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Abstract: Earthquakes have occurred owing to movements on a fault since several billion years ago. Research on the
relationship between earthquakes and groundwater began in the 1960s in the United States, but related works, including
hydrogeochemistry research, only began in the 2010s in South Korea. In this study, domestic studies on the relationship
between earthquakes and groundwater until 2021 were collected from the Web of Science and characterized by subject
area (groundwater level, hydrogeochemistry, combination of the two, and others). The results showed that the number of
published articles per year was positively correlated with the 2011 Tohoku earthquake, 2016 Gyeongju earthquake, and
2017 Pohang earthquake, with the maximum numbers observed in 2011, 2018, 2019, and 2020. Most studies on the
relationship between earthquakes and groundwater level addressed groundwater level fluctuations in the duration of the
subject earthquake, with little consideration of the precursors. Groundwater level monitoring data, as well as
hydrogeochemical information and microbial communities, may contribute to a more detailed understanding of
groundwater flow and chemical reactions in bedrock caused by earthquakes. Therefore, the establishment of a national
groundwater monitoring network for seismic monitoring and prediction is required.

Keywords: Research trend, groundwater level, hydrogeochemistry, Gyeongju earthquake, Pohang earthquake, seismic
monitoring system
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A7, 201600 AFA1Z, 20170l 2R Z3 WA= FeE =, old wah 20114, 20184, 2019, 2020890 =]

2 ZA SR AA =R} Z7RIth iR Asrgel A7l #EA A3 AR T2 Aekey w3

o 3t Ao, AH Azl HE Ade A Qv A9 BEAES I A7 IR sty G He) |
T

AEe AR 27 71kl A|a4e]

WA 2 S s ANAAE 9

M

rhu

AR FAHY 9 AR A7 45 I
ubgalel gek(Viloa et al,, 2016). ol2|~Ed g 2E
HEE AS AA@ G 7nkste] Argsiglon A
T wiEo] FEolA WA AT FHe] EEH]
7R dRAeltiar S19) Chhttps:/projects.eri.ucsb.edu/
understanding/history.html). 1850, 1860, 1870%Atiel],
Aol 8 FHetAe AREe] 248 itk 24
E W ERobert Malletys HE3 &40 F3AIZ
Al SloRS THAA ARIE SE S, FH
22 AR Zolg FS A 9 ol &
HESE FA7]o, o] FHAIL FHF o] (Alexis
Perreyy= A3} 2] 4o wjgk X719 F71491
HES wAske A5 sk USdth 2E|a olHE
oM Folz] Zulog](Luigi Palmieri)’} AA}7] #|
AAE Bate] olE HlgH] 2 sk A9} U
gt AX|sI3itt. o] AXAE QIZte] AT
T Sle AR ARE AEFHoE ASsh= Hx9
AZARS. AR AYE o]F AFxA
HollM Azke] 5L olsistar, ¥ AN A
A AYF] WA 19609t SHHEE] A
Z9] 7FsAdo] AAA HAtHKorea Meteorological
Administration, 2010).

u|=ol| A= Blanchard and Byerly (1935)7} 1934
129 308 A E9] wlsl A EUolollA WS
Mw 63 Al o5k Az] o] Lodir|e] A8l
FAAY 25149 WEE Busk vl 9ok 196030
FHE vlo AAZAALE FAHE 2313 A9
o A AFE EFZHOT A|ZSEIN ™ (Vorhis,
1967), = ¥ ohFst A57133) tighelx A+E 38l
23 JrtH(Muir-Wood and King, 1993; Wang and
Chia, 2008). Vorhis (1967 19641 39 2791 uH4)
o e ARle| et AMEIF, dEkgod,
groldidle FE AT w= Aol 145070 o1

T o

=

k32wt A olashed] E8e & 4+ ek AR
928 AFHoR 158 Yart Yok
3 A, AQGAA 2

o 9 71EA ARENL A9 AE, ke
S AR)ENE FEd WS Hist

< shREt Y] EEFE SN, e 9
@3] AL Aslefioh Ao EFE AaATIA
U HASIATIA] deTtal Soit) el A3 A
et Askg #AF A= 197090 SRkl AR
CH(Wakita, 1975, 1977). Wachita (1975)2 19743 5
2 9 Y3 0] = 3HE-Q 7] (Izu-Hanto-Oki) A %1o]|
TRk Aslee] WES AR FA7] A7E wF
oJgk Zolglal A|FEIATE. Gordon (1970) Zo
A 19680l WHASE 1R 6,62 Meckering A 70]
WAL ool AJelre] e BAsiiien, Gregson
et al. (1976y 2 Askre] 5ol 459 Axee
AL W Sl E Du (1989)7F Huabei A%
oA A Aol FE Fe Wit WdeS 3els)
ATk E3F Wan (1992)= Yunnan A2¢] 10037k
o g= 4 AREFH AZ Ao F= s
AgHe AASIT olst Zro] gfsellXE 1960tH-+-
] Ao oJgk Aok MEs dAFa el Sioh
APl A7 2878 190437 715
2,1618]¢] =] AR T A V ooliFe] A3
44031 (20.4%)= 7155l JoH, o] FolA I
do} A% A9 E 4ol = VXS AZE 15
3 A th(Briefing report of Korea Meteorological
Administration on 16 April 2012, https:/www.kma.
go.kr/kma/news/press.jsp?bid=press&mode=view&
num=1192306&page=10& &field1=&text1=&field2=su
bject&text2=%EC%A7%80%EC%AT%84). ko)A
2011 39 110 2AZ FARGAIA ol 5
ghE Azlejd® Qlgh AW AHALE TRk
HARg B (YCs, TS, “Co %) WES FEsisith
ol vt FRISolA WA =Hol o3k aY
LA} P o P A el AR
< A7INZTHHa et al., 2015; Yu et al, 2015). 2

)

=l

g
[e)
L



o]% 2016 92 12¥9] AFAXIM, 54)F 2017
9 119 15¥9 EFAAM,, 54y FUENA A
8] Aol Azle s Aot =Y
o= 2009 Hamm et al. (2009)9} Lee et al
(2009)0] b= = A REFo] <Jgh AFEol|A] 9
Askre] HES HAxE Bsigith 2 o]F 20104
o Ok et al. (2010)°] AF& A7) Az} 20|
o3k AEg] WE EA A3 =EE HxE +
U el ARG 282 201195E X515
oF 21719 A gt =REC] BEAXo= Yo
7] AZFkdth(Jeon et al., 2011; Lee, S.-H. et al,
2011; Lee, H. A et al., 2011). Yun et al. (2019)2
FAZ A AFEe] Ak ARREH AT
A3} AR JEFS B35 v} L, Jeong et
al.2018)= 20179 XA i, A A9 A3}
S 2he 9 slegRe] RS AAEIT

Lee, H. A et al. 2017y $-gutollr AZXS 7
Al, &) QEiA AskE AE5ES S8k Wt
S AAEIOH, Lee, H. A et al. (2021)& A
HAGe] A BUEY UZYA9] 20189FF
20205 7RA|9] Askrel 9 e AERERH A3
4] 2 d29] 71eAE AAEIY. Lee, J. H. et
al. 2020y A|xlel| ¢Jgt A|slre] FQ o], & <t
AEda, ndALe] Wl digt A3Es 3@
Sl 3, Yun et al. (2021)2 2001F5-E 2020
WA7A] AAAGA e AW FEE A s §
91, 74, gE, AL, A7RIAY, S, AR
ATe] fobpd S 4 ZAHE AT Lee,
1Y et al. 2017y At 5037ke] =) A|sle B
ofe] A AT TS AT

2 AFoM e Askret 21X Addel tigk =
W Ao 548 AHEIA sl old wet
ARE 2021970 HU gRpEe] = 9 =A 8
Ao A =FES Web of Science (https:/
apps.webofknowledge.com/)ellA A3t 18|32
A= AT AP FAsha, Eopd RS
91, FEAslE, Askreleh FElxsie ¥, 2 9
op) A+ 548 48 Bttt

o7 W

FHSAE] AT o)§3 A ATE FAR
H @A s A Al AAE =g

2 oRlel XakreE ol X o 58 24 167

Web of Science (https://apps.webofknowledge.com/)el
A AAETE AR e A4 719004 A
A 719 A WAl AK = sk 25 74
WA AB ZE BlZE o &gl 2EY e
A= 7] =8 259 earthquakes WHEA] X
SA7] 2L, A5} (groundwater)S EFAIZATE =8t
EA|(KC)2}F 484 (SCIE) 7A14)2- ool it

U EEA| (KCI) =7 AE #1: (AK=(X%1)) AND
AK=(#]3}57)) OR (AB=(*|%1) AND AB=(%|3}5))

A8 (SCIE) = ME #2: (AK=(earthquake*)
AND AK=(groundwater)) OR (AB=(earthquake*)
AND AB=(groundwater))

WSl ERe A S %7 Bes
South KoreaZ A|gtaliom, Adgt dad A-Fiks
AME7] 28l Web of SciencedllA A|3sls HoF
% Geology, Geosciences Multidisciplinary, Water
Resources, Multidisciplinary SciencesS 273157t}
ZHEE =52 2244 9] 9 FAAE
JANsE FWALS Agaaon, e A7t
A3} Askse] AR opd =R AU A
sfaliny.

oA Z

U ¥ N &EX] AM=E S&

S steR|d AAE AN s FEY AT
=i WEE HY, FARH 2021974 F 2299
=Ro] AMHJTHFg 1). 29, 20119, 20184,
2020130 ZFzb sHe| =Fo] AREAet. FHH, =y
gaEo] <A SCIE sk&x|o A A7} 254
A AF =7 Hre F3ATH 202147 AR
3 = Age F 249, Al =E H5E
2020d0] Ao 7pg war 2019d0] 5H 18
2021'd 449, 20134, 2017:d0] 7+ 3HAo|th(Fig. 1).
A, Huleh =A SR AAE =i Hee
ALl 2t = A AR =g BHE, 201292
2013d0)E =5 wst glglen, 1 o]9e] dro
t Z+ 1385 A= ATKFig. 1). ol =E #4r)
AZ WA A AdEE A AXE F, 2011
Wolls FUEUIRRe] A sfolH, 2016d0=
ZAFAZ 28)a 2017l = 23A|KIo] HAYSIGIT).
A 201893 202090 E AFAR], A7 1
g3 I e #dE AR QM =F He
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7} Z7Y6l3th(Jang et al, 2020; Kim et al, 2018;
Lee, 2016; Lee et al, 2018; Lee, HA et al, 2020;
Choi et al.,, 2018). Lee, S.-H. et al. (2011 2010
d 68 13Y M, 7.7 FRESA] &7k AlFEe]
Aekr ASF Askre] WMIE Risiglon,
Lee, H. A et al. (2011)2 2007 1€ 20¥ 1%
478 ARl oJg STk ASY AR/
Askre WES HUSISITE Lee (2016)= 20169
AFA 7 Aeirel WES A%l AHET
Je AT AEE T4 ARE o]8ate]
Hsgom, A7 B52 nEg Askee)
Hah= #A)709] ggFo 2 HUTE Lee et al (2018)
FHA A Aslr AS5FIM Y £ AeS A
A4 7FsAde] Ak B3tk Kim et al. (2018)
STk ASE ARt AFARIe] AREE AA
st o, Askre] 34
3

7H4o] A7kl B R Ao
B3l o= Al 9
t}. Choi et al. (20182 E&X|xlo] WAYs}t7] oF
ANEH 7REraEY ol&olA 57 7HH e
A3 Askrelet 3 Fade s A9
o} sk S olgate] TR AWFE
2k 2 vl Woo et al. 2015y 20124
LFH 627F LT 7R EESe] AAA
2, ARARA, FFAINE AEE oE3te] M3.0
o]l AR Aol ofst S AAISAT
FAEA ] AAE A =F WEE BE,
201295 =o] AAE7] AlAsieH, sulidke
9] 7g-oF 7ro] AX WAH =% AHgvt EHs)
A AAES AAEE 201293 2013H00E 2=
Al sk Ol EA RS FAEETHLee and  Woo,
2012; Lee et al., 2012; Lee, S.-H. et al, 2013a,
2013b). Won et al. (2019)2 A|&JsPH, AAFE
20119 FLEGAZZ HEE Asp9] Wl Are
25 2012493 20130l HEESH. Lee and Woo
2012y SUEUAZY HHEE 7R SEE ol
Al NZE R SAE Askre] WskE 2As)
Row, R0 F 4e7A0M A skrg] WEkE &
o1&ttt 3, Lee et al. (2012)00] 2J3hH, x|
3,000 km oW AzZle] = 7.0 o] AHE] <]
X AFEW iR AS5F Askr9l7t vkeet
Ak 53], 7] #ASFAM = Aol g Ast
9] Wsiel ARnke] 2F 7k AFAAFTE 0.9 ©)
gl mlg e S HAFSIT Lee, S-H. et

Ry do hopg
>

~

N

al. (2013a)y2 AlFE IR A ASFe] X3
9], 2, AHEEE o83t 20119 SUEA
Ao ofgt J3s FA AAE AN Lee,
S-H. et al. (2013b)y2 FLEA|ZIe] Axl, £7], o
Kol &3k AFE s AZ3e] Aekre] |
3} EAL AAIEITE. Cheong et al. 2013y 2004
W 129 26ef] BHAUSE R 9.09] FrmlERRR| R
o3k AFEe] Ak HAFFNAM Asre, 7,
A7AEE ek £A39IT

2017, 2019, 2020d9= AFAH, 2ZA X2 &
Aale] Adugoez e =fEo] HFUTHLee,
S.-H. et al., 2017; Yun et al., 2019; Kaown et al.,
2019; Kim, J. et al., 2019; Hwang et al., 2020;
Kim, H. et al,, 2020; Lee, J.M. et al., 2020). Lee,
S-H. et al. 2017y AlF=oA #ZH 20164 7
FAZIZG iR EA R &gt X|5l49] #skE vl
24319} Hong et al. (2017)2 M 5.1 2 M; 5.8
735 A 7o 28 Coulomb 32 H3K(-4.9~2.5 bar)]
AoM BA SHo] sk AHelA Askre7t
g3t HE]th Kaown et al. (2019)E 2016
d AFARIY dFs Y T 7R s AEY
o] FANTZH TS Askret A7HEE,
H1gd 714, "0, 8D, *H, C, PRnE o|&3lo] F
A3}t Hwang et al. 2020y A|FE9] A 344
A5 o]gste] ZAFA7 I o]He] Aslre W
sE2RE A GH e, e dE, 29
Ed )t A olsHdy, S|AETH,
2HEY BA)E BaA ARE d3dke 71HE A
oF3IoATE. Lee, J. M. et al. (20202 20163 7AFA
219 2% F9lel fiAske 7 srAEEe] 4
53 il M7 s 2 A8t
FHE olgate] AX9 JFL +AEAT Kim, J.

a9, 8, WIAEE, FeAstsd 14, PR,
2 ARE Y53
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Fig. 1. Numbers of articles published in (a) domestic journals and (b) SCIE (Science Citation Index Expanded) journals.

FEAsEH g e 2] #skE o] gste] A

A A2 5 gor, B3t YaEe BUEY
e Aole

oz Axlo YFRS W & A
3}9It}. Lee, S-H. et al. 2020y 3HiF=
A #AZTM Askrel, F2 2 ARAEE
WHS 283 294 AA RUERE 53k sl
A AFAR tig diese] wke-S A8
Lee, S-H. et al. (2021) 2016 7ZAFAZ] 23t
dEte] Aok #A5Fo Akl 2 W
3t 548 EA I
Yun et al. (2019)> FAFAStiel HX|8lk= Ask

B2FoM 243 Az ) AFAH

EARNE E¥oks el Aol o3t FFS &

AsIAT) o] AFoME B=II AZ7F 18000
Z

o siXE A9 Wsk3.7 em)7t TFAEAL
Kim, J et al. 2020y Z7[A|sa2we] 4+
T3 i Askeelek RSk BAAtE

(Naﬂ K) Caa Mg: Cl’ NO37 SO4’ HCO}), %%%i T_’H;_
AAE(00, *H, Sr, PRn)E o83l 2017d LA
el S WA vl olvk. PRI BAAAS

A1 8% %A 2-8 (enhanced geothermal system)z} ZHH

2h= A7 237} Kim et al. (2018)9] 2lsjM B
AT} Lee et al. 2019y FHE =of gt o
of ARE dod F glorE e AGALE
HEA] AlFgk #7E aFEthe 1S A7
ok 3L Yeo et al. (2020)2 & FYol| <3 X
Ax10] WA wAYSS 39y RdEY 25 A
2z 327 o](stress transfer) R HOZ 325}

o ¥ o

GT okl HEY

Aakrs A7) Ay A7 Lopim = A
ske9l, FelXIle), Askreist Selxske Wi, 2
9] Hohz TR + Ytk Te)n Felxse Hof
ol SR, AAEE, B994, PR, WA
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b

shelith. FWskeA] =S AuEd, E 20
A&9 A7 9o R 7P Ba, A8
A steS st AR EdshH 13HL
24 IS J@EThFig. 2). 39, =4 SCIE 8k
A =8-S AuEd E 238 F Ay A3 10
Hoz 7hg B, Askr9let A seks Waet
A7 EgsPE 17HOEA TR =] A
SHEleh A7) HaAde] B3t =it weEhA =
e skl AAE =% & AseEer 279
FEg AW EELS o & Sk Ed Xske
A9k AR FHA AFE F RS A F
Al719] Askrgl Wt ek Ato]™(Lee, S.-H. et
al., 2011; Lee, H. A et al.,, 2011, 2020; Jang et al.,
2020; Kim et al., 2018; Lee, 2016; Lee et al, 2018;
Choi et al,, 2018), A|F Hzxo] &8+ AFE A9
tH(Hwang et al., 2019;. Lee, H. A et al, 2017).
Lee, H. A et al. (2017)2 A% A o]d<] A|sl4
9 HE o AR o= 7sAS Aokl
Hwang et al. (2019 73FA% 24 o] AF&
A #AZE 1 7+ Askre ASAEE T
T FolA BA3Et A7 LA Ao gAZF o]
of Aslrgle] oPdiEs AT F USRS Bl
ST ol Askrs] #HSFo] #x1 B o A
SHr9le] oPdHES HAES AAG Ao, &4
7S JhdEE AR o Se] AAR sFssite A
< HYFE Aolh

sHgkeA] 5 ershAl FEAskeRt Adt =
& 4¥ol3, A SCIE 8k=A] dME &3l
YA st A7e =Ee 13 Bojt), 3, F
A FolMe Ao FRAsErs B =i
£ 399] "hHo|| ZA| SCIE g4 dAE A9
o} FEjA sk WA =e 7Ho RN FUske
2 H} v ol grt ol FAIgEA AT A3}
FRI9k 3 oAY7EA] FeAsE] WHES ol &%
o =ZH AR A AAAS Bt & ofgljstaL
A} & Asjolt}, A|3FHE o] &gk ATE Bont
el gteghe 083k At AHoR Ay, A
SEE97E ARE HEe 7P & diEsh] wieelH,
FelA sl WHES A5r9E el 2719
FFe B} A Eske =T =71 wEol
t}. Cheong et al. (2013)2] 20044 F= 9.0¢] v}
EFAR st AFEe A9, 2, AR
T W3l BHXE E 1) #B2F F Asle

o 5 o
-y of¥

ST

2

257N AZFoIAM, 22l AVNHERe} Fed 77t
1 ool Hals 2 ole 23
A7AER T Askre7E A7l tisiA o wiztst
A Bkgeths S AT Lee, S-H. et al. (2020)
= M. 5.8% 5.1743FAK o8k Aekre], £, A
ZAEEe] AIZHEQl wstel R Re] 4
21 Wz}, Jejal - A WskE B4kt
Kim, H. et al. 2020y A&} FHo| ZHU 453
bS5 A5$], Na, K, Ca, Mg, Cl, NO;,
SO, HCO;, "0, *H, Sr, R, °H, ‘He, PI4E 24
< olgste] 2016 AFAZIL AKlo] S W
AT AS BISIHOH  Flavobacterium®}
Pseudomonas’t -34S RIS ES Ryu et
al. 2022y AEFFNEHS flet AGFE0dA A
9l T, VAE AEEFE 2017d 2IAR
WAl A %o HIlE v w245} Kim, H. et al.
(20203} Ryu et al. 2022y #|7le] ggo=z E4
njAEo] $4%S Harslgith. Kim, J et al. (2020)
& A3, 2, A7IAEE, Na, K, Ca, Mg, Cl,
NOs;, SO, HCOs, 0, °H, Sr, “*Rn¢} 2017 *3}
Ax19] Hed AtolA Askety AsECd osiA
ARl ogk Hdg &7, Nk (water-rock
interaction), A5 A9 =, 719ete] @ GilE
ARy webA, o7 FEAseks J R}
nAE LRRE A og iy 2§k
53 3eHHel wke-S wrh AAEA ols)slE
Ewg E T AUk F71480 Ak AR AAFH e 9
M 54 A1 TR EA S-S,
%0, °H, Sr, Rn, 'H, He 5 & & glong
(Jeong et al.,, 2018; Kim, I. et al., 2019, 2020), 2|
ZHAQ] A48 7N AL ARl AAAS A
Adshstle oj#dgol Utk Jeong et al. (2018)>
s Y A Al 2017d 58 2595
H 20189 29714 71402 -60 m, -100 m A%
ol FHE Aol PRn 2 BEPIRT} 2|79
AHAE AAISH v 9l

A3e AES ol &g AR A E dFE
M dRHoRE IS A A0l FHS| Folof
STk (Sugisaki, 1978; Lee and Woo, 2012). L},

A7 SfelM s tiE 7R sEAEelA 1
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AIZE 70 R A9E S ARE o8ate]
A7 A+E ¢ A7 BTHKim et al, 2018;
Kaown et al., 2019; Lee and Woo, 2012; Lee, J.M.
et al., 2020; Woo et al., 2015). dj&]Ho2 AFE]
A5k rEE3-(Lee, S.-H. et al, 2011, 2012, 2013a,
2013b, 2017; Hwang et al, 2019)r+ THAEAS
AsrdS vZ] Tl 18 4o Askre]
% 243k o7} Aok(Yun et al, 2019; Lee, HA et

. 2021). WA, do 2= A A 2 oSS 9

B AUBAE G e e e
o U B} A5k ol A3H B2e 9

& AR DAL HelE 1 EE % B solo}
g Aolt}, La A3k B2 523 A7)
EEE S 245, RErY, 2, AVHAERE

2 wgiiel A q59) dee 9l 5 A
Aoltt, welth tige] waEel me A
o olg Aals9] 5ol ﬂam L ARAAE 9

@ Asraag Aods 239 44 1 A%
ol AE FoIE adt EAce] Aas

BUEE W3 30iM e A FA HE Aee] 3
FETA e Fgde] Aol e AAskaL He: Aw
o] A8 E HFNEE ASES A Lee,
HA et al, 2021).

171884, "0, °H, Sr, Rn, °H, ‘He, WA=
TR 59 FEAsEE 9 ?WM@M A8E
ol gt A7 At AR oJgk A8k FAAY
g wslo] A3 JRE = ? b\ e = L R R o
9 Jleze ¢ Jol oL F71%Q =4

=

Z_—]] z

F AFol SJairrt Ao l 7Fssieh. wbd A7l
A A719] AR wske dopliedls dAI7E Q)
2 =

B Qe aise) dude A03 Aao)
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HAA A9 F3ES Web of Science (https:/apps.
weboftknowledge.com/)ollA] A8, Hopd (A|5)4
91, FEAslE, Askreleh FElxsie W, 2 9
Hoh) AT AL AESITE FARE 20218714
AxdE FuUskex|o] ARE A Ak AEA
AT =S F 22¥olH, 2011, 2018, 2020 7}
A we 7+ sEAolt}, 3, e 7|7F fEAE
o] <A SCIE g&Aol AR A|x3} Ak #d
A AT =7 Hee AARE 2021871 AR
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