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1 - Index flood
2 - Regional Growth Curve
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2 - Spearman Rank Order Correlation



IFAR b yg3 peeio — 013 yo Foylois T alr (S g 0T as s O3A

Jal OXed slrdsgs s dl).g .3)5 Oy Iy ONed sladses
5 005 e 5] cbasss jye (ARC GIS 9.2) 138l oy 5
SlasS s Caled 3 9 9o pay Livanll & g
gL s Jobo g bame ccobune : ol ¢ ol o (31,5553
bugle Coud by lawgio cud (ol alpl Job wsgs bugie
d9-i gl GosglS s g (SR o815 ¢ Lol dnll
N3Blprs 53 98 (sl yusite day b o 3 (33,5 dlaa MV Jga2)
55 3 dlid 1S S b ) yb gl g iy (SPSS 16)
5 oS 51 ol L L] o,y oyl )3 (Y Jgiis) A i 8
L J—elgs ((Zscores yig,) Laosls 5,5 5 kbl sl yog,
adgd ol OBl w9 odd 3 )bl a5 5y5 0 (sla puxie
&= 9 Ward's Method 4, 5 jl eslawl Uy oy San sladse
sloaados (ol ads Jdow (g sLise 1 g (g eldl alols
(7 Jgiz) 848 (e Bl sloasge 5 JS 31 3 (S
(¥ Js)

Iy B Sad 09,8 dus 3 ndidgs sl abgs a5 oslizl |
et s s, 5l eslitl b bog,S b lisl cas S
2 ey 4 aS ¥ 5% o)leds ladsgs Wl byl beg S
o Gl 2Lyl ol olel 2 exidgy 48)S BT 9 Y slaog S
Jol 0255 3 Jde €85 lipe i8S (0 J18 V9 ¥ 09,5 )3 a5
P laase obols 5w &S (F) Jodo ao/A L canl ply
CB> (lise (B) Jgir am Sl b paseis @b (ool 09,5
S5 5 () Jgi 4 i b caled 52 9 ad)S o pdV e il Jae
WA (g0 dtwd A wo b8l alold b 05 )5 du jd adisgs (B)

s gadld gy g3 e sladae Cdlu

239> L @M (03 O 0pile iz (3L Laly) b9 (nl 3
bl Laades (olBl L g (038 Jalge g Jlo 9> S
sl yiio oy, 5l odcel vt Ko sladsgs bl g o
sl sl Sloj s b 485 1 a5 ) e
adbie e SYLasl goj b acsio (5 yiegyken (sloolSin)
Lzl sl g 0ad 03 (S5l sl dw g So i
Al g (p1Slis (w805 3yl 4 calisee CuiSl (slaoygd
Sl looygd L ol (3 o Jools) o (2 slacas
adg ) b gl (Jlw ¥ eiSilojes L gl (0 & ilsee
2393 18 3 aike 5 (ke polie Cules 3 (Y Joi2) 5 dpule
S A8 s 09)5 2 53 (S yiag e SrolSia] (sl cuiSl
o= (s it ady (ioio) Vs Syl o
a5 o )L e A2l 50 LaolSiun] j0 dm o sl s lis
A9 ,8

2 - Canonical Discriminant Function

Oe 4o Jros (il g 00 ploa] )3 ailiie sradgs uslie
OSosn pf o )3 adg g3 plenl &S Jloj b b o0 )] )S5 5
)86 (SPSS 16) (gylel I8l p5 eisl s il (sl 20,5
Do 4iB)S

092 onl ) ool 0gud 4y 0 yuie Nz (sl gy 2 )8 Ao
o luas ladses Jdos (W) pls g Jlas sl dtulg
1 oS bl ) ogdedy 1l o yslus 4, IS & (glapuite yoliio
Lades plod el Ll o 55 Ade> Caodl oS Sluosas 5|
iy adlate (sl ibyly 458 31 g s W 09 SIS,
Do &) duses

ailate slaylme lgisas o)lel 93 b9y (il > S ysbos
Lo oo duwlre ddg> (slaoald 3l oolasiwl b (s

Do 4B)S Jl5 )3 Corlus jlai ddg> (Sho S

Dy e S| (e dibate 93 (b2 e plgie 4 g0 ¥

9% Ao Sl g 48 Cnl ©jg0 cpy (g0 adhate ol
plosl 5 )53 g0 (sl ¥ by (gblis 1 G o (el o)l
48,5 )15 dunlie 3)50 aliste dgan (¢ly o lol a9 3,5 o0
ol 2gde L5l (e e lgieds sl )l ine 4SSl
I orNen (Blg Cales )3 9048 1SS j b Sy plo slp Joe

=W

LS (= plie LA g (gl 8 Jalad g dajas
) dilaio g 98

o) yiagyisn LT HYFA (¢ 5oral S ashiyy 5l oslisuol |

i3 (Yl el VE b yiShas) olislon o (6Ylo iSTas
Jop 298 Jold Jloisl @jgr @l o)l 5l oSl 51 S
Sod gy s el d Jlop Sol sl 93 Jloy S
J=o0 3550 el 93 SLal 5 sl s yiel )y a9
P Slp Jeil @ig @l e QB! caa )5 )15 Syl
395 Jlonl amjy cain (e I (s yiagyim g (olidlyn ol
oolisl (Ggipomsb39 S 5-018)’ 551ms (5355 gl 1 53
(Srehly dw gy So @ig @b Uy ol pelely ede
b abld @i opy cwlie

ATl ga (Sufl g ua SSen (s
ol ol o3V gl dilaie SYlois] mje ove ad sy
O3S 1 6l 29 s (Sfslgrtn (Ko vl sladasgs
Loy el s S5 claShg ool 2 (lgice loacs> 0
Bbls iVl gl (0 (slaodly (g )lol sl ol )l awlxo

1 - goodness of fit test



544 ).»JuT 6"“4"‘!5’ 30 @M «° J}sifg 9 (G adbaio

Ol B g Shases j3 L sl Bade 55 S Bl e sk Hg ) Jo

2,99 b ¥, g5 P . wigidy &P o lawgle gl Colwa b

Jo ¥ cwsssL kol anlyl (k) o wiSa; b s LAIBL (cm) PTG iS5
(mm) (%) (km/km?)  (Z)ade (m) (km?)  (km)
S0/¥¥ AN \73 YAIDN Y'Y ¥/AY A0 VAY/Y Ve AV/YY OV/YY V=¥
YO/AD VEA <[AY WY/ ¥ <I\¥ VAY q-Y/0 ¥ay £520/F) WYY YV=- Y
¥&/FY -Iv& -INS Wa/v¥ Ate V/AY A_ oYd LZARIATA WAAY  YY=e\Y
YAIAY VA AR WY <INy Y/IAY MY/ YY¥/AY WEY/Y YASY  YV--¥Y
A/NY VoA V¥ ¥l Iv& Y/va ia AY YYV/0A YOIAY  YV-.YY
YA/VY YAY <[50 ARV VAR IV¥ AYANY YA ¥AO ¥ V&Y VWA YA--0
¥Y/IvY VAN VAA ARRVRYS .10 O/¥Y vy PV SEEINY INZAA YA=+))
¥&IXY V/oa Voo AY/\Y /Yy Y/5 £5N\ y.y Yo/ S0/vY YA=+ Y
¥Y/A VY YIvE ¥V/¥o el NA Y0/ V5N Y.a/54 ¥./0 YA-YY -
Q+/YY oy V¥ NIy <IN \EY lard Yoo 0¥ Y YAMYO SYIY YA-YAN
Ye/NF VIYY Y/AY YY/Yo -[0¥ YIvY YYYA/D Yo/A yVa/an Va/o¥ Fy--yY
ARVAYN VAR A0 YEIVA .y Y/ov Yooy M/A YYy/¥a Y¥/55  FF-e )
YA/Y oy \Val SY/AY -[o¥ Y/¥a YOAY/0 \led ays/¥y IR S A TR
YV/FA A7AYN VY AVEVANS DALY A7ATA ARTAVA £+ /A AEEINY Wwasey o Ff-..y
INZRLY VEN Y5 SN Y IO NN Yo¥e/0 Y55 vav/a ¥V/IAA ¥Ff--.a
Y¥/VF VY \A%4 SYIAD of+0 YIYA A5 YSA VYORY/Y YAF/AY FF-e))
INTARY VIYY OIAA YAI¥Y - IY¥ AA7RIN AARRV/A YV/YE VAY/YY YOIV ¥¥--vY
AarAR! V¥N AN YV/AR -foy \7tg Y-a5/0 a¥/ay Y00/aq YEIVY F¥--va
YA/Y. V¥ VWIVE N5 Ve YV/YE ARARVIA Y¥/VY Y¥/0A Rrg FF--Y0
Y¥IYA VoY \IYs sel55 <IN YINE AN/ Vay yyav/oy ¥&AA  FF--0)
YYNY VY'Y ¥/vy Yo/¥Y -lo5 sI¥Y YEYY YAIVS YYAIAY YY/-¥ FF-.av
Yo/ oA VN Y/ ¥y/va <IYA ¥ Y¥YY/0 Woly \AYAIN YY/55 FF-31)
VIS VoY VEN VWVITY AR £I¥Y YIF. \Fe 15 INaVa) YAMYA  Fo—--)
Yo/vy 3 ¥/AY YY/A AN /Yy avv/o ¥ VF-/¥0 Y. /¥¥ ¥o—++0
Ya/0A AR AN Va/a¥ <IYa Vo /YVY YaAd/0 INVAYA WF/Y Va/vs Yo—--V
YV/AA VYA -/Iva £\ SN y/AY VYeV/0 M/A yvo/o¥ YV/¥Y Yo—+ Y
Va/oF \Are viya ARVANS il ARIAR YYAAD FA ARVATLAEN WIVY Yo--\Y
Y./0) Va3 AN ¥¥Ivs . [5Y /00 ARV wa/a OFAINVY AN/YE ¥o—-¥)
\OIVY VoY ¥IY YA/-Y If5 AYA YAAY/0 WY OAF/YY ¥YIAS Fo--vY
YY/50 VN VAD ¥FY/vY /vy y/A¥ Vaay/o va \t2dtan Y/ Fo--y4
VAAY VYo AL Y¥/EY VEA AN YYVV/0 WY/ YA/ YYIYY  Fo--YY
VAIVY V¥Y Y/-x Yo/vY <I¥¥ ¥/EA yoYa/o ARYYANY AYY/50 YV/YY Yo--¥Y
Y /¥0 VAN \iat¥ WY VYO ¥/ay AARRV/A AY VEYIYA ARYRIN ¥o--¥a
Va/AY \Vg YIY WIYA OAYs Y/¥ Y¥-q WWA/EN ava/sa ARVACURE (AP
VAI¥F VoY «[AA yya/aa AT VoY VFYY ¥Vo/¥ INZIIAPN av/AY ¥o-Y-Y
YISV ¥/.¥ Y/¥Y AN /¥ Y Yyay YYAISY VY- /A VYAV ¥o-Y-0
Y/ ¥ VYN FIYA MNAL VoY a/vo ARV ya YAIYY sy Yo-v-a
Y. /¥y AR Y55 VARY <IYA OINF Y5 NI AN /Avd VEIVY Fo-YY¥)
ARIARY VoA AAR yo/y <Ay A y.ay Yo YANYY YEIAY  FO-aAN




W’AQJL-\:”;M—ab,o‘Y’e)M‘Tf._\19‘5559744)_‘“ Fon

YY/YY VYO ¥/¥Y Y/ Y¥ /Yy SIA YVVA/D \avizd YYV/VY YV/¥a Fr—eo¥
yamy VY AMAXA YO/AY «/AY YIvY Y& a¥/Aay AYYA/Y Y&I¥Y ¥r—eed
YY/00 VY'Y Y/va YOIAY NAn% WAL AARRIN \YY/aF SENIVY ya/a¥ ¥r—eoq
YY/YA V/¥Y y/oy YY/AA +IAD ¥/5\ ARV a-/v YYV/AY Y /AN ¥F—+\0
j:j:,b;i;tb salaglS j:l:: alpl Job  iSa; 481y 14“’9“’ w f::;u:l W oo ases colus ‘:J:J; Aol 15
mm) o ) (km) Aol (kmkm2)  (Z)ass> m) (km) (km?) (km)
Yy/05 V/¥¥ Y/AA amy V/Aa SIAY YA yvIY YA 5 VoIV¥ Fr—-\Y
YAO VArd Y/IY0 Yo/¥ < [50 AAA) YOO/ VWY ¥5./A¥ Yamy ¥F—-vY
YY/5Y Vs \ALd \\id /¥ Y/AN YAYY YYO/YO \\7aV/as IAYats FF—eva
YV/YY V! 100 \EYINS -/¥¥ VAN ¥YY/o YAY YY¥-5[5 ya/vy Ya—«)
YY/AO Y/V¥ «/AA WA/ND DAL AL yay (NN ¥Yav/ys WYY YA--d
Y¥/YY \Vizd «[AY \wWa/e A VA ary Yor YEVV/EY YY/\Y Ya—..v
Yo/\Y V/as a4 YVA/SY AN VA YYA oy NRRAZAN We/AS YA-- A
¥/\Y AAYd V-0 Y-/\A AN VA VIVY oya FYAAAD WASY  Ya--\)
YA VA A WYO/NF DALY \Vig A/ OY/5\ VAYNA WY/VY  Ya--\Y
YYIAY V/A¥ VY £y o0 A YA/ Yo INAZYAN VFANY  Ya--\0
Yol/ss VoY Y/¥a Y. /50 -[5¥ ¥/FA VIVY vy AESYAR YY/50 Ya--yv
YY/5 VoF +IYA VA AR oy VAY ¥ya Y¥a-/AN ya/ve F¥-+\0
Y\/5 VIYY -5 \EY/AY <IYA VY ARYVN oya AARATAR VoAYR FF-- VY
&Y VYA VIY¥ av/-a -IY¥ A7AR WYY VoY AA/¥¥ ¥Y/AY LA EA R
YAIVY \Vig +IYA AARIAN AW -10) \\rai Yo VWWAAY/YA VA-/5F aV—--
AVVAN VXY Y/-5 /Ay HARY AVARY VWYY wa VFOY/-Y INYRIA DY—++0
YY/vY VoY -/0Y VWY/YF AY4 NINg \WYO-/0 \ral FEYASY N[5¥ DYV
VWY VY ALY \a7AM DAL \YA%4 VOYS AR\ WYY/ SNNY OY—+\Y
\V/as VY Y/a) /50 HARY /vy VASY Y/ AYAs VY OY-Y¥)
YA/ VoF \iay ¥A/VY -IvY ¥/VY YYAY A\YA/5 IRV yv/aa Yy—eo¥
ARVAR VY ¥IvY VWYIYA VY'Y NYY As- 10 YA ¥\Y NYY olf)m
ya/oF V/¥¥ Y/a5 INTAR /¥y ¥/5A YeNs VENIY D AR aving ¥¥/Yo dg) Cudy

oy Y adal)) +/ARRA s ol 5 (O ) /233N
o g (1Slse (e atasly sloul 4 pladl e Al s o )3 ]
A Jgie 2 (Sen sloog)S (58,5 Hla5 )3 (g A (0 Sl
L adlas )90 slaacgs IS )3 a2 slacuns aile 5 (:0Le
aly St s A oo it |y Cilie (glacaiS S 09
s 9 (MW ) /AT (5:0ke olil bl 53 (S S
s )3 ey (o (sl OF adaly) +/28F ala ol

ol Gty (Ko (sloog)S (35 Jai )3 9 base>

sbeoyed L &M 2ol (3 (i i Jie Sl Sl
03a] Cuas 3 S )5y Ly g S eilises STl
0)95 9 Jlw ¥ CudS 3l 090 & hliee iS5k (slooyed L gl (2
5 8 s Yo (6 lel 0)93 (6 (sl Sl
P (2 S o)) dal) (Stesen oy
b (bl yu g (V alal) +/A8Y (Sl (wlal 3 S 09,8
5 (4 dlaly) +/AY Sk ol 1 93 09,55 (A dlayl) +/A20)
Sk oll 1 dw 09,5 53 5 (1 abarl)) +/AF Wil olusl



PV il saadgs 10 (o (20 091 1 9 (s Ao

(SPSS 16) 1331 05 45 o 0315 Loluaid] ddgs 95 Y Joua

D] A5 S ga a5 Bl | A5 Ab g 05 Bl U5 A g IS By S A g S

oY= Y
OY-YY)
Yy—eo¥

14
41
41
¥
£0

5000
5.9
510
£V
£5o.vY
¥4
Ya- e
Y-
YAy
va-.q
Ya- o))
Ya- oy
Y-+ 0
Ya- Yy
FF-10
LA
LAY
8-+
OY-+ 0
NS

¥
fY
¥r
¥¥
)
¥5
2
¥A
)
b
o)
oy
oy
oF
00
o8
oY
BA
i)
s.

FEo.a¥ Y
P Yy
fo--e) VY
fo--e0  YF
fo-¥V Yo
fo- ¥ Y
-V oYY
fo--YV YA
L7t B L}
fo--Ya Y.
XY T
¥y ¥y
fo--¥a ¥y
01 ¥F
fo-Ye¥ Yo
fo-Y.0 ¥
f0-yYea ¥y
0V YA
f©-AA ¥
s T

Y-y
VY- Y
YY—-\Y
YV vy
YY--vY
YA+
YA-\\
YA-\Y
YA-\Y-
YA-YA\
FY_.vY
e
..y
..V
..
£
vV
LA L)
FE-.¥0
-0\

)

L > < v B 4 1 =

A - - e e
A I - - = S

JWo Yo (g5ll 295 55 codlBl g (1,59 348 (LS 329 Lo 32 PSod SBAS g 135 09,5 JS T Jgus

(Al o Ladgn 25 8lowd Sl abgyye dlacl) Al Yo (55lol )93 (512 Sod (SLod9n 5 09,5

oo aold
T ohbegs T 095 e 095 4w 09,5 93095 o095 owgddl
WFENT N VR FEIYY 0,00, A0 AR EY OF VS AV Y- vs 5 Y B ¥ Y Y

YUYASE Yo X R ST Ve DY NE 05 ¥A
YO YF A AV AR SRR ATA LY Yo 5 00,07
YV ,YY S22 005 OA N5
Y¥ 50
- - JASEFY YY) Y FC VY LYY LY ALY FALYY 08 Y8 oY LY. \rd S0V 0 %Y ¥
RAZATAIA L SCUR LY YO0 Y Y LYY O, NANY N OV Y08 KA
V4, YY JA LYY N Y v Yo 5. 00,07
X202 08 5Y YRY4
Y¥ 50
- - - - SYXVEYF VXYY XS AVYe SV ¥ A
TV FY AN RO Y FFUEY OF )\ 05 FA
SO AT SV DUSY YA VN VA YD S 00 Y
AYUYASEFE T VYT D000 A Y5, 0A NS

V4, YV LYY Y0 VY




IFAR b 593 poeis — 010 yo Foylods FF il (S g ol as s £0 Y

Dendrograsm using Ward Method
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Classification Results "~

Classification Results®®

Fredicted Group Membership Predicted Group Membership
Grou Grou
1} 1 2 3 Total n 1 2 K] Total
Original Count 1 17 n] i} 17 Qriginal Count 1 16 ] 0 16
2 1] 16 u] 16 2 1 14 0 15
3 a a 32 32 3 0 1 33 34
% 1 100.0 .0 il 100.0 % 1 1000 0 0 100.0
2 .0 100.0 il 100.0 2 6.7 933 0 100.0
3 .0 .0 100.0 100.0 3 0 29 971 100.0
Cross- Count 1 17 n] i} 17 Cross- Count 1 16 ] 0 16
validated® 2 0 16 0 16 validated® 2 1 14 0 15
3 a a 32 32 3 i 2 32 34
% 1 100.0 .0 il 100.0 % 1 1000 0 0 100.0
2 .0 100.0 il 100.0 2 6.7 933 0 100.0
3 0 0 100.0 100.0 3 0 59 941 100.0

a. Cross validation is done only for thaose cases in the analysis. In cross validation,
each case is classified by the functions derived frarm all cases other than that case.

b. 100.0% of ariginal grouped cases correctly classified.

¢, 100.0% of cross-validated grouped cases carrectly classified.

b. 96.9% of original grouped cases correctly classified.

¢, 95 4% of cross-validated grouped cases correctly classified.

Canonical Discriminant Functions

Group
i
6] b2
3
.Group Centroid
T
3= Q
oo
o (s}
g o
'13 o o (e O
c 3 0 o2
3 .
u- 5 Y 2
oo
_3-
-6

0
Function 1

L)

S el @l gy a1 Jlw Yo (5)lol 0,95 (gl (AT (Sadgn 1 (SR Glaog,S —0 JSS

BB 5 5luiS Glue 1 Gliseo (Lol (50,95 (sl (B (Rad (SBAS P 15 09,5 -1 Sy

a. Cross validation is done only for those cases in the analysis. In cross validation,
each case is classified by the functions derived frorm all cases otherthan thatcase.
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%i =2.25Ln(Tr)—-0.9065 R =0.9963
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2

% =1.7386Ln(Tr)—0.4753 R =0.9961

2
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&:1.123Ln(l'r)—0.2493 R =0.9998
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%:1.0092Ln (Tr)-0.3266 R =0.9998

2

% ~1.6483Ln(Tr)—-0.3157 R =0.9982

2

% =15121Ln(Tr)-0.1366 R =0.9994

2

For Group no 1

%:2.263Ln(1'|’)—0.9904 R =0.9951 For Group no 1

For Group no 2
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For Group no 3

For Group no 3

For Total Basin

For Total Basin
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Zonation and Estimation of Flood Discharge in Unguaged Sites Located in
South-East Basins of Iran Using a Combination of Flood Index and Multi-
Variable Regression Methods
(Sistan and Baluchistan, Kerman, Yazd and Hormozgan Provinces)

H. Khedmati'*~ M. Manshouri’- M. Heydarizadeh’- H. Sedghi*

Abstract

South-east basins of Iran which is including Sistan and Baluchistan, Kerman, Yazd and Hormozgan
provinces has an extensive desert called " Loot " and this region is one of the hottest and driest parts of Iran. Few
numbers and the lack of uniformity in scattering of hydrometric stations are main characteristics of this region.
Another problem in this region is that data are short-term, so it leads to have unguaged sites.Data generation
helped us to have at most 43 hydrometric stations with 20 years data plus 10 stations with 30 years data.On the
other hand, in hydrology for fitting statistical distribution on rainfall and runoff, at least we need to have 30 years
data and even more. Thus for analyzing different methods of flood estimation and presenting logical
relationships in sub-basins, first of all we gathered meteorology, hydrology and ecological features and also
morphometric characteristics were measured.Homogeneity test was done for data and they have been completed
in a 20 years data.The group of homogeneous sub-basins has been determined using some methods like: Index
Flood, cluster analysis and, multi-variable regression while some physiographic properties and ordinary and
linear moments were used.Common statistical distributions have been tested and dominant statistical distribution
of region was finally determined Log Pearson type Il and based on that peak discharge with different return
periods have been estimated to present mathematical models.Then, generated models have been tested using
three other sub-basins which hadn't participated in presenting mathematical models.At last, the most appropriate
mathematical relationships for flood discharge estimation in different return periods have been achieved in
unguaged sites of south-east basins of Iran.

Keywords: Regional flood analysis, Unguaged sites, Flood index, Mathematical model, Cluster analysis,
Multi-variable regression
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