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ABSTRACT

It is important to estimate flood overflow because adverse weather phenomena are frequently occurring in recent years. In order to cope
with such abnormal floods, it is essential to perform flood inundation simulations for constructing flood inundation maps as
nonstructural countermeasures. However, there is no quantitative evaluation method and criterion for flood inundation prediction. In
this study, the Receiver Operation Characteristics (ROC) and Lee Sallee Shape Index (LSSI) were employed to quantitatively evaluate
the accuracy of flood inundation maps for 10 administrative districts. Comparing predicted inundation maps with actual inundation
trace maps, the ROC score was 0.631 and the LSSI was 25.16 %. Using the ROC and the LSSI, we proposed an evaluation criterion
for flood inundation map. The average score was set as an intermediate score and distributed into 5 intervals. The validity of the
evaluation criterion was investigated by applying to the XP-SWMM model, which has been verified and corrected. The ROC analysis
result was 0.8496 and the LSSI was 51.92 %. It is considered that the proposed evaluation criteria can be applied to flood inundation
maps.
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2.1 ROC B2 (Receiver Operation Characteristics)
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Table 1. Confusion Matrix for ROC Analysis

Actual Value
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Predicted YES Hit (H) False (F)
Value NO Miss (M) Zero (Z)
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Fig. 1. Measured Values of A for Forecasts of Several Different
Weather Conditions. Ranges are Shown where Multiple
Tests were Made (Swets, 1988)
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2.2 Lee Sallee Shape Index Method
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(Chung et al., 2007).
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Table 2. Map Area by Administrative District (Unit: km?)

Num Admipist.rative Inundation Infr:gzgon Ad.mir.listlative Inter-
District Trace Map Map District Area | section

1 | Gamjeon-dong | 0.763 0.347 3.525 0.228
2 Gwa“dg(‘;]‘f"“g' 0.380 0.723 4291 0.147
3 | Geolpo-dong 0.965 0.309 7.565 0.305
4 | Bukbyeon-dong | 0.265 0.219 1.830 0.179
5 Janggi-dong 0.512 0.122 6.029 0.103
6 Naeyu-dong 0.495 0.246 5.937 0.107
7 | Danwol-dong 0.476 0.548 3.616 0.213
8 | Sinan-myeon 3.169 3.238 18.027 1.043
9 Dagji-myeon 3.355 3.374 25370 0.810
10 |Docheon-myeon| 1.372 2.162 71.959 0.699
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Fig. 3. Inundation Trace Map and Flood Inundation Map In Study Areas
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Table 3. ROC and LSSI Results
Num Administrative district ROC Analysis Hit Rate False |ROC Curve LSSI
Hit False Miss Zero Alarm Rate|  Score (%)
1 Gamjeon-dong 0.23 0.12 0.54 2.88 0.30 0.04 25.84
2 Gwangmyeong-dong 0.15 0.58 0.23 4.49 0.39 0.11 15.39
3 Geolpo-dong 0.30 0.00 0.66 6.60 0.32 0.00 31.46
4 Bukbyeon-dong 0.18 0.04 0.09 1.61 0.67 0.02 58.52
5 Janggi-dong 0.10 0.02 0.41 5.54 0.20 0.00 0631 19.45
6 Naeyu-dong 0.11 0.14 0.39 5.58 0.22 0.02 16.84
7 Danwol-dong 0.21 0.34 0.26 3.48 0.45 0.09 26.30
8 Sinan-myeon 1.04 2.20 2.13 17.05 0.33 0.11 19.44
9 Daeji-myeon 0.81 2.56 2.55 24.58 0.24 0.09 13.68
10 Docheon-myeon 0.70 1.46 0.67 72.05 0.51 0.02 24.65
Average 25.16
Table 4. Suggested Evaluation Criteria of ROC and LSSI
ROC Analysis Lee Sallee Shape Index Method
Range Deg. of Accuracy Range(%) Deg. of Accuracy
0.80 ~ 1.00 Excellent (A) 40.0 over Excellent (A)
0.70 ~ 0.80 Good (B) 30.0 over Good (B)
0.60 ~ 0.70 Fair (C) 20.0 over Fair (C)
0.55 ~ 0.60 Poor (D) 10.0 over Poor (D)
0.50 ~ 0.55 Fail (F) 5.0 over Fail (F)
Table 5. Application of Evaluation Criteria
Num Administrative District ROC Analysis LSSI
Results Accuracy Results Accuracy
1 Gamjeon-dong 0.630 Fair (C) 25.84 Fair (C)
2 Gwangmyeong-dong 0.637 Fair (C) 15.39 Poor (D)
3 Geolpo-dong 0.658 Fair (C) 31.46 Good (C)
4 Bukbyeon-dong 0.825 Excellent (A) 58.52 Excellent (A)
5 Janggi-dong 0.599 Poor (D) 19.45 Poor (D)
6 Naeyu-dong 0.596 Poor (D) 16.84 Poor (D)
7 Danwol-dong 0.680 Fair (C) 26.30 Fair (C)
8 Sinan-myeon 0.607 Fair (C) 19.44 Poor (D)
9 Daeji-myeon 0.573 Poor (D) 13.68 Poor (D)
10 Docheon-myeon 0.745 Good (B) 24.65 Fair (C)
7 WSS B FEIC ROC 49k LSSIol o 47 Weble  apdshe Ao BARink ueb, F o) 45 nels
& Table 45} Zor), BEES A4 107) BT BheF  BEY F YL slo= B

5938 ol&Ae] A% A7E Table S Hleic
o] Wajo] & 45 ROC HRIFES) Zerovh 7] 2]

o) ROC s4yzishe] ek} LSSI wiol vl Ax= 5ol

glov], LSSI= o] #4°% ROC 42t njs) Hatert

3.4 CIE Zgvie| Hlw HE
FFAAE 2011 7Y 2695E] 28471A] 1Y Hof 449.5
mme] YEESE Slsle] W47 WS N AN
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Fig. 4. Dongducheon-si Flood Analysis Result

2 AuAele] deko = 239l lrefrt 7ks sk XP-SWMM
BFo] Aiks 5jele] & o] Aaks A8tk Fig 4
XP-SWMME o83k =4 Ao, (b)oll &=
S99 JSAEE FH] AT

ROC 243} LSSI £41& o83k S 73Ale] S4dvhk= 224
0.8496, 51.92 (%)% A2 FAHLE ol AAgH 7hxe]
“Excellent”o] 3Jglch XP-SWMM R3S 7338 PA] 345
Aol 117he] via=g2zg AV, 313le] o918 7Eo 2 me]
HBAS A7) W] 2o ke

428

B o7 A5EAEs) 59900 SASE JYHo R W)
5] $lste] ROC 2435} LSSI e olgate] 59308 al=
= 2] A 7PIRKE AkIIch 107] BTl chsled
2238 ROC Curve Scorex= 0.6310]1 LSSIE= 25.16 (%)&
A EACE AR e B4 A s SRS E
31 ROC Curve Score?] 0.5 - 1.0& 57 F7ro2 FE319Th
LSSI9] A= 107] 8792 50 %] 3hS Fairz 2Hg3}]
AR WPt 7rsE 2o sk wegl mYe) 4B
o] gkud RYS Tt FFHA FPEs A8 vt
A2 A E Tk

FF IR W] SleiA veket Aot o s9AR
of thgt HpHEEe} 599f3) SR 1T} Hasit 53,

388 Journal of the Korean Society of Civil Engineers

HrEAee] 2PP7Ike aste] JEeidot =8 58 28
3 S9ufa) oSA=e] Agego] kv, Asfel] cigh vim]-th
SAlel &87de] SiE AR dAekdrh 2 Aol AAG
B s S83to] AP Brhade d8sto] s-99j8 o
SA =7} FAsksitial deked 2] vy B HES
S Al thet AR AR 28 Ttk

B Aol ko s 283 HeEA = S E T
& Fo oA, ARt FR0] AFEkA] o A1
TR 715 ool @At ool =3hd 24t Sl7) el
HarEd] 2APde] A g Se davt Sivk Ao} st
of =l 71 wad = e sl SR el thek
AR P 50 we vRE AR 285t
AFFE FEE ¢ s vaAEEA 2 de] At 28
7Fe¥ Ao g dekenk

fo of

=

2ol 2

= G AR AASEAR AT AN A
wrol =38 7} (MOIS-A-2015-05).

References

Andrysiak Jr., P. B. and Maidment, D. R. (2000). Visual floodplain
modeling geographical information systems (GIS), CRWR Online
Report 00-4.



Baumann, C. A. and Halaseh, A. A. (2011). “Utilizing interfacing
tools for GIS, HEC-GeoHMS, HEC-GeoRAS, and ArcHydro.” In
Proc. World Environmental and Water Resources Congress 2011,
Palm Springs.

Chormanski, J., Okruszko T., Ignar, S., Batelaan, O., Rebel, K. T.
and Wassen, M. J. (2011). “Flood mapping with remote sensing
and hydrochemistry: A new method to distinguish the origin of
flood water during floods.” Ecological Engineering, Vol. 37, No. 9,
pp. 1334-1349.

Chung, G. H., Jun, C. M., Kwon, J, H. and Jeon, C. D. (2007). “A
study on the error detection of attached cadastral maps using
GIS.” Journal of the Korean Cadastre, Vol. 12, No. 2, pp. 47-55
(in Korean).

Dongducheon-si (2012). Disaster district maintenance plan: Jungang,
Bosan, Sangpae-dong, Dongducheon-si.

Horritt, M. S. and Bates, P. D. (2002). “Evaluation of 1D and 2D
numerical models for predicting river flood inundation.” Journal
of Hydrology, Vol. 268, No. 1, pp. 87-99.

Hwang, T. H., Jang, D. W., Kim, H. S. and Seo, B. H. (2004).
“Flood inundation analysis based on HEC-GeoRAS & HECRAS.”
Proceedings of the Korea Water Resources Association Conference,
KWRA, pp. 737-741 (in Korean).

Islam, A. S., Bala, S. K. and Haque, M. A. (2010). “Flood
inundation map of Bangladesh using MODIS time-series images.”
Journal of Flood Risk Management. Vol 3, No. 3, pp. 210-222.

Jeung, S. J., Hong, 1. and Kim, B. S. (2015). “Non-stationary
intensity-duration-frequency curves & design flood for drainage
system design coping with climate change.” Crisis and Emergency
Management, Vol. 11, No. 10, pp. 237-255 (in Korean).

Ji, M. H. and Cho, H. J. (2017). “Analysis of changes of flood
inundation depth and area according to channel migration and
river improvement using HEC-GeoRAS.” Journal of Korean Water
Resources Association, Vol. 50, No. 5, pp. 315-324 (in Korean).

Jo, S. H. (2004). Extraction and application of spatial association
rules : A case study for urban growth modeling, Master Dissertation,
Inha University.

Jo, W. H., Han, G. Y. and An, G. H. (2010). “Flood risk map using
FLUMEN model.” J. Korean Soc. Civ. Eng.,Vol.30,No.2B,
pp. 169-177 (in Korean).

Khan, S. 1., Hong, Y., Wang, J., Yilmaz, K. K., Gourley, J. J., Adler,
R. F., Brakenridge, G. R., Policelli, F., Habib, S. and Irwin, D.
(2011). “Satellite remote sensing and hydrologic modeling for
flood inundation mapping in Lake Victoria basin: Implications
for hydrologic prediction in ungauged basins.” Geoscience and
Remote Sensing, Vol. 49, No. 1, pp. 85-95.

Kim, B. S., Yoon, S., Yang, D. M. and Kwon, H. H. (2010).
“Development of grid-based conceptual hydrologic model.”
Journal of Korea Water Resources Association, Vol. 43, No. 7,
pp. 667-679 (in Korean).

Kim, S. G., Song, I. H. and Ko, K. Y. (2007). “Cartography of
disaster in Yeongsan river watershed using geographical information.”

1z
on,
Ho
oY
u}
olo

Journal of the Korean Cadastre Information Association, Vol. 9,
No. 2, pp. 121-131 (in Korean).

Kim, S. J., Kim, G. T., Jeong, J. H. and Han, S. O. (2013). “Flood
inundation scenario development and analysis using HEC-HMS/
RAS and HEC-GeoRAS models.” Journal of the Korean Society
of Hazard Mitigation, Vol. 13, No. 4, pp. 199-205 (in Korean).

Lee, J. H., Choi, J. J., Lee, H. C. and Lee, E. T. (2003). “Mapping
of flood plain boundaries using high spatial resolution DEM.”
J. Korean Soc. Civ. Eng., Vol. 23, No. 6B, pp. 471-478 (in
Korean).

Lee, J. Y., Park, D. H., Kim, S. J. and Kim, T. W. (2017).
“Estimation of break outflow from the Goeyeon reservoir using
DAMBRK model.” J. Korean Soc. Civ. Eng.,Vol.37,No. 2,
pp. 459-466 (in Korean).

Lee, K. S., Lee, D. E., Jung, S. H. and Lee, G. H. (2018). “Analysis
of large-scale flood inundation area using optimal topographic
factors.” Journal of Korea Water Resources Association, Vol. 51,
No. 6, pp. 481-490 (in Korean).

Lee, M. S., Jang, D. H. and Lee, S. (2014). “An analysis of flooded
areas by flood frequency for drawing a flood risk map: Focusing
on Nonsancheon and Soseongcheon basin.” Journal of Climate
Research, Vol. 9, No. 2, pp. 153-166 (in Korean).

Lim, H. C. and Choi, S. K. (2013). “Expectation analysis of flood
hazard map using spatial information.” Journal of the Institute of
Construction Technology, Vol. 32, No. 1, pp. 67-73 (in Korean).

Lim, J. H., Sung, J. H., Hwang, S. H. and Kim, B. S. (2013). “Flood
runoff simulation using S-RAT model and Radar rainfall.”
Journal of KOSHAM, Vol, 13, No. 5, pp. 307-315 (in Korean).

Moon, C. G., Lee, J. S., Cho, S. G. and Shin, S. C. (2014).
“Comparison of flood inundation models using topographic
feature.” Journal of the Korea Geo-Environmental Society, Vol. 15,
No. 1, pp. 69-77 (in Korean).

Nam, D. H., Lee S. H., Jun, K. W. and Kim B. S. (2016). “A study
on the debris flow movement and the run-out calculation using
the coupling of flood runoff model and debris flow model.”
Crisisconomy, Vol. 12, No. 8, pp. 131-143 (in Korean).

Park, J. D. and Choi, J. M. (2011). “Flood area estimation and
evacuation path analysis.” Journal of Korea Spatial Information
Society, Vol. 19, No. 1, pp. 1-11 (in Korean).

Park, J. P., Kang, T. U. and Lee, S. H. (2017). “Evaluation of
accuracy depending on pipe network density in urban flood inundation
analysis using the SWMM.” Journal of the Korean Society of
Hazard Mitigation, Vol. 17, No. 1, pp. 71-78 (in Korean).

Swets, J. A. (1988). “Measuring the accuracy of diagnostic systems.”
Science, Vol. 240. No. 4857, pp. 1285-1293.

Tate, E. C., Olivera, F. and Maidment, D. (1999). Floodplain
mapping using HEC-RAS and ArcView GIS, Ph.D. dissertation,
The University of Texas at Austin, Texas Austin.

World Resources Institute (WRI) (2015). World’s 15 countries with
the most people exposed to river floods. March 05.

Vol.39 No.3 June 2019 389





