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Abstract

Given the complexity of urban environments, flood risk has
increased in urban areas in recent years. In order to establish a
correct urban management and the control and optimal use of
surface water, the complex rainfall-runoff process in urban
environments should be thoroughly understood. When dealing
with urban basins, the shortcomings can list as the lack of
precise input parameters, the lack of knowledge on the runoff
producing processes, the lack of flow measurement system at
the outlet of sub-basins needed for model calibration, and the
uncertainty in input parameters and results of mathematical
and numerical models such as SWMM. This research
investigated and analyzed the uncertainty of SWMM urban
flood model in District 2 of the Metropolitan Municipality of
Tabriz, using the GLUE method. In order to quantify the
uncertainty, the initial range of input parameters including CN,
fraction of impervious surface, N (roughness) for pervious and
impervious area were determined. Using the GLUE algorithm,
initial sampling operations were performed using parametric
space by lattice square sampling. According to the results of
simulations and the magnitudes of observational events, 20%
of the total outputs and the series of generated parameters were
extracted as acceptable simulations. According to the results of
the evaluation of the distribution diagrams, the input
parameters of Imperv % and N Imperv were identified as
sensitive parameters affecting the model simulation and the
optimal range of parameters was obtained.
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Table 1- Type of rectangular-shaped conduit modeling
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Table 2- Selected precipitation events and their duration at Tabriz Logging Rain Gauge Station
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Event 2016 April 11 2016June12  2016June19 2016 Dec2 2017 April 14
Height of precipitation
(mm) 14.1 9.9 14.5 10 13
Duration of precipitation 30 60 9 100 60
(min)
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Table 3- Introducing the initial input parameters of the model and the defined range
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Table 4- Optimum range of the parameters and their mean, standard deviation and coefficient of variation
L 2ol )b &l pai g pud 9 Hlero B 50! ¢ (pSlho ¢ ol b uwlio B3900%0 —F Joua
Parameter Optimum range Mean Standard Deviation Coefficient of Variation
CN 85.62-88.13 86.83 4.8 5.52

Imperv% 54.11-76.93 68.73 10.4 15.13
N perv 0.0275-0.0325 0.0296 0.011 37.08

N imperv 0.0118-0.0183 0.0141 0.002 14.12
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Fig. 4- Posterior Distribution Charts for four parmeters in 5 events
(Vertical axis is the Frequency and horizontal axir represents the parameter range)
ad ;B (sl (39,9 pol)ly ¥y &2 595 (5113905 -F SIS0
(ol ol ly yund 039u5%0 (B 520 g (Silglyd (G3908 y95v0)

VAV Gl ) 2 ylowd eyl Jlw ¢l pl & @alio Wil
Volume 14, No. 5, Winter 2019 (IR-WRR)

ARIA



0.05

0.0

i

0.0

@

Data

0.0

~

0.01

N pe‘rv_l N pe‘rv_z N pe‘rv_3 N pe‘rv_4 N pe}v_S N plerv

96

92

88

Data

84

80+

cn_3 cn_4 cn_S cn

Data

0.0204

0.018 4

0.016

0.014+

0.012+

0.010+4

0.008 4

Nimperv_1 Nimperv_2 Nimperv_3 Nimperv_4 Nimperv_5 N imperv

904

804

704

60

504

40

T T T T T T
Y%imperv_1 %imperv_2 %imperv_3 %imperv_4 %impernv_5  %imperv

Fig. 5- Box plot for calibration of four parameters in 5 events
318 O (gl (Piwly piol )b ¥ glamme (5o, l3505 —0 JS

sbyiahl sl Jg 2 )3 pdided gohaw Sisle s el
o390 | (25 6 pdldeh () upd 5 S phldes o)
odol Cowddy Joud LBy (g009050e (laisdy ol 03> (gasl
el s o o yielyl cpl (eYL Culus [SOLE 457wl
ol den el Wyl Joldte puin gy 0Dgi5te &S
Sisle cuyo yiehl @90 B g (goxie ojled jelily 5l e
Ghb s gaolis; 5 bpell 4l galded gslaw
9 Oy Slaodgace
(F Jsa2) 52909 sloyiel)ly cuslio odgiome (e 5 o3 3)90
ol &5 4y Bl il Jae (390 slajially cusbipie

b GR35 6 Ul )l Jie (298 Cusladpas

S go g oMb -F

solb ¥ 5l Sopp el Bolay edly Yoo olaw Gudod ol o
L SWMM I3l ) (o508 CUlgy=y)k Jao (63959 (2eiwly
@y ) 5 5 15 1y GLUE cuabiipie pi)sS) 5l oslizul
IS5l aoyn Ve lagilwans JS Hle 1 as eolaiwl (gjlwdns
FB (lasilodnsd Gloie 4 ond 1l layial)l (g p g b 25
o5 5 b s s Sl b s ) oolitel U b

s b e Sy sl GLS ol 35 pow 2l 55 dlite jokay
505 ped aldy > il L8 alady g0 4 Cond YL Gl oy
o o ol 81y g cslasy Li s g ol
2 ool 2yl 50 eyl cpl ds Jde e ol odima )L
il glaolidy Scdl)S dan Loyi (oo o)led yial)ly 3)90
IS5 ()5 1S dan Ly i g il jline ol g uSilio (sl
phdeE ol Sisle cups pebly 3)90 > e SIS
039 CEIESy @i b pow 9 p9d Sy ey @ LS
Pl pgw S5 A )3 yiall ol 4y Cond Jho i gl
L epdydois ol Sils s jioll 90 53 el o3xi
o Jol ol I e 4 0)> B8y @i el el den )
boolis ) o 1 s 2,6 el 5 yiebl cnl & s Jio Copnlu
Gl Cax (0 JSD) sl slaylogas Sl Bados ol 5> ol
s 1)) (6 9 30 03l (e @295 (Sl 3900 4 by s prslds
LS el p (glasa jlages wlad ) gy 53 sl slaylsges i
& baye s padyn & b L mlE LSAS pw) ob
Loy g phlded pohw Kol cops Gme e39iv
ojled yiohl Job BB (s godgine Al (s hldsd
S Cuglsl 13 Bl o adsl (g0 03l (so3g05e (o D e

Volume 14, No. 5, Winter 2019 (IR-WRR)

V£



Journal of Water and Soil Conservation Research
22(4):155-170 (In Persian)

Beven KJ, Binley A (1993) The future of distributed

models: model calibration and uncertainty
prediction. Hydrological Process 6(3):279-298

Beven KJ, and Binley A (1992) The future of distributed

models:  Model  calibration  anduncertainty
prediction. Hydrological Processes 6:279-298

Binley AM, Beven KJ, Calver A and Watts LG (1991)
Changing responses in hydrology assessing the
uncertainty in physically based model predictions.
Water Resources Research 27(6):1253-1261

Beven K and Freer J (2001) Equifinality, data
assimilation, and uncertainty estimation in
mechanistic modelling of complex environmental
systems using the GLUE methodology. Journal of
Hydrology 249:11-29

Blasone RS, Vrugt J A, Madsen H, Rosbjerg D,
Robinson BA and Zyvoloski GA (2008) Generalized
likelihood uncertainty estimation (GLUE) using
adaptive Markov Chain Monte Carlo sampling.
Advance in Water Resources 31:630-648

Campbell EP, Fox DR and Bates BC (1999) A Bayesian
approach to parameter estimation and pooling in
nonlinear flood event models. Water Resource
Research 35:211-220

Derrickand D, Akbarpour A, Bilandi MP, Hashemi SR
(2013) Flood simulation based on uncertainty using
GLUE method. In: 12th Iranian Hydraulic
Conference, University of Tehran, 11pp (In Persian)

Farzi A (2011) Investigation of the uncertainty of
rainfall-runoff modeling in urban basins using fuzzy
parameters. In: Second National Conference on
Iranian Water Resources Research, Zanjan, 8 pp (In
Persian)

Heidari A, Saghafian B, And Maknon R (2004) Flood
hydrograph simulation based on uncertainty of
rainfall runoff model parameters. Journal of
Esteghlal 23(2):93-111 (In Persian)

Kobarfard M, Fazloula R (2015) Quantitative and
qualitative modeling of urban flood with EPA-
SWMM model. Case study part of Tehran 22 area.
In:  Third National Conference on Flood
Management and Engineering, Tehran 14 pp (In
Persian)

Karami M, Ardeshir A, Behzadian K (2015) Hazard
management of inundation and pollutants in urban
floods using optimal conventional and novel
strategies. Journal of Iranian Water Resources
Research 11(3):100-112 (In Persian)

ool Cawdds 1o )3 A0 liobol D9y @595 (slnl3g05 koo
S5 a &S ol L dol pls da el cuslio 03ga5x0 4
gyl i 25 oot 53,5 oS 3 GLUE g,
g Conl 0392 3390 30 (] (sl el )l Cumbadpae I (L3U (6
& AS&J.I 5 il sy 1, ey Ug.l)lf ol (Saom b g
Copde g9 335 Grytebp lp sped SUlom iyl la i
b posl Judog bl 2503 el g o S, 8 S
il ool Camdas 33 bl (slaaisly

99 1855 slojall s | s slacbly, sl o 52 -
Olysdr @ pdlded p) cure 5 spldeE Moy el
e (il 9 BB 4B LS Je (gilwdnnd ) wlus sl el
scllyy (298 @5 9y » oyl plo & s |y 556
ol 28 piSele ol (gt Ly o lgised g )b (50
poy) odimd i aS deud J)Jx PR PRt R PR V] PR P A U9
el (£35)9 sla el cuslabpas Ll 5 (ol

GLUE cusbadsss i )X a8 o s jols clibss guls =Y
5 09 1080 pY 2L 5l b SUloym il sladse )
ly 2oy oM 138,50 ol yzal)ly 51 csmolio 039d0 Sile5 o
Sy 43l

Cuolio 039850 pusd g (600 (Sl y Coxladpae oo L -V
O 5 Sl S dnwgs )l Glgice Jae 63955 slayelil
oo Copde sbiwly 0 gpnde laebl b1y o pae Kol
odlaiol o dlﬁ;‘j Jlaxiwl 5 (6,00 sy, d)ﬁié"‘?

..)90.:

1- Generalized Likelihood Uncertainty Estimation
2- Marcov Chain Monte Carlo
3- Soil Conservation Service
4- Curve Number
5- Latin Hypercubic Sampling
6- Nash Sutcliff

x>l -0

Alizadeh A (2015) Applied hydrology. Astan Quds
Razavi press, 800 p (In Persian)

Badiyazadeh S, Bahremand A, Dehghani A, Nora N
(2015) Urban flood management through surface
runoff simulation using SWMM model in Gorgan.

Volume 14, No. 5, Winter 2019 (IR-WRR)

AR



Rossman LA (2015) Storm water management model
user’s manual version 5.1. EPA- 600/R-14/413b,
National Risk Management Laboratory Office of
Research and Development U.S. Environmental
Protection Agency, Cincinnati, OH 45268, 353 p

Vrugt JA, Gupta HV, Bouten W and Sorooshian S
(2003) A shuffled complex evolution Metropolis
algorithm for optimization and uncertainty
assessment of hydrologic model parameters. Water
Resources Research 39(8):1-14

Water and Waste Water standard (2001) Guidelines for
determining the roughness coefficients of river, No.
331- A, 106p (In Persian)

Wei Z, Tian L, Meihong D (2015) Uncertainty
assessment of water quality modeling for a small-
scale urban catchment using the GLUE
methodology: a case study in Shanghai, China.
Environ Sci Pollut Res 22(12):9241-9

Lee JG, Heaney JP, Pack CA (2010) Frequency
methodology for evaluating urban and highway
storm-water quality control infiltration BMPs.
Journal of Water Resources Planning and
Management 136(2):237

Mannina G (2011) Uncertainty assessment of a water-
quality model for ephemeral rivers using GLUE
analysis. Journal of Environmental Engineering
137:177-186

Meishui L, Xiaohua Y, Boyang S, Lei C, Zhenyao S
(2016) Parameter uncertainty analysis of SWMM
based on the method of GLUE. 7th International
Conference on Biology, Environment and
Chemistry. Volum 98 of IPCBEE. 6pp

Montanari A (2005) Large sample behaviors of the
generalized likelihood uncertainty estimation
(GLUE) in assessing the uncertainty of rainfall-
runoff simulations. Water Resources Research 41:W
08406

Volume 14, No. 5, Winter 2019 (IR-WRR)

VoA



