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Hwasung Cheon, Junkee Rhie and Seongryong Kim, 2020, Groundwork on Did You Feel It (DYFI) in the
Korean Peninsula toward a new generation system of earthquake intensity estimations. Journal of the
Geological Society of Korea. v. 56, no. 4, p. 469-480

ABSTRACT: Seismic intensity is important in terms of seismic hazard because it categorizes felt ground shaking
and damage. In general, the intensity is obtained through field investigation or by instrumental intensity converted
from seismograph observations, empirically. Unlike the conventional approach, USGS Did You Feel It (DYFI)
system has collected intensity information based on real-time online surveys for the community since the early
1990°s. After the 2016 Gyeongju and 2017 Pohang earthquakes, quicker compiling has been requested for intensity
information of strong ground motion in the Korean Peninsula. This suggests that DYFI can play an important role
in a next-generation intensity collection system. In this work, we test applicability of the DYFI system to earthquakes
in the Korean Peninsula with additional modifications. We derived a relationship between community responses
in the USGS DYFI (i.e., Community Weighted Sum; CWS) and the Korean-peninsula-optimized Community
Decimal Intensity (KCDI == 0.47+0.27 <X CWS), by comparing the CWS with intensity values reported by the Korea
Meteorological Administration for Gyeongju and Pohang earthquakes. The intensity-distance relationship from
this study shows a higher linearity than raw data of the USGS DYFI. In addition, the maximum intensity (KCDI=7.2)
is more comparable to that from the field measurement (VIII) than the USGS’s original value (6.6). Intensity
distribution maps from the KCDI values are more reliable presenting radiation patterns and site effects compared
to results using the conventional felt intensity reporting. From this, we confirm that the community response-based
intensity distributions can be even more useful near the epicenter than instrumental observations in the case of
regions with enough community reponses though the lack of seismic stations.
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AR DL F4sks L= 2, 91A], o], &
AR 5ol e, A2 24 o ARt it
AR ZE Yehfls $83% 842 A&7t Ql
ok A== ZF A Foll A Alge] =71 53 119
e W3] JEES A AJsho, gro] shebE x<le] 4
oF S Y| Fxof 7|kste] £ A xlef &gt
A g 73] H=Z mhefst 4= QItiWald ef al.,, 1999a).
dutF oz, 7+ A H99| e g F45h= W
= 3A F 7 o] Y, she AEAd A
£ 34 woln], ThE shit X104 BEARE
o] &3t A7|1X = 4 otk HEA A= F
3 e AR gaf A GoflA 71Ee HIAAE
OBl HEZAIE ANjale] ARRFE] SA(felt)
HEg selsl AR ERoAE o2 $7lEa}
A, A5 FRESC A Y AR FE AR
AR Fo2 o2 AXsH= vy otk (Musson et
al., 2010; KMA, 2017b, 2018b). o] ¥+i-2 A4 =
S7F AT A ool iRt FAIE X = o) 7hs
S B QA AT} A7ko] 2Tk A7} 9L
Ch(Wald et al., 1999a). ¥HE, A7|A = 34 Wi e
AZ BEa0] XA 715E A7E gh(ell: 2
Ak Eol 7w S AR oR Sl AAE
-R= W32 (Ground Motion-Intensity Conversion
Equation; GMICE)of| th Y5} A= ke F4sh=
WHoz, A A A3 A Ate R AES
2% 4= Slek AHo] itk o] & FHkE A7lo
Z83l= AtEo] o] 2o H(Yun ef al., 2009,
2009b, 2018b; Yun and Lee, 2018a), 7]l A=
A Ay A=k AL S AekT 9
THKMA, 2020). o] 23t Aol = E-5kaL, Al7]%
L AT WA o] Yo 24 ¢)Z5]
ojiZo] Hoh Qegt X 2F - = HERA S 47] 9
stel A1 Tjs S A BET AT B A
£ BEARI} Basith B, AAEAE W

© g BEAR the BFA S W}
T 7] W, AR AA A=Y AR W
GohA) ek 2EA AS SR Lurdo

2, 4 v 220y 27|19 ARF2e AN
Y AU Eol| 93t X252 ¥l = v
2 4 o H(Geli et al., 1988; Paul et al., 1996; Park
and Hong, 2017), wt2tA] L3t AgAZ L A=
o2 Aol sl AA| == A o 5= Utk Al
71 = AR TS0 YA ARE D 5= 7] o
2o #5447 52 U= R BXA gAY #S7)
£ F4E& BAS| o8l 179 v BgE =0l
2 UEA AF9Y A A& FHA £2E
A S745H7] of"H o]HEt o]f= Qs &
SHol= A5 HEH HHe s A= B
= gaystojopt gict

oA AEe AEAQ e =4 o] 744
= 98 ASE FES7] AsiA et Al==0]
EAJ8HH, 1 Foll4 US. Geological Survey (USGS)
oA g “Did You Feel 1t?”(DYFI) A28
Y 7|Hke) AERAME S o8-8k A
Ay o] % oF 3 Folfol] FAREE 87| AlZst
of, Az g o & oo 0l S 7|H A =gx
Z(Community Intensity Map)2 Ho{Sm, o 55
ufc} o] 5 7PAIGcH(Wald et al., 1999a). o]&3t &
He ARl Aw 274 ue| BAS 35 5
A, AZ1R =7} 2= RES BEdT FAl 4
2 H[g0 2 ARS8 E IF FJEE ot
= HRd ¢S AEE U)o 5 U
RS ARG 53], 7heF A Xlo] thA] Ao
A g, o0 QIEIY ARSALR R kY]
e ARE 5T 4 o, dE5
7H A E Aol A B o SR I EREE
£ et A% 7Fssidnh EB3 A= 4
& P8 BEAS §AT Lot o Peba A
=R AREA A Qlo] B]E v A&4 o] W
=k
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ML = FY HAE SIE et=d

A A HJ=go
ISR o] A Kol EE
o= 2431 o2& B4l
2 AR 2 AVE-ANE WeH]
< of¥A 3t A7 =S A Z =S Hoj=
= 2T 4= Uk Akt oA HEH 2
o) FE(-M55) A7 w2 Aot BRA o=
10 kmof| & v]x]= H(Wells and Coppersmith, 1994)
= 2 o, 30~50 km¥] 7HA& 7HA|= A Y A
Agagpo] ok 9o AVEL A4s) 23
Folo] AYUES AW 7HsAE A,
2017 2R R st 7)ol A TS e
Bxeo] AYUEV) AR <3t A
(V) Apolef] zto]7} A sk= Ao] o]t %+
o] A7} © 2= 9lom(KMA, 2018a, 2018b), & =
£0] 32804 BE0) 0|7 02 Q3 A U5
B2V w37 ot 4+ 91gS shelshsich. olot
SAlol, W= o] B9 iR A Hef =1l
ol 43 B WER AFST geke e v
ol u]s) 2512 DYFIo} 2& #7185 7]5ke] 1=
AR SGAAT e f-851 48 5 9L
AN,

VB @ 7]5ke] B 24} A AT0] 4EH

+FH7] HeliMe FARETE, A7 WA Al &
i g2 AFREE R E 48E AE3H dHol"HE
SR 4 QAL Fast AUl Aoz
Q8 L AE 4 93, BEEAC] SHY 4
SUTHE S JEHOIE O E 2E AES
= &5 Ue 7S WEET o2 2 R/E Al
As}7] {1341 USGS DYFI A Aoll= A-s3td I
HE(d: 428 g3 X Aol & =
Zr 327] BIA)(Wald et al., 2011)& A3 QL
ok ol T AR5 Budtelr| YsiMe 2 A+
949l Zw] mei7h Wasi A5 Yo
2 th&7] oj¥o} a8y, USGS DYFI =32 F &
o 1S Fol 79 SHS AFAA AR 29
o 7Hde o, o|2RE JIEE FE5e S
4402 S 20| 715sith AR USGS
DYFlol= W2 =9 71 -3g°] 2016 Mw 5.4 7
FAR 2017 Mw 5.5 ZFA|Zof| tfste] =35
et g A g2 o)A A4H(Yun and Lee, 2018a)
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oA AZE-AE WSk 5 IRl F) 3t
A= Azet vlwd v o, #7489l @7zt 21
B ket

2 AFolAE AE R A o] 712 7
A= R2(KMA, 2017a, 2018a)0] thH]|3}o] DYFI
NABE Bote] £HE AR §84 AFTO
24 SREECIA] 29 S5 TIe A 2P Sla
71ATE 53

2. H{H Ol & A=

2.1 USGS DYFI H{A % 0|2

1990t =, USGSol|A 7Rtst “Did You Feel
12" (DYFI)2 A& ZAAeE QU ARgAEY A
BEXA HAES vEoZ o2 ArByx- S
AAsIa BojF= AA"lo|ti(Wald et al., 2011).
o|¢} -2 U @ 7Rk HERAE B8 A=
4 S A TA oo th=o] AR
Zash @2 A7to] 2R E= AFA Y A= 34
o e gr1Fes S5 & 4 Il 9k
ozl thge] M= = tlolE FHEE o] W
CREEFFRUNE 2 AGH R NEREES
HoFE= 72 7531 st th(Wald et al., 2011).

u]= USGS DYFI YAt E(USGS, 2020a)+= 2004
URE A AA AEY ARBAZRE S8 2|7 o
T Hlo| B S $ASHATHWald ef al, 2011). 248
SHARE o2 FRISEASXE(Community
Decimal Intensities; CDI)(Dengler and Dewey, 1998;
Wald et al., 1999a) 5 =&31tt) o]& 93 z2+ XY
(community) oA AREAFES] AUl HEZ2AF &
o 252 H&Eske X2k gho] Zasith o
22 A 9715 R8H Community Weighted Sum; CWS)
2} 22K Dengler and Dewey, 1998; Wald et al.,
1999a). CWS 52 2+ Aol A AUl ARgARE0]
AERARR HHe ghe= dEsh= 4= 9ngt
t}. USGS DYFI A|&HoA QJIEYl AMAEER
B Zt A9 A& = Fofti7] H8l AMgsh= A
E2AREE (USGS, 2020b)°f] AA = o, 2
Aol A= ol Hgstar 2 Ao sigsh= Ml
(index) 3t HHof| thet Fapi= 7]E] A-HWald et
al.1999a) 5 Farsto] BE 1o FstAAtt. o] A2
ZAREE 7iE A4(Dengler and Moley, 1994; Dengler
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and Dewey, 1998)] oJ3fj 7= A3} 8|7 A&
24} S 2ko. Bk, o] s} Ei QIEL A
B2 AE ALgel] AE hE ek e
t+23} Zth(Dengler and Dewey, 1998; Wald ef
al., 1999). A, 9| 242] Z=(Modified Mercalli
Intensity; MMI)o] w2 731 Ql= 2t 759
HHSS A o s gtk a2Fa AFY AL
50 AL AAT Aodg 7 AeHE W
52 F, 7 ALA The 4 12 AFgstel ALgA
9 HAE2A FHES A% CWS g &
Wk (Dengler and Dewey, 1998; Wald et al., 1999a).

CWS = 5xFelt index + Motion index +
Reaction index + 2xStand index +
5xShelf index + 2xPicture index + 1)
3xFurniture index + 5xDamage
index,

714 2t index= A XF A& HFE ulsiH,
AESHY ZF 2% 52 o] index F shto] &3¢
Al ek 919 4] 1& 29, ZFindex vt} ok & £
7V #he AL e, I S-S MM = g,
IT of| X 78 IX7HA] 9] k9] ' flofl Ad-8-3te] CWS
rsol ZAbsEE 2R o Meseld golt
(Dengler and Dewey, 1998). 82 HAEXALS] Z+
indexo| si@st= B9 A3 gho] A3 A& g
of| /-85t 2HHE CWS 39| 571 Uehd 5= QL
o, O 7R 3= ARESte] CWS ks ¥e
AL 7Fsstth HE SHATOL e QIR
S o= B X Hof gt CWS gk 11 A
Woll A AZzAte] gt A=Y 24 A& T
F=9 BHEUES A 104 Hoj=a Q= AAH,
ZFindex Bht} ThE 74522 Rofale] mE gat 2k
Lz Zd4o] "tk CWS gh& 3] 2% gL, & MMI
=2 A7 Y8, Dengler and Dewey (1998)
+ Northridge Z|#(Dewey ef al., 1995)¢] H5}q
412 e 9o CWS kot 1 gl shakshe 219
of| A4 2] USGS MMI Zk(Stover and Coffman, 1993)
Atole]l gt CDI A A& AF 3] #EAS AME-5t
of 7kt

CDI =33 +0.13 x CWS @)

o714 CDI A A2 E7|5s AEH 2
£ QHe 99 BE a%  F A7) At E,
AEREES Uehd ohe 24 4 R A2 e
o oA ZhE AHEstel Uitk 183 7))
MMI gt vl & wf=, Fo e 2 vhEg Hrt
24125 A7) Sl AR AN Y AEThE T o
(Dengler and Dewey, 1998), 0] 412 Z}7|(<V)L} o}
Z 2V AES 2|0 qgteia) gk
it meka, 2 e S BYE 199439 Northridge
(Mw 6.7, At} F= X, S5H4= 8007} o] A1) (Wald et
al., 1999a), 19914 Sierra Madre (Mw 5.6, Ztjj %
= VII, -3 307K), 1987" Whittier Narrows (Mw
5.9, 2t &= VIII, &= 1007H) A2 219 A
Aof| Tt S AR S F7FekaL, T W X =of of
3| A=, DYFI A| 281& ARg-8to] =308 CWS ZH&
2 A7\A=ZEHWald et al., 1999b) 7+ TAA A Wald
et al. (1999a)= 4] 3¢] 271 CDI-CWS BAAS
ek

2.00 , CWS<6.53 3)

3.40 <log, (CWS) —4.38 , CWS = 6.53
CDI {
1.00 | felt

A USGS DYFI A| 2”2 2] 38 ALg35}o] CWS
Zro 2B E USGS MMI Zhojl A-23l= CDINES
shgsiA Hrt

2.2 stz X|Zl DYFI A=

oF&7HA| PFE USGSS] DYFI Al2glat e
AR P 7)NE] HERA} A LYE BAsk QA
oyeh. T1eiut, 0] USGS DYFI Aol = 24|
FaA7S o s L= T glon, 2016 27
20179 £§ A7 GA ] eI o) £
TR Rst SYEY AFAN A BE
e} 481 0] FelSFAT 1 5 478749) Hlolel vk
A Hgom, EFAAL 406%0] Fofshgla, 1
% 3917)9] dolel7k A5 9ich020d 29 12
@A 71Z). o] BmY S Sk TN v%G
TR0 A ol A AR X210 ehste] Qb
0% 98 4 gl SF (Y T olhel ula)
Aok SR, AR ARG 49 G 4 22



ALY 2= ZF HAIE 2fet 2

—

AS o] ARS8 199413 M6.7 Northridge x]719] A
3 AE-SH 45(Dengler and Dewey, 1998; Wald
et al., 1999a) ¢} v]=6tm, o] 2R 59 23|
o] 25 1 ], ST SEE= FAZAL o
£ 7t & 4= Qo

DYFI A|AHof| A Al gdhs AR F 2 AollA
= AAA 8 CDI gl s $17] Gh2 $45te]
ARg31gIth USGS DYFIE 7+ 5o gjat 7 <
3 CWSZEE AIZahAIE ko, 2 7 §ol
thgk CWSgE2 USGS 7122l 4] 3& o= A-gs}
o] Apea7l 7 4= ek, QoA A Az 2o,
CWSZEH2 E4 A gof tigt 7HXB ol st
™, CWS7} 3%l th 3t X H 9| o= HFA| X2} 32
FA ZhzF 1427191297 2|5 o)t

2 AFoflA= AERARE A AAIste] CWS
e sk U, & 2 index’ 7SR E Folst
= ol tsix= oA gtk ole S
ket 2ol 11871 E 83t (Dengler and Moley,
1994; Dengler and Dewey, 1998) wh2bA] d1512] |
& Hlojur] wiiZel, 4] 19 o8l 28E CWSE
e Ao 288 4= qlokar 7Hggich Mal=,
21 19] 7} index 8 7H5A= SHY A= =9} #¥
Eo] Qlom, R} 7H71Q1S] 2] K<) Reaction
index) o]t 2| W-gol gt theFgl Bhg-2 Hol= At
£9] 2 9(%: Motion index) Rrh= $EA 4
(Felt index), A& 49 22 oF1t A&
1 3}|(Shelf index, Furniture index, Damage index)
o} o] mr} ATl AREFEE 1 Z1)o|
et el B NS Holsh A2 B 4
slos, ol SkA7E 2 el Ao et 7
Fo] Hof A|E 3ol gt A|H ko] ofe]
g 2 b S| ARTHE $AISHT Beke 4
=
4] 29} 33} o] CWS-CDI A S MEA =&
317] $J3ll DYFI CWSE Z¢f 23} 2|zlof tjgt
7143 AAAR(KMA, 2017a, 2018a)0|l4 Hi1E
FAAZ(KMA MMI) zp=ze} vlmsict AFA| A
O == 71458 A 71743 () E= A A el
A SR AT 7Pl e, 2R 79 HeE,
71434 A=BEE(KMA, 2018a) & v o2, A+
AR = Fhe WS 2 22 oA &
SH A2 7Skt

ﬂH
4

32

=

Did You Feel It (DYFI)Oll CHgt 947 473

3. DYFI AZE ARZsH sHtT |7 T M2
AE

3.1 SHHHZ XE DYFI X ZHAA|
Z+ Aol A 2] CWS Zkak KMA MMI®] zta S

KoreaCDI (KCDI) = 0.47+0.27 XCWS 4)

o174, A =T AL BikE A2 S AFga)
G| wi2el Hepd ghite Agt ] a=7%=(Korean-
Peninsula-optimized CDI: KCDI)#A|4l o2 HE
t}. 2] 3| sfohe =gk WA A thaat T

KCDI = 2.95 x log, (CWS) —3.50, for CWS = 6.46  (5)

USGS9] CWS AR5 AME3IR7] &, Za
CWSgL 710l A3, & Arellie 64622
AR &, 4] 55 CWS gro] 6.46 014+ off A
£8}0, 6.46 ®rt 2o A AW Ak
STHE, CDIZES 2.000] E31, “ZHR| 5] %] 9b” 0.

s 6l -
s 6
% 4F e e Logarithmic relation
5 ----- Linear relation
£

2r - Gyeongju EQ

s « Pohang EQ
0 L L L L .
10 20 30 40 50

Community Weighted Sum (CWS)

Fig. 1. Comparative plot of Community Weighted Sum
(CWS) and felt intensity for the 2016 Gyeongju and
2017 Pohang earthquakes. Information on the felt in-
tensity of those earthquakes is provided by Korea
Meteorological Administration, which is estimated as
the modified Mercalli intensity (MMI). Red and Blue
dots represent data reported by the USGS DYFI for
Gyeongju and Pohang earthquakes, respectively. Dashed
and solid lines are from the linear relationship in Eq. 4
and the logarithmic function in Eq. 5, respectively.
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2 92 shgiety, CDI gh2 1.000] et & g
A BTt 23RS e R stger, Vi
Z2IShe NEALRE ARESHA] g3t 4 5= 2]
CWS kel oF 52 H ol A K= VIO =Fsk= A
= AT ¢ Q2™ 1). o= DYFI JIHH A&
FAL AN s Rt A R gl IXE 22
Zroltt. AA| 7144 X 2AHKMA, 2017b, 2018b)
off s BFet 23 2519 gl AT A
o AE=E VIEG 2 4= ok mahA, 4] 5 VES
T A=Y A9 g Hag7re 4 7] wiE, 2
AollM= A 45 H83t] 245 s
FHAE R Aol et B4 BSol
7|49k 517] wiizel] doj KCDIY| fa4d< A5}
7] ofRik. e, X|Kisk AsolA] 71oke e
(geometrical spreading)o| 7 & F&S w]Ach
T Vg v, AAEL Ao wt s He
= 745t (Aki and Richards, 2002) w2kA KCDI
< 7 DYFI $E9A-19A =Y di4-= vehy
w ol2Ho2s AYTAS Holof k. o 54
& olgsto] Aot =AW dhate] Pold 2
#)eJe] KCDI (4] 42 USGSe] CDI (4] 3)9} 413
3715418 Fao) vl oA 2). Z2te] B4l
tiste] A 3 AgTE A5k, o]of| thet R-square
U AXYsEATE USGS DYFIO|A Al g-sk= CDIE
27 A7 A H8) KCDIS AME8 79 371
2 A= A FYsAT R-square Fto] S7Hh=
AL 891 4 QITHCDI: 0.368, KCDI: 0.387). Al

&t - 0177 -

ZIMZ
=LK

A2 A7 02 KCDIY 497} o washs 2
22 4 Qe 2). Aol A 2, KCDI
£ A8k 29 Ao 2N 7P Aol USGS
CDI (~6.60) 2t} & =& A% (~7.20)8 HojZn, o]
7 AR Aol 2AT Ao A= g VI
o] 5= 21%o]A] 15 km o|oll 4] B3t 2z
© o A}SIHKMA, 2018b).

3.2 DYFI 7|8 RIEREE

USGS DYFI A&E8H #toll 715ket CWSeE KMA
MMI Afo] o] AF A4 (2] 4)Z o83t gt
23 DYFI 5% 7|8t R =(KCDI)E A3t o|2A
¥ 7} 219 9] KCDI A= gk Uiik(interpolation)
sto] et 23RS DYFL 7|9t A Eg2=s o
S 4= 9ty 19 33 4= 242} 2016 A F9} 2017
W 22|zl gt A=RE =5 YRl of 7] 4]
ZF 39 ¥ A=m7H #EH ARl =8 A
S 2 FHI Aolt} 7|4 = KCDI =R EZE 4
7| NE(1Y 3, 4a)9F FARE(1Y 3, 4b) A2S
o] &% W= E =} vt A7|A =S 517
Al 718A TSRS 715d B8R TR
=ugE A7 EAY & gk S5k At
7MSE(PGA)E SAstR e, 593 A= AE 1
2 ARAA ke ARG ABSA = 7
FAK o] 1707] 0], 23} 712 1537} o|tt. PGA
Ho2RH A= ghS 4317 8 AR A 3E
A= W32 MMI=2.36x10g10PGA+1.44-& A&

T (@)
6' L]
S 5f $- w
= 2 %5 s
24 "o g
2 3t e -1
[ . - o womprie,
Z 9t Yy o
1f .
0-
20 50 100 200 500

7 (b)
6
=5 8
s .
23 R e T
2, e S
1 -
0
20 50 100 200 500

Hypocentral Distance (km)

Hypocentral Distance (km)

Fig. 2. Distributions of intensity data with respect to hypocentral distances for (a) USGS Did You Feel It (DYFI)
Community Decimal Intensities (CDI) and (b) Korean-peninsula-optimized CDI (KCDI) (this study). Dots indicate
reponses by the community for the 2016 Gyeongju (red) and 2017 Pohang (blue) earthquakes. The Reported KMA
MMIs are presented with purple and cyan diamonds for the Gyeongju and Pohang earthquakes, respectively. Line
in each panel shows an optimum linear-fitting from the regression analysis.
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MMI 2R E BEE 22804 A&dt A=E 7]
Hlo 2 23l o ZkzE 38 204 AAE Frt
£ o3t} KCDI AEREE(1Y 3, 40)= 2+ 4|7
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CDIZ} tjAle] KCDIZES Agstach Azel 23}
A B, A7 AR e Aol A7)
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Intensity (MMI)
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N HFo ARE FED 5= YA, 7 23
AGQoM= o 2 HolHE EE 4 k= A
= ZUT 5 Ak 53] AY A= A7 =
Hop g4 52 9RO ARE & 5 A o=
G 2H9 727 225 DYFL AAIE &
3 o AR A £ FEE 2 5 A2 A

ok

Intensity Difference btw Instrumental and KCDI

Fig. 3. Interpolated intensity distributions for the 2016 Gyeongju earthquake: (a) instrumental intensity, (b) reported
MMI by KMA (KMA, 2017a), (c) KCDI values obtained from Eq. 4 (this study), and (d) difference between in-
strumental intensities in (a) and KCDI in (c) at locations with both measurements exist simultaneously at the same
location or nearby (<10 km). Circles in (a)-(c) indicate locations where intensities were measured using different
methods, and their colors represent intensity values as in the scale bar. The black star in each map is the location

of the earthquake.
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Fig. 4. The same maps as in Fig. 3, but for the 2017 Pohang earthquake.
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