bl — (ol dbxe
oo Jyes pedine
Ve Jlo 0 ojladd (050 5 Cun 092

SWMM Jio 3 & 56 Slifg s S g2 3105 3l o siol ) Commilu 3IGT
(056 26 Jlods 39 T 409> 359 90 andliang)

R W bl T ldlas Lo daa “a@;u@.\f L2,

Agla owys b oLl Ls..JT el 05,5 (5553 Gy )
¢J_}iw.a o.X;.w.i),; .,\.W v.w}.)fé oK..i."lJ “_)T L!'“J""é" 0}45 ol Y

Ju.@»:«.a waij'é o&iﬂ.} g_JT w.\.«.@.» o}ﬁg)w‘.} Y
*Kkhodashenas@ferdowsi.um.ac.ir

W ol b 9/00N Y by

o>

5 Sl g sl adie (nl (655 5 an s (51 305 Lol 4 od (iluand Gladde s 2 S ol Do 51 AT
oA b Cales s Bda b s onl s bagsleand 5o ikl pde a8 5 (2505 b febly il e 5 g S0 4 e
LD asie (53555 Gla bl o) edd el Gl 5IGT lal ool 0 el g35,5 el Sl 4 cond SWMM Clly, - 200 Jote
wils | 250 op pie (o S a5 S0 et s W dsles (250 Nimp 305548 bl (55 oo o dMPY L 3U3 08 51l Ao s 5
Gl G s asite omes ol Gl ol Np Sl (505 a8 5 Dp pusshs Ghlie CligSs o3 Gas (53505 la bl oo 550 oS
330 Bl sy (o @l ON s o5l 5 So a5 ot W dslas (5 0 dMPY 03 0 ol o ss (53505 2l Sl
Ll 20l Dimp 2350558 Gblie Cdlag o3 Gas s Nimp Sisle (555 o O Lol ol (R3Sl (s 2 il Jad| oS0
2o dMPY L abs pis Lol as s sl Ul Gee s Sllss e cVow aiin 23 Conlo il ot d]) Colam w il el L 3 b
o o O s a8 ol jri aalllas 3 50 dilaie (¢ s Sl s 4 o Sles S glaas =53 358 Olils ON s o las 5 laas s o3 W Jslas
Loals ol ijﬁ: b ool dilae b g3 (Ao V) (6 ed aas g 4 T (A3 AL) Jlia S glaas o iy Colue Ao s Ol
b ooman b or Rl Ul Gas o3 05 Sl pomm dooys VIVA (Ol a3 Ao 0 IMPYD. L iuUs 58 sblie (siboss Ve 2l 3l
wb i g2 abl 53 Oy, Ges Aoy Y5 Sl pa o3 WY Dbl at o3 doys £ Nimp 2300358 Gl (65 oo o g3 Ve S2alS
oKl 5 Ol Jlod ol sa oK) ¢ 23ls gloosls oS L SWMM Ui (63555 (b el cnnilom Ol5me 04 Laseio bl o (il 5l 5 0
(lolos 5 lalie gl o5 b alis 3.8 5 )15 el s 3550 K3 3lss 53 L s amials 3550 Sk 355 o b o Sos poalle (§ 205500
@/ L 2 NSC i 5 N5 oAV TR GAYY /00 5 iy B J sl By sl RMSE Ol iS55 50 0T g 51 (s 5 1S 5008
T las s glaxt Ao ys Olime 5 Aoy V0 51 2aS basli sy jrie 6l REL i (gl ds s Olsee cpizmes el ol +/48 5 4/ /AT /48
ol 03330 555 oS S Ad pasiie Jhasn cpl s el sl Jobe i O gl oIS SOLES 35050 ol e oS ol Lo Ve 51 2eS ARE
OF e 5 J 28 pe oS ol (500 Slaclilsy pon 5 O a1l 381 ole (Bl cnl (6 25 o 58S 5 135k o 21530 5 La gt
ol 5 0L ed Jld ailane 5 ST glagsledle Gl KI5 o Siass ol s S0 ol per w bl opl Sl gl 1y b 5 Sl ol hs Wl5 e
Sad Bl ke s T w s cnl lie (RS b s Ssodes sl Sas  5l S bl

O s Jled 30T sl (ol il U358 sl d s (ol 5JUT 2SS OB 519

of


mailto:khodashenas@ferdowsi.um.ac.ir

‘_}‘)KA.A 3 Qg:b@u\) Lé)

o SWMM Jie 53 (5 e bl sl S 6 la sy ol 5L

45 3 505 Oy a1 S oy S S5 5n (s >
e M O3 oS Cle o bl ple ol
gl S a pmames Cul Gy ix LB ol
53 e NIMp - b Tl 51 Ol aindy Oley ol Kaass
Aoy ag analy S, a5 OV 5l 05 S Sose
laas o> 3 dsles 5,0 0T Jlis w0 5 IMp% 03 55 bl
23] Nimp U35 bl Kile 555w o s W
S bl cla cowles> | 53 Rostami et al. (2012)
Oly ehgte () o plol S gl adie 55 (603 O
AMpP7. 3003 55 bl Slade (gduo,3 Yo (2l 53 L 4S X3 el
Olge 4 bl cpl 5 b e il Loys VYA anin oo
Ghle o3 LBl zmen AS B ome bl o S el
[15] coulacils ety o3 o) 30 o 2eS DIMP 4005 58
S350 axlllae oy s 4 a5 5> Shahbazi et al. (2017)
Gl Conla Jlos 5 4 4 cdiale gl gl
53 sy SWMM (s Ul o ke Jbe (63505
e b (Glae) 5 s 4 b s OLE] asllias
s ol (23 1 Fse S350 Sl g le Y e
eilasd Ghle dops 5 4 oS o Ol 5 Al el
S Dl (50 5 p L8 Gble Sisle 615 e 8
Heydarzadeh .[14]s,ls oS 75l (23 2 1) 30 op 2t
CanS ol JUT 5 ol 4 iass s etal. (2017)
b obeoty Sed Jole adsm 8Sa5 atenw 5 Uiy,
Ll iass = ol Azl SWMM 5l 5 s
358 oLl doys Ogmmen b sla eyl Ol il 53l
o3 Oay Gbla do 3 b i 5 ok alas (250 L
S el e s cpl 5 8L R ) 03 Olpee o rla
S Goye 53 Kl wdes daly il 23 bbbl ol
2> Sl (85 b Oad faS ol b oo il
o td P s s bl o 3 gLl Iyl 5 bl
L oadidain Ghle 5o Sbbe (505 o 5 i Ghl
ozl 23 Al 2als Loy anils Ko abal, ool
o 45 Oldlas ;3 Chowet al (2012) . [11] L o
05 b G S 5l Glaas s 53 Sl A4S 5 WS
Ol Skudai e (sl (3l Joe ol dtls s SWMM 3131

bol+]

dodo —

s i sl 6l Sl o JIE spas s

Ldsen b (PBUIL gl (DLl i 08 6 Jled
Weobls @ 1) 555 sl Sl cnl el 05530 55, b S
e a sl b s SsSes sbadlantle 5 Lol S5
eaalis s, o a2 (B 03 s e s VL el
e 3 A3 ST 0,8 e i e Jled lea S 5l S
Ko i 3 U 1 555 sl aailin g,y ol b
L;)L.\f)ui)b_\{\Y‘"\'\JLNJ\JJ..«r)kg_g-)a.,\}:b&:{\ic;)’u;
LA o s 5 DS 5T slaes e s s
dpn S Gl s Jb loslst S Sy ¢ 555
sk WA 550 SU,LTAY ol s s 5 T s il
Col Gl ge o835 wlidlen oKisl 3 ol &)
Jetls a0 ST a5 )05 5 0l e 5 Lalies bl Ko K
RIS gy ol sl Ol st bt cxlu b s by
Ul = b Goleand Gladis 68K el sl s,
b bdde cnl & 3055 la,aably Conlo LT 5 (6 e
©Olg o ) Glwand gladie Canla 5JUT a5 s OLES
A A0 g S s sl bl JS 5 S Sose 5
ALl b xls o5l 5 0F s b Jde & 3555 L0k
Jle s 7 ml n e 5 S SO Do s sl
Lo oyl oaled o o IS oy 53 Js 308 o0 S8 alssl s
e 4 Ll s Shae oS o osls ois o3l Oloy s
, Muleta and Nicklo2005 ) .c.ol Ylal 5  sslas
Camle> JGT [22.10] (Cunderlik and Simonovic 2004
2L CHld g g s S B leand gbad
@L:} 2 M Gla e Olge 4 635, b el Oslit
U5 O dlasl 5 g 5b g0 ool 3 ABTL oS axils |y (s =
ol sl ladie ol 5l (2edls & Soa 5 5 SG8s s
o, J8 Sllsy 2oL dde LS a5 >Tanetal. (2008)
A3 gad gy g Jgte g3l SO slapbsb s, 1y glod
S3909 ;b 4 e cpl 3 edd bl ol PN
“ Rl 358 bl doys &S B S 515 Sl e Jle &
Srir? 350 ey ot (W sl 50 dMP%
@B 2 bsmbly s NImp 0005 58 Gble Sl



Ve Jl /0 oglad /oS 5 Sy 0553

o9 9 3lg0 =Y
Al 390 dikuine Dlaskin -¥-)

23 0lpl RS Sl 5 4l p Slemex 06 e

o S o) i 5l el o w1y 5l glea S andy g
Slalos 4 and e VA 550 B e Qe gl 51 e ol
oSSls O g 53 Sk Ja st Oljn S o e 3151
£ Ol ol e St mlp 55 &S Sl el YOOl
55 axdlas 5 g0 03 gdone [A7] sy o o 20 Jus 00 s
Sl s 0,08 5 ad s Slez Jald Siass ol
SheasS sl i Lol Slil 40y av oS Sl 0S5
iy by Jld 5l S 1 Wlas 03 s it
S et 5 Ky Ol & (B0 Cnd Sl 5l lea S
rards 5 (el ie3) (PO S Glplls o g8 S
Sahiee dgdeme (£5,8) oL 0Ll @ Oy Cand Sl
adllas 3550 3 0l (Glads s> 03 gdoms 03 g0 i shate 4
e L) bl S slaaii Sl Gl glaas 55 5
S 0L s K adbaie gls el ledd Salys (VY ees
5okl ag WYAS Jl s gyl pads obsle aalis
slac| L;),TCQ GLJLE e 5 Lol glaass Sledbl
01 4 anlllas 5,50 adhie Culg 55 4SS eslatul b
A S S Slen S 4S5 A 5 5 S ad s )
Sead =5 5 ol glaas s 51 S Dbl
Slaas s 5 aalllan 550 03 3doms Condga 5 (V) S 3 L

RGO IS WS “i‘)‘ ) JQJ B g;L" )’»’J’J

S 30 3985 9 LbI9y (b OleMb! -Y-Y

ol Sk slaesls 5 g3lad e sl i3y opl o

O Okl wlidlen Olsle & canly Ol Jlad ol
(7 SOy, slaesls 5 asllas 5 40 03 gidoee 43 S35
Ol Ol (gladlaie OT S 2 40 by e Kos senie oSt
Ol oKl s eds S df.)@b slresls .ol sl eslaal
43y SG ol (Sab gl Olse &y g0 w0 0L et
£ 5 Sz paie ¢ s oSl izeen Lites LS
Bl s Slestle g5 o Jold aS en g 95 4o
IS s oSl (ol I8 alaie ppimas ol O Gas

%Y

e Ol pes (pulige Lapn = el dos
PR IO PG PR plmil 3 mio 5 (5ol (5 5Smn
0P Sl e BV i Lo sl el Sl
il 6l sslei o3k 53 5 il si LSl dos 5 sles
ON) Sl o o 4 Jde & 2505 bl
Ly Jde A ml o Sl G0 sla bl
)l a8 WSTST S gl ey ol gl elul
S p (05 Camle Sl g eags Slalas OLE L Loy
358 Bl Aoy Jde @ o505 gl bl e oo i
Gor s Mt (23 @l bl S Sse IMP% 0L
AU S W dsles (5 0 cioman 5 dd atls > 5 Oy,
Coge a0 Py by a2 OOl o e ol
(2012) . [7] 5505 st Sllss Gos om0 oo
Cwwle>~ Moafi Rabori et al. (2017) s Moafi Rabori
ed ol ass= 53 | SWMM Jue &0 (35,5 (sla el L
Loys &S Loged Ols 5 Lsls 13 ey 3550 Ol
R AME 0 00558 Gbla eSS e 53 5 (5 2405 54
21, 20] el Sy e s i s bl
4w > a5 3 Aminjavaheri and Nazif (2017)
GAar sl ok b e G5
Ol WIS 5 ol LT @ OLg s 5> (BMPS)
Cins ol Sl b gp ol s> 55 SWMM Ju
ol 03 S LH-OAT 2y, & sl JUT s iixsls
Gos philBase Gble do s ull Sler Al pbil Jlass
2 3 ON e 0 i35 Gbla SIS 6,0
G205 Sbl 5l s LJUS Sl (55
Sleiash mb amlie 5 Glumer ¢l [BlAS e
e ap 62555 slanbly Conlas wn 55 ol ol
el ot gl () sl 3 sl sy s ol SWMM
— ok dbe ol BT 5 bl Saa b s ol
A Jad 5ol sl 51 rend (sl SWMM Ul
63305 Sl e,k (IS 56 5 035 b sl o ol Ol
3 Pl pmm e iy (23) oS @B e

255 gt O30l Gas



;_)‘)KQA E) Ug;‘)@"\" u)

o SWIMM Jie 53 (5 e Sl sl I8 6 sla sy ol 5L

(April) LTV 50 OOV YOY (April) L T
Yo' (March) =5l V)Y 5 (WW4///\VT) Y
Jie 3 s obssl gsldae gl (AFAQ/NY/TY YY)
5SS Sl SE s O 38 olil gleans gl SWMM
Sl S cbli= Ol 5l 0 S 055558 (o) 4
Sledbl 0355 o s 53 4 a5 L 25l e eslinad SCS
Gaid 5 Dbl Oa g 35 g0 5 St s Ol 358 s e
and 812 SCS iy, wibkie sl 8 5 b Skt
las s 53 (CN) oie ojled 5 St 358 Slils g5l

.MWW@)}Q)}&Q

(S Gble s Lol s 8

A Meteorological Station

Hydrometric Station

OLs (Do w150 3 mhaite ol 510,08 0L 2 515
jlaK:Milwl.;;derl?g\d:gbq))}pqh\fﬂd}-;jj
P 5l Sl adlen 3550 0l 4 - sleml o SIS
Els sy Dolie Pl i g 5 s el glaolls
805 o b Bl Db 5O JK8) et
3ys0 o3gdowe (G g plas dzejﬁj Cel s Sub &
T ok a5l s DUl a1 axJlas
3 sy 53 5 amels sl sl an) Sk s,
YOy (April) .l Yo Glazb o (ool s ol
Yo (YA YO ¥ dan) 4 sl3 YA ((1FAY/)/Y)

5 anllas 50 40 Cand e N SS

A
North Tehran

Meteorological Station

Maghsoudbeyk Hydrometric Station

Fig. 1. Location of the study basin and land use of ygban areas.
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Basin Su_bb Area Percentag(_e Avrea of Land use Main Channel Sub-
asin (ha) Basins Channels
Gholabdareh 13 101.19 Total Per: 2.85% Residential Rectangular Rec open
Urban basin ) Urban: 17.9% (medium density) (stone and concrete)  and closed
Darband Urban 7 9227 Total Per: 2.6% Residential, Rectangular Rec open
basin ' Urban: 16.3% green space (stone and concrete)  and closed
Sadabad Urban 9 775 Total Per: 2.18% Residential Rectangular Rec open
basin ' Urban: 17.7% (medium density) (stone and concrete)  and closed
Zargandeh 27 294.01 Total Per: 8.3% Residential Rectangular Rec open
Urban basin ) Urban: 52.03% (medium density) (stone and concrete)  and closed
Golabdareh Total Per: 17.5% . Debris, Natural Cross
Mountain basin 2 619.66 Mount: 20.8% Mountainous section )
Darband Total Per: 62.17% . Stony natural Cross
Mountain basin 5 2201.28 Mount: 73.98% Mountainous section )
. 0,
Sadabad 1 154.45 Total Per: 4.36% Mountainous Natural cross section -

Mountain basin Mount: 5.19%

Total area: 3540.36 ha

Urban area: 564.97ha
Urban percentage: 16%

Mount area: 2975.39 ha
Mount percentage: 84%

Table 2. Characteristics of the main basins of the study area.
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Hiah Impact Low Impact -
Reference Study Area Output Parameter Parameters Parameters Description
Peak Flow 1- Igjpﬁ) 2- 'g'mp’ 75I|r?|lt(r5a{\|lon
Parameters Comparison
Tanetal. Northwest of 1-Imp% 4 %0.’ >, with
(2[%%?) Singapore Runoff Volume 2Nim, 3-W  7-Infiltration gggf_}f'c\(é%
Parameters ()
Peak Time 1- N'”‘QNZ Imp% 7- Imglltratlon
Parameters
1-Imp%
Rostami et al Imam Ali 3.38%), 2-N, D¢ _(-,(\)1125%)' 30% change
2012 [15] . Suburban Peak Flow -1. 120%) 3- \X/ (0 020/15;: 7 of Input
Mashhad 08(% /40,2%);1 -So Dimp (-0.006%) Parameters
; New
Ahmadian 1-Nimp, 2-W, 3- 5-Dimp, 6-Np,
(2012) [1] Ha%:hltt%/erd Peak Flow S mp%s 2o ]
Residential 13“1‘23/0 42DYan -
Peak ; 1-Imp% , 2-W, j
Flow Commercial 3-Nim, 4- Dim Comparion
. - 0, -
Skudai City Industrial ~ 11MP%6 » 2W, 4- Dimp il
Chow et al. imp
(2012) [8] Johor ———— TTmp%, 2W Sensitivity
Malaysia Residential 3-Dimp 3-Nimp Coefficient
?:fgw Commercial ~ 1-Imp%, 2- Dimp ~ 3-W, 4-Nimp 50
Industrial 1-Imp2%, 2 D‘[”P*ii'w*
Shahbazi et al. Mz?ggrs?t, Peak Flow 1-Imp%, 2-Nimp, 5-Dimp, 6-Np, )
(2017) [14] Province W, 4- 7-Dp
1-Imp% 3.7%, 30% ch
Rezai et al. District 9 of 2-Nimp (-2%), _ 0 change
(2017) [16]  Mashhad City Peak Flow W (17%), 4-So  -Dime (-0.42%)  _of Input
(19%) Parameters
0
T-Tmp% (22%),
2-Nimp (-17%), 3-
UM Bandar AU pegepow BI04 TNocamn g
[1(1] ) City " W/(JB /9)ty% S 8-D) (-3.5%) Parameters
0 0
(5%)
Aminjavaheri Part of
and Nazif Districts 1&3 Ruﬁg?fk\fcl)?l\jvme gg‘l\ﬁ’%‘{,ﬁDp - .
(2017) [3] of Tehran City » #~Nchannel
1-Dimp (-1.3%),
2-W (1. 26), ?
Imp% %
reskcrow é glm(’OéG(‘)’/%O/cg O 30% change
Moafi Rabori : : 0 0), b- ()
z Cit f Input
(2017)[20] ~ ZanianCity Neraret (-0.6%) Parameters

Runoff Volume

1-1mp% (13%),
2-Dimp é 7%),
3-Nimp (-0.5%),

4-S; (0.1%),
5-W, 6- Dp,
7'Nchemnelx 8'Np

Table 1. Summary of the sensitivity analysis, research results of the SWMM input parameters.
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Parameters Range Lé;t;?rr: Mgl;gitre]un References
Avg Imp % + %10 78.05 40
Avg S, % + %30 6.79 38.56 Temprano et al. (2006) [24]
Avg W (m) + %30 140.54 765.2
Np 0.01-0.8 0.15 0.13 Huber W, Dickinson R (1988) [12],
Nimp 0.01-0.03 0.01 0.02 Crawford, Linsley (1966) [9],
Dimp (MM) 1.27 254 1.27 1.27 ASCE (1992) [2% Temprano et al.
D, (mm) 2.547.62 2.54 2.54 (2006) [24].
Avg Curve No 40-100 79.3 66 US@Q&@??Z%%%%G&[SZ]?]'

Table 3. Initial value of input parameters for sensitivity analysis.
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Fig. 2. Schematic of the relationship between changes in output
results (y) relative to changes in input values (x)
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Class Range of | Sensitivity Class
| 0 <111 <0.05 No sensitivity
I 0.05 <]I| <0.2 Low sensitivity
1] 02 <|ll<1 Moderate sensitivity
[\ [I=1 High sensitivity

Table 4. Sensitivity index classification [19].
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Table.5 Index and sensitivity class of input parameters for urban and mountainous basins.
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pamput Cﬁggg‘gségg’,!ege initial __Final _Initial _Final References
Values  Values  Values  Values
Avg Imp% + %10 78.05 70.24 40 36
Avg Slope + %30 6.79 5.83 38.56 33.16 Temprano et al. (2006) [24].
Avg W (m) + %30 14054 127.89 7652  696.33
Np 0.01-0.8 0.15 0.3 0.13 0.2 Huber W, Dickinson R (1988[) ]12],
Nimp 0.01-0.03 0.01 0.011 0.02 0.022 Crawford, Linsley (1966) [8],
Dimp (Mmm) 1.27-2.54 1.27 1.7 1.27 25 ASCE (1992) [2],
D, (mm) 2.54—7.62 2.54 4.2 2.54 5.1 Temprano et al. (2000) [24].
SC3 durve 40 - 100 79.3 84 66 70 US,\DAQ]aTa\Ffi5(526%%§6[)1g_5]'

Table 6. The initial and final values of input parameters and the range of allowed changes.
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Events Dates (RSME)' (NSC)?> (R)°® (RE%)* (ARE %)°
first 4/15/2012 0.05 0.91 0.97 8.95 12.86
Calibration Results Second  4/5,6/2011 0.22 0.94 0.96 6.4 15.36
Third 1/29/2013 0.39 0.93 0.94 -10.1 18.31
Validation Results Fo_urth 4/15/2013 0.37 0.9 0.99 4.32 11.69
Fifth  3/13,14/2011 0.16 0.94 0.96 -7.01 19.75

Table 7. Evaluation criteria Results of calibration and validation of SWMM model.
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I-Root Mean Square.
2-Nash-Sutcliffe Coefficient.
3-Coefficient of Determination.
4-Relative Error.

5-Absolute Relative Error.
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Sensitivity Analysis of the Affecting Parameters on the Urban Runoff
Results in SWMM Model

(Case Study: North Catchments of Tehran City)

Abstract:

Awareness of the sensitivity of the output results of the simulation models to input parameters is
very important for development and application of these models and leads to better understanding
and better estimation of input parameters and reduces uncertainties of simulations. The aim of this
study was the investigation of sensitivity of the output results of the SWMM rainfall-runoff model
with the eight input parameters. Based on Sensitivity analysis, Impervious area percentage (Imp%),
N-Manning of impermeable areas (Nimp), Width equivalent (W) and slope (So) of sub-basins had the
greatest impact on the output results and the depth of depression storage (Dp) and N-manning of
permeable areas (Np) were diagnosed as the least effective input parameters. Also, the effect of
increasing four parameters, percentage of impermeable area (Imp%), equivalent width (W), slope
(So) of subbasins and SCS curve numbers (CN) on the output results of the model is incremental and
the reaction of the output results to increasing other parameters such as Manning roughness
coefficient (Nimp) and storage depth of impermeable (Dp) is degressive. On the other hand, based on
the sensitivity index (1), it was determined that the sensitivity of peak flow, volume of runoff and
depth of runoff to the percentage of impermeable area (Imp%), equivalent width (W) and SCS curve
numbers (CN) in Mountain basins are greater than Urban basins. The reason can be considered as a
higher percentage of mountainous basins (84%) than urban basins (16%) in this study. On the other
hand, the results showed that 10% increasing of the impermeable areas (Imp%), 5% peak runoff flow
rate, 7.79% runoff volume and 5% runoff depth increase Also, 10% decreasing of the roughness
coefficient of impermeable areas (Nimp), 4% of maximum runoff flow, 1.7% of runoff volume and
3% of runoff depth at the outlet point of the catchment area increased. After determining the
sensitivity of the input parameters, the SWMM model was calibrated with real data of the North
Tehran Meteorological Station and Maghsoudbek Hydrometric Station, with three rainfall events and
validated with two other events. By comparing the results of observational and computational, the
output flows of Zargandeh basin, the root mean square error (RMSE) are obtained for the first to fifth
events were 0.05, 0.22, 0.39, 0.37 and 0.16, and the Nash-Sutcliffe coefficient (NS) are obtained 0.91,
0.94, 0.93, 0.9 and 0.94, respectively. Also, the percentage of relative error (RE%) for most events is
less than + 10% and the percentage of absolute relative error (ARE%) is less than 20%, all of this
comparison indicates that model calibration is appropriate. However, land use changing and
urbanization, which results of increasing the impermeability of the urban surfaces and reducing the
roughness coefficient of these areas, can increase the peak flow of floods, the volume of runoff and
the overflow of runoff from urban canals and it causes of the property and life hazards risk. The
results of this study can be useful for future modeling in the northern part of Tehran city and other
areas that are similar to the catchment in terms of the hydraulic and physiological characteristics.

Key word: Sensitivity Analysis, Impervious Area Percentage, Sensitivity Index, North Catchments
of Tehran City.
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