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Development of Rating Curve for High Water Level in an Urban
Stream using Monte Carlo Simulation
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ABSTRACT

In this study, we proposed a methodology to develop Rating Curves for high water level using rainfall generation by the Monte Carlo
Simulation (MCS) technique, optimized rainfall-runoff model, and flood routing model in an urban stream. The developed stage
discharge Rating Curve based on observed data was contained flow measurement errors and uncertainties. The standard error (S.) for
observations was 0.056, and the random uncertainty (25,,) was analyzed by * 1.43% on average, and up to +4.27%. Moreover, it was
found that the Rating Curve extensions by way of logarithmic and Stevens methods were overestimated to compare with the urban
basin scale. Finally, we confirmed that the high water level extension by random generation of hydrological data using MCS can be
reduced uncertainty of the high water level, and it will consider as a more reliable approach for high water level extension. In the near
future, this results can be applied to real-time flood alert system for urban streams through construction of the high water level extension
system using MCS procedures.
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Fig. 1. Flow chart of high water level Rating Curves using MCS procedure
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Table 1. Watershed Present condition of Wooyi stream basin

Watershed Watershed  Watershed River length (km)
Name  Area(km”) Length (km) Local river Total

Wooyi 28.76 11.75 833 833
Daedong 4.18 3.47 1.60 1.60
Gaoh 2.24 2.81 2.02 2.02
Whagye 4.40 2.80 2.80 2.80
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Fig. 3. The study area of the Wooyi stream basin located in the North-east Seoul, South Korea. (a) represents location of Wooyi stream in

Seoul, and (b) is drainage sewer system.
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Table 2. Development of the Rating Curve Equations (Unit; Q =m?*/s, H=EL. m)

Observed year # of Obs. data Rating Curve Equation R
. Q =82.96(H — 16.20)'-5342%
2000 ~2004 83 [16.24 = H = 18.15] 0.9614
- Q =81.52(H—16.1514)" 43017
2000~2006 114 [16.24 = H = 18.4] 0.9164
_ Q =75.41(H — 16.10312)! 696408
2000~2008 122 [16.24 = H = 18.49)] 0.9597
_ Q =79.55(H — 16.12189)" 629327
2000~2010 140 (16.24 = 7 < 18.42] 0.9463
Table 3. Stochastic characteristics of observed and simulated precipitation
o . Simulated UQR Series
Statistics Observed UQR Series (1961 ~2010 year)
MOM ML PWM
Max. 208.1 2552 260.3 259.3
Min. 102.3 104.4 105.2 104.9
Average 134.0 132.6 134.2 133.7
Median 127.2 124.8 126.1 125.7
Std. Dev. 26.93 26.53 27.30 27.19
Ccv 0.2010 0.2000 0.2034 0.2033
Quartile 75% 102.3 104.3 105.1 104.8

* Observed UQR means upper quartile range of annual maximum rainfall series obtained from Seoul meteorological observatory. Simulated UQR
means generated upper quartile range data from MCS., Quantile estimation performed method of moments (MOM), method of maximum likelihood

(ML), and method of probability weighted moments (PWM).
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7RO 2 3l ofuR] e wiEl} wh 5/8de| ofs) 7tk
WS AREBIGITE g whtolx] thE whzbA]e] o Fehaes
R 98 AHgs] $138F BFEEAAPH(standard  step
method) 0 2 ZJ-F5-o} R4 T sl vHEX O R o]
WAE FOEM IS F Jom, Thy Eq. (13)2 gheiie]

S9le THgeI chewiel 5918 ouApg Ao 2 ek =
Pl 559 FAANAelck

V2 2
Y2+ZQ+0422—;=Y1+Z]+0412—;+}L(, (13)

o7, = 71 datum) 0 2E] SHukEbAle] Aefoln,
Vi T2k ol 59, Vi T3F kRielie] A o 7
Fetoe] o) WAL gt TR b ol 295
ok oux&asTel viak BAe Bq. (14)h 2tk

2g 29

a2V22 0‘11/12] (14)

he=L- S+ C- [

AN, Le Hhe TR, Sy TRke] HivbdrAL
Ce o Fuf 2 549 ofgh Salrelt): 9 9] T RAE
HiE3le] B8 AR 24 48 4 glom ARBAL ARThH
9] 915 7RI s TS 7Pg)stked, S
Aol st 6K SE4-75 738k, o] g5 o83t
E—% 2REgt 919] Eq. (14yS o83l h, & 731, Eq. (13)9]
I3k Absraiele] S99} 7PgRk 41} Ao Mgl S
WA EAE o vk AT

Table 4. Statistical evaluation and model calibration and verification of runoff model

) Rainfall event (2001/07/30) Rainfall event (2003/07/22)
Applied models Remark
CME PEP (%) | PEV (%) | PETP(%) | CME PEP (%) | PEV (%) | PETP (%)
Model I 0.96 0.36 19.70 12.86 0.77 3.01 -17.08 -8.33 Cal.
Model I 0.96 0.27 4.29 429 0.85 -0.84 -2.01 -4.17 Ver.

* Model I : Kinematic Wave Model, Model 1I : Kinematic Wave+Dynamic Wave Model, Cal: Model Calibration, Ver: Model Verification
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— — — Steady Flow
Unsteady Flow
& Obs. W.SEL.

15 T [ T T [ T T [ T T [T 1
0 200 400 600 300 1000
Time(min)

(a) Calibration (July, 12, 2006)
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£, M%” ] 54% B iZ!
5 '] .
g 3] 2006.07.16(Sta.No 26)
& 12 — = = SteadyFlow
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P T e it
=] 4
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= i
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(b) Verification (July, 16, 2006)

Fig. 7. Calibration and verification of flood events
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Table 5. Model calibration and verification results from two extreme rainfall events

Ob 4D Simulated RMSE

i served Data

I;:amf?ll Steady Flow Unsteady Flow Note

vents
3
Q, (m'/s) | 4, (ELm) | V, (m/s)| H, (EL.m) V,, (m/s) | H, (EL.m) V., (m/s) H,(m) |V, (m/s)

July, 12,2006 | 344.37 18.65 327 19.18 3.01 18.62 3.16 0.020 0.012 Cal.
July, 16,2006 | 338.12 18.72 3.02 19.08 2.99 18.70 2.98 0.014 0.002 Ver.

* @, Peak Discharge, H,: Peak Water Surface, V,,: Average Velocity, RMSE: Root Mean Square Error, Cal: Calibration, Ver: Verification

MCS A3} o] e A Sriks e AR R
sal shF AR SR normal depth) 0. & dfe] F~9]
= 2H3I9tHYoon, 2012). T} Figure 7-& 200613 74 12
AP gk 3579 dSwkol] digh AR 2R3
9] BA(calibration)?} 7Z(verification) 272 VER|SITE ¥
1ol gk S8R -5 s ETRs oRE =24 ven,
A SV S5uke] g R Jske] AAHe s BARF
sfialdtel fAkeE Fds UERAL itk refehy 5] BY
= B3 9 4 2 7S] A R(steady flow) SA PR
T 14 F(unsteady flow) A& X 24% ZA| APES O,
AT e RS S5k etk 852l gk ARt Iyt
A TS B 9rapl whdslal Sles ERIE
AUt wEpA] B Aol A= MCSel| &8t 1140$] RS
ete] F87 iAol oJghk g9 FHS ARSIt

HES AP tigh a2 9], FF BSAE
npRe 2 Fo Ao it SRS APgslslon], e A
A RE A8t wegk Al AFe] HSE FoRtEE
s Ao 2 A 8de] - F F8R siS AAlet
Ak S (observed) 91 oF P aAel o3 KLo](simulated)
)] H|aE ¢Jsle] BA1A W 2 RMSE (root mean square
error) S ARBBIILE HS 9 ARE BEUE S9AMRS
o] RS HuA di= vhe Table 5o Ltk

AU

i

43 e RIEEMe| EEkE 2
-7 AT BT E A F2H9 2 *Hrandom

error)7} Itk &J71A, F2R) Qxk=
HSAEL 715]9] P ule}
(normal distribution)Z o] Er} o]AEL EHS oI 71
=03k A2 o ARIL) B3k Al 93k= 77 v AP AR
oR= g S| 8w A S Aotk RS
o Qlo] AV @2k= 7Re3, 7ReF, 14, 8L 9] 71EA]
o

)

O
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pu
.

AT o] 03k UNHAO 2 ek Ao mebi 1
g 9-FAWANIA oAkE sl Hiek ik Fgste

7S 2R g Fd B Slole] mEEREel SlojM 49
Aol Azt eaks PRt v Ho R - 9xk= S-S
Tk 5 Tl oJsiA Isle SAkRE BAIR SR £40]
kst eAfolrk TR g d5X] Foll ofHgt et et
AE AfolE Aot stk 9 AlE Y] 4
ARA et s Sl St o5 WIS Ao w
LERH Aotk eel-f-aAle] TH-FrgdA 2J3)
AR o] AS kel Ajolox] ek= EShw(S,, )%
A= g ] 2ZH(S,)ell efsfA
AxkE 4= 9)ti(Ministry of Land, Infrastructure and Transport,
2007). HI-frddAle] Bt S, o Eq. (15)¢F 2t
(ISO 1100-2, 1998).
}1/2

|

oM, Q= S FERIH, Q= F9-TERAIR ARk f3F
ola, N& AA F=574 7N olck Htol] gk EeH=(2S,,)
£ ok Eq. (16)9] 9JsiM Albeck.

e

P =)

=
A= R 3I=20

AT -

Y (nQ—1nQ.)?

5 N—2

€

(15)

1 In(H—2)—In(H—2)]

N N n(H-2)—n(H—2)P

1/2
%100 % (16)

+

- €

A, = - AlE 7] e e ATk
ol Adul 2] Ze thek FFLAKS, )= 0.0560 =
EAEQon o] HFFo g AR 95%E 5.6%2] ZA
1) el ZFFETR= 24 ofvfdic): the Figure 82 A5 5791
2 2lgo] Yzke] Babaly B4 Ayjo|t) w3k Table 62 <19
9] In(H—z) o gk In Q] 7NBzkell vhgh F=2ke) B84
(25,,9) 2= JepfIglon, Akt 475 ulee 2 2w
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Fig. 8. Results for random uncertainty of observed discharge data

Table 6. Random uncertainty of observed discharge data

N H—2z e Y=Y, ’ 25,
i (mgs) (m?/s) @y | NG (y<myf) )
1 0.68 | 38.08 | 43.25 3.64 3.77 0.02 1.22
0.52 | 13.79 | 27.86 2.62 3.33 0.49 1.50
0.27 | 3.87 9.50 1.35 2.25 0.81 2.45
0.15 1.46 3.61 0.38 1.28 0.82 3.40
1.08 | 48.64 | 92.26 3.88 4.52 0.41 1.09

(O, T N N VSR S

108 | 1.07 | 103.26 | 90.86 | 4.64 451 0.02 1.09
109 | 0.82 | 76.33 | 58.77 | 4.34 4.07 0.07 1.10

g 1 i
] - |
[ [J i
. d 1
01 g u
1 10 _ ,, 100 1000
Qm?/s)
(a) Logarithmic method

Frg5o] oA BrbsstaL Agsith gk s S
TRk S9APdo] MRS 9oks A9l oPike FIke] 9l
LAATAS ol STHMOLIT, 2007). £ A7-ox= gk
o= o] A3kl ¢lE A=A M (logarithmic method)=}
Stevens (1907) & 2-83}e] 1159]ol] tigh =9)-F-aA4
< g

IS99} frigs AvigAlol =AEHH Figure 9(a)oh 22
2P0 2 veht, o)|2HE dogld] tigt fds 28 ¢
Stk ok Figure 9= A=)} Stevens WHS 283+ A&
VERNAL 9tk o]9} Z& oike FfRe} v f-3go) sl
SI=EAIR] 7ol Afsht Har S7gf-=3e] 15wl ool thsiA
= tsixE oF FTHMOLIT, 2007). Figure 944 Bi=u}e}
o), 901 #F99 F 24 AH2HE AR AdlAH
9 StevenstHol oI5t 917 BARTA] el e tiAlA
o7 F9lel] vl o] T Al o= vERE 159]9)
ok Rating Curve $3°g<] 2-83l7]9l= thax AlE)do] "olx|=

AR EAdT

4.5 MCSO|| 2|8t 1142| Rating Curve ¢I%E}
Tl A4S A5 3k BEUE (monitoring)S-
B TR ool sh ol 7kA] =) Bke] B et
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B Ao FERAY MRS eRAT|aL 9]l et
SRR =S dJsle] Y 7EF MCSE E3F 1157%] Rating
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A1 E GumbelEFE & ] FRnf7 4 (scale parameter)$} 9]
uf7isi4(location parameter)o]] Z¥zt Y0, 118 2183t T
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Fig. 9. Extension of Rating Curve from logarithmic and stevens method
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Table 7. Stochastic evaluation of observed and simulated outflow data

Data H Q cc RMSE

Max Min Max Min (Qobs V8. Qeat) (Qobs V8. Qea)
Observations 18.42 16.24 344.37 0.87 0.957265 18.1565
300 set 20.29 16.04 511.79 11.31 0.998235 5.7278
MCS 500 set 20.29 16.04 511.79 11.31 0.998086 6.0285
Sim. 800 set 20.46 16.04 541.35 11.31 0.998149 5.8300
1000 set 20.46 15.87 541.35 6.05 0.998162 5.7719

*CC=(Y(Q,,()-@Q

cal(i))/n)_ (E Qobs (Z)/’IL)X (Z Qull(l)/n)/ v SDI XSDQ >

RMSE= /Y (Q,,, — @.,)*/n, Where n is a number of data, @,,, means observed discharge data, and @,,, means simulated discharge data.

@ @ Observed Data
H B N Simulated Data
— — — Legarithmic method
——-— Stevens method
Rating Curve Eqn.
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Fig. 10. Observed and simulated Rating Curves: (a) 300 set, (b) 500 set, (c) 800 set and (d) 1000 set
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Table 8. Development of high water level Rating Curves
Data Rating Curve Equation STDEV R’
Observations Q=79.55(H —16.12189)' 629327 (16.24 < H < 18.42) 20.6754 0.9463
300 set Q =38.43(H —15.59824)1 712739 (16.04 < H < 20.29) 5.7374 0.9965
MCS 500 set Q =40.23(H — 15.62808)1 935320 (16.04 < H < 20.29) 6.0345 0.9962
Simulated Data | 800 set Q =39.26(H — 15.61309) 701751 (16.04 < H < 20.46) 5.8337 0.9963
1000 set Q =38.60(H —15.60127)' 11516 (15.87 < H < 20.46) 5.7807 0.9963
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Fig. 11. Rainfall-Stage-Discharge curve developed by MCS technique considering the critical duration
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