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Indirect Socioeconomic Losses from Natural and Human-caused
Disaster: The Cases of Typhoon Bolaven-Tembin and Sewol
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Abstract

National official statistics about domestic disasters only include indices on casualties and physical damages without covering
any figure about indirect socioeconomic losses (ISEL). Accordingly, this paper develops calculation formulas for every item regarding
on ISEL. Then those formulas are applied to both natural disaster (Typhoon Bolaven and Tembin) and human-caused disaster
case (Sewol ferry accident) to analyze ISEL. The result shows that those ISEL are 2 times to 34 times larger than direct physical
damages. If detailed field survey on its damage is executed on site, the amounts of ISEL are expected to become bigger. Thus,
it is necessary to examine and collect not only physical damages but also ISEL followed by any disaster. In the near future,
central and local government should make disaster relief and recovery policies based on accurate and reliable statistics related
to natural and social disaster.
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Preliminary Statistics Inventory > Screen Process 1 > Screen Process 2: Final List

Domestic/Foreign stat. review
National damage statistics review
FEMA, HAZUS-MH

ECLAC, Handbook for Disaster
Assessment

conference

MLIT, Government of Japan,
Manual of Water Resource and

Economy Management criteria

Previous Studies etc.

Concept & scope, framework
development

* Holding specialist advisory

 Selection criteria: Theoretical
background, Meaningfulness, Easy
quantification, Data availability

* Preliminary statistics list was
screened after applying selection

* Holding advisory conference with
public officials and professionals
* Public officials and professionals
survey
- 100 Public officials, 100 experts
(86 valid samples)

* After constructing confidence interval
of each statistic, final statistics list
was chosen.

Fig. 1. Screen Proces of Socio-economic Losses Statistics List

% Source: Hyun and Kim (2017a), Hyun and Kim (2017b)
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Table 1. Indirect Socioeconomic Loss Statistics from Disaster

Human damage

Industry and economy damage

Health-related Labor- and Icome-related

Human service industry damage Economic effects

® emotional trauma . .
. " 4 medical ® income loss by labor disabled

compensation and medical . .
P e financial cost (interest etc.)
expense support

® cducation service damage . . .
. K & e related business disruption

e medical service damage d reducti
. and reduction

e welfare industry damage

% Source: Hyun and Kim(2017b)
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Table 2. Calculation Formula for Indirect Socioeconomic Loss

Indirect Loss

Calculation Formula

. AXB
1 emotional trauma . . .
- A: # people in emotional trauma, B: emotional recovery support grant per person
" d Ax(B+ C)+Dx(E+F)
compensation an .. . ..
2 P - A: # death or missing, B: compensation for death, ¢: funeral expenses, D: # the injured,

medical expense support

E: compensation for injury, #: medical expenses

AXBxXC)+ (DX EXF
income loss by labor (A B O+ (DB F)

3 disabled - A: # casualties, B: annual income, ¢: remaining years of service, D: # evacuees, E: #
isable . L
days displaced, #: avg. daily income per person
k k. m S
. . ETR: Z[ArnJrEAr(l*u)]
4 financial cost (interest | =1 i=1 =1 m
etc.) - k: # loan applicants, 7R: total sum of interest, 4: principal of loan, r: monthly interest
rate, n: loan period, m: repayment period / principal equally distributed
AX[(B+ C+ D)+ EX(F+ G+ Hx I+ J)]
. . - A: # temporary school or class, B: new installation cost or initial construction cost, C:
education service . . . .
5 transfer cost of education aids, D: furniture purchase cost for education, £: expected

damage

operation period, F: rent, G: education aids rental or expenditure, #: # temporary
employees, /: temporary employment expense, .J: additional transportation cost

AX B+ CX D+ EX(F+ GxH)

6 | medical service damage

- A: # temporary emergency medical center on site, B: new installation cost or initial
construction cost, C: # patients, D: medical supplies expenses, Z: expected operation
period, F: rent, G: # temporary employees, H: temporary employment expense

AX B+ CX(D+ EXF)
7 | welfare service damage

expense

- A: # safety vulnerable people, B: new installation cost or initial construction cost, C:
expected operation period, D: rent, E: # temporary employees, F: temporary employment

n

k

related business

M= A A+ AfX + ATT— A) AN, + APX, + AT— A4,

- k: industry damaged X,: total direct loss of industry k after accident, 4?: domestic input
coefficient , A4/: domestic input coeff. of industry %k, A/: import input coeff., 4/: import

8 input coeff. of industry k, 4": value-added coeff., A;: value-added coeff. of industry &,

disruption and reduction

(I— A% '4fX,: indirect production inducement effect of industry k, A/x,: direct import
inducement effect of industry k, A/(7— A% '4/x,: indirect import inducement effect of
industry &, 4;/X,: direct value-added inducement effect of industry k, A4°(/— A% '4/X,:
indirect value-added inducement effect of industry &

% unit and variable descriptions attached in Appendix

i3t ujAteHS

Johe: AR 1) ALK hAlock o] WAlolA
FrolA1E BAISER, o710 Aol 79 AEH|7A
FAISH Bek. e 2 obol ] AXsla sh s
710 THE 254Aete BAfolut wigol that o] oh]
e Al Q1) TN U gk BSl FyHom
45N ofulstHE ALY AL

= 483t ArtAE .
i Al66 A A6 20l wET A H =
o

212 Ape] Be} wsiERe] ) o

RrAME ARSI L] Ate|HHMA ZHEEd

[

T4t & AES D 4= Sk ofof] tigh A== NDMS
gollA FAR W EAL vk TRy BlgTl AAmo|R=
2 Atollde AR A 7 3 R HeAkRE Jalstoy
Aletoll B-8571= gtk el Bl diMle) gAkES FElE
Toll A B8 285t T EH oA mid J1A|5)
= FEEAE 841 9 3¢ dErIis H8st
TH(Ministry of Land, Infrastructure and Transport, 2017).
AA 54 A ol digt A= H S &7k duk 9
Frd, Bkt Al 7h B AR ARt 7Hg sk
ALttt Aldz Al] -9, Felufsit gl Afsfol ==
sa7| W A AYS A% A B8Rtk

A

AN

2

IS =2t o B MES FAE A=z 301

=
-



P ARl FANAT|YNE R 2 FRok)ES
Fusr|z gt
TG Al S BAREL Q1A BhS vt 4

k= At AARIE-2 271 sl 71 *P%o}?j
WA o]Mu|e} 7|0 JERIslof Sh= W& 7 FHIE
estaL, of7]of JAEF7IXE Feke] d®, nEA G-
2 ], AAIAY 28], 7 WEHIE Fste] ALK
t}. o] AAHAlS ECLAC (2014)9] Af|g7i=s ylg
T A Tt e Aasisich @A) Ado® QI w-sA
A slls AR QA ERE7 |7 Eagh AAE
O] 2] 9l ool Rt AR AL - GLESIAL QLA YTk
weba] AAAES EA] - G5 E AHE St e
94 X“—“—Ol st ey oA WSk AFaAEel
0:]_;d =i} 7q Jq] UPo] HP/\HO]-O:] 61—5/__,] H]—tﬂ— 7]7}4
HE AA LAAEE A - s AR7E A AA
11:} ufeha] 20161 109 52 HE xjup R olg)] W2l
ﬁEX—FhLA AHIE A1-8ste] dH9E A=t
toh ARRIAe] MldS ALY A9 s AuH|
%°J1%ZHL°M AloFA] WAL 10982 H-83F AR
&st71= gtk
H H| 2 sl FAFES d8-5w2max(
At ARshs HIH(E2 27] 15H])
101] PAED7I7E 5] Az, A2
o AAFI} o] ECLAC (2014)¢] A3 7lHEs
% 9= F W82 EEst Aotk dd-sgolwae
9] _E_ogQ] 3} AR ZF A 9 HAAA] FpEAe
I Q= Aotk o Aol AAIAQL AL
‘Xl ool At A8 St AT i)
s adEae 78S HE(EAL, QAR
A 5= 1%3P7%1Jr A=o] = A HIellol’lE)
o= ZEote] A= g E o] Qlof ARl AAHut
=7} Qs AAolek TI™ole 15k, et A
%Oﬂ IIPE} °ﬂ°1EﬂE H|-g-0] 2,000t Hof|A] 50008 A A=
S 1Esle] kel 3,5009 ¢S
L% **Xlﬂl(iﬂ AzH)) o] Ackez ALk} gl
ook HlH| o] Atel= AT AIE 285t BF
bl 9 dinle] 3t 4= 9l QAR A1g- S TS
o7 vd-Sul R (Mlnlstry of Health & Welfare, 2016)
oflAl AAIRE A Al o]= Q19 HijR| 9] o & Falshr] =
Qi ofu, 2k} 4=9] 4o 0‘01 A= Al e =
Ta opdel Ao|ER 7 9 Ak skl oA wl
< HleH SRR FEsle] HieS 2185kt etk A
TR0 o4 & 717 oAvIe] thuldpe} 55t
TRl 7Pgstal A5 AEeith ok AlE s Aol A5
Hong et al. (2014)2] 1= ZFa1sto] 3R} 4, o727 ol
gl 2337171 A5 E HLs57| 2 3t}
ARRIEA] AH]2 Bjalf AR oAl 5 FFoHA

fu e &L H mlm

Eo > _L4 _l_|>i o N = 1o
[‘IF ol (‘10
O

Olt
-

= 1101'
X op

ra

302 2SS =2 %, M18H 45 2018 6

Fo] Q] ThTIAEE AMSA B A9 A= Tl 7
AAe) Q13 Aol ALR7IE F2be] TR, A
9 8415 Felol AR 4 Sk of AR QR vz
(Cabinet Office, Government of Japan, 2016)2] ME-x]3| A
gk - 99 Jiol=glel I} Fufi EA|(Kumamoto City,
2013)9] EATGL 5 A28 i, AzesiE A
7322 5 (Shizuoka Prefecture, Health and Welfare Department,
2014)] A4 BAjmcks A7) - 29 viiee, Al
W) AUZORAN AT 8-S Farstel Aushelct
(Disaster Relief Act, 2017). AFS]EA] Av])2 ds)S AXls)
7] Sl 4 olRlel 5 TEoRK] el v A}
AiE]ojof gt Z1eul AR A dellA] AR AL Q1A
oo Aolck AeLE Aol Alut Brehe EoRof
ofet el ofel jala: olgArSe) AMITEA} 25
HIX] S510a= o 4= Slek webA 2 edtolxds A
Z AH(National Disaster Management Research Institute,
2014)9] AR duis Eael W gnagAe

7l HuAE ALt} RIS EAA S
ZL83517|2 3k T3 QAJAY 118 Hj8o] AL 18 L%
Ro| TngeeEae dezA A, AR Sk}
Sk oARIY 1.8 2L olEo] HAuua AlEE Aes)
of FHOpA} 109 18] ALBEAALE WAl Aow
Rk, FEO] o ) WAl HAR s

7] T2 ATt glens 20159 ol ERAl A g
Stof 654 o]4 =1l BHl&el 13.26%% o|lAfRl =
Hgatia gk, ot 29 71k olAjule] thu s
Agaple a

58 - O)R - AFEE A Al AL ARRoRA R )

we] Sezjob 3 7|5 Felo] 453k B8] g - o= - A}
SIEA] FE2 Q1A Au|A) 2 Aujaabo|x} JEEA
Aelow Bg AeEAIe] RTlslE QIet Gake el
HRE SRolc), JRolE Bel ofX7i 14 - ol -
AR A] AH| A sl AA] Ad@rgellA ekt HAe
ZAP7} ol QA ke AAolck webd B Aol
WG - o7 - AFEEA] Au|s TS ALE A AT
o2 AT, A o] WABIRkR T ¥
olof] thel 8= AktsIazAl gtk ofof] 12 ¢A-e] ARloflA
QN LA M ARG GOl R, THOHIE OfFt )4
A2 Bl &gl AR o]FA|A] SkE e AR|AE Al
sholeh 7Pkl el asknal gtk

<ol} AR AALETY W Zavo| tleF EAGFEL. ALY

B Agslol AN S Gl ARIARLAL Tt

= 444 JFLEFJE A Pi;j az% Aol gk, &
Aol BHAdA oo HEE AdE A AT
2 ARSI A PO K]



2 gt 74 fleliile A HsiA| 9] dREANE S5l
n7| Ak} 242 =l 4] - 2 a| szt A = ofof gk
a8y A= Aoz QIE TsRAL Al A 919
ol Setalth AL sl Aelek vk doh
W dlile] 4, 7)ol 24} - BREL Qi BA Al
o Ah2el AHRE o] BB A Treh. INHA
Industry Partnership Institute (2016)2] ¢15tof] w2 =] 3)
ARE 7|EOR BASAS ) A ApEe) dERE
5 30719 AFY FollA ALY, =57dm] AR, A
A 7FEAIE Aol ARG ok A A Q1 Ts)
e g £7E A o ¢ Uk kA 2 AtolA=
NG AFES st o ® gste] o= ¢l At Akd
O] A E Ak} gk ol AR ARG Ald s
O] A Akt o W ¥R ddHs) ATt 5k
o] Qlo] o]= &-83lo] BA5}7|E dttHKorea Planners
Association, 2016). T3] AF¢]o] Z @ TsfjHo] == H,
o]= grgate] Ao WY HBo] 2 - 7HA AYALSHFE Ik
2 - 2 ARy, A - I PR anE A

9 AL A O] A 5 22
S%j MOﬂ Aoz Hae Az Q1
9 Ak HJOH THE 7% Z l%ﬂl% S SR | AP i
o] 79 A4, 152 gl Nl - b, AR
e AMANLD) %‘—‘%A}ﬂ% A7gsteiet 2t Akl
of tigt wjsf HeE AWEA ok Zrh

At 2012 8of wHAUEE B3 Zehwl ¥ diHlS
1178 9] AFgRIe} 347 o] FAARE AL o & & H%
73t g Zo ek ZFERAo] 530 kmo| 1l S7HEH 24
595 m/isQl 78t vl Ut A|155 g Zehile & y}

o}v)lt
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Typhoon Bolaven and Tembin (2012) Sewol Ferry Accident (2014)
Indirect Loss Item

won (mil.) % won (mil.) %
emotional trauma 236.29 0.02 9,400.00 1.40
compensation and medical expense support 4,388.25 0.32 46,850.00 6.99
income loss by labor disabled 22,384.53 1.63 446,436.24 66.58
financial cost (interest etc.) 3,264.69 0.24 21,250.00 3.17
education service damage 83.32 0.01 170.75 0.03
medical service damage 3,800.38 0.28 8,559.30 1.28
welfare service damage 182.36 0.01 385.71 0.06
related business disruption and reduction 1,340,010.59 97.50 137,515.42 20.51
Total loss 1,374,350.41 100 670,567.44 100
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Table 4. Direct Loss and Coefficient by Industry Damaged

Exogenous changes in industry damaged
Direct Loss | Ratio : _
Industry Damaged (mil) o Production Import Input Import Value-Added Value-Added
1 0) Inducement Coefficient Inducement Coefficient Inducement
oclricien ocrricien
Coefficient Coefficient Coefficient
Construction 576,235.0 | 90.54 1.2197 0.0429 0.2015 0.3450 0.3861
T rtation Equi t
Typhoon | *ranspOrtation BqUIpment | 5 5 g 0.47 0.7943 0.1065 0.1341 0.2235 0.2468
Bolaven and Manufacturing
Tembin Textile & Leather 57,213.3 8.99 0.6029 0.0823 0.0945 0.2335 0.2185
Total 636,471.2 100 - - - - -
Fishing 69,540 77.41 0.6293 0.0257 0.1090 0.5527 0.1701
Wholesale & Retail 19,060 21.22 0.7344 0.0246 0.1119 0.5067 0.2999
Sewol Ferry Transportation 500 0.56 0.5637 0.1191 0.1501 0.3576 0.1782
Accident
Food & A dati
00 ceommodation 730 0.81 1.0540 0.0515 0.1439 03767 0.3745
Service
Total 89,830 100 - - - - -

* Source: National Emergency Management Agency (2013), The Bank of Korea, Mokpo Headquarters (2014)
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Table 5. Basic Parameters and References for Calculation of Socioeconomic Indirect Losses

Typhoon

Li)ns(ilrli ::tm Base Unit Bolaven and Ai:;zlml(:ze(l;?;) Note & References
Tembin(2012)
Telephone Inquiry Response from Ministry of the Interior and Safety,
A person 830 33,019 Ministry of Health & Welfare (2014.12.01.)
1
Sewol Ferry Accident Case
B W/person 284,684 284,684 (Ministry of Oceans and Fisheries, 2015.04.08.)
National Emergency Management Agency (2013),
A person i 304 Ministry of Public Safety and Security (2016)
#/person 100,000,000 100,000,000 Sewol Ferry Accident Case
W/person 5,000,000 5,000,000 ”
2 National Emergency Management Agency (2013),
b person i 157 Ministry of Public Safety and Security (2016)
E ¥/person 90,000,000 90,000,000 Korea Legal Aid Corporation(http://www.klac.or.kr/)
Sewol Ferry Accident Case
F F/person 5,093,541 5,093,541 (Ministry of Oceans and Fisheries, 2015.04.08.)
<20s 348
30s 17 i
A person 45 Natliorilal Emergenc.y Management Agepcy (2013),
40s 38 Ministry of Public Safety and Security (2016)
50s 42
B W/yr - person 33,996,000 33,996,000 Ministry of Employment and Labor (2017)
<20s 33
3 C car 1 30s 26 Goseong Gun(2005),
Y 405 16 Ministry of Public Safety and Security (2016)
50s 6
National Emergency Management Agency (2013),
b household 1,870 435 Ministry of Public Safety and Security (2016)
Ministry of Public Safety and Security (2017),
£ day 23 210 Ministry of Health & Welfare (2014.12.01.)
F ¥/day - person 128,773 128,773 Ministry of Employment and Labor (2017)
. Ministry of Public Safety and Security (2017)
A ¥ 11,314,459,959 300,000,000,000 Ministry of Small and Medium Business Administration(2014.8.8., 2014.6.3)
4 r | monthly rate % 0.21 0.17 ”
n month 36 24 ”
m month 204 36 ”
A unit 1 1 Samdong Elem. School Case by Typhoon Chaba
B W /unit 2,083,900 0 ”
C #¥/unit 3,520,000 0 ”
D W/unit 48,996,910 0 ”
Samdong Elem. School Case by Typhoon Chaba, Danwon High
5 E month 3 3 School(http://danwon.hs.kr/)
F #/month 0 0 Samdong Elem. School Case by Typhoon Chaba
G #/month 954,680 0 ”
H person 0 10 Gyeonggido Office of Education (2014.05.14.)
I | #/month - person | 3,415,000 3,415,000 Ministry of Employment and Labor (2017)
J #/month 4,789,000 0 Samdong Elem. School Case by Typhoon Chaba
308 SHRWASIE=2F, MISH 45 20184 62



Typhoon

LIndlrIi ot Base Unit Bolaven and ASe\.)Zlol tlzze(;rlyé‘) Note & References
oss em Tembin(2012) | 19"
A # unit 2 3 Sewol Ferry Accident Case, Hong et al. (2014)
. Telephone Inquiry Response from National Emergency Medical Center,
B W/unit 35,000,000 35,000,000 Ministry of Health & Welfare
C person 1,949 3,288 Ministry of Health & Welfare (2016), Hong et al. (2014)
D W/person 50,182 50,182 Sewol Ferry Accident Cas.e .(Korea Pharmaceutical Manufacturers
6 Association, 2015.01.21.)
Ministry of Public Safety and Security (2017),
E day 23 46 Hong et al. (2014)
F W/day 0 0 -
G person 1,053 1,205 Ministry of Health & Welfare (2016), Hong et al. (2014)
H W/day - person 149,545 149,545 Ministry of Employment and Labor (2017)
A person 520 214 Statistics Korea (2016)
B #/person 171,600 171,600 National Disaster Management Research Institute (2014)
Ministry of Public Safety and Security (2017),
7 ¢ day 23 210 Ministry of Health & Welfare (2014.12.01.)
D W¥/day 0 0 -
E person 51 21 Cabinet Office, Government of Japan (2016)
¥/day - person 79,136 79,136 Ministry of Employment and Labor (2017)
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