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1 - Subjective partitioning
2 - Objective partitioning
3 - Tryon
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1 - Hosking

2 - Linear Moments

3 - Probable Weighted Moments
4 - Discordancy



AR Jlo Gyl = (21939,8 doslods FF alor (S g T g ol V0o

(1) sl 005 5935 pusl s

Julodi g 49500
LolSinn! Gl L

el V¥ 5)L xSls slaosly wlwly e copl (slaosls
Sl gwhl ool YV Jold (omiw )b sloolSins] 4 )8
A SLEl lislgn Satgins oSl i)l VAry 9,5 &)l3
(U Y+ 508 8558 (el g9 o b nelSi] s
Wlod s BAs daate 03 b (o beolSiun] ¢y ilodds )l 590
5 Gl G808 500 @)l an b ol ol 2ga0 diged 1
CBd (9 U5 w5 Wges ol elel p ST o g8 o
SeoMS o8 sl hg) ddl L9d oy 358 slaodls Ll 5 ol
Sl )byl ol 45 35 2929 (adl (sladiges Jlosi 4l
@ o (ol ygbusS .l gl oK) g)lol 093 Jobo (V)
o3l (gl et jro g Uyl (54568 Culus Gy slaoald
Slise 5\l (slooygd Jsbo 3l (s e (sim S o iy diges
Jso pLas §1 oyl s Ltalsél el 10 138 odlitl loolSizu|
plw bwgi 3550 ol ol o o3l o] ya (¢)lol o9
ot o] AV 3115 (VA 5 1F) sl 0k Culey 305 o, Saimgy

LoKivwl slasals JL y&

lanl Glaoo,d (pn ol sldises Jlod o (sl
I ool (g)lal Bolad diges G oSt o slaodly o> sl
Ol 290 (y g a8ges (ml pegad ) p3Y slajlae L Lt
03> 3559 ¢ 5 (Bl daodly Cono )y 1l A5 )ke o )lso
1Y) 5o 5 ) SNl sy

9 Sl 3y 5 Legl JLasl g cod cods 4 Laodly oo
g plosl byoye ks )5 buwgs 3)lse () sl dtunly (2Kiwd
3)lge plo owyp slyr ol 43,5 5153 ,Lis ] 43 oad b slaosls
018 5 S —5ug,5 (st~ sy —Alg (G525 (slagygesl |
Y 9 Y) sl o odlawl L&, 5 —duw

Jolge o yidag londs 5y (clagl b yg05T,0 o] SV luss
O laol 3y50 YY) (oKanl o350 YO) & podld iui 5 4 3,
S o) W slier sl (350 B) (995 (Bdlad (3)50Y +)
ldiss .cowl 48 )5 g LQ;T oy b Jdow oS Sle e
Lo waits asl)) oas Bl sbaolSiw] (SasTy ool lis 4lp
Lol aloasTyy oyl calises bl 55 5 034 S8l ol dlias
ol o @11V S ) osbe BL oKl VY SuiSTy, asss

Llg,y (Hosking, 1997) 23,5 o awwbxo d sl , o  Seals

w7 p5405153 )90
N .
Z nz'
=" (¥)
r]i
i=1
N .
Zni(rl —TR)Z 1
v ={"— ¥ ()
N
i=1
V., —
H, = o
o,

ot T o8]y el oys Jybo M YL Ly, 5o
iged sl s Sl cays T el o] s lpis
Silwand lodls jlae Bl 5 (1 Sle i & O 9 44,
03155 s H 51 .l Ll —~SiSln Kan jlno H .o
o=l e D g o oy Sl 4l oST Wil S5 S
Hy gl 5 (55 4l 0950 48,5 113 )5 (Sen )90
Ole L asl jlasl o (6,500 Slal cleMbl bb &8 5)ly 2954
~ Sl bawg o5 SKon jlire (g0l g 4l 3)5 sliab
ool 25 gy a0 dlodidiy (el

Do o A (Sen anb wsb H <1 3

ol Sl 4y SSito 4l sl IS H <2 3]

(V8) canl 1Kol lab 4l sl Hy > 2 31

sl "R bl I3l e 51 HOm test™ (133l o 5 dn
ON) el ooy ool glab oSon Jodos

dadlas AJ‘QA‘@’Q;\A
‘uﬂ‘w) O;M)b CJ)A)».AGLS \&F\cAc“‘wa l) U‘)”‘ )9»5
3958 cpl el o @Bly ol pl B oye Ceomd )3 g Lwl 0,8 )
\‘~°,Ya° )l.\_n 5.)90_5)_55 ;\CO 5\"\"0 )L@(J] L_é_.aﬁabo.:_g
03gd e pd ol SLE oy A dgus il 4§ 5 e
o=l ler g @l )3 1) 86 oy 03515 9 50l lasS” 4,
St 315 By Jlocs s (o Jlod Sl i & 93 ] >
Sy 6loyd 93 coply 0938 Wlodds oS By g 4y o)E
03,5 ol > o5 ol s 1y plal 98 g 5 Jlod 5o
o=l degamme CaS gl o Dad o 000D (6)9uiS oS H0 A5 Cuw]
» il CB3IESs et G T lej g dbml e Jelge



Vol Glmlailiey Ghsb piSTas guisaigy

G ) woals JUs b uilly SIZAAY (s &2 p9 5 sl Lo
2 esie VYl pste £ s &S b askdie pilny oy b A8 o
2d5buS (ad S Cpgo 4 (g Jop) hol adlge 9
Ol S o oy |y llg /00 Yaid 505 yusio VO g Wloads
Jre Gly ol 5 1 Silee 0l gl 25l a5 )le S50 usie i
Wlinsj (5)k (pSlee Cod g wislo V¥ Sl g AVl slag )l
plosl jglato dy Julow doe ) dogi b pusie b (ol wo)log
adlye Julow doe (VY o WY o) wad olsal gladeys Lo
pyo 5 "Cluster” ()l381 o5 dias Cal 0sel (V) Jodo p> ool
Gl 0d odlawl u.l..o‘ dtbc\.oj}a J.:.l?u d‘x "R" d)LoT )‘)Sl

(M)

ladiga Jalad gulesl 3 saisdaals
ohoot (sladilpo Jula

L yuiito opl i 48 )8 Ja3 1> st VY Ll o (sl (4ly
5 by cp i 45 5005 4 g Vo & lad sla i)
l_g Ltb).u.m u_».{).? d)_)u_wlm ..\ul_wyu.o |) (FYSIN c_:L..o9.,.a.'>
Sl () St e S5 b ool (sloailye oo
S o s Sy psio VY ol (S 03lul dslg 1y 5 s

N P JE N
P

NN
@' .§

@ M m o O @ >

* - ® 4 =m » =

@ M mooo >

200 400 00 BOO 1,000

TR

| Iililllilllllllill|

-

W
!

Kilometers

Ol 3948 (Pryg ) $lie; (o3l ST (gxinaieg -() JSW0)



AR Jlo Gyl = c01939,8 doslods FF alsr (S 5 T &y o

AR

e ¥V b o) YW (gl ol sbaailze il | Jols gl —(V Joa)

PC1 PC2 PC3 PC4 PC5 PC6 PC7 PC8 PC9 Lol slaadige
VIYAS  YASIYO  YAND  N/FY ol £\Y YIEA VMY L Gl
< JAS¥ JAVE o feeYY o) [oveo¥ [oeeoy [oveoY  ofeees) b ly s
7% VLU \ Y LCCUARRYLELVE QYL CCEY LT CLY AL LCV AL S CCC O S S
(San Bl S o S ($ladkish Jala

ooll p al Can 4 598 IS s 4y 5xie (595 Slusloxe
ColKiw] bws (g5 cpl Cuwl 0 P50 yuxie i

09 9 Ol (e98) i apbpp lyion 5y S
eSSl l 00 st 4l (5, GIS 33 5 SaSay
in s 5) Bl Sl w815 ey oyl o A can sl
D)y aiol ccin g LnelSigl SuST, V S cusl ol (40
S99 ol (gl (B > &Sl ofg 4 3o LS (295
Jds et 4 (il saal cowd 4 o L asl) o)l
2 bas gblie ol 5yl (ool eds sblis oyl )3 gaiaal
9 B ogzalond dly (Glnls S e o) Glpl slo S
15 w5155 Lol sl olSiag] 39505 o b (35 5l sogee Ceansd
5 o5 b o515 5 5] slmosS ) )3 ogt pé g Jlod
IB 9y pae SxS e lp |y A g el S5 LB
Y Jods ol o ooy lis aid cplys cdbding g odly oyl
ol 1y el (eovangy asds V S g adgs pa claolSou! sluss
L o

S5 Aol

gy ol S wlul 2 1) lpl ganaiyg yob Gingh
ol srodly .culodsloy ploslay |y o] s ans g s al Py
loolRu] als aieln Y o)L, le slaodly Lululy iz
leilw Sitygi olul gl WA+ Jolid (i
Y oo 1) 9y ©)ljg ol ol Y5 5 (culiilyn
olol 0)93 Jobo b SlalStuy] s Al o )3 5 L2 (ol
00 b oleaRiunl pgd als yo )3 .50 15 590 51 0ligS jleans
Wl 8L ialyg 90 cpl 5l e o&ug) VAY blasd 5 Bls 24200
o sloodls Gl e 48l ol (sbsS a0l lagysesl b
S s ool 4 il 5 A s ged |y oIS
e rsS4iges Laylyds (el oK) VAV 1 olSz] VY Lais wiliauslio
@ olSiuw] o) Jolse oy yiddis Slewlio Jdowisds 265 (ol g 009
Vo) 95 L] ((3)5-0 YY) (Kanl (350 YO) &y 03l i 3
i (3)90 B) (1395 (Bolai g ()90

)9_.»5 ool slaolKiw! 4o dgg0 (gl pxio oled ML Ja|
Sl 335 3kl (gladgs s s gl B sloplesy
D)kl g dwlxe b psio 51 S 2 e Blyol 5 (1 Sbo ISy
Loodly (595 u._.ul).a b gladgs Jdod G losds
R 38l J| slasss o (sl cunl o plos (550 (slo i)
Oyl oS s glaign o Slod dons .l o ool
Y USKS g adgs b clmolSiu] Sl ¥ Joda (ol Adigs Cam &
5 Slosod 1m0 lis |y dded can oyl (abdded ddds
ol iy |y add opl ol e 9 Ml 2y ol (Ken

A sla, gldS (g, ulal 3 o2l 93 (SSad oy 3

35 a8l slmolSi] 5 S5 sl (D) ) lgtonls o1l i)
Ly 5 psbaie ol el o duolno alcin oty 5 Sy n
=ohl) pran anb 55 o) S s sl oa salazul ¥ 5 Y o
Lo Dy (o 3l oy (Olsjsd 5 g ooguo s
d9iim Gls  Jgienl cdeay b 1V (D, = 4/16) covlgionl
9 Pl polie g lasb (s laygliaS polie (V) g (VF)
lyranls oSl s oy |y S sblio sla D, S1s
2 o s

ol gandigy dspo op 3l aBcan sl SRen jasis
)l 2925 (s3dste sladgesl (slapl (Ker e (ol
sl (Sgo copd 5148 wlosls (L )lSen 5 (195
55 ol (S gl il iSag S VY I (75
3 ol gasl it (mallym SiSla) s (glo gl
375 oslizl | gl il el 5l Al &9 o]
by > oacel Cowdas 4l can ya (Viglione et al., 2007)
— S la (el (Y Jsis) 48 e o T4 <0/23
s LI a2y wlayiehl ol @il (oSen oy sl ey
ol ool ¥ Jgas 5 ailfcin sy (sl odd dule Hi polio
oy Lol S in als s 48 el 45 &S am3 o ol Jods ol
Sogiy 3o 4B in sles a Sl ass cewl Hy <1
Higdigo (25 (Sed pully ~SiSla

1 -ADBootstrap.test



VoY Glml ailiey Gk Mt gaisaiey

D o,l] fylwgs dgun g lasb s slbygluis b o gaolKiu! dlaxi =(¥ Jgua)
Slandgd Jdod 5l Jols (25 sl

Slaws laal s ola,oluis ) s

>l lal bd sl Ml Sl
R R R

wEY ol | TR Ty Ty Di Di
A ¥y AN, AN <Y <IYFY VAY
B VO <A AN <I\¥ <IY\¥ Vi
C V¥ Al AN, <Y AVA) Y/IAN
D Yy <A DAY OAYs <INy VAY
E VY Al <Y <IN DAY S Y/-0
F e AN, o[+ <Y AR YIvE
G A\ DAY <I\¥ 9N <INY Vo

s (S )glulS (g, bl (Sed (9051 LS 9 L &35 Sl il (V¥ Jgaa)

Sly ol L ol 4l @98 gla ol Ho el

GEY ol ¢ o K h ™
A Y YAIA a/y o[+Y0 o[-a5 AT
B VO Y/ vIy ofoyy —-/-¥a A\
C V¥ YV/Y WY RA) <INy Al
D Yy yo/a vIy —+/+Y¥ A —\V/¥A
E \\i YY/§ N/ NAYad <IY5¥ -\/vY
F V& Y¥/¥ WY </\¥ of+¥Y N4
G VY Y I¥ Y¥/¥ o[+a¥ \YS -\/-0

Ulccin glaa sy 51 SO ,a p ably lalun! S
PRGN ua?u.u.o cllbbli,w.u‘ Fl‘” DI s )l o= S dwwl?u
s adgd )3 (Glwjgd > @ly wgw giwhl) o] o e
odlly= SaSaln g0l i Bis a5 (D; = 4/16) covlgionls
09_0)1 ‘_,_sl )l J_.4>l> @Lu A5 el u_’>‘9.> u.‘io.m =3 LS‘)"
Lol Hl <1 o)Loi Wlan sl ads ol oS oS e o lis
O ually —SiSols iy 3o alfcan sy 4] dons
Higdso 23
FSlas ell y 5gudS (guding Al &l gk pl Bas
M iy lp o5 imgh bl (Pgq ) a3y )L
4o by aiS Oygmo (Al gdaw 3 (Pag ) #ljgy 5L
- g ple (Kysely etal., 2003) cul S (655000 H5iS
d9d Ko (69803 Crlune Cal ool dosia )3 3)90 Nin a5 el
5 (gindiny b 1V .ol pulBl Hloa (gl)ld 5 mipe yioglS oo VA
Ol =l VY Lap® lpl sl plpl 5l 3208759387 (ol 0ul8l 295

b Jdoo 5l Juols Sl (sl

od s plosl slalS Ylds 4y anlye b as cul S5 LS
madgs hgy bl p bl Al Ard g Al pogad
a2l o 13)503 sbyoiS > (ad (659liS el 5 ]
LS plSol 11 . blo3g0i do g5 a0l (sl yg05] 4 ([l ool
ages Job p 2 e cnl S sl w5 gl oad pls
a5 ) oolitl 5 Cas b by 5 5 Loy ol & Wlaslis
s JI1 §) JB o5 03l
Sl g 0D 485 a5 55 pate VY il > sl 6l
ol loailse (oo, 5l Lagl slass (2l g L pite 51 (s
O 51y sie £ g 5l Sl e VO W8 asie LA odldiu]
o=l s eolatwl yuxie £ opl 5l gdm sla Jdog 0 .55l gleaiss
5 YL i) ylams ly o] g pSibes gl 5] 055 e i
ol e )L ke s g el YT S
Cdn d 508 e 3 5 C8)S g0 hod (g9, p (Slades
9 Slsten Joole 93 a5l (sabaing slm D ganades 4l
‘_51)_) ( DI )@‘WL’ b)].bl KV gl wyy o L&adm9> g‘ia.m



VAR Jlo Colngusd ) — 3383958 Vojlois TP alo (S gl as s Vo ¥

35 3 LaolSisl ol 5l i sloodls Linlsg 5 paoy 1Sl
s plgdiee 2050 g0 4Bl lagh o 53,8 (pl S
le e @l 5ol Rl ) sanaing 5 3y90 saolSil
g 50

SbaygliitS g sladgd gy SeSan aanl by~
wile (awolisilon 5 Ol (glaodsy plo 4 pross JB8 las

5 ol slmossys CasisS lgise S o) sl oysd g 2L o
p o ploxl Jlgy e a3 ) Jolyo i 35 1) (sulidlgn
ol ol Al

s oy g Sldlin Jolse b 50 (slayite (o dlaly s
o505 Wl oo (g )Sy Slaby) b (Shrme Jlod SeS @ 4L
oS loadss jloolatul gloay g 18 Sbml (sanagg o 1) s>
A o i ), Se sl )8 edlatul balgy pl 5l s
e S 3529 i Ll eagly lele 1) ) (ol & 2y
D)5 6Ny gk b i Gy L Gl oy

13,98 9 S5

B3Y Loyl )3 sl gl lgo (5,55 dllus, ) azb Sy lie ol
u?L.a') G odipe L;l_'éi ol a5ls « &) Mjb °
eled ST dilogens L

Vorr dgde 5oudS pl ol o inliwe maaw D)l Colins guiS
AA RS PRSI S PR LS| VN WP SHIRII [ FIVIVIT R 4
iy &85 ol (sdnding 4k Clo (e 4y Cusl 50 5t0glS
09k sodls 3y90 53 (b (ol 4] v gy B 4SS o)l
"y Al A ol o0l I )5 G g0 )9Sl slaoli]
st 5> 0a S S 5b slaolRiy] sl 58 bl 368 s
o Ol 4t (59 Laaal gu) Cunl o5 ol siaineadds
s LaolK] (SaSly ccwl o plodl GIS 58l p 5 oS
cde 4.30])“ ool [Be 10 oy (sloyls a5 WS o o5 1) A
9005 ;S350 4 drgi bl drgs LB (L) Sbe ciley
oLl Jolo ol o ign Shslos (ibio 5 5 i

I3 )13 03ldtl 3)90 9 Jgd 1) (siuaig 9 035

Ol Lol

ol dae Frel (i 508zl (slaolKiw] slass —call

8 lasl ol B L e ol oSl YA5 Ll Laid ailawle
L) LasT 2990 Lol plod el cgliso Lsl (glol 093 Jobo .cd)S
S Ladiges poo U uls ad)S jal 5 (oMo Ve od Jlw
o) VYo Laid ¢ sl Lol (clyly o] YEF dlass sl 34390
o] 103,88 Wb gdaig y oS 03gr camlio Hlol (gl
Aloass 3y 4l (claygojl bawg b g andly dgdae Lol b a8l

&be

Ao Vo ¢ g3, olSuisly il lissl . 63 )8 (6 puitodin (glol Judod AYVA . diogps Y

4- Baeriswyl P.D. and Rebetez M. 1997. Regionalization of precipitation in Switzerland by means of principal
component analysis, theoretical and Applied Climatology, 58, 31-41.
5- Barring L. 1989. Regionalization of daily rainfall in Kenya by means of common factor analysis, International

Journal of Climatology, 8, 371-389.

6- Basalirwa C.P.K., Odiyo J.O., Magodo R.J. and Mpeta E.J. 1999. The climatological regions of Tanzania based on
the rainfall characteristics, Int. Journal of Climatology,9,69-80.

7- Chow V.T., Maidment D.R. and Mays L.W. 1988. Applied Hydrology, McGraw -Hill, New York.,pp 572.

8- Dinpashoh Y., Fakheri-Fard A., Moghaddam M., Jahanbakhsh S. and Mirnia M. 2004. Selection of variables for
the purpose of regionalization of Iran's precipitation climate using multivariate methods, Journal of Hydrology,

297, 109-123.

9- Domroes M. and Ranatunge E. 1993. A statistical approach towards a regionalization of daily rainfall in Sri
Lanka", International Journal of Climatology, 13, 741-754.
10- Eklundh L. and Pilesjo P. 1990. Regionalization and spatial estimation of Ethiopian mean annual rainfall”,

International Journal of Climatology, 10, 473-494.

11- Everitt B.S. and Hothorn T. 2006. A handbook of statistical analyses using R, Chapman & Hall/CRC, Taylor and

Francis Group, pp385.

12- Holawe F. and Dutter R. 1999. Geostatistical study of precipitation series in Austria: time and space", Journal of

Hydrology, 219, 70-82.

13- Hosking J.R.M. 1990. L-moments: Analysis and estimation of distributions using linear combinations of order
statistics, Journal of Royal statistical Society B, 52, 105-124.



V0

Olnl alhey ooyl S Tus gudsaiey

14-
15-
16-

17-
18-

19-

20-
21-

22-
23-

24-

Hosking J.R.M. 1994. The Four-Parameter Kappa distribution, IBM Journal of Research and Development, 38,
251-258.

Hosking J.R.M. and Wallis J.R. 1993. Some statistics useful in regional frequency analysis, Water Resources Res.,
29, 271-281.

Hosking J.R.M. and Wallis J.R. 1997. Regional frequency analysis: an approach based on L-moments, Cambridge
University Press, New York, USA, pp217.

Jollife I.T. 2002. Principal component analysis (2" ed.), Springer, Verlag, New York, Inc, pp493.

Kadioglu M. 2001. Regional variability of seasonal precipitation over Turkey, International Journal of
Climatology, 20, 1743-1760.

Kysely J., Picek J. and Huth R. 2002. Regional analysis of extreme precipitation events in the Czech Republic,
Institute of Atmospheric Physics, Prague, Czech Republic , pp12.

Little R.J.A. and Rubin D.B. 1987. Statistical analysis with missing data. New York, Wiley, pp146.

Rao A.R. and Srinivas V.V. 2008. Regionalization of Watersheds:An approach Based on Cluster Analysis,
Springer Science, pp512.

Roy N. and Kaur S. 2000. Climatology of monsoon rains of Myanmar, Int. Journal of Climatology, 20, 913-928.
Shaw, A. (1987). "An analysis of the rainfall regimes on the coastal region of Guyana", International Journal of
Climatology, 7, 291-302.

Viglione A., Laio F. and Claps, P. 2007. A comparison of homogeneity tests for regional frequency analysis,
Water Resour. Res., 43, W03428



Journal of Water and Soil (53)9S @slioo g psle) S g O 4 5
Vol. 24, No. 1, Mar- Apr 2010, p. 97-106 it AY-1eF . ATAR bt d )l — (5958 ) 0 leus FF

Regionalization of maximum daily precipitation of Iran

F. Khamchin Maghaddam®* — H. Sedghi? — F. Kaveh® - M. Manshouri*

Abstract

Most heavy storms result in destructive floods. One of the basic elements in analyzing floods in watersheds
without data is hourly storms. The Determination of the storm of the watershed needs regional analysis of storms
and transferring them to the gravity center of the watershed. Maximum daily precipitation ( P,,), is the most
accessible storm in any region, which can be converted to hourly precipitation. The analysis of the point and
regional P,, is one of climate studies requirement. Regionalization of P,,, can be an influential step toward
analyzing storms and floods. In order to accomplish such a task, two approaches are possible, one is using the
old methods of geographical regionalization and the other one is using the new methods like "Cluster Analysis"
and "L-Moments Homogenous Tests". In this paper second approach was employed. All existing rain-gauge
stations (N=396) were considered and their available data were collected in this study. Basic tests were applied
and 266 stations were removed due to the lack of the required conditions and only 130 stations were used in
analysis. "Principal Components" method was used to omit the uninfluential variables (only 6 variables out of 21
were proved as basic and important). "Hierarchical Clustering" was used in the process of regionalization of the
stations indicated of seven different regions. These regions were distributed in different locations throughout the
country and the regionalization map is presented. The "L-Moments Homogenous Tests" were also employed for
further indication. According to the final results, the regionalization of P,, of Iran's rain-gauge stations can be
defined as 7 homogenous regions.
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