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Abstract

Introduction: The roughness parameter in hydraulic modelling of natural river and channel
flows is not easily measurable and accurate point determination of roughness coefficient, its
spatial and temporal variations include several uncertainties that acts as the main source of
error and uncertainty in hydraulic modeling. These drawbacks restricts the applicability of the
hydraulic model in river engineering projects, flood control and management, re-habitation
and river restoration. Following these drawbacks, in the present study, uncertainty analysis
by Monte-Carlo Simulation (MCS) combined with HEC-RAS model.

Methodology: In the present study, uncertainty analysis by Monte-Carlo Simulation (MCS)
combined with HEC-RAS model is used to study a 105 km reach of Karoon River from
Mollasani to Farsiat. The model is calibrated and verified using two year daily data of river
flow and stage levels in Ahvaz station at the middle of the river reach. A computational control
module is developed and combined with HEC-RAS model to perform MCS automatically and
the flowchart of modeling strategy and uncertainty analysis is presented. The MCS approach
is coupled with HEC-RAS model by developing a subprogram that create and modifies the
input files of HEC-RAS, run it automatically based on random samples of n Manning, and
extracting the results of HEC-RAS model in each execution for further analysis in an automatic
procedure. By using probability distribution of Manning roughness, 3000 simulations
performed and graphical and quantitative indices used to evaluate the uncertainties of model
results. In order to refine proper MCS from non-proper ones, the NSE>0.75 index is used to
objectively sample n Manning from uncertainty analysis. The uncertainty analysis of proper
MCS evaluated by 5 and 95% uncertainty bounds. The uncertainty analysis of model results
are evaluated based on the six parameters of water surface elevation, top width of water, flow
velocity, Froude number, stream power and shear stress in 3000 runs of peak flow and mean
flow discharges respectively and quantified by two indices of 95PPU and d-factor.

Results and Discussion: The calibration and verification results of the HEC-RAS model in Figs
3-4 shows that in the calibration data set, the R2 and RMSE of model in discharge are
respectively 0.94 and 21 (m%s); and 093 and 0.6 (m) for water stage. These values in the
verification stage were 0.94 and 25.2(m?/s) for discharge; and 0.91 and 0.1(m) for water stage
respectively. The results in 105 km length of Karoon River reveals high level of uncertainties
with d-factor greater than 1 up to 11 in peak discharge of 3000 and mean daily discharge of
457 m3/s. These results revealed that using conditional evaluations based on NSE>0.75
reduced the uncertainty of d-factor in results of rating curve, stage, top water width, stream
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power, shear stress, Froude number and velocity. The d-factor of water stage reduced from 2
to 0.07 in peak discharge, and from 0.96 to 0.02 in average flows. These uncertainty reductions
in top width of water were 2.5 to 0.19 in peak discharge and 1.3 to 0.078 in average flows of
Karoon River. The highest uncertainty of HEC-RAS model results observed in water velocity
and Froude number with di-factor 10.85 and 7.44 in peak discharge respectively. This trend of
uncertainty reduction observed for water velocity, Froude number, stream power and shear
stress along the river, as provided in Tables 1-3. The spectral responses of hydraulic
parameters in model result that presented in Figs 5-10, indicate that although the HEC-RAS
model produced high uncertainty values, especially in the complex domain of Karoon River,
these uncertainties dos not deviates the hydraulic patters of river flow. The peak and
maximum and the zones of high vales of parameters, show high level of uncertainty than the
small or moderate hydraulic situations. These indicates the inherent uncertainty in model
results that causes high extents of spectral responses for model simulations. The provided
findings necessitates the accurate determination of roughness coefficient according to its
spatial and dynamic variations along the river reach.

Conclusion: The uncertainty results revealed high level of latent uncertainties in HEC-RAS
model and probabilistic analysis of models results is required for river re-habitation and
management practices of large rivers such as Karoon River to provide certain and reliable
results. The presented methodology and framework in the current study that uses automatic
control and automation of HEC-RAS runs, strengths the modeling capability of one
dimensional river flows for probabilistic analysis and automatic calibration of this mode.

Keywords: Parameter Estimation, Uncertainty, Hydraulic modeling, Monte Carlo Simulation,
HEC-RAS model.
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Table 2 The uncertainty indices of HEC-RAS model in flow velocity and Froude Number of water in Karoon River
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oy AP/l 95PPU ¢ 38w byl s o aiin oo
51 ool oaalie (slo e duo jo AL/ ap0 co )l g el
Qo Ve ol ad o Jeails 1800 020 bl aily
el 509 Vb sl )13 oo e A0 ylaebl aib g0 Ll
G g (Sjmd sl SO 5l e a5 do e )L 95PPU
25l 52k 5 6l Sle (g% 4 g 08 e oliiul (598
anlin S0 ko Ly a5 o Lo |, al05, Sy e
;o d-factor &b sl Jole a5 095 0
slcaald soe oy i 5wl Sy JlS Cige

Sl Yoo

3 Jae ookl g el Joo g lisle g glasial)d

2 o 9 0l Ol Caalad pac -F-Y
35 ;3 HEC-RAS Jus coualad poe gulis Caonsd ol , b
50 onl el oad Wl Gy B 5 Gl Ol Azl
Slos s i 5 S gy JUEl (glaass] b azeil B
Foe aleog; Guled g oy, ($G9958)90) (oolidii,
Oyge & el poe Jlod @l T Jouo 0 it
lasil g gl b Ve 93 Sl JSS 10 9 (o5 slaals
odel g jluads doye A0 Jlis! sloghw o el
S isn aile a5 09h o cdalin Cwowd ol o ol

el do ) Vee o lae eled ;3 95PPU aseil 8y

Journal of Hydraulics

16 (1), 2021
16



\f.o )LQJ. Al c)l.o.{;') Ald 099

Sl yaad

P Ay, Olgs @is g Wloo S Dl (rdge s ) £ &b
ahaie ool o il ol b ol 1) Dhew slaciiis
Olpl s oo g )il g (b, SO (oo
pe g b OlF slenimd & b al>de
ot e 8 Sy (395 alSog; Jsbo 55 ()T (slacalas
e 33 39790 (SB09; o 0929 i ik (sl Slaiel
0 Sla S 55 Joo slacuslid puc faly il (o) o
(e bl Conlad pae 4391 YU oy a5 0o g0 LES Vb
oS slogll (518 s jl el yiaS lacslad pac ol Jg
B SBMe o3l ;o (45,5 allog, (Slg e sloazmnl ) 5
pazeinl B diion 9 zgl (sloglime iz jo (ol oals Sl
SOl 50 ) Cand (VL Jl bl pae o) Jobo o
2Ol 9 oSl lacuslad poe clay g wlanils oS
loazenld (oolos ;5 (5500708 o b b @l
Clraline j0 a5 oal cslie diin ol (gl
09 Ay, (292Y g ilil log) (qwaiges s30)S
5 ey oo @S o Gl glocasbipos ol 4 axg
NSE JLas 3l jokaie oty .ol (69 00 00l riwiono
A Sy g ol eslitid Siile (65 e RSN Gl
2 NSE>0.75 b i Jloe! 5l oolaiul b coxbadpae Slilxe
5V 9 A Gl St mls ply b plonl daaseinl $ i 5
e 3l ool b oS 553 m sanlin Sl oyl 3 ¥ Jpo
@l sleald pos lioe Sisle 62 re 2T
Olioadol b 059020 g 00ls zals' |y HEC-RAS jluacs Joe
~pae o b 00 sy Jao gloazminl (sl 55V
—poe 5l (35 Jhidye Djge 0 oS dad e (i Coakd
o dslome 0l 2 (Sg e Sl Sy Sl slacealad
bl Sy 09 Vb cle 4 o Sgyaee slaJae Ly
A e 5 Jo S5 s (b (sl w5 o

=

RO

G5 i -F
gl 3l aile balsog, o bz (Sdgyaee sla S5
(xS S sloaigy ()0 W05 p0 Sl s by 5 o]
Sl Sl Olg 5 (sn GRS g 00e 5 Gl ey
Pl g oSl slaceabad pas mb adly 15 5095 2lad

&3S (el pilie baailsog, (Sdg e U8, (gl
Sy e ol poil g cod (65 capd (Seslas s
Job 0 4 )lSS ) cope & i Ko g (20 &b
Wb g gely b (sl logas gu) 2 D3l 50 Sgpeiie |y S0y,
alog; Job jo aaoge (las Ve 9 8 Gl SS po (leldl
Glooy § Cond Sl Joo Cuabd poe gl 09)l8
reins Cundg (43S 6l0g, (056 ahaie [0 sl s
S Sy sl pdy s Sa ()] 509 le 5 il b
9IS (o0 et b @l lacealad pas (b > Sy
09, Jgb 10 (62w po 4 S Joo gl Calad pie
@ axg ol 9 Sl Sglite it laoll o g
Ol |y 9y alog) 50 (625 o pd G0 US4y et
Falaly 5l gop G855 0 ka5l by U5 Olg e e

1390 50 Anlre

Q=YQS; ©®)

5 T dabie p (Sed) Ob Oly Q abaly cnl o
ged Rl (ogame (js ¥ apese 2 Hisedson
s 395 o0 odalive el (6551 b3 i St g (S e
S e )08 5836 (b2 g s jobody (5551 La>
el as (V JS5) sl sVl o 5l it ailsog, 03
58 loceakd pae ol Grizmes 5 655 a3 oot I
alio 5.) + & UK 5| gl opdle el 0k Jobo gl
2 9900 oaalie b0y, e Jsb D L il @l
G5 5 ol g st i leogyolmy o el
G5 9 Ok Ol ) Sanlal pac g oy i allBsg) (S5
S 50 by Ol g e GRS el ey 55 (S
Js N S e
kol alate s Sl Sl 1 g s ailsog, (So5el98 90
kel ghaie (s 5l S5 095 Wl (699,0xn

sy s il el aS a0 7y Db sl g

omawg 9

Iy ol Ole 6y s a5 ol Song et al. (2014) gl

Journal of Hydraulics
16 (1), 2021

17



Voo 999,

lgdo 2L, .. HEC-RAS Jowo zolis conlad poe Judoxs

Stream Power (Nim.s)

14

N

Stream Power (N/im.s)
k-] E

o

&

]
|

|

f
|
WAL

. /

Fig. 9 A) The spe

10,000 20,000 30,000 40,000 50,000 60,000

Distance (m)

ctral response of Stream power in 3000 MCS runs, B)The uncertainty bound with 95% probability level of
HEC-RAS model results using constrained manning roughness selection

70,000 80,000 90,000 100,000 110,000

190,520 Jlazml b pylisabsl slassly (B 5 5,15 Cige ansTd 6 ¥o v v o slS ailiog, b,z olsi gl ik (A 4 JSCo

Shear Stress {N/m2)

HEC-RAS Jus (silwaced Yo oo (o 5l 65 < pd (252

[ 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000 110,000
Distance (m)
14 T T T T T T
2 B -
- § 4

10 L
o
£ i / i
= 8 i .
i
£
n
s 6 ‘ 4
il
2
& /.\/\J\

1 \,/ | ]

2 -

0 1 | I | I i | I 1 1

o 10.000 20.000 30.000 40,000 50.000 60,000 70.000 80,000 20.000 100.000 110.000

Dislance (m)

Fig. 10 A) The spectral response of bed shear stress in 3000 MCS runs, B)The uncertainty bound with 95% probability

level of HEC-RAS model results using constrained manning roughness selection

10 Jlatol b pliale] glasls (B 5 5hIS Siga AT (6 T 3 055 by, s (i 5 by i (A Ve S

HEC-RAS Juo (laacd Yoo v o 5l (605 o pd (G54 50 2o

Journal of Hydraulics
16 (1),2021
18



\f.o )LQJ. Al c)l.o.{;') Ald 099

Sl yaad

Ol Wy, (b p G5 9 by Ol ke ad ;o HEC-RAS Jow coalad pae molis —¥ Jgu
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Discharge (m%/s)

e ey
3000 MCS runs NSE>0.75 3000 MCS runs NSE>0.75
Stream 95PPU 100 96.5 100 100
Power d-factor 1.79 0.08 15 0.173
Shear Stress 95PPU 100 100 100 100
d-factor 3.71 0.16 1.86 0.12
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