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Tae-Hyung Kim, Seung-Hyun Lee and Gyoo-Bum Kim, 2015, Prediction model for groundwater flooding
vulnerability using discriminant analysis at riverside region. Journal of the Geological Society of Korea.
v. 51, no. 3, p. 313-325

ABSTRACT: Soil wetting or inundation due to rising groundwater table can cause groundwater flooding in the
riverside alluvium and also affect the scale of surface water flooding. Three groups (safe, intermediate, and
vulnerable) are classified by using groundwater flooding vulnerability index (FVI) which is calculated using
groundwater level’s time series measured at each monitoring well. A prediction model for the classification is
developed by using a discriminant analysis, based on the correlation between the original groups and physical
features (topography, soil, sediment layer distribution, soil drainage, and groundwater level-related features). 58
sites out of 61 groundwater monitoring sites are determined to be equal to the original classification and the model
accuracy becomes about 95.3%. Additionally, the result in the Sincheon-Backcheon watershed indicates that soil
wetting and inundation are actually exist at some predicted flooding vulnerable areas, therefore the model can be
applicable at non-monitored area of groundwater levels. Groundwater flooding vulnerability map will enable a
more systematic flood management based on the surface water and groundwater interaction.

Key words: Groundwater flooding vulnerability, Groundwater level, Discriminant analysis, Riverside alluvium
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Fig. 1. Location of groundwater monitoring wells in the Nakdong watershed (n: number of monitoring wells, dark

grey: Nakdong river, medium grey: alluvial deposits).
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Fig. 2. (a) Concept for groundwater flooding intensity (GFI) and (b) flooding vulnerability index (FVI) calculated
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Table 1. Statistics of physical variables collected at each groundwater monitoring site.

Variables Mean  Minimum  Maximum St. Deviation Remark
Sediment thickness (m) 18.78 5.00 31.00 6.16 Varl
Land surface elevation (a.m.s.l) 16.05 4.72 51.09 13.28 -
Groundwater level (a.m.s.1.) 12.64 -0.08 46.93 12.46 -
... Distance to surface water body (m) 185.64 2.00 802.00 177.20 -
Quantitative
variables Depth to groundwater (m) 443 1.26 10.63 2.13 -
D1fferenc§ between land elevation 320 0.63 1132 230 Var2
and river water level (m)
D1fferenc§ between groundwater 021 453 968 205 Var3
and river water level (m)
Variables Class Description Remark
Class 1: very poorly drained,
Class 2: poorly drained,
. . Class 1 Class 3: weakly poorly drained,
Class of soil drainage ~ Class 6 Class 4: moderately well drained, Vard
Class 5: well drained,
Class 6: excessively well drained
Class 2: silty clay loam,
Class 3: silty loam,
Class 2 Class 4: loam,
Soil texture of top soil Class 5: sandy loam, Var5
~Class 8
Class 6: fine sandy loam,
Qualitative Class 7: loamy sand,
variables Class 8: loamy find sand
Class 1: clayey,
Class 2: fine loamy,
. . Class 1 Class 3: fine silty,
Soil texture of subsoil ~Class 6 Class 4: coarse silty, Var6
Class 5: coarse loamy,
Class 6: sandy
Definition: minimum rate of infiltration
Tvpe A obtained for bare soil after prolonged
Class of hydrologic soil feature %/}If)pe D wetting (Classified by the USDA (1955)). Var7

Infiltration rate : Type A > Type B > Type
C>Type D

Remark) Var 1 ~ Var 7 will become the input variables used for the equation (3) and (4). Soil classification is defined

in http://soil.rda.go.kr.
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Table 2. Statistic results of discriminant analysis.
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Percent of
eigenvalue

Discriminant

Mode function

Canonical
correlation (R)

Wilks’ lambda  Chi-square p-level

DF1 81.2

0.847

0.178 94.928 0.000

Standard
DF2 18.8

0.608

0.630 25.427 0.000
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Table 3. Comparison of original and estimated groups for each monitoring well.

Input variables

Difference Difference

FVIfor . . . . . .

or Original Estimated Sediment between  between Class of Soil  Soil Class of

Wells BHL ou oup  thick land  groundwater | texture texture drologi

=3.0m SOUP  BOUP ThICKNeSS 1. ation  and river . of top of sub > o 08¢

(m) . drainage . .. soil feature

and river water level soil soil
level (m) (m)

HAM-002 0.0001 1 1 200 958 -0.84 4 2
HAM-004 0.0048 1 1 250  7.03 0.06 4 2
HA%;OOS 22063 3 3 100 245 126 3 3 1
HAI(\gSOOS 93432 3 3 100 245 130 3 33 1
HAM-007 32655 3 3 5.0 3.65 0.75 5 4 2 2
HAM-013 18.9308 3 3 100 536 444 4 4 2 1
HAM-014 00720 2 2 200 0.09 1.62 3 R 1
HAI(\Q;OZI 0.0001 1 1 25.0 1.03 451 3 33 1
HAI(\giozl 0.0001 1 1 25.0 1.03 453 3 303 1
HAM-025 00001 1 1 240 225 1,95 3 E 1
HAIg;O% 00166 2 2 25.0 1.14 -0.85 33 1
HAI(\ﬁ;O% 0.0089 2 2 25.0 1.14 -0.93 3 3 3 |
HAM-027 0.0096 2 2 230 045 112 4 A 1
HAM-030 1.1486 3 3 180 456 3.87 1 3 s 1
HAM-035 00001 1 1 240 070 422 3 E 1
HAM-038 00001 1 1 150 548 0.22 5 4 2 1
HAM-040 0.0683 2 2 200 285 0.07 4 3 3 3
HAI(\Q;O‘“ 0.0036 1 1 275 505 0.15 4 6 5 1
HAI(\gSO‘“ 0.0035 1 1 275  5.05 0.16 4 6 5 1
HAM-042 00007 1 1 150  3.10 136 4 R 1
HAM-046 00094 2 2 200 174 20.79 4 E 1
HA%;O“S 17629 3 3 200 053 031 4 3 1 !
HAI(\g;Mg 21428 3 3 200 053 027 4 3 1 1
HAM-060 0.0007 1 29 25.5 3.05 -1.57 4 3 3 3
HAM-063 0.1409 2 2 30.0 141 -0.80 4 E 1
HAM-064 00006 1 1 300 335 20.20 4 3 1 1
HAM-065 0.0010 1 1 310 505 0.82 4 3 1 1
HAM-071 0.1869 2 2 200 203 121 3 E 1
HAM-073 00351 2 2 280  3.04 076 4 R 3
HAM-074 00012 1 1 160 2.02 2.60 4 E 1
HAM-075 00016 1 1 150 266 201 4 E 1
HAM-078 0.0072 2 2 200 056 2.29 3 R 1
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Table 3. continued.
Input variables
Difference Difference
Wells F]\ﬁli)r Original Estimated Sediment beltween between Class of Soil  Soil Class of
. and  groundwater texture texture .
=30m &MU  &oup thickness elevation  and river S0 il of top of sub hydrologlc
(m) . drainage . .. soil feature
and river water level soil  soil
level (m) (m)
HAM-081 17.8283 3 3 10.0 0.74 -0.04 3 3 3 1
HAM-087 0.0201 2 2 19.0 0.73 -1.72 3 3 3 1
HAM-090 2.4804 3 3 19.0 1.42 0.48 3 3 3 1
HAM-092 4.2861 3 3 10.0 1.39 1.73 3 3 3 1
DSM-006 0.1029 2 2 20.0 5.23 3.11 5 3 3 3
DSM-017 17562 3 2" 18.0 2.51 1.08 4 3 3 3
DSM-027 0.0001 1 1 20.5 6.39 0.30 4 5 5 2
GJM-001 0.8504 3 3 16.2 7.14 5.97 4 6 5 1
GJM-005 0.0288 2 2 17.5 4.00 1.51 5 6 5 4
GJM-008 0.0002 1 1 19.5 6.05 1.51 5 6 5 4
GJM-013 0.1250 2 2 15.0 -0.34 -1.89 4 3 3 3
GIJM-016 0.0002 1 1 12.5 0.72 -3.32 4 3 3 3
GJM-017 0.0001 1 1 11.0 1.93 -3.11 6 8 6 4
CGM-001 0.0001 1 1 6.0 7.01 -0.07 6 6 6 4
CGM-003 0.0003 1 1 6.0 1.38 -1.51 6 8 6 4
CGM-005 0.0003 1 1 6.0 2.73 -0.69 6 8 6 4
CGM-007 0.0001 1 1 6.0 4.19 -1.00 6 8 6 4
CGM-015 0.0001 1 1 21.0 5.32 -0.56 3 3 3 1
CGM-023 0.0001 1 1 18.0 6.80 0.28 3 4 2 1
GMM-004 0.0001 1 1 21.0 5.67 0.44 6 8 6 4
GMM-005 0.0001 1 1 19.0 4.26 -0.46 4 6 5 1
NDM-001 0.0001 1 1 23.0 8.83 -0.55 5 6 5 4
NDM-004 0.0183 2 2 19.0 3.02 0.26 5 6 5 4
NDM-008 0.0001 1 1 16.2 6.86 -0.11 5 6 5 4
SIM-001 0.0001 1 1 18.0 6.50 -4.45 6 7 6 4
SJM-003 0.0001 1 1 13.8 2.53 -1.23 5 6 5 4
SJI\{IE;)()09 0.0001 1 1 12.0 4.09 -0.82 5 2 2 3
SJI\(/Ib-)()09 0.0001 1 1 12.0 4.09 -1.18 5 4 2
SIM-010 0.0008 1 27 12.0 2.96 -0.07 5 6 5 4
Remark) (a) bedrock monitoring well, (b) alluvial monitoring well, ") different discrimination.
DF1=0.056 x Varl +0.479 x Var2 - 0.809 o)A} 27)19] TS &85t ZF =AY AT
x Var3 +0.260 x Var4 +0.283 x Var5 - 0.114 H4o)| EH?J‘P TBHALE oF 2o A5} 37)19] 1
x Var6 +0.024 x Var7 —4.889 3) Fo2 BEF3Hti Y 6). 15 12 X3k 3

DF 2 =0.160 x Varl - 0.430 x Var2 + 0.156
x Var3 +0.889 x Var4 - 0.869 x Var5 + 0.900

x Var6 +0.166 x Var7 ~4.920 4)

o A R el A, 2 26 E,
28 32 220l 48R Felolk. Alaks: $47
opg 57t -2 el At 127) A5
27 FH 1A(DSM-017) A9I3 117) B=55e]
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Fig. 7. Application of groundwater flooding vulnerability model at the Sincheon-Baekcheon watershed.
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(b) inundation at the site 2

Fig. 8. Inundation examples at (a) a rice field and (b) a greenhouse near the weir 3 in Sincheon stream (see the figure 7h).
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