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Categorize Debris Flow Hazard Zones in Urban Areas:
The Case of Seoul

ABSTRACT

The purpose of this study is to classify debris flow hazard zones in urbanized areas using multivariate statistical analyses and to suggest
customized management strategies to each areal type. Using field survey data set in Seoul, 49 sample debris hazard zones are selected.
Clustering and discriminant analyses show that debris flow hazard zones are classified into two types. Surrounding land use and land
slope are major factors influencing to the categorization. The results suggest that, by considering the characteristics of each areal type,
more customized management strategies for debris flow hazard are necessary. Particularly, in addition to traditional structural
measures, non-structural measures including land use and development control for downstream built-up areas should be emphasized
in urbanized areas to mitigate human and property damages from debris flow hazard more fundamentally.
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et al., 2008), APAE BHEA oS Bl IRE H7F AHKIGAM,
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Fig. 1. 49 Sample Debris Flow Fazard Zones Selected for the
Analysis
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Table 1. Characteristics of Variables for Debris Flow Hazard Zones

Type Investigating items Mean or Mode (ratio, %) Range
Surrounding Surrounding topography Gentle hills (42.9) Flatland, Gentle hills, Hills, Gentle mountains, Mountains
characteristics Surrounding land use Housing site (40.8) Forest land, Park, Housing site, Road, Railroad, etc.
Geological and Bed rock Gneiss (59.2) Granite, Gneiss
geotechnical
characteristics Soil depth (cm) 46.9 10~100 cm
Longitudinal-section shape Complex (51.1) Concavity, Straight, Complex, Convexity
Cross-section shape Graded slope (40.8) Convex slope, Graded slope, Concave slope, Complex slope
Upper slope gradient 23.7 5~52°C
Upper slope
Slope length (m) 145.1 10~535 m
Height (m) 40.6 7~146 m
Collapse record Not-occurred (63.3) Not-occurred, Occurred
Mixed standforest Broad-leaved forest, Coniferous forest, Mixed standforest,
Forest type
(65.3) Unstocked forest
Vegetation . . . . .
Diameter at breast height Medium hard wood (87.8) Small wood, Medium hard wood, Large wood, Sapling forest
Vegetation density Medium (67.3) Low, Medium, High
Stream length 271.5 38~1095 m
Stream slope gradient 153 4~36°C
Stream slope -
Stream width (m) 32 1~10 m
Boulder stone distribution rate 54 0~40%
Object to protect Public facilities or 10 houses | Mountain district, Property damage, 1-5 houses, 5-10 houses,
J P <(79.6) Public facilities or 10 houses <
Downstream area ~ fom tho b
1.stanc§. 'omt e houses, 279 1~150 m
public facilities and so on. (m)
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7 gl tig = ek & ek oleid %S Hasfap]
ST 7} QRS 71e] AU Aingion, ofF Fe) ]
=l ek W5ES steele] 404 Ajsheick ek

oA TEE(nominal) Hrol] SfFER= M52 2353 (continuous)
W eksigion], ofuf ware] Sl et Rt BF

22 o] 3I5TKNEMA, 2012; KFS, 2014).

9lom, Choi (1986)&
LA ek, A, 1 A
, A3, Afel 2o, b, e
3 0 A e 19 vl 91k Ma o o QIS FYFR

o] APRFel WYSABA AZ7TY AT A WS, B
P, 41 52 SAp} ATl 2] 71efshel, Jeong (2010)&

XY, W), SRl 49 Harg n
AprefEe] o 9]
A, Ak, A

HFE {he] A2 Z3= Table 29} 2t ZolA & 2RTE] HlEdSE 2Adel] st AqtollA] Bk i, RS, AL
U=o] B AFolA arEfgh JYIRIAFE Alole] Adde A5 $IX, BAFde], TR, A8 AE T AP IS vAE
w2} A ehdE & ok 53] et T APS Zow Hagk vt Itk Ma et al. (2014)2 2] o] FRRIZL
0.612 2 s Hola 3lom, BAbdel9)l #o|= 0.522 7} AP, APAIA|, 3231, QP Kok FaA 59l ARG
2 JWATE VERITE ok 37, 95, T A Al vl Aok
B& 3R] #]o 540 v Fejel Adeo] he-S Hell, oPIF B ATE AFEY, AMHARIE AFH 54, EF
AEALHY] AXFole} Sole] 2 ATAAL EAR oA <l 579 9 P 540 wlet Ekelal ksl veRal S-S
9 FEAPHS] S0 R B F Q) o]} Zo] o] 2 & itk 2 ] 352 B =AY BEARIRY S8R
A= BT T 28-E ¢ itk o] &= AlRde]t o] A& Al olF FrEslela, 7 HrEE R A3st v
AFE2] AT 043, RauPd AlFEake] oAl o] APE E=Eshe Qdvk w2 ke RS
041, A7 RE S 2 AR T3] A= 0449] A skt slo] 7I1E 3 JRRIAE Tte] A E st
=3 015_7 om, o5 QIALE oJA] Bao| B 28d = gk o] TR EXo)E, FANE, AU, AlFde], Betld dxt

gk, Shimizu (1977; 1978)e]] o], BIER1e] Fg/ vhdo) = 57l M4E o] gslth
FEFE VAR 7S 2, B9, SRRl BAE, TR,
FERpE o) 0w i ek B9l vk ik Kang 1986/ 3.3 ZRUBMS 0I5 EARKH HIEXISe] R3st
AAHE e 7]t 2 aRlo] A, FERPAY, APHSIA, FH Al APFAS == 97 al] T A {3t AR
Table 2. Correlation Results Among Candidate Variables
@ @ ©) @ ® ® @ ® ) @ @ ® @ ®

@ 1.00 | 0.05 |-038 | 0.11 | 0.61* | 0.13 | 0.06 | -0.19 | -026 | 0.18 | 039" | -022 | 021 | 0.15 | 0.05

@) 0.05 | 1.00 | -0.01 | -023 | -0.17 | 036" | -0.25 | 0.00 | 0.10 | 0.18 | 0.15 | 0.19 | -0.03 | -0.12 | 033

@ 038" | -0.01 | 1.00 | 024 | -025 | -038" | 033" | 0.18 | 025 | -0.04 | -033" | 0.09 | -022 | 0.07 | 028

@ 011 | -023 | 024 | 1.00 | 0.11 |-036" | 035% | 022 | 001 | -0.16 | -0.14 | -0.25 | -0.10 | -0.02 | -0.18

® 061" | -0.17 | -025 | 0.11 | 1.00 | 0.12 | -0.07 | -025 | -0.14 | 0.19 | 023 | -0.01 | 0.13 | 0.14 | 0.13

® 0.13 | 036* | -038" | -036" | 0.12 | 1.00 | -037" | -0.17 | -0.13 | 0.19 | 0.12 | 022 | 0.05 | -0.16 | 0.27

@) 0.06 | -025 | 033" | 035 | -0.07 | -037 | 1.00 | 052" | 021 | -0.16 | 0.10 | 0.17 |-030" | 0.19 | -0.02

-0.19 | 0.00 | 0.18 | 022 | -025 | -0.17 | 052" | 1.00 | 0.07 | 0.14 | 029" | 0.06 | -0.12 | 0.05 | -0.22

026 | 010 | 025 | 0.01 | -0.14 | -0.13 | 021 | 0.07 | 1.00 | -0.07 | -0.05 | 0.18 | -0.14 | 0.11 | 0.07

© 0.18 | 0.18 | -0.04 | -0.16 | 0.19 | 0.19 | -0.16 | 0.14 | -0.07 | 1.00 | 033" | -0.38* | 028 | -0.05 | -0.05

@ 039" | 015 |-033" | -0.14 | 023 | 012 | 010 | 029" | -0.05 | 033" | 1.00 | -0.09 | 043" | -0.09 | -0.06

®@ 022 | 019 | 009 | -025 | -0.01 | 022 | 0.17 | 0.06 | 0.18 |-038 | -0.09 | 1.00 | -035 | 0.16 | 0.44

® 021 | -0.03 | -022 | -0.10 | 0.13 | 0.05 |-030" | -0.12 | -0.14 | 0.28 | 043" | -035* | 1.00 | -0.41" | -0.06

®@ 0.15 | -0.12 | 0.07 | -0.02 | 0.14 | -0.16 | 0.19 | 0.05 | 0.11 | -0.05 | -0.09 | 0.16 |-0.41" | 1.00 | 0.07

® 0.05 | 033*% | 028 | -0.18 | 0.13 | 027 | -0.02 | -022 | 0.07 | -0.05 | -0.06 | 0.44* | -0.06 | 0.07 | 1.00

" (DSurrounding topography, @Surrounding land use, @Bed rock, @Soil depth, G)Cross-section shape, ®Upper slope gradient, @Slope length,
Height, @Forest type&Diameter at breast height, (0 Vegetation density, @DStream length, @@Stream slope gradient, (3Stream width, (9Object to
protect, ©®Distance from the houses, public facilities and so on.

2% p<0.05
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Fig. 2. Number of Clusters by Semi-Partial R-squared

Fig. 3. Distribution of Debris Flow Hazard Zones by Group Based
on Cluster Analysis
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Fig. 4. Box and Whisker Plots of Variables for Groups of Debris Flow Hazard Zones

Table 3. Statistics of Variables for Groups of Debris Flow Hazard Zones

All (49 sites) Type 1 (31 sites) Type 11 (18 sites)
Mean Coefficient of variation Mean | Coefficient of variation | Mean | Coefficient of variation
Surrounding land use 42 23.7 49 103 3.0 0.0
Upper slope gradient 23.7 46.2 28.3 38.4 15.8 33.2
Vegetation 2.1 26.6 2.2 24.7 2.0 29.7
Stream length 271.5 72.1 2972 73.3 2273 64.2
Object to protect 347.8 9.8 344.5 11.7 3533 5.5

Table 4. Characteristics by Group of Debris Flow Hazard Zones

Type I (31 sites) Type LI (18 sites)
Surrounding land use Mostly housing sites, roads, etc. Forest lands, parks all together
Upper slope Steep and short slopes Mostly gentle and long slopes
Vegetation Mostly medium-to-high vegetation density Mostly medium vegetation density
Stream slope Mostly long and gentle stream slopes Mostly short and gentle stream slopes
Downstream area More than 1 unit of housing very closely More than 5 unit of housing very closely
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Table 5. Test of Homogeneity in the Discriminant Analysis
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Wilks F-value Significance probability
0.1005 76.98 <0.0001
Table 6. Standardized Discriminant Function Coefficients of Variables
Variable Fisher's linear discriminant function
Type 1 Type 1I
Constant -2.493 -7.393
Surrounding land use 6.085 -10.479
Upper slope gradient 1.898 -3.268
Vegetation density -0.321 0.553
Steam slope gradient 0.250 -0.431
Object to protect 0.093 -0.16A1
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Table 7. Standardized Canonical Discriminant Function Coefficients using Adjusted Variables

Fisher's linear discriminant function
Variable
Type 1 Type II
Constant -2.462 -7.302
Surrounding land use 6.032 -10.388
Upper slope gradient 1.871 -3.223
Vegetation density -0.243 0.419
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Table 8. Strategies for Debris Flow Hazard Zones by Areal Type

AR =

Strategies by Type

Common Strategies

Type 1

*  Measures in retaining walls, blocks, drainage facilities, buildings, roads, and so forth

since the zones are located around housing sites and roads mostly

Measure in retaining walls and blocks since upper sides of the slopes are steep and short

* Avoidance measures such as land use regulation and relocation to reduce life and
property damage since housing sites are closely located in downstream areas

forest lands and parks mostly

Type 1I

*  Measures for development controls to building, ground cutting, fill-up, cultivation,
and so forth which impede the stability of slopes since the zones are located around

Measures for development controls to cultivation and for minimizing soil loss such as
gutter, grit chamber, etc. since upper sides of the slopes are gentle and long

*  Avoidance measures such as land use regulation, relocation, and evacuation to reduce
life and property damage since housing sites are closely located in downstream areas

Measures to reduce life and property damage in
affected built-up areas since housing sites are
located in and around hazard zones
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