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Development of an Inundation Risk Evaluation Method
Based on a Multi Criteria Decision Making
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Park, Moo Jong / Choi, Sung Wook

Abstract

In this study, PROMETHEE(Preference Ranking Organization METHod for Enrichment Evaluations)
which is one of the multi criteria decision making methods is applied to estimate the relative
inundation risk of the urban subcatchment. For this purpose, several factors which have an effect on
the inundation risk are selected and used to perform PROMETHEE. Those are elevation average,
slope average, density of conduit, population and sediment yields per unit area of each subcatchment.
Based on them, PROMETHEE is performed and the relative inundation risk for each subcatchment is
estimated. For the validation of the suggested method, the results from the suggested method are
compared with the historical inundation records occured on 1998 and the relative inundation risk
estimated by the method considering sediment yields per unit area only. From the comparison, it is
found that the suggested method may generate better results to estimate the relative inundation risk
of each subcatchment than the method considering sediment yields per unit area only. Also, it can be
applied to establish a rehabilitation order of subcatchments for mitigating the inundation risk.

keywords : decision making, inundation risk, PROMETHEE, urban subcatchment, GIS
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Table 1. Comparison of the Multi-Criteria Decision Making
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Fig. 2. Six Possible Shapes of Preference Functions

Table 2. Preference Functions and the Range of the Parameters

Types Preference functions Range of the parameter
Type- 1 o, =z

(1 usual) Hlz;) = {1, z; =0 N/A
Type-UI 0,

Z >

(U-shape) H(z]) {1 , 0
Type-I _fz/m
(V-shape) Hlz;) = {1 , m>0
Type-1IV (UNES
(Discrete) Hlz)) %/2 ; qtp ¢>0,p>0
Type-V 0 J

(Linear) H(zj): gw—s)/Tﬁ?‘ N s>0,r>0
Type-VI Hiz) = 0, ‘ e
(Gaussian) J 1—e a2
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Table 3. Conditions of the Partial Preorder

Type Condition Interpretation
o Pb ziiz)) i ziiz)) sz Z,EZ; i z, EZ; At least,. one of the conditions is
satisfied, a outranks b
¢ (a) = ¢"(b) and ¢ (a) < ¢ (b)
alb ¢ (a) = ¢7(b) and ¢ (a) = ¢ (b) a is indifferent to b
aRb Neither aPb or alb a and b are incomparable
v A HlaiRbs Rt ASH A g s ow|gith 59 BEEAQ 495 2743k, PROMETHEED
PROMETHEE®IA = o]¢} 22 7dS o]-gato] t<t T Eq. 6)el 98 Ak =55 % net flow, ¢(a))E
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gk #Al FoHS AE wiAste] $AEE e
¢ (a) = Zk n(z,a) 4) H = o9ltt

Egs. (5a)~6Gd)E AEFEdH e (a) )2 AEFAH #la) = ¢ (a) — ¢ (a) (6)

’(a))oﬂ 4811 T @rw&ﬁﬂ o], Table 3
S AZHAE 712§ dijt a9t b =AAZAA 3. H204& 7 ¥ PROMETHEE HIIE
o]}, et WIRIE F=&

3.1 HEU4 79

aP'b iff ¢*(a) > ¢*(b) (5a)

ARk PROMETHEEE ©]-&3F 34913 #7714
aP7b iff ¢ (a) < ¢ (b) (5b) S AA FFoll HL3l7] A&l TR FFelA HF
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LAY e EAS st skraAel WEe] A&
al b iff ¢ (a) = ¢ (b) (6d) a3t B7I= FEE A THFig. 3 Fx).
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800

800 Meters

1S.shp
1S.shp

(@) Land use (b) Subcatchment delination
Fig. 3. Watershed characteristics

g AgEch B9 wEs wPE A $he A Wy AYE Wik + A
A7 43 Ho & Aol 71 Ao 3 .
e o A ;]a ;?5 ?Tj DT SR TR 53 PROMETHEE ®UlE AE BAINE F8Y
= A= 3L RN U ="ow = |
Frot o ARS o wadd vk F BATA WA FEPUL GISE o] 88 wAIFe] §
of AZA, AT T3V A9E 1T e F AFF A (TE 5, 20009 FEAS S5k
ol digk S st a3 Az 48E 5 Fig. 49} & ®Wwo= %3191, Ay Table 49
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Table 4. Preference Indexes for Subcatchment

sub elevation average slope average der151ty.of Population sed1mer1.t picles

catchment (EL.m) (°) Copase (capita) per unit area
) (mYm) (kg/yr/m)

1 16.00 7.80 0.018 979 0.47

2 18.08 4.34 0.016 677 2.55

3 19.00 4,92 0.020 488 0.02

4 18.76 3.61 0.008 3,987 0.40

5 18.15 2.84 0.019 1,651 0.02

6 17.75 2.71 0.020 3,317 0.90

7 16.62 2.67 0.018 1,140 2.16

8 14.50 5.99 0.030 158 10.01

9 16.25 0.89 0.017 1,708 1.34

10 18.89 3.03 0.026 1,597 1.97

11 18.13 1.52 0.021 955 1.59

12 20.00 2.62 0.024 1,706 2.05

13 25.86 2.97 0.016 6,403 1.34

14 27.35 2.63 0.023 488 9.99

15 32.57 4.12 0.019 810 0.02

16 22.00 2.04 0.011 792 0.01

17 30.50 441 0.008 1,187 0.02

18 23.00 5.52 0.015 122 0.02

19 33.25 6.17 0.002 50 0.40

20 28.42 6.38 0.014 527 0.02

21 25.05 2.87 0.015 650 0.02

22 21.93 2.59 0.019 1,000 1.79

23 21.00 2.61 0.017 2,329 0.82

24 16.33 5.62 0.019 1,599 0.30

25 18.64 2.63 0.032 783 0.02
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Data acquisition

D.at.a. Watershed delineation
acquisition
Defining landuse
File conversion
(dxf— shp)
Spatial analysis
Spatial
analysis
Data for each
subcatchment

- Sewer layout
~+DEM

- Landuse

- Statistical data

~ +Box and large circular pipes
- Consideration of elevation

- Population density : High and low
-landuse : commercial, industrial, school, park
-Road : main roads, street

+For each subcatchment
- For landuses

- Sewer layout

-DEM

+ GeoProcessing Wizard(ArcView)
- Intersect
~ +Union
- Create contours
+ Derive slope
- Etc.
- Areas of subcatchment
- Areas per capita
- Areas of each landuse
+ Areas of roads
*Mean elevation and mean slope
- Population of each subcatchment

Fig. 4. Data Acquisition Procedure using GIS
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Table 5. The Weights Obtainted from Survey

. . sediment
elevation slope density of . .
. Population yields
survey average average conduit . . sum
® Yonct (capita) per unit area
(EL.m) (°) (m7m) ;
(kg/yr/m)
1 2 1 4 3 5 15
2 3 1 5 4 2 15
3 5 4 3 2 1 15
4 2 5 4 1 3 15
5 5 4 1 3 2 15
6 1 5 4 2 3 15
7 4 2 3 1 5 15
8 4 3 1 2 5 15
9 2 4 3 1 5 15
10 5 2 1 3 4 15
sum 33.00 31.00 29.00 22.00 35.00 150
weight 0.220 0.207 0.193 0.147 0.233 1
Table 6. Parameters for the Preference Function of V-Shape
elevation density of . sediment yields
slope average . Population .
average ©) conduit () per unit area
EL.(m) (m?/m’) (kg/yr/m)
MAX 33.25 7.80 0.032 6403 10.01
MIN 14.50 0.89 0.002 50 0.01
Parameters 18.75 6.91 0.030 6353 10.00
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Table 7. Estimation of the Preference Indexes

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 6 (a)
1 0.006 | 0.014 | 0.008 | 0.008 | 0.007 | 0.001 | 0.019 | 0.001 | 0.017 | 0.009 | 0.017 | 0.023 | 0.035 | 0.043 | 0.017 | 0.036 | 0.022 | 0.045 | 0.033 | 0.025 | 0.015 | 0.012 | 0.003 | 0.027 | 0.446
2 0.033 0.023 | 0.013 | 0.016 | 0.013 | 0.004 | 0.030 | 0.007 | 0.018 | 0.011 | 0.017 | 0.024 | 0.032 | 0.050 | 0.021 | 0.041 | 0.033 | 0.059 | 0.049 | 0.028 | 0.016 | 0.016 | 0.022 | 0.034 | 0.612
3 0.017 | 0.000 0.000 | 0.000 | 0.000 | 0.000 | 0.021 | 0.000 | 0.008 | 0.001 | 0.008 | 0.016 | 0.023 | 0.032 | 0.007 | 0.027 | 0.015 | 0.043 | 0.031 | 0.014 | 0.007 | 0.005 | 0.004 | 0.015 | 0.294
4 0.052 | 0.030 | 0.040 0.025 | 0.019 | 0.026 | 0.060 | 0.022 | 0.035 | 0.031 | 0.034 | 0.027 | 0.056 | 0.064 | 0.026 | 0.045 | 0.048 | 0.068 | 0.063 | 0.039 | 0.035 | 0.025 | 0.037 | 0.046 | 0.954
5 0.033 | 0.013 | 0.021 | 0.006 0.001 | 0.002 | 0.040 | 0.000 | 0.012 | 0.006 | 0.011 | 0.019 | 0.032 | 0.045 | 0.013 | 0.041 | 0.034 | 0.063 | 0.050 | 0.021 | 0.012 | 0.007 | 0.017 | 0.022 | 0.521
6 0.043 | 0.023 | 0.033 | 0.012 | 0.014 0.010 | 0.047 | 0.007 | 0.020 | 0.013 | 0.018 | 0.021 | 0.039 | 0.059 | 0.026 | 0.054 | 0.048 | 0.075 | 0.064 | 0.035 | 0.021 | 0.013 | 0.028 | 0.033 | 0.755
7 0.039 | 0.016 | 0.035 | 0.021 | 0.016 | 0.011 0.040 | 0.004 | 0.019 | 0.011 | 0.016 | 0.027 | 0.035 | 0.059 | 0.024 | 0.053 | 0.047 | 0.073 | 0.063 | 0.033 | 0.016 | 0.017 | 0.028 | 0.034 | 0.736
8 0.059 | 0.043 | 0.057 | 0.057 | 0.055 | 0.050 | 0.042 0.045 | 0.048 | 0.048 | 0.050 | 0.067 | 0.030 | 0.089 | 0.064 | 0.084 | 0.067 | 0.090 | 0.082 | 0.071 | 0.056 | 0.058 | 0.050 | 0.059 | 1.420
9 0.050 | 0.030 | 0.046 | 0.028 | 0.025 | 0.020 | 0.015 | 0.054 0.031 | 0.017 | 0.028 | 0.035 | 0.050 | 0.070 | 0.031 | 0.063 | 0.057 | 0.084 | 0.073 | 0.044 | 0.029 | 0.024 | 0.036 | 0.046 | 0.987
10 0.038 | 0.012 | 0.026 | 0.012 | 0.009 | 0.005 | 0.002 | 0.030 | 0.003 0.005 | 0.003 | 0.019 | 0.025 | 0.051 | 0.020 | 0.047 | 0.040 | 0.067 | 0.056 | 0.028 | 0.011 | 0.010 | 0.023 | 0.021 | 0.564
11 0.043 | 0.018 | 0.032 | 0.021 | 0.015 | 0.010 | 0.007 | 0.042 | 0.001 | 0.017 0.015 | 0.028 | 0.033 | 0.057 | 0.020 | 0.054 | 0.047 | 0.073 | 0.063 | 0.033 | 0.015 | 0.017 | 0.031 | 0.030 | 0.722
12 0.042 | 0.015 | 0.029 | 0.015 | 0.011 | 0.006 | 0.003 | 0.035 | 0.003 | 0.006 | 0.006 0.019 | 0.023 | 0.052 | 0.018 | 0.047 | 0.041 | 0.068 | 0.057 | 0.028 | 0.009 | 0.008 | 0.027 | 0.024 | 0.592
13 [ 0.061 | 0.035 | 0.050 | 0.021 | 0.032 | 0.021 | 0.027 | 0.065 | 0.023 | 0.035 | 0.032 | 0.032 0.040 | 0.058 | 0.032 | 0.050 | 0.050 | 0.070 | 0.060 | 0.033 | 0.029 | 0.023 | 0.047 | 0.053 | 0.978
14 0.075 | 0.045 | 0.060 | 0.052 | 0.048 | 0.043 | 0.037 | 0.031 | 0.040 | 0.044 | 0.039 | 0.038 | 0.042 0.068 | 0.047 | 0.065 | 0.066 | 0.082 | 0.071 | 0.048 | 0.038 | 0.043 | 0.063 | 0.058 | 1.243
15 | 0.022 | 0.002 | 0.008 | 0.000 | 0.000 | 0.001 | 0.000 | 0.028 | 0.000 | 0.009 | 0.003 | 0.006 | 0.000 | 0.007 0.000 | 0.002 | 0.012 | 0.017 | 0.015 | 0.001 | 0.000 | 0.000 | 0.009 | 0.017 | 0.158
16 0.044 | 0.021 | 0.030 | 0.009 | 0.015 | 0.016 | 0.013 | 0.051 | 0.008 | 0.025 | 0.013 | 0.020 | 0.021 | 0.033 | 0.048 0.034 | 0.031 | 0.055 | 0.046 | 0.018 | 0.014 | 0.011 | 0.032 | 0.031 | 0.638
17 | 0.034 | 0.013 | 0.022 | 0.000 | 0.014 | 0.015 | 0.013 | 0.043 | 0.012 | 0.023 | 0.018 | 0.021 | 0.010 | 0.023 | 0.021 | 0.006 0.021 | 0.022 | 0.023 | 0.012 | 0.015 | 0.012 | 0.021 | 0.033 | 0.444
18 0.018 | 0.001 | 0.006 | 0.000 | 0.005 | 0.006 | 0.004 | 0.022 | 0.003 | 0.014 | 0.008 | 0.012 | 0.008 | 0.021 | 0.028 | 0.000 | 0.018 0.028 | 0.018 | 0.005 | 0.005 | 0.003 | 0.006 | 0.022 | 0.259
19 | 0.030 | 0.018 | 0.025 | 0.009 | 0.024 | 0.023 | 0.021 | 0.036 | 0.019 | 0.031 | 0.024 | 0.028 | 0.018 | 0.027 | 0.024 | 0.013 | 0.010 | 0.019 0.019 | 0.019 | 0.022 | 0.019 | 0.022 | 0.040 | 0.541
20 0.014 | 0.003 | 0.008 | 0.000 | 0.006 | 0.008 | 0.005 | 0.022 | 0.004 | 0.015 | 0.009 | 0.013 | 0.003 | 0.012 | 0.016 | 0.000 | 0.005 | 0.003 | 0.014 0.001 | 0.006 | 0.004 | 0.006 | 0.023 | 0.200
21 0.033 | 0.010 | 0.020 | 0.004 | 0.005 | 0.006 | 0.004 | 0.040 | 0.003 | 0.015 | 0.008 | 0.012 | 0.004 | 0.016 | 0.030 | 0.000 | 0.022 | 0.018 | 0.042 | 0.030 0.005 | 0.003 | 0.022 | 0.022 | 0.374
22 0.037 | 0.012 | 0.026 | 0.014 | 0.010 | 0.006 | 0.000 | 0.038 | 0.002 | 0.012 | 0.004 | 0.007 | 0.014 | 0.020 | 0.043 | 0.009 | 0.039 | 0.032 | 0.059 | 0.048 | 0.019 0.005 | 0.025 | 0.026 | 0.509
23 [ 0.040 | 0.018 | 0.030 | 0.010 | 0.011 | 0.004 | 0.007 | 0.047 | 0.003 | 0.017 | 0.011 | 0.012 | 0.014 | 0.031 | 0.049 | 0.013 | 0.042 | 0.036 | 0.063 | 0.052 | 0.023 | 0.011 0.026 | 0.030 | 0.601
24 0.016 | 0.008 | 0.014 | 0.007 | 0.006 | 0.005 | 0.003 | 0.023 | 0.000 | 0.015 | 0.010 | 0.015 | 0.022 | 0.036 | 0.043 | 0.018 | 0.036 | 0.024 | 0.050 | 0.039 | 0.026 | 0.016 | 0.011 0.027 | 0.471
25 [ 0.031 | 0.011 | 0.016 | 0.006 | 0.001 | 0.000 | 0.000 | 0.023 | 0.000 | 0.003 | 0.000 | 0.003 | 0.019 | 0.022 | 0.042 | 0.008 | 0.038 | 0.031 | 0.059 | 0.047 | 0.017 | 0.008 | 0.006 | 0.018 0.408
¢ (a) | 0.904 | 0.402 | 0.672 | 0.327 | 0.371 | 0.298 | 0.247 | 0.889 | 0.209 | 0.490 | 0.335 | 0.435 | 0.500 | 0.701 | 1.142 | 0.436 | 0.953 | 0.842 | 1.367 | 1.151 | 0.619 | 0.412 | 0.348 | 0.603 | 0.774
Table 8. Example of Computation of the Preference Indexes
elevation density of . sediment yields
slope average . Population .
average ©) conduit (canita) per unit area
(EL.m) (m7/m) & (kg/yr/m)
max-—min
ubeatehment MIN \ MIN \ MIN \ MAX | MAX
weights
0.220 0.207 0.193 0.147 0.233
1 16.00 7.80 0.018 979 0.47
2 18.08 4.34 0.016 677 2.55
14 MESET SOz SEEE AA e AEE ekl £Xolx, AR (o))
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BAE 4 20084 4H

373



Table 9. Estimation of the Outgoing and Incoming Flow, Net-Flow, and the Preference Order

Subcatch-| outgoing | incoming Izl Subcatch—| outgoing | incoming el
net—flow | order of net-flow | order of
ment flow flow . ment flow flow .
risk risk
1 0.446 0.904 -0.458 20 14 1.243 0.701 0.542 3
2 0.612 0.402 0.209 10 15 0.158 1.142 -0.984 25
3 0.294 0.672 -0.378 19 16 0.638 0.436 0.202 11
4 0.954 0.327 0.627 2 17 0.444 0.953 -0.509 21
5 0.521 0.371 0.150 13 18 0.259 0.842 -0.583 22
6 0.755 0.298 0.457 7 19 0.541 1.367 -0.826 23
7 0.736 0.247 0.490 5 20 0.200 1.151 -0.951 24
8 1.420 0.889 0.531 21 0.374 0.619 -0.245 17
9 0.987 0.209 0.778 1 22 0.509 0.412 0.097 14
10 0.564 0.490 0.074 15 23 0.601 0.348 0.253 9
11 0.722 0.335 0.387 8 24 0.471 0.603 -0.132 16
12 0.592 0.435 0.157 12 25 0.408 0.774 -0.366 18
13 0.978 0.500 0.477 6 - - - - -
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(@) Inundation record on 1998

(c) Predicted inundation area by
PROMETHEE

Fig. 5. Comparison of the Actual and Predicted Inundation Area in the Guja Basin
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Table 10. Comparison of the Actual and Predicted Inundation Area Obtained from the Methods

Predicted inundation area
by PROMETHEE

agreement

between
actual and
predicted

ranking
order of

inundation

20
10
19

13

15

12

25
11
21

22
23
24

17
14

16
18

Predicted inundation area
by sediment yields

agreement

between
actual and
predicted

ranking
order of
inundation

13

21

14
24
11

10

18
25
20
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15
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19

12
16
17

Inundation record on 1998

Inundation
(occurrence:O)

subcatchment
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