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ABSTRACT

Recently, the number of damages on social infrastructure has increased due to natural
disasters and the frequency of earthquake events that are higher than magnitude 3 has
increased in South Korea. Liquefaction was found near the epicenter of a 5.4 magnitude
earthquake that occurred in Pohang, South Korea, in 2017. To explore increases in soil
moisture index due to soil liquefaction, changes in the remote exploration index by the
land cover before and post—earthquake occurrence were analyzed using liquefaction
feasibility index and multi—cyclical Landsat—8 satellite images. We found that the soil
moisture index(SMI) in the liquefaction region immediately after the earthquake event

increased significantly using the
Temperature (LST).

Normal

Vegetation Index(NDVI) and Surface

KEYWORDS : Natural Hazard, Earthquake, Soil Liquefaction, Liquefaction Potential
Index(LPI), Soil Moisture Index(SMI), Landsat-8 satellite image
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7} 3% 01 (Giglio et al, 2003; Kaufman
et al, 1998) Sentinel—1 $JAdlole AA+-&
ggat]  AHEAM7IH DinSAR) & 4830
AFloz sk AxALE #HS5skaak siith
(Salvia et al., 2012).

kA, =relo A= MODIS $4d94-S o]&3)
o 7Heol odEe= A9e sk A9t
(Marcelo et al, 2018) Landsat ORI/TIRS
ez Y AAMRKHTE A8 G2
AZ=(NDVI, Normalized Difference Vegetation
Index) 9} AEH2Z(LST, Land Surface
Temperature) & 3314  EF24]54=(SMI,
Soil Moisture Index) & AHEshal 355 o5
S A7F AE Itk (Abderrazak et al,
2018).
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FIGURE 1. Landsat—8 ORI/TIRS Satellite image(left)
and study area in Pohang, South Korea(right)
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FIGURE 2. Liguefaction potential index(LPI) map for the earthquake frequency of 500 years (left),
1000 years (middle), and 2400 years (right) in Pohang, South Korea.
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TABLE 1. Landsat—8 imagery dataset before and after the Pohang earthquake event in
2013 and 2017
Dataset Date Platform D
2017-10-31 Landsat—8 LCO8_L1TP_114035_20171031_20171109_01_T1
2017-11-16 Landsat—8 LCO8_L1TP_114035_20171116_20171122_01_T1
2017-12-02 Landsat—8 LCO8_L1TP_114035_20171202_20171207_01_T1
2013-10-04 Landsat—8 LCO8_L1TP_114035_20131004_20170429_01_T1
I 2013-11-05 Landsat—8 LCO8_L1TP_114035_20131105_20180204_01_T1
2013-12-23 Landsat—8 LCO8_L1TP_114035_20131223_20180204_01_T1
3. Y7 W EFARN Aol sl 2017d%

w2 AelME 2ZAR
Ao EdrrAeT WskE 245
Ndsl H7b AEe Landsat—8 ¢ =1
AT W= AReta, &7

L

Elh=y

ggalo]

2 AHEsle] A7 A%

il

>

d %

EFFEAFE 1]

she #e 19 34 AT 5 ek

Multi-temporal
Landsat-8 satelliteimages

l

M A
Satellite Band:Red & NIR Satellite Band: TIRS
(Band 4 and 5) (Band 10)
¥

Reflectance measure of
vegetation NDVI analysis

Radiance to Surface
temperature calculation
(T Kelvin)

{

Conversion of Kevin to
Celsius gradient of

Temperature
! )
| Classification of NDVI output Reflectancemeasure of
Land surface temperature
l v
Computed NDVI Computed LST

Min &Max values

Min & Max values

J

!

Correlation of LST and NDVIvalues for SMI map images

!

‘ Clipping SMI map images using LPI map ‘

L

before and after Pohang earthquake

| Analyzing the mean values of the images ‘

FIGURE 3. Flowchart of the proposed
methodology

Landsat—8 A A4 (Dataset 1) 3 =1 vl
qoz A2 Aol Eldsie 2013”1‘:
Landsat—8 A A (Datasetl) S EE3IA

I olE o R JAEAKATE] WHslE 24
371 S8l dAEAAST GRS ST
Landsat—8 #4942 7MA1gde 2494

W oAHel WEE E¥sHs thERgsE
HAFAL glov] olefd ¥ 54 ol g
Sekow Aol ks AT 49 BYE
U AELE 5 Lo o] BiFEE thep

o rob
& Ao

& dEs ¥52 4 Uk Choung et al,
2020). &3 Landsat 8 2Ae] tleksl B=
s Fold dz1e) F el g 11,
mBand 10) ABE o)Ll AEHLL

(LSDE A= 4= QItH(Choung et al, 2018;
Guha et al., 2018).

Aol dA9)d MERl Band 102
ZHE ARESE(LSD E AF=s7] ¢l ol
94 2 2% E;H/ﬂ Landsat—8 ¢4 Alxle] &

dohs BAMEE Atetal 4 3 ol&sto] ¥t
71 <EE ﬁ]*&o}iiE}(NIMS, 2016).

Ly =M, X Qyu+AL 2

9 2ol L, Landsat—8 $£17d AlAel &
dols AFEY EAE O, G494 e
(Band 10)¢ o3t Radiance multiplicative
scaling factor, [, ,~ 3ld ¥M=e] ti$}t Radiance
additive scaling factor, 83 2 4249
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1321.085 AR stk 2] 3& &3l ¥] =%
= At & Axd WEE@and  Surface
Emissivity (LSE)) & Ahleh=d] dnkaox #|xH
WEELSE) 2 A 8#5(NDVL, - Normalized
Difference Water Index)2] %t ¥l ujeh
A EITGINIMS, 2016; Choung et al., 2020).

72852 (NDVD = Landsat—8 1494

B .. A
(a) LSTimage on September 13

(c) LSTimage on November 16

oAl 7PAHA S A (Red) ol dld3H= Band
48} 2494 (NIR, Near infrared)¢! Band 5
= o]galo] olgfe] 2] 4o Eaf Ak = 2l
th AAAAFINDVD = —1o4 +1744]9)

S 7Y =&55E A 227t £ 1Ay

o] 9h&-& viepaLt.

Band; — Band,

NDVI= Band, + Band, @

AT AA=(NDVD) 3] W9l wkel A%
W BEE(LSE)S AA3 3, 24 30A] AHEdH
W= (TE &Este] oo 2 55 &3l
HAFHor AFHFLLEALSTE AeEolA
AALE(C) 2 Wgksto] HAgH(LST,,) & #
(LT, )= FE3Th

e A
(d) LSTimage on December 12

FIGURE 4. Land Surface Temperature(LST) map of study area before and after Pohang
earthquake in 2017.
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(a) SMImap on September 13

&3 £

0
—

(c) SMI map on November 16

Lo i
(b) SMImap on October31

[ Heungnas- -oup border
0000205577 0 25 s
0900350 —

(d) SMImap on December 12

FIGURE 5. Soil Moisture Index(SMI) map of study area before and after Pohang earthquake

LST= LSEY*T—273.15 5)

2l 1~5% & 20179% Landsat—8 94
JAol s g wMEE dgele] A AR
SE(LST) P2 T8 40lM E1E 5 Sick

I3 vy g YAEERE ok 4 65
FaA EFTEATE ARtk Hunt et al,
2009).

LST,,. —LST
SMI=
LST,, — LST,,,

(6)

245 (NDVD 9} AFALELST) At
o]e] AEA uj W] o3 JIFS W E
F FEAF(SMDE 04 17159 Azghe:

in 2017.

7, 1ol 7PheaE B EEel Ba 0
of IMIEFE EEdgo] W2 odow
2 4 AtH(Saha et al, 2019). 20179%
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(c) Clipping image for orange area

(b) Clipping image for yellow area

(d) Clipping image for red area

FIGURE 6. Clipping soil moisture index(SMI) map images using Liquefaction Potential
Index(LPI) map for the earthquake frequency of 2400 years on November 16, 2017.

A (NDVD & EallA] AmH25(LST)
o HYgky} HEgS AEstal B 9d3) #b
85 olgd A AAFI| w2 dfgA 9]

2 AFoMs AAET 2 8] FElS 4 FrEAF(SMD &) B 1 FE glst
o AR A% BERAS WekE B 9] ATHGE 2.
3l A7) Landsat—8 9A494S 8319 2017 EF|KIo] WS 21521 Dataset |
TABLE 2. Statistics of soil moisture index for research area
Soil Moisture Index
Dataset Date 500Y 1000Y 2400Y
Blue Yellow Oreange Red Blue Yellow Oreange Red Blue Yellow Oreange Red
2017-10-31 0.58  0.51 053 073 058 052 052 05 058 052 052 052
2017-11-16 065 0.58 061 078 065 058 059 064 065 059 058 06
2017-12-02 061 0.58 0.61 08 061 057 059 065 061 058 058 0.6
2013-10-04 058 0.5 058 07 058 055 057 057 058 054 057 057
Il 2013-11-05 059 052 055 08 06 052 054 05 061 052 054 055
2013-12-23 0.64 0.6 06 078 064 063 059 064 064 064 058 059
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FIGURE 7. Relationship between soil liquefaction and soil moisture index(SMI) for the earthquake
frequency of (a) 500 years, (b) 1000 years, and (c) 2400 years in 2017 and (d) 500 years, (e)
1000 vyears, and (f) 2400 years in 2013.
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