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Flood Alert and Waming Scheme Based on Intensity-Duration-Quantity
(IDQ) Curve considering Antecedant Moisture Condition

ABSTRACT

The methodology of utilizing Intensity-Duration-flood Quantity (IDQ) curve for flood alert and warning was introduced and its
performance was evaluated. For this purpose the lumped parameter model was calibrated and validated for gauged basin data set and
the index precipitation equivalent to alert and warning flood was estimated. The index precipitation and IDQ curves associated by three
different Antecedant Moisture Conditions (AMCs) are made provision for various possible flood scenarios. The test basin is
‘Wonju-cheon basin (94.4kmz) located in Gangwon province, Korea. The IDQ curves corresponding to alert (50% of design flood level)
and warning (70% of design flood level) level was estimated using the Clark unit hydrograph based lumped parameter model. The
performance evaluation showed 0.704 of POD (Probability of Detection), 0.136 of FAR (False Alarm Ratio), and 0.633 of CSI (Critical
Success Index), which is improved from the result of IDQ with single fixed AMC.

Key words : Flood alert and warning, Clark unit hydrograph, Intensity-duration-quantity curve, Antecedent moisture condition, Flash
flood guidance
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Table 1. Wonju-Cheon Basin Characteristics

Area (kmz) 94.4 River Slope (m/m) 0.0169
River Length (km) 133 Basin Slope (m/m) 0.363
Flow Length (km) 18.2 Basin Perimeter (km) 62.7

Han river basin

A ‘Wonju' Water
level station

‘Wonju’
. Weather station

_— Stream

AN N
v&u\/

Wonju stream basin{

— Km

[ 2 4 6 8

Fig.1. Study Basin and This Location in South Korea
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Table 2. Observation Station Information
Location
Station name - - - Observation starts on Operated by
Longitude Latitude Altitude (EL.m)
Womw' 127.947 37.338 15222 1973/01/01 KMA®
Weather station
¢ uBr
Wonju Br” 127.956 37.348 1202 1976/08/13 MLIT®
Water level station

*KMA: Korea Meteorological Administration

°MLIT: Ministry of Land, Infrastructure and Transport

Table 3. Rating Curve of Wonju Water Lever Station (MLTM, 2009)

Station Range Equation( Q: m*/s, H(h) : m)
049 < H=<0.93 Q= 0.298 < (H—0.490)*2°
0.93<H<117 Q=97.410 X (H—0.870) 9%
Wonju 1.700
AT<H<1. =15.
(H=h+1) 117 <H=1.50 Q=15.500 < (H—0.830)

1.50 < H< 2.80 Q="71.801 < (H—1.150)>"1°
2.80 < H < 6.30 Q= 27.671 X (H—0.750)>%"2
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Fig. 2. Result of Calibration (a~d) and Validation (e~f) for Clark UH Parameters
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Table 4. Summary of Model Calibration and Validation
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Period T, K Total Rainfall R? RNiSE NSE
(mm) (m’/s)
a 2004/8/18 08:00 ~ 2004/8/20 06:00 1.5 5.14 81.0 0.81 9.98 0.80
b 2005/7/01 01:00 ~ 2005/7/02 24:00 2.6 3.78 104.5 0.84 15.88 0.80
Calibration
c 2007/8/09 12:00 ~2007/8/11 02:00 22 3.1 48.0 0.83 12.76 0.79
d 2009/7/12 03:00 ~ 2009/7/14 21:00 1.7 5.08 191.0 0.90 28.46 0.91
o e 2010/9/12 01:00 ~ 2010/9/14 16:00 107.0 0.97 24.67 0.95
Validation 2.0 427
f 2013/7/22 04:00 ~ 2013/7/24 18:00 248.5 0.97 13.35 0.97
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Fig. 4. Relationship of IDF and IDQ Curve
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Fig. 6. Decision Making Process for Flood Warning Using The IDQ
Curve
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Fig. 7. IDQ Curve and Flood Events with Various Antecedent
Moisture Conditions
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Table 5. Flood Warning Evaluation of The IDQ Curve Method in Actual AMC

Rainfall Total Rainfall Maximum Peak Flood
Date AMC Duraion Rainfall Intensity Intensity (ns) Flood Forecast | ActualFlood

(hr) (mm) (mm/hr) (mm/hr)
2004.6.20 I1 15 60.00 4.00 8.00 120.23 No Yes
2004.7.15 I 13 86.45 6.65 32.50 160.57 Yes Yes
2004.7.16 111 8 59.04 7.38 17.50 114.00 Yes Yes
2004.8.18 I 21 81.06 3.86 11.00 83.00 Yes No
2005.7.1 11 12 104.52 8.71 31.50 138.10 Yes Yes
2005.8.10 I 6 62.52 10.42 29.00 118.66 Yes Yes
2005.8.11 111 7 73.01 10.43 25.50 167.77 Yes Yes
2006.7.12 11 17 70.04 4.12 15.00 131.50 No Yes
2006.7.15 I1 22 253.44 11.52 27.50 370.96 Yes Yes
2006.7.27 I 28 173.04 6.18 20.50 200.28 No Yes
2006.8.25 I 5 53.50 10.70 50.00 121.65 No Yes
2007.8.4 I 7 69.51 9.93 21.00 150.66 No Yes
2007.8.5 11 9 45.54 5.06 25.50 159.76 No Yes
2007.8.9 I 8 46.00 5.75 24.00 141.85 No Yes
2008.7.24 111 15 173.85 11.59 39.00 230.22 Yes Yes
2009.7.9 11 9 59.49 6.61 24.50 76.52 Yes No
2009.7.12 11 16 191.04 11.94 20.50 299.62 Yes Yes
2009.7.14 I 12 115.56 9.63 31.00 389.63 Yes Yes
2009.7.17 111 66.00 11.00 27.50 109.37 Yes Yes
2009.7.18 I 84.60 14.10 53.10 121.03 Yes Yes
2010.9.11 11 11 67.54 6.14 26.00 209.64 Yes Yes
2010.9.12 I 7 92.75 13.25 31.50 377.02 Yes Yes
2010.9.21 I 11 201.52 18.32 49.50 635.36 Yes Yes
2011.7.3 11 18 203.94 11.33 44.00 233.26 Yes Yes
2011.7.7 I1 12 95.52 7.96 29.00 65.96 Yes No
2011.7.8 I 13 76.96 5.92 13.00 121.03 Yes Yes
2011.7.27 I 13 176.02 13.54 53.00 137.54 Yes Yes
2011.8.16 I 18 165.96 9.22 37.00 265.10 No Yes
2012.7.5 I 24 258.96 10.79 40.50 198.95 Yes Yes
2013.7.22 I 9 210.51 23.39 44.50 271.79 Yes Yes

Table 6. Contingency Table Between Flood Forecast and Events
Flood Forecast
Yes No
Fixed Fixed Fixed Actual Fixed Fixed Fixed Actual
AMC 1 AMCII AMC III AMC AMCI AMCII AMC 11T AMC
9 14 23 19 19 13 4 8
Yes
Actual X, hit Y, miss
Flood 0 5 19 3 18 14 0 16
No
Z, false alarm Not Applicable
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POD= hits +misses X+ Y )
_ false alarms 7
FAR= hits + false alarms X+ Z &Y
CS— hits X 3)
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AMC-1 Z3194¢] & IDQ 418 o] &3S wle] POD=
0.321, FARL 0.000, CSI= 0.3212 2FE9lon], AMC-II
ZZoMe] dd IDQ IHAE 0] 831S wje] POD= 0519, FARS
0.263, CSI= 0.4382 A =9t £3], AMC-IIT Zx1oj|42]
] [DQZAS o]4alS wle] PODE 0.852, FARS 0.452,
CSI= 0.5002.2 4Pg=|o] Al 717 ©dz & 2E gro] 71
=) eEdTE AMCHIT 20308 5938 Zolle 2o fa7des
AgEte] 2k S RU) W EA =i, HrER]4<] PODe}
CSU7} =& o] = BAlol FARE Folr] ZAK] =i
o] A= "olAA Ak o]t WS Hekslr] 93 -
ALl AMC 2308 IDQ1E o83 el POD+=
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Table 7. Overall Performance Statistics for Flood Warning Based
on The IDQ Curve

Ia?wcgr;)e POD FAR csl
1 Only 0.321 0.000 0.321
11 Only 0.519 0.263 0.438
111 Only 0.852 0.452 0.500
Actual 0.704 0.136 0.633

wizol FS A8/3S 7L Qrial ATk 59, Xt =]
F7VATE Hol= AMC-II 2719 H]3l POD+E %37, FARS
SR RS THAHA TRERI 3R ER] CSUF BE 2 F

714 70 et Table 7).
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