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A Study on Evaluation Method
for the Damage Cost due to Earthquake

Akio YAMAMOTO, Fumio KANEKO and Toshihiro YAMADA

Abstract

When considering countermeasures for earthquake disaster, the mutual relation of the
damage, the influence of earthquake damage on society and the economy, and restoration
measures after earthquake disasters have become subject sof a recent study besides the evalua-
tion of damage done to various kinds of structures. Based on this view, standardized evalua-
tions of various earthquake disasters in index form with a specific criterion is considered
important. For this reason, the authors have paid attention to the cost of damage as index
to give a total image of earthquake damage.

In this paper, 23 damaged earthquakes data were used from the 1923 Great Kanto
Earthquake to the 1984 Naganoken-Seibu Earthquake, as they have comparatively well ar-
ranged records of damage data.

The total damage costs and the ratio of damage costs for each item are shown in Table
2 according to the classification of damage shown in Table 1. They need adjusting according
to the year in order to compare these costs under same conditions. The National wealth is
chosen to adjust the time difference from several kinds of indexes (see Fig.1 and Fig. 2).

The damage cost index Is is defined as follows:

Ia=total damage cost—+ (

national wealth )
population at that time

The adjusted total damage costs and damage cost index Ia of each earthquake is shown
in ‘Table 3 and Fig. 4.

Next, the damage cost index I can be assumed to be expressed the formula below and
multiple regression analysis is conducted.

la=a,P;+a,P,+a;P;+aPy+b (1)

where, Ia: Damage cost index

P, : The population of the area where the earthquake with seismic intensity V. (JMA
scale)

P, : The population of the area where the earthquake with seismic intensity over VI
(JMA scale)

P; : The population of the liquefaction area

P, : The population of earthquake fire area

ay, as, a3, a4 : Coefficient for P,, P,, P;, P, respectively

b : Constant
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The result of multiple regression analysis is shown as follows:

Ia=0. 001P,+0. 122P,+0. 496P;+1. 519P, +15. 028 (2)

The estimated value for damage cost index Is corresponds well with the value obtained
from damage data (Fig.10). When the influence of each population P; to P, on damage index
Is was examined based on the regression coefficients, it can be summerized as follows:

(1) The regression coefficient of population P, in the earthquake fire area shows the
largest value (a,=1.519), and this is followed by the regression coefficient of popula-
tion P; in the liquefaction area (a;=0.496).

(2) The regression coefficient of population P, in the area of seismic intensity V is close
to zero. Therefore, the damage cost index Ia is assumed to be almost determined by

the population P, of the earthquake fire disaster area,

the population P; of the

liquefaction area and the population P, of the area of seismic intensity over VL
(3) When the total damage costs are considered based on the relationship with the popula-
tion, the influence of earthquake fire dissasters and liquefaction are large.
Then the authors research to evaluate total damage costs by using this estimation formula.
The numerical values substituted in the estimation formula are obtained by the evaluation
result of the southern Kanto area according to the assumption of the Minami-Kanto earthquake.

The estimated total damage costs become 114 trillion yen,
when compared the existing evaluation results.

1 FLE®IC

R RA Ul EY R, 1923FH AME
i, fl&%E TKEHE] LuvbhTunb X i, HED
KEBDIKFC L DD D TH olco T, 19646EHTIRME
ETIHROWIMEC X B E0gEE ChH D, 19834EH
AR CIIEN R X ORRMEIC X 535, 19844%
ERRATMECRUBhC I 5 \WEN 2R TH ot
WH X ok, BROAME, HEmomERELIIC 5
THEOTHREN R 5T\ 5B, '

WERG FRE MR T A Y - C, BT, HMES
SR T IO FHE D 1320, B FAE, %
DOHBIc EOFWE - FHE /R ED TR TEY, e, B’
5, ARG, T4 754 VBN ETEET L
EEOFW  FHMC iz T, MBI T, hdbo
&P EEE D HEC O W TOFENTbhS X 51
Lo TER, SBHIT, RN KEHEL AN EDTF
Wi ELF BRI OWTOREL EHI R TWv5b,

LisLiedi b, ZhbOgETFANL, ElofEfks
YOPED TP LR E o T B DNERBTH B,
WP OBED YT MELIEM: AN, M8 M), W
BRWEC X D - BEAOE R E B L OBRBOE
EXROMEPBHEDOIEEE 75 o T b,

DX SHBEND, IEIFMBERELY—EOR
JEff o 1B X o T, Fi—ANCEHE 35 AAah e &
T &I, ¥ (1976, 1977, 1978) %, FIRO P&

this amount is reasonable even

SECRIETEECOWT, FERVERC 5D 554
CHEDOABNEEDO AR LT HDSE G & DL
BRI L TH T TS,

Fi, TEHES (19782) 13, BEOMBI X AHEE
Wi coYRoEE (BERCEET2EEOAE
X o CEHRIL, BEEHE S LORERLYEEL, B
ARLEERH 100km? O £ o v o HELE UTHT, #HE
HWIROERE & AR & OBGRE AV THEOBEE T L
TWbo

EhiT, Fl (1984) 1, 1964EHTEER KI5 %7
BT, 1978 BB HET ST 5 METH S X 019834
AAREREEC ST 5 BRME L Y, HERE—
BEFREE L ORFRERAN NS,

EE 1L, WMHELT - o WEBE LI EmEo A D
L DOBRIT W T DB BEE T - TnB 2 (UH
135, 1987), ZOMIC R, HEHCEE Y &
2 HBREUT, WEN, HWIHIROEER X O i
o AR D B, BEOHEC B3 BEEC W
TOHEIT, ThbOERICHE S EREAD 3R
MErReE L,

2 BEOHRICLBHESR

HWEIC X A ERET, F0HE, AWk - TR
FEINTWE MBI X » TEEOBREHFHRIIE LY,
HEECHTHEH LN L 2 LSBEOE, HE



B EE O FHIT R B3 % B 25

%1 BEEHLEONE

Table 1 Items of damage and descriptions
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Table 2 Total damage cost caused by the past earthquakes
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Table 3 Total damage cost corrected by the price index, (D”), total damage cost

corrected by national welth and population (D”), and damage cost index I,
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Table 4 Damage cost index and populations in the different damage areas
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1| BESCRHER 1923. 9. 1 5,500 5,328 5,147 3,421 740 2,978
2 | Acfa.5 R 1925. 5.23 89 84 155 25 3 | 25
3 | AL R R 1927. 3. 7 82 84 6,680 37 8 33
4 | AL R 1930.11.26 25 29 2,871 36 16 0
5 | HhlE LR 1935. 7.11 10 10 95 38 5 0
6 | JIREHIE 1939. 5. 1 8 5 570 0 3 0
7 | B 1943. 9.10 160 52 86 121 17 0
8 | MM 1946.12.21 2,801 33 806 0 9 0
9 | fEHHEE 1948. 6.28 | 45,029 38 644 12 55 322
10 | AhiliHugE 1949.12.26 3,500 34 542 44 0 0
11 | ol 1952. 3. 4| 15,183 87 546 8 20 0
12 | EIRIACE I | 1962. 4.30 4,052 10 219 0 8 0
13 | iR 1964. 6.16 | 130,001 243 1,659 0 452 0
14 | ZU D HEE 1968. 2.21 8,876 10 202 25 0 0
15 | B 1968. 5.16 | 47,040 53 1,245 0o | o8 0
16 | RSP BoPE | 1973, 6.17 | 3,939 2 324 | 0 9 0
17 | fREFEMHE | 1974, 5. 9 8,546 3 64 0 0 0
18 | Koy | 1975. 4.21 | 10,443 4 41 0 0
19 | FE KRBT EFE | 1978, 1.14 | 38,709 9 3,730 25 0 0
20 | B SR IR R 1978. 6.12 | 268,133 63 1,882 0 112 0
21 | i E 1982. 3.21 | 10,710 2 87 0 0 0
22 | BAREAHESMAE | 1983. 5.26 | 217,427 38 1,791 0 59 0
23 | RYFIRPUESHE | 1984. 9.14 | 46,798 8 39 0 0 0
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Appendix A list of damage cost

(R 2 =T)

WA INOCHEE | R R | AR R R | EMOIEIS | R
MO (A7) I (e L) (FEIEIY Mo Colpraylay
. O 6,774,120 221,400 3,687,799
£ -
. E - 762,390 231,200 5,673,287
B | K —t 743,150
" — PR 271,000 - 850,877 4,541,420
= Kk - - 1,496,574
{%: Nasioe P
JE R - - 958,148 2,367,352
i) )l 2,000,000 670,692 4,716,230
© i e — — 3,179
4: 3 97 - 20 88,210
Bie ¥ | 67,000 |t 895,450 410,000 101,765 2,338,129
£ -
s i 400,000 43,090 1,469,826
1% : -
s <ff’; 50,000 - 12,177,395
z o b — — 2,853,596
)
)y W - 9,040 821,826 - 7,603,000
B 1R
Eosk sl — - 91,690 12,389 2,231,412
547 T sk JE — — — - 191,952
54 W < - - 3,000,000 - 2,010,746
A 7 2 — — 36,303 — 601,365
S} 8 - - — - 7,575,120
PSR o e e o - - ~
w1z G NE S 417,473 534,480 | 11,871,350 213,894 32,700,592
ok R ¥ 210,843 524,607 13,120,718
KPESE] M EQ 34,000 100,232 |111,767,200 9,255 1,139,190
g 7 " ,
MR ok e o 170,681 —~ 2,162,715
fLg| R OBE - B BT - } o4 671 248,516 12,761 704,703
P RET - R — - - 158,314
14 7
AR # 12,000 48,214 | 1,580,000 199,046 4,152,195
va D i 355,000 64,788 215,994 1,570 14,236,294
b i 1,156,000 2,801,549 | 40,429,389 | 4,050,814 | 130,001,313
% . AR I IR fEIF IR EARIESA T I
(1927) (1949) (1949) (1962) (1965)
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Appendix (continued)

(T )
WOE A PR | RERRI | BEERN | RSB | BTk B
H H (HHRI) HoOE Hr = R S Vi Hh B
L & 4,700 139,000 285,400
= Hoo 1,000 120,000 234,610
B | R
—pdasE |+ 7,579,220 397,535 191,700 579,005 |t 5,838,400
:f ok 8,000 - -
AR E 9,838 - 3,403,085
] J 29,500 81,736 11,100
+ b i 372,500 - —
b 97 + 3,678,000 2,700 24,000 16,900 °
* i # 115,150 | 1,771,686 584,470 | 114,375,408
1% pus 8,955 2,328 33,000
t NS Ny 1,478,400 699,000 31,500 -
Zz o fb 148,218 - - 649,500
i’;‘ ﬁ 78 H 5,060,827 986,754 - 50,000 | 1,500,000
ok & 68,345 34,130 45,233 16,230 327,747
7 T Kk H - - - - -
4| & e 362,818 2,341 - 179,300 228,000
B Rl ¥ 2 - - — - -
Sl & 757,280 10,050 - 30,600 -
P -
B % v gk 2 9,401,928 524,512 | 4,143,293 330,469 8,407,582
m ol B - 8,929,352 225,261 367,557 949,633 | 4,969,518
KEEZE Mk S 2,663,316 26,260 813,900 2,111,046 | 1,623,972
R KOFE ZE 828,279 394,458 678,865 16,630 299,000
E | B R 175,007 - 63,900 - 523,283
X ¥ BREE - tEMERk | 3,520,853 - - 17,716 121,748
B X # 1,790,623 65,380 63,317 79,026 494,838
z o b 597,008 19,854 - 886,123 —
S 4R 47,039,564 | 3,937,878 | 8,547,015 | 10,443,843 | 38,709,501
w o T %I i) L Koy EVNES
(1968) (1974) (1975) (1975) (1978 b)
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Appendix (continued)

Qg 2T
MRE A R | A | RPN
e MR o = HoE Ho B2
& B 130,000 | 15,840,000 14,000
* . 140,000 | 17,575,000 36,500
B R 59,959,134
— s 675,000 5,962,000 51,700
l/r] WUk — 37,220 -
f AR 18,926,380 - 62,000 30,797
) N 12,822,659 | 1,595,000 | 48,469,613 | 4,568,100
) i it 433,656 170,000 3,750,700 -
i b bl 437,383 - 265,446 125,000
* i i 5,005,793 - 14,064,930 | 6,820,100
A i i 5,715,705 - 1,861,752 558,000,
f it W 3,745,872 498,000 7,776,000 —
z D - - 1,829,800 -
hoaE| ..
Wi k i) 6,300,000 846,000 2,295,000 40,485
f dosk 1,733,399 5,000 397,000 84,990
545 T ok 838,453 — — -
54| & & 2,960,000 33,000 854,000 | 3,000,000
Ry 2 947,000 ~ 286,000 | . —
i 13 850,000 81,000 885,000 | 78,000
B - ' -
Wm0 g 2 95,753,230 | 1,437,000 | 22,278,000 825,362
I | B B 12,494,208 | 3,834,000 | 36,786,000 482,600
IREEZE M B 863,235 80,000 6,071,000 | 29,832,174
R ROFEOZE 3,863,863 23,479 | 13,295,000 0
RLo2| W BE - BB 595,327 - - 60,250
3B BREE - taAERERR | 3,540,807 60,604 | 13,569,000 28,065
Bk % ik 7,593,504 112,000 | 3,217,000 146,863
z o b 22,754,473 990,000 - 15,667
o % 268,134,081 | 10,710,083 | 217,427,461 | 46,798,653
& o HOEHS 47 B WiBiIT
(1979) (1983) (1984) (1985)









