Temperature and Precipitation. Science, 269:676-679.

Jones, P.D Jonsson, T. Wheeler D. 1997. Extension to the North Atlantic Oscillation
Using Early Instrumental Pressure Observations from Gibraltar and South-west
Iceland. International Journal of Climatology, 17:1433-1450.

Junge M.M. and Stephenson, D.B. 2003. Mediated and Direct Effects of the North
Atlantic Ocean on Winter Temperatures in Northwest Europe. International Journal of
Climatology, 23: 245-261

Keevallik, S. 2003. Changes in Spring Weather Conditions and Atmospheric Circulation
in Estonia (1955-95). International Journal of Climatology, 23: 263-270.

Kettlewell, P.S. Stephenson, D.B. Atkinson, M.D. and Hollins, P.D. 2003. Summer
Rainfall and Wheat Grain Quality: Relationships with the North Atlantic Oscillation.
Weather, 58: 155-164

Knippertz, P Ulbrich, U Mrques F. and Corte-Real J. 2003. Decadal Changes in the

289



LAl s el s (1901-2000) cydacatd 3yl pom Sl o 3 Cyts 48 Dhal|
(NAO) ot aidlo 12 4y gond 155908 Aaliisd 4

References

Bader, J. Latif, M. 2005. North Atlantic Oscillation Response to Anomalous Ocean SST
in a Coupled GCM. Journal of Climate, 18: 5382-5389.

Bednorz, E. 2002. Snow Covers in Western Poland and Macro-Scale Circulation
Conditions. International Journal of Climatology, 22: 533-541.

Bartzokas, A. Lolis, C.J. and Metaxas, D.A. 2003. The 850hPa Relative Vorticity
Centres of Action for Winter Precipitation in the Greek Area. International Journal of
Climatology, 23: 813-828.

Box, J.E. 2002. Survey of Greenland Instrumental Temperature Records: 1873-2001.
International Journal of Climatology. 22:1829-1847.

Brunetti, M. Maugeri, M. Nanni, T. 2002. Atmospheric Circulation and Precipitation in
Italy for the Last 50 Years. International Journal of Climatology, 22: 1455-1471
Cohen, J. and Barlow, M. 2005. The NAO, the AO and Global Warming: How Closely
Related. Journal of Climate, 18: 4498-4513.

El-Kadi, A.K.A. 2007. 20" Century Temperatures of Palestine: Variability, Trend and the
Global Warming (1901-2000). Journal of the Social Sciences, Faculty of Arts, Bahrain
University. (Submitted).

Eshel, G. Cane, M.A. Farrell, B.F. 2000. Forecasting Eastern Mediterranean Droughts.
Monthly Weather Review, 128: 3618-3630.

Feidas, H. Makrogiannis, T. Bora-Senta, E. 2004. Trend Analysis of Air Temperature
Time Series in Greece and their Relationship with Circulation Using Surface and
Satellite Data: 1955-2001. Theoretical and Applied Climatology, 79: 185-208.

Fowler, H.J. and Kilsby, C.G. 2003. A Regional Frequency Analysis of United Kingdom
Extreme Rainfall from 1961 to 2000. International Journal of Climatology, 23:1313-
1334

Fowler, H.J. and Kilsby, C.G. 2002. Precipitation and the North Atlantic Oscillation: A
Study of Climatic Variability in Northern England. International Journal of Climatology,
22:843-866.

Garcia, R. Munoz, T. Hernandez, E. Ribera, P. and Gimeno, L. 2003. Temperature

Predictability in the Great Mediterranean Area. Theoretical and Applied Climatology,

290



2011 - 20 scdalf - ASLuiY ! pslall Alue

the 20" century, similar to those observed in surface temperature
changes, whereas they don’t correlate with the NAO index
variability (Pirazzoli, and Tomasin, 2003).

Wood (2004) concluded that NAO as bipolar indexes it cannot
be expected to adequately represent the three-dimensional
temperature field that sets boundary conditions for the forced
hemispheric waves.

Weak but statistically significant relationships were found
between Iceland climate and NAO (Hanna, et al 2006). They
concluded that NAO index is a purely statistical measure,
imperfectly representing the underlying physical mechanisms
and causes.

The negative mode is associated with westerly wind and
moving depression over the Mediterranean and brings mild and
wet westerly maritime wind over the Eastern Mediterranean.

The results of this study lead to the conclusion that the North
Atlantic atmospheric circulation (NAO) has strong impact and
significant connection to the temperature variability over Palestine.
Annual NAO results in predominantly negative relationships with
monthly and seasonal temperature. These negative relationships
were strengthened in the case of monthly and seasonal NAO and
associated monthly and seasonal temperatures. These results
confirmed the well-known dipole patterns of the atmospheric
circulation between North-Atlantic Western-Europe and the
Eastern Mediterranean (Hurrel, 1995, Jones et al 1997, Turkes
and Erlat, 2005).

Negative NAO is associated with warmer temperature and the
apposite with positive NAO. Same conclusions have been found
over Greece (Feidas, et al, 2004), Egypt (Hasanean, 2004) and
for the whole Eastern Mediterranean countries (Luterbacher and
Xoplaki, 2003).
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temperatures were associated significantly with annual NAO,
and changed to higher significant level with seasonal NAO.
The relationships were predominantly negative. Categories of
NAO and their relationships also satisfied the objection of its
categorizations.

Negative NAO indices bring warmer conditions, whereas the
positive NAO indices are associated with the apposite conditions
(Tables 3 and 4). These results were in apposite to that found over
Europe-North Atlantic sector, confirming the well known dipole
teleconnections pattern between the Eastern Mediterranean and
the North Atlantic Western Europe.

This is climatologically sound, since positive NAO is associated
with strong westerly circulation and moving depression over
Europeanditisabsentoverthe Mediterranean. The Mediterranean
in this phase may be influenced by more meridional circulation

The NAO phases also shows clear and negative significant
relationships with Palestine temperature. However the explained
variance was not high, and does not exceed 40% at it is best in
February (Table 5) in the period 1930-1970. However it is larger
than that found in other countries. Meanwhile, NAO represents
a mode of atmospheric variability that is not yet completely
understood (Uvo, 2003).

Junge and Stephenson (2003) concluded that NOA alone is
not a good model for explaining a large fraction of the interannual
variance of winter means temperature of Central England, and
NOA is no longer the dominant SLP pattern for determining
Central England temperature. The prediction of European climate
needs more than just NOA prediction.

Wind activity in the central Mediterranean decreased from at
least 1951 to the mid 1970s, and then increased until the end of
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these relationships were significant. These findings imply strong
relationships between NAO and Eastern Mediterranean and the
Middle East. The results obtained here are also in accordance
to that found over Greece (Feidas, et al 2004) and to the strong
predictability of North Atlantic mean sea level pressure (NAO)
and the Eastern Mediterranean (Eshel, et al 2000, Garcia et al,
2003). The least significant relationships were found between
winter temperature and winter NAO (Table 5). In contrast to the
stronger relationships were usually found in Europe.

NAO
December January February Winter Annual
1901-2000 -0.419 -0.500 -0.531 -0.204 -0.433
1901-1930 -0.421 -0.221 -0.495 -0.161 -0.380
1930-1970 -0.369 -0.584 -0.626 -0.007 -0.585
1970-2000 -0.363 -0.524 -0.364 -0.193 -0.184
1970-1994 -0.407 -0.547 -0.340 -0.241 -0.049

Table 5. Correlation Coefficient between winter season, winter months, annual
temperatures and NAO positive and negative phases. Bold values are significant at
0.05 and bold italic at 0.01 or more.

Therefore it is reasonable to conclude that the effects of NAO
go beyond the Western-Europe North Atlantic regions into the
Middle East and the Eastern Mediterranean. Therefore, the
conclusion of Scheifinger, et al (2002) cannot be supported and
is questionable.

Conclusion

Annual and monthly temperatures have significantly been
shown to relate to annual NAO. These relationships increased
when using the monthly NAO and monthly temperature. Seasonal
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1990s and a subsequent negative trend in the recent period is
clear distinction from the global warming unabated throughout
the whole winter period 1950-2004 (Cohen and Barlow, 2005).
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The end of the century winter North Atlantic European region
atmospheric circulation is characterized by a doubling(halving)
of the occurrence of the NAO+ (NAO-) climate regime (Terray et
al 2004).

Temperature and precipitation patterns during the 1995-1996
winter changed dramatically as the oscillation reversed its sign
from extremely positive to extremely negative index, the winter
of this period in many parts of Northern Europe was the coldest
for at least 10 years and reminiscent of many in the 1960s, it was
also very dry winter in Northern Europe, in contrast, the prolonged
drought broke in the western Mediterranean (Jones et al 1997).

NAO Positive, Negative Phases and the Temperature

According to the above definition of the negative and positive
phases of winter and annual NAO (Figure 3), Table 5 shows the
correlation coefficient between NAO and winter months, winter
season and annual temperatures.

The relationships between NAO positive, negative phases and
the temperature were predominantly negative (Table 5). Most of
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spring months and seasons, as well as no relationships was
found in spring months and season with (+0.5= NOA = -0.5). The
same result was with NAO=-0.5. Spearman indicates a significant
relationship of -0.207 significant at 0.05 between April NAO=+0.5
and April temperature. May NAO=+0.5 was significantly correlated
with a value of -0.396 with May temperature and it was significant
at 0.03.

Positive and Negative NAO Phases.

At this section we examined the relationships between the
long-term run of positive and negative sequences of NAO and
the temperature.

From the turn of the 20" century until about 1930 the NAO
showed a positive trend, which subsequently reversed from the
early 1940s to early 1970s (Hurrell, 1995 and Gouirand and
Moron, 2003) (see Figure 3).

From early 1970s to early 1990s NAO was in positive phase
(Hurrell, 1995, Wilby et al 1997, Stephenson, et al, 2002, Pryor and
Barthelmie, 2003, Bartzokas, 2003, Laternser and Schneebeli,
2003, Pirazzoli and Tomasin, 2003 and Turkes and Erlat, 2003).

Moreover Jones et al (1997) stated that the period since
1970s is the most prolonged positive phase of the oscillation
and the late 1980s and early 1990s, (Figure 3), is the period
with highest values (strongest westerlies), the winter of 1995-
1996 marked a dramatic switch in the index, with the change
from 1994-1995 being the greatest change recorded from one
year to the next since the series began in 1823. Bader and Latif
(2005) concluded that the observed recent positive trend in NAO
has a likely contribution from the observed warming in the Indian
Ocean via the circum-global pattern.

NAO has vigorous upward trends during the 1970s-early
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Spring

The overall relationships of spring months and season were
negatively correlated with NAO. Spring months except April
were correlated significantly with annual NAO (Table 2A). When
monthly NAO was used the relationships were strengthened and
attained higher significant levels except April (Table 2B).

The correlation coefficient between annual NAO and spring
temperature was -0.317 and it is highly significant at 0.001 level
of significant (Table 1A). The relationship between Spring NAO
and spring temperature was significant at 0.006 (Table 1B).
This means that the annual (Table 1A) and seasonal spring
temperatures were significantly related to spring seasonal and
annual NAO (Table 1B)

No significant relationships were found with NAO=+0.5, NAO<=-
0.5, and (0.5+= NOA = -0.5) and the temperature.

Spring negative NAO<-0.5waswarmerby0.6°CthanNAO=+0.5
(Table 3). The negative spring NAO=-1 is warmer by 0.7°C than
the positive spring NAO=+1 (Table 3). March negative NAO<-1
was warmer by 1.9°C than March positive NAO=+1(Table 4).This
means that negative spring NAO index was associated with
warmer temperature than the positive NAO index (Table 3). Using
extreme positive spring NAO=+1, the correlation was -0.493 and
it is significant at 0.06. When spring NAO in the extreme negative
index of NAO=-1 the relationship was not significant.

No significant relationship was found in both March and April
temperature and the NAO=+1. No correlation were found between
Annual NAO=+0.5 and spring months, however Spearman Rank
correlation indicate a values of -0.454 with March temperature
and it was significant at 0.05.

No relationships were found between annual NAO<0.5 and
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NAO Indices

Months | NAO=+1 | NAO<-1 | 0-52NAOs+05 | \ah 05 | NAO <05
January 10.6 12.1 11.1 11 12.2
February 1.2 13.2 12.0 1.2 13.3
March 13.2 15.1 14.3 13.3 14.0
April 17.7 17.6 17.8 17.4 17.9
May 20.7 21.7 21.4 20.9 22.1
June 23.8 241 24.0 23.6 24.8
July 26.0 25.9 25.9 25.7 26.4
August 26.3 26.9 26.4 26.2 26.4
September 24.6 25.0 24.8 24.7 24.8
October 21.7 22.5 22.1 22.3 21.7
November 16.9 17.8 17.6 16.8 17.3
December 12.3 13.6 13.1 12.3 13.2

Table 4. Monthly Average Temperature Associated with Monthly NAO Indices

Norelationships were found between allannual NAO categories
and autumn season and its months (September, October and
November). Small differences of the average autumn temperature
associated with Annual NAO= +0.5 and NAO=<-0.5 was found
(Table 3). Autumn negative NAO indices were associated with
warmer conditions than autumn positive NAO indices (see Table
3). Furthermore only October and autumn temperatures was
correlated significantly at 0.01 level of significant with a value of
-0.38 and -0.38 with NAO<-0.5 respectively.

Autumn temperature associated with negative NAO<-0.5 is
warmer by 0.4°C than the positive Autumn NAO=+0.5. Negative
NAO=-1 is warmer by 0.8°C than positive NAO=+1 (Table 3)

The non exist significant relationships between autumn
temperature and annual NAO (Tables 1A and 2A) could be
interpreted by the irregular and unsettled weather conditions
peculiar for this season in the year.
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negative relationships of -0.303 and -0.247 with annual NAO
(Table 2A).

Average summer temperatures associated with NAO =+1 and
NAO =-1 were 26.3°C and 25.9°C (Table 3) respectively while the
correlation coefficients were positive but not significant. However
it is interesting to note that only positive NAO in summer season
was associated with warmer conditions over Palestine than the
negative NAO (Tables 3 and 4). This apposite pattern may signify
the change of Northern Hemisphere atmospheric circulation
between winter and summer. Positive NAO index is statistically
significantly related to higher than normal summer temperatures
over the Balkans and vice versa (Lolis, et al 2002).

No relationship were found in June, July and August with both
indices of NAO =+1 and NAO =-1, despite the NAO=-1 in July
were it was -0.433 and significant at 0.05.

No significant relationships were found with each summer
NAO indices of =-0.5, and =+0.5 and the monthly, seasonal and
annual temperatures of summer. Lolis et al (2002) stated that no
significant relationship between 850hPa temperature and NAO
was found in the Mediterranean region in summer. Furthermore
only in summer there was non significant correlation between
NAO and south-west England (Wood, 2004).

Autumn

No relationships were found between annual NAO and the
months of autumn (Table 2A), however when the monthly NAO
was used the relationships with autumn monthly temperatures
was turned to strong negative significant relationships (Table 2B).
The correlation between autumn temperature and autumn NAO
was -0.276 and significant at 0.005 level of significant (Table
1B).
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NAO=+1 was significant at 0.05. No significant relationships were
detected in December with the two indices.

The formations of the positive phase with strong Icelandic Low
in winter led to warmer conditions simultaneously over Europe,
the southeastern United States, and the Far East and colder
conditions on the other coastal regions of North America and
around the Middle East, the apposite conditions are observed for
the negative phase (Honda, et al 2005, Uvo, 2003) (see Table 3).
In addition, cold anomalies in winter around the Middle East are
associated with the intensified Azores high (Honda et al 2005),
i.e., positive NAO (see Figure 1). In winter a sea-saw pattern
of 850hPa temperature was found between Western Europe
and the Middle East, and a positive NAO is significantly related
to negative 850hPa temperature anomalies over the Eastern
Mediterranean and the Middle East and vise versa (Lolis et al
2002). February negative NAO<-1 was warmer by +2°C than
February positive NAO=+1 (Table 4). In winter during positive
NAO Egypt becomes cooler and during negative NAO years the
zonal trajectories of Atlantic heat brings anomalously warmer
period to Egypt (Hasanean, 2004), as identified in Palestine.
Tomozeiu, et al (2002) found a good relation between the winter
NOA index and the Romanian temperature in the period 1960-
1998.

Summer

Summer months and season all display a negative correlation
with NAO and annual NAO showed strong negative relationships
with summertemperature (Table 1A). On contrary the relationships
between summer seasonal NAO and summer temperature
declined and not significant (Table 1B).

June and July, in spite of August, showed strong significant

289 |



LA Lds el L

(1901-2000) cotacdd 5yl o SL—o ys i 28 Mat!
(NAO) ot aidlo 12 4y gond 155908 Aaliisd 4

Annual NAO (A)

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
cc -.271 -.476 -.297 -.079 -.291 -.308 -.247 -.148 -.155 .082 -.077 -.196
Sig. .007 .000 .003 435 .003 .002 .014 144 126 420 450 .052

Monthly NAO (B)
cc -5 -.531 -.505 0.077 -.326 =127 -.016 -.238 -.194 -.310 -.270 -419
Sig. 0.000 0.000 0.000 0.448 0.001 0.208 0.871 0.017 0.053 0.002 0.007 0.000

Table 2. Correlation Coefficient (CC) between (A) Annual NAO, (B) Monthly NAO

and the Monthly Average Temperatures and their Significant (Sig.) levels.
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Figure 2. February Temperature and February NAO (1901-2000)

Seasons NAO=+1 NAO=-1 NAO=+0.5 NAO=-0.5 -0.5=NAO=+0.5
Winter 1.7 12.6 1.8 12.6 11.9
Spring 17.6 18.3 17.5 18.1 17.6

Summer 26.3 25.9 25.3 25.6 25.4

Autumn 211 21.9 21.2 21.6 21.4

Table 3. Seasonal NAO and Associated Seasonal Average Temperature

January NAO=+1 was significantly correlated with January
temperature with a value of -0.332 and it was significant at 0.05
level. At the same time January NAO<-0.5 was also correlated
with January temperature with a value of -0.348 and it was
significant at 0.05. Only February temperature associated with
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Annual NAO (A)
Winter Spring Summer Autumn
CC. -0.147 -0.317 -0.283 -0.069
Sig. 0.148 0.001 0.005 0.500
Seasonal NAO (B)
CC. -0.204 -0.272 -0.176 -0.276
Sig. 0.043 0.006 0.08 0.005

Table1. Correlation Coefficient (CC) between (A) Annual NAO, (B) Seasonal NAO
and the Seasonal Average Temperatures and their Significant (Sig.) levels.

Preliminary results dividing the Mediterranean into sub-
regions indicate close relation between the winter NAO and
winter temperature over the Eastern Mediterranean whereas for
the Western and Central parts this is not the case (Luterbacher
and Xoplaki, 2003).

Winter average temperature associated with NAO=+1 was not
significant (42 years having this value). Negative index of NAO is
associated with warmer condition than the positive mode (Table
3). The temperature of the negative mode is warmer by 0.9°C.
Only January, February and annual temperature were correlated
significantly with annual NAO (=-0.5 to <+0.5) gives values of
-0.240, -0.336 and -0.287 respectively. Annual NAO =+0.5
showed only a negative significant correlation of -0.39 and

-0.4 with February and March respectively. Furthermore no
relationships were found between annual NAO <-0.5 and monthly,
seasonal and annual temperatures.

The correlation coefficient between winter NAO<-1 and winter
temperature was +0.745, it is very strong and highly significant at
0.03. However, only 8 years were associated with this value.
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Figure 1.Annual Temperature and Annual NAO (1901-200)

Winter

The correlation coefficient between winter NAO and winter
temperature was -0.204 (Table 1B), which is significant at 0.04
level of significant. It is weaker than the relationships between
annual NAO and the annual temperature (1901-2000). However
the correlation of annual NAO and winter temperature was not
significant (Table 1A).

Winter months (December, January and February) were
significantly negatively correlated with the annual NAO (Table
2A). The negative relationships were strengthened and attained
higher significant levels between monthly NAO and the monthly
winter temperatures (Table 2B). It is noted that February attained
the highest significant relationship, with an explained variance of
28% (Table 2B and Figure 2).
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Discussion

Annual NAO

The correlation coefficient between annual NAO and the
annual temperature (1901-2000) was -0.420 and it is statistically
significant at 0.001 level (Figure 1). The annual NAO =+1 resulted
only in three years. If we select NAO =+0.5 the number of year
having this index is 23 years and the average temperature was
17.8°C, without significant relationships. On the other hand
using the values of NAO <-0.5, the average annual temperature
was 19.5°C, only 10 years having these values, the correlation
coefficient was -0.448, but was also not significant. Negative
mode of NAO seems to be associated with warm conditions
over Palestine, while positive mode =+0.5 is associated with
lower temperature. The temperature of the positive mode was
1.7°C cooler than the temperature of the negative mode. This
is climatologically sound since positive NAO is associated with
strong westerly over Northern Europe and more meridional
winds associated with strong anticyclonic circulation over the
Eastern Mediterranean. Negative NAO is associated with
blocking circulation and weaker westerly wind over Europe
and the westerly circulation and the associated depression is
enhanced and moved over the Mediterranean. This mode is
normally associated with maritime westerly component of wind
and moving depression over the Mediterranean Sea. Positive
NAO is significantly related to positive 850hPa temperature
anomalies over France and negative anomalies over the Eastern
Mediterranean and the Middle East and vice versa with negative
NAO (Lolis, et al 2002).

The correlation coefficient between (-0.5=sNAO=<+0.5) and the
temperature was -0.335 and it is significant at 0.01.
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month variations for 289 countries covering the land surface of
the earth (Mitchell, et al 2002, Mitchell and Jones, 2005). The
seasons for both the NAO index and the temperature are defined
as March-April-May for spring, June-July-August for summer,
September-October-November for autumn, and December-
January-February for winter.

Pearson correlation coefficient and Spearman rank correlation
coefficient were used to test the significance of the relationships
between NAO and the temperatures. The second was introduced
when the first failed to do so. Linear trend and time series fitting
curves were applied to highlight the most significant link between
NAO and temperatures.

Different categories of NAO are used. Negative NAO anomaly
index corresponding to normalize NAO index value <-1.0 (less
than or equal) and a positive NAO anomaly index corresponding to
normalized index values =+1.0 (greater than or equal) (Sheridan,
2003, Turkes and Erlat, 2003) and a neutral for those values
between (0.5+=NAO=-0.5). In addition a positive values =+0.5
and negative value <-0.5 were also used in order to increase the
frequency of the index.

NAOQ represents a large-scale shift in atmospheric mass, and is
generally observed via anomalies of sea level pressure, a positive
value of +NAO signifies a stronger than average Icelandic Low
and Azores High, a greater pressure gradient accompanied by
increased wind velocity across the Atlantic (Sheridan, 2003) and
a northward shift of storm tracks (Pryor and Barthelmie, 2003,
Krichak and Alpert, 2005), and conversely, negative NAO values
(-NAO) signify weaker than average pressure centers (Sheridan,
2003) (see Map 1).
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among the three indices corresponding to extreme NAO indices.
The variability of winter precipitation at most stations in Turkey
significantly correlated with variability of the three indices.

Garcia et al (2003) discussed the temperature predictability
over the Mediterranean area including Europe to forecast the
mean temperature values. They suggest that the NAO can
be a major ruling predictability in some areas and NAO is the
most important factor influencing temperature predictability over
Europe and itis significantly related to NAO. In the Mediterranean
area short-range predictability exists and it can be considered
as dominated by persistence. They suggest that the influence
of NAO on temperature is not homogeneous over the area and
North West Europe is the limit of the area under direct thermal
influence of the NAO. The influence of NOA is reduced with
increasing distance from the Atlantic coast (Scheifinger, et al
2002).

Data and Methodology

For the investigation of the NOA, we used the index supplied
by Climatic Research Unit, University of East Anglia which was
given on a monthly, seasonal and annual basis, the normalized
pressure difference between Gibraltar-Ponta Delgada and
Reykjavik (1901-2000). This index might to a certain extent, be
influenced by Mediterranean effects (Knippertz, et al 2003).The
two sites are located close to the centre of action that comprises
the NAO (Jones et al 1997). Temperature data was taken from
the same source. The temperature data is a gridded data of high
spatial and temporal resolution that are also continuous over the
space time domain of interest (New, et al 2000) at a 0.5 degree
latitude by 0.5 degree longitude grids resolution (Mitchell et al
2004). This gridded temperature data set contains month by
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North Atlantic Oscillation: Concept and Definition

The dipole pattern of variation of the North Atlantic versus the
central Atlantic and Western Europe is generally classified as
a mode of atmospheric circulation known as the North Atlantic
Oscillation (NAQO). It is the only mid-tropospheric teleconnection
to show up in all months of the year (Mote, 1998).

NAO is a redistribution of atmospheric mass between the North
Atlantic subtropical high (Azores high) and Polar low (Icelandic
Low). It is a dominant cause of winter variability in the Northern
Hemisphere from North America to Europe and a large portion
of Asia (Uvo, 2003). The monthly NOA index is estimated as
the difference of normalized sea-level pressure between Ponta
Delagada, the Azores, and Stykkishomur/ Reykjavic, Iceland
(Jones et al, 1997 and Bednorz, 2002).

Goodess and Jones (2002) used two different indices: Gibraltar
minus Reykjavik and Ponta Delgada minus Reykjavik from four
surrounding pressure grid points to define NAO index.

Brunetti et al (2002) used a number of atmospheric indices
to examine the 1951-1995 ltalian precipitation. They concluded
that NOA plays an important role in the winter seasons. However,
for the other seasons, it does not explain a significant proportion
of the precipitation and wet day’s variance. Hasanean (2004)
discussed the relationships between Egypt stations temperature
and NAO for the period 1901-2000. Different strong relationships
were found across Egypt and found that Upper and Lower Egypt
behave differentially with NAO index. Turkes and Erlat (2005)
examined the relationships between Turkish precipitation and
three different NAO indices: Ponta Delegada-Reykjavik, Lisbon-
Stykkisholmur and Lisbon-Reykjavik, and concluded that the
Ponta Delgada-Reykjavik NAO index is the most superior
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circulation typical for this season and reveal a negative correlation
with air temperature in Greece. However, they concluded that
NOA was not the most appropriate index for understanding
temperature variability in Greece (Feidas, et al 2004).

Weaker significant relationships exist between NOA index
and both the Sea Surface Temperatures (SSTs) and the 850hPa
temperatures over the Mediterranean (Lolis, et al 2002). Wang
et al (2004) examined the relationships between SSTs over
the Northern Hemisphere and NAO, suggested that the Gulf
Stream SSTs anomalous have an important influence in initiating
disturbances of the atmospheric circulation over the winter time
North Atlantic. However, a suit of GCMs forced with observed
SSTs suggested that recent observed trends (1973-2004) in
the winter NAO could not be attributed to North Atlantic SSTs
variability (Cohen and Barlow, 2005).

Hanna, et al (2006) discussed the relationships between
Iceland climate and NAO in the period 1823-2003 and concluded
that the existing relationships were not satisfactory.

El-kadi (2007) discussed the variability, trends and the
characteristics of Palestine temperature to detect the effects of
the global warming. The major objectives of the present study
were to examine the existence of any significant relationships
between NAO and the temperature of Palestine.
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Map 1. Mean Sea Level Pressure Anomalies of (A) Pdsitive North Atlantic Oscillation
(+NAO) and (B) Negative North Atlantic Oscillation (-NAO) from Jim Hurrell, 2008,

Colorado State University, USA.). The Arrow indicates the Position of Palestine.
-
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may contribute to regional warming trend the patterns strongly
suggested that the patterns and magnitude of global warming
trends over the last 30 years are largely independent of NAO
and AO.

The NOA exerts a significant influence on 850hPa mean
winter wind speed over the Baltic and the trend towards greater
prevalence of positive NOA phase will be enhanced in a
greenhouse gas warmed climate, which will thus be characterized
by strong zonal flow (Pryor and Barthelmie, 2003). Examining the
zonal circulation between 35-65°N Kozuchowski, (1993) found
that there was an increase in its value during the 1970-1980s
reaching a maximum in 1990. An increase in the zonal index
corresponds with an increase in air temperature in Europe. The
increased of zonality, positive NAO mode may be viewed with the
finding of Panagiotopoulos et al (2005) of the progressive decline
and downward trends of the Siberian High intensity index in the
last three decades of the last century, particularly from around
1977 onward.

This may be manifested in the increase of wind activity since
1970s onward, and a general decrease of wind activity from
1951 to about 1975, followed by a predominant increase to the
end of the 20™ century (Pirazzoli and Tomasin, 2003). Thus the
increase/decrease of the wind activity corresponds to positive/
negative NAO index. The increase of westerlies is also confirmed
by the frequent positive phase of the NAO during recent decades
(Tomozeiu, et al 2002).

Feidas et al (2004) examined the relationships between
temperature variability in Greece and the atmospheric circulation
indices of NAO. They found that the correlation coefficient was
significant only in winter, due to the more coherent large-scale
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pressure associated with stronger than usual northward-shifted
westerlies i.e. a positive phase of NAO. Bader and Latif (2005)
using a coupled ocean-atmosphere model, found that a warm
Indian Ocean produces a stronger NAO and a cold Indian Ocean
produced a weaker NAO pattern. However the changes in the
atmospheric circulation above Estonia can only be partly attributed
to the intensification of the NOA during 1955-1995, while February
wind speed and zonal characteristics are directly related to the
increase of the NOA index and have caused a warming tendency
at the surface (Keevallik, 2003). Kysely (2002) discussed the
relationships of heat waves in Prague and Basil with NOA index,
where significant relationships were found. The persistent period
of negative NAO indices were accompanied mainly by cold and
snowy winter in the Swiss Alps, while with extremely positive
NAO index mode resulted in warm winter temperature records
(Laternser and Schneebeli, 2003).

Based on an ensemble of climate change scenarios performed
with the global general circulation model of the atmosphere
with high horizontal resolution over Europe Terray, et al (2004),
suggested that the end-of- century anthropogenic climate change
over the North Atlantic-European region strongly projects onto the
positive phase of the NAO during wintertime. That anthropogenic
forcing may induce climate change over the North Atlantic-
European region for the winter period through changes in the
occurrence of the NAO regimes, in addition to direct radiative
forcing.

Cohen and Barlow (2005) confirmed that over the last 16 years,
when the Northern Hemisphere temperature trend continued
strongly, the NAO and AO (Arctic Oscillation) indices have
been decreasing. They suggested that while the NAO and AO
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Plant Phonology in spring correlated well with spring
temperature and NOA phases in spring (Spraks and Menzel,
2002) and the variability of phonological events in Europe is
explained to a great extent by the NOA index (Scheifinger, et al
2002)

Bednorz (2002) studied the connection between the duration
of snow cover in western Poland and the fluctuation of NOA.
A strong relationship between snow cover in Poland and NOA
index was found. The NAO have the greatest influence on snow
meltimng extent on the Greenland (Mote, 1998). Box (2002)
concluded that most of the observed variability of Greenland
temperatures is shown to be linked to NOA. Wedgbrow et al
(2002) investigated the relationships between NAO and river
flow and drought conditions over England and Wales.

In winter, during positive NAO phase there is a positive snow/
ice season surface air temperature anomaly over northwestern
Eurasia caused by enhanced advection of the warm Atlantic air
and vice versa during the negative phase. The positive winter
surface air temperature in Europe is caused by a positive NAO
(Scheifinger, et al 2002).

Significant relationships were also found between winter NAO
and UK summer rainfall and wheat production (Kettlewell, et al
2003). Over North America as a whole, NAO associated with
many significant changes across the continents, and clear, but
different, relationships between frequencies of weather type and
NAO have been established (Sheridan, 2003).

Gouirand and Moron (2003) examined the relationship between
EI-Nino Southern Oscillation (ENSQO) and the sea-level pressure
over the North Atlantic-European sector (i.e. NOA) in winter over
the period 1874-1996. In cold ENSO events the mean sea-level
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Introduction

Since its formulations, the North Atlantic Oscillation (NAO)
has attracted numerous and a wide range climatological
investigations. One of the points of focus in contemporary
research is the extent of the influence on climate produced by
NAO (Lucero and Rodriguez, 2002). It is one of the best known
atmospheric circulation patterns, that control the weather and
climate conditions and the extremes in the regions of the Atlantic
and the Mediterranean basin (Turkes and Erlat, 2003). It is a part
of the major variability of the Northern Hemisphere (Pirazzoli and
Tomasin, 2003) and it is a useful index of atmospheric variability
on a hemispheric scale that provides an important link to larger
scale atmospheric dynamics (Pryor and Barthelmie, 2003). It is
an example of a teleconnection or correlation between weather
conditions in one area and those occurring elsewhere (Perry,
2000). The NOA is a pressure seesaw between the Icelandic
Low and the Azores high (Goodess and Jones, 2002).

NAO represents a preferred mode of variant in the atmosphere
over the North Atlantic (Junge and Stephenson, 2003), and
produces a very clear signature of surface temperature over
the North Atlantic region and the surrounding land masses
(Stephenson, et al, 2002) (see Map 1).

Variation of Northern England precipitation was found to
be significantly linked with NAO and prominent relationships
were also found between NAO and precipitation. The signs
and magnitude were different between the windward, leeward
and the NAO (positive and negative) index (Fowler and Kilsby,
2003). Similar relationship between NAO and rainfall were found
over Iberian Peninsula (Fowler and Kilsby, 2002), though much
weaker than over Northern England.
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