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ABSTRACT

Local authorities rarely use risk analysis instruments, the most appropriate level
of seismic hazard and risk assessment, to employ as a decision-making support
system in their planning and development procedures. The main purpose of this
article is to provide an avallable instrument and methodology for planners to
accomplish such analysis. We illustrated an example of seismic risk analysis for
Shulin district, using available land-use map, and a probabilistic earthquake hazard
model developed by National Science Council’s HAZ-Taiwan earthquake loss
estimation software. We estimated the total and annual expected loss owing to three
earthquakes and the spatia distributions of risk. The analysis presented that the
average total loss in Shulin was 73.8 billion NT$ and the expected annua earthquake
loss was 55 million NT$ per year. The risk was more accumulated in the southwest,
south and west regions of Shulin. We aso investigated the extent to which planned
land-use growth would change this risk. It showed that the planned growth reduce of
1.18% would cause a decreasing in risk to 7.4 — 9.5 billion NT$. According to the
evauation for building code enforcement measure is employed, the results represent
that the damage and risk reduction in earthquake is significant. This paper suggests
the ways in which to perform the earthquake hazard and risk evaluations. It is

important for plannersto evaluate if their planning is appropriate.

Keywords: Earthquake risk, HAZ-Taiwan, Land use, Risk-benefit analysis, Urban

disaster prevention, building code enforcement
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#L %k ¢ Federal Emergency Management Agency, 1997, Fig. 1.1
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ARBPRUTERZREER FVAR TR R REER T HE T
KA o
(2) ¥eHZ T2y LU FHLS §R2 IR
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1 REkETZ2ENEKERBELZP
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Sl 1 S

FB%%ZEM%E
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RBEEEER

113 fhas § Az FABF - ai
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CA B A F

P2z r2EBARR L
2. kg 2Rk B AiTETZ BEcE A F
3. R A Bk R H 2 AT R

£ 5% it ItEEX
1. 3 %48 ¥ 1. & 77 § T;_E_ 4
2. v EiT2 gy 2. 7 EIRFERCE T2 A K
3. k2 A A 3. - 2 ¢Y A RPERDAR G- K

H?‘—
HPL) > 5% iff
1. ’}\%ﬁ’\ ?\: sl

%18 (High potential loss @ &5 Z Y5 15E 2 B # SIS X

1. f‘)f” J”ff‘:"h’ :t|:~—l-<f§-_m]i‘;fﬁ'i:%(i7 an
x A~

2. PR R R 2. IR A A
3 BR AR P I ES & 3. FEMSFH2
4. #H s HPL &% 2 & = 4. £ % 2B A
5. A % 4F 4
6. 1 ITHFTH2
7. B £ A
1 BB 2 N K S EE%ME%
1. 4= % 82 #c P 1. L MHHEREERHE AL PR
2. AN iR 2 b X 2. ¥R B2 LB _;_/’3;?%&

7L kiR : Federal Emergency Management Agency, 1997, Table 1.1
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ETE Bl KIRBIEL HAZ-Taiwan SRifft

K2 AR %~ B KE RS2 N LA E R "“éf}f"?'rrk\
TR CBRAEIWLALT AEI A B2 S A SR RIAREE
=~ BERBXLETTIA

APrFA LR hHAZ Tawan ¥ RIFT EF ARG e e » A8 5 18
EAGLE A Bz B e (DEREAA T QRETIQARH (
LR 2-1) e 0T WEH BREOF REE RIFT R R 2 o

=

e

\\\?{r

('— ) E E‘l_}_lt‘f‘;}"F% ";’v '_
1zt 2 A4 B

PRBIEFFRDOERFLA G AR e T AT A (DS gt
BHMOEE A AEL  (QIMAE L QL L 5 (4B H 2 4 (relocation
costs) e 4f % 5 (D) T ~ 44 o

(1) e Aqfa 2 B3t

ait .L*#.gé‘r;b = jcﬁ'% A ip 3t

Ly

BRESIAFL2F 2 BERYFUZZH ALAFT AR ZBS
-, Au\f]'&i?-' _Lf#,,t:—,w Lﬁig@‘yv‘g;};#ﬁ'%ﬂ-a Z_ o &‘éﬁ'i ,F’,“J-t‘ s ‘flj’* 2 ﬁ.ﬁ\‘
31

li‘“%«

ERAANGF OVREFZY FE BRI EF L @'Vb«f]’}fﬁ]% RN
?ﬂﬁ%ﬂﬁﬁi%°”Twﬁﬁﬁﬂﬁi@ﬁié$$%?%§Tﬁ;
i=
CS = ZCSds. (2-2)

ds=2

CSusit ¥ I fAZE ™24 &% dsiak R A AAE 2 HE = (M) ML
IR

CS: % i agwl 2 SHMF 2 RS+
Cl: % &4 &3 Kk

FAj: % i B8 S2 0 5 BB HEL TR R RRE F o H

s

PMBTSTRys; * % j a2+ S - A2 % dsad RIFMAR 2 5




FE PRI KIREED HAZ-Taiwan SR

RCSyj: % i fsgusd » & [ b iz iz (m?) £ 4 4

P \‘7 dS 1%1&.&3}?:&% ;P-Eq ’ ]"‘L)\j’ﬁ'i&:}-ﬂ\7 I'—"‘J- dszzp‘%\gf;zj%(
FHods=3 1" & ¢ S o ds=4 R L EEFH o ds=5 R A R 2IFH o E 2
o aEnl L i(i=12.,3) 2F i j(=12.,13)-

bg*ﬂik ‘L,f#q?ﬁ,b,_{#ﬁwf G\ﬂ\x"”‘

AEHENERS AR 2ESERF AR D BRI R A S R AR

3]~ 24  (Acceleration sensitivedamage) (4 * 74 ~ 5 2 % 4 K # ~ F R

W) &4 b - Al & 240 (Drift-sensitive damage) (45 1 g ~ H i ~ K46 w2
PIY) AL o WREIFA GIET L AT

CNSAg,; = CIxFAXPONSAysixRCAgs (2-3)

CNSA = icms.o\d&i (2-4)
ds=2

CNSDgsi = CIxFAxPONSD g5 ixRCDgs (2-5)

CNSD;, = S CNSD,, (2-6)
ds=2

CNSAg; * i TRR AST » & i AP » B AT AI2b Bl L 2 S 4
CNSA : % i fBZdr > 4vif AOR 3] 2R A0~ 2 2 fR A A

CNDys; © BAf TARK ds ™ > & | fAZ H 35 3] > £ F 0 Al 228 80 ~ 2 2 3%
™ A

CNSD; & % i faz ¥ » Bdavp 22 0~ 2 4R 38
FACD % i b 2 s o fi

PONSAg; * % i fied o2 4eid Ar 4] 2E e AR AR R i ds 2 8 5
PONSDgs; @ ¥ i 12 4 2 4 § 50 4] 2L MAF SRAR A i ds 2 18 5

RCAw; : tedf T A2R dST™ » % i fid > 4o aCR JI2b gtz £ 2 4

‘3\

RCDy; @ &df 2 /2R ds™ > % i 2 4 » B AR A28tz €2 3 4
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Cl: %os & A3 54t

Fd X (@21)~(2-6)7 > T f—'&gwuﬂ#%ﬁ%fiw SEE SR X
S AR LR A R 24 0 RGN EGE) N 0 A T AL T

CNS = CNSA, + CNSD; (2-7)

Bireid 0 AL BARS BATA 0 VM52 BHEAREMI L X A

) rT]?I/T;\.%\,_L
CBD, = CS + CNS (2-8)

Srh AR f B2 K BRI A 0 R NAR Y R A el AT

. -\ L2l
J/ZT;}\‘ I z_

CBD = >'CBD, (2-9)

i=1

WA T F A dpde > A T TR L 2

RC; = Cl x(RCAs; + RCDs; + RCSs,) (2-10)

RCSs;; = ) RCMBT,;; x FA, /FA
j

RC: % ifdZf 2 £ 4

RCAs;: & i fiiF » § ds=5 seid St 2t igfpig~ it 2 T2 2 2 g2 %
RCDs;: % i f82&4 » % ds=5> %%ﬁua’}‘g\;@]jb,gﬁ;gg;uﬁii% Nz FiEAA
RCS;;: % i fi4 »ds=5 2 Qs T2 a2 £&4 %

RCMBTs;; % i fiat 4 » & [ it i B4 - ds=5 2 i F T2 20 2 £ 4
~

FA @ % R4 B [ B2 5 BiE2 1 o
A D% 1 B2 5 2 1 15 6 A
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FE PRI KIREED HAZ-Taiwan SR

(2) EHp{MAZF L 3t

ZPPARMAR RUTFARIZED 0 A4
UEEHEIL S B PF AR E G Y E
PR oo - SRz R p IS 0§ TaH R
AT A Fla e AR A A L AL RPN AL 2
TRt e NTVRZEFPMMAF AL S A T AR

5

CCD; = Cl x CV, xY.CD,, x RCqs, (2-11)
ds=2

RCds,i = ZPMBTNSOHSi XFAdS’jX(RCA5’i+RCD5’i+RCM BT5’i’j)

=
CCD;: ¥ i#gide 2 N 30p44 30 4 & &

CVi: % i pnpddy & (HAZ-Taiwan k seik i o £ o2 v 5 4

CDgusj @ # i 424 > tdsZ dFFA2R - N304 BIF T 10 5
Pohdsz T RAET2ZEE S A

PMBTNSAqsj © % | A& i > S Aot B 2L ~ 2 ahdp i ds A2 & 2 8

L»é

RCAs; © & i fiizd » ds=5 4vik A ;\i‘—;f}»j%;f#_%ﬁ%iiﬁi—% MR FaEA A

RCDg; : % i fi2 4 > ds=5 > B apEh $HHAEE T 2 £ 4

I
()]
3
¥
i

="
T

Rl
T+
=
K
—
3
<

RCMBTs;; @ & i fizz 4 » & j i B4 ds

FiEL A

(3) R34 3t
FERGFAZ5EAEL g2 P22k oAt L8 c &BPHER
@ audpe g iiﬁﬁ%’%P?#wW(é%?W)Lwiﬁﬁﬁéﬁ&i%

Ptk YHE RBIEFALFALZAZRT] T A AN R A2 [ SE
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g R AR E RS S 2 R FE e AR ) 2R R el R
DLV ::\;,;\I" Eal iﬁ.]}jﬁ'}\ i-ﬁl;% N’%—E]?jﬁ'%l'g‘a z2_ > ;(\4 y E Ili,l’ji“
5] iﬁiﬁ’b‘;——f":".v oM E 35-_,1;—' F Z_4c 7T ;\ :

INV; = FAixSALESixBIixZS:PONS%Sj XINVD s ; (2-12)
INV = >INV, - (2-13)

INV, @ 8 i g2tz ¥R GHLGE

INV:“iF 2dr2 Y ER G2 G E

SALES : % i#ffzd » B T3 o2 &5 g8 Ly ¥4F

Bli: % isp2t ¥ ¥FE s 2 b5 &L F 2 0 ¥

PONSAg; * % i fid 2 4eid S A2~ B me R & ds2 ¢ 5

INVDys; @ % i 8f2 - § £ B % > A T AR ds T chdf ot &

(4) BHIFL A B3t

a.i#’ﬁf% bfggéfﬁf'&l;’.

b RAEFHEZEE? O ARBEFF A EF L BEBRTTE
Uik EA A NS I CE AR T R B ﬁ;;%%#
B‘,‘Z;ﬁg._@ o pLHp R F L r,@"j}‘ﬂll}{ifﬁF’&J ' FlhaE P 24
VRE s g B U YR 2 Aalis e

B Ry E
BEFIERET H o
Ry AinE

(W
41_.

ERBR RN T e 5A A (1)iEh AL B R (BT

HepF o BARAPER {3

g

2,
S
¥ o 134

o

5
¥ L

2 kP @ﬁé%@@%%ﬁ@iﬁm%@ﬁ’ﬂé%é%?U¢ﬁﬁﬁf
L BR g e i 2 Sy ¥ - G PPRE > & HAZ Tawan & a7
P EHRALEE E - FPRE AN E TR BARE (T8 (2-19)

2. MODygg) o M T 7 #atdr 2 3 3440 2 PR 10T N 22k 2

PE ~ -

ﬂ

LOFgs = BCTys x MODys (2-14)
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LOFgs: BdfZ 48R ds ™ » s i & & P

BCTa: BAFZ AR dST » 123 B 42 0 3 T
MODgy: tdf T 2R ds ™ » 2z foad it ¥ ¥7dkdic
biB A4 4 & A

R R pREy %W’h%ﬁw‘tﬁ% NA oA ERA D BESATE B

{8 o ;ﬁlﬁ@ifrsa.é‘,ﬂ*’ LT L ity FA B AFITFL AN - BB

A FAe ()Y #2 ~ (Disruption costs) : 4p 2 4= i¢ * 45 FlE S A T E

2 BHHEEEF LA (g + + (Rental costs) : 44t T&EEL*# ROH WY R

iﬁﬁ»ﬂ°@»ﬁéi’ﬁ¢¢#g4ﬁ =

%Eiﬂ" mT o AREN I A FERITE L HNEM LR E S
RelE Y BT A > A E LA A o

9

E P e RSB L N > A HAZ-Taiwan s % > #33 ~ @ 4F
ToEmFTAM (ds=1,2) RaT2 L0 B s @FHRFR H3EF R
PRz E Ao @@t 42 ARA NI APKE AL TFLARTEASL NS

*

)
F]\
RS ER LT TRRE TR RY W R NN NP R

- Ly "'?_’ _) + N _ .
ISl N RN A LA

5 5
REL; = FAix[ (1-%00;)x ) (POSTR,; xDC;]+%0O0;x ) (POSIR; x

ds=3 ds=3

(DCi+RENT;xRTgs)]] (2-15)
REL © % i g2 4 2 84 & Ap 4
DG : % i g2 @ g7 & (2/T 3 2 %)
RTgs: o3 B HARAST » E 5977 2 BB FFF
%00 : % i iz 5B p G ¥
RENT, : % i 2 2 42 4 & A (T 2 /x)

POSTRys; * % i #g2& 4 » 3 2 & RS RARR ds i &
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(5) =~ 4
Ay %o~ 4 4

N RTINS EANF I L E RIS B 5 F A \
L R o F e u%ﬁ$z%@ﬁi’v%%ﬁé%1%%ﬁ
%4’%ﬁ?%ﬂ%i‘%%ﬁiiﬂ’

PP R F T AL HE I ET S ESRA L HFFRILE
%u,%iﬁ»@ﬁ,%ﬂﬁﬂ’ﬁég%;ﬁ%§~%;a1$ﬁ;
Jor B o TR b 5 TUIF A F R A TIEIEA 0 S R R R R Rt S 2

S 18 4 4

B LM e Y LR BT G R GAE Y E
B 0

WA EFER I B9 FTAMG A 22 > 7T
5

YLOS = (1-RF;)xFAXINCix >’ POSTR,, xLOFgs (2-16)
ds=1

YLOS : ¥ i #fz 42 jx ~ 4F 4
INC, : % idfadr » & X 2 e 4 (BT 2 2)

LOFys @ Bdf3kA2R dS ™ » 24 # 5y & 4 2 pF Y

RF, @ % i $g2& 4 2 w 4f ]+ (recapture factor)

POSTRy; * & | #1245 24 3 RS HAR R ds il &
b.fe £ 4p 4

LRpEP LA AR At ¥%%‘ﬂ'%é R FAREIA o
AN E R s REF TS a2k R R R LA T
B o & HAZ-Taiwan & 5e¥ > $430 ds= 18 ds=2 2 §im % 5] » B3+ 0 7] 4 df 3
PR GASERPE ZHH A EAPFTRE REEFAT AT o ¥ L
WA WERBEEF 2 5 aRPEAIGEF G o UG REFTTH
Ao TV RAR £ A 2 B3N TN A2

RY; = (1-%00;)xFAxRENT,;x 25: POSTR; xRTgs (2-17)

ds=3
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RY; : % i 22 fe &4 ~4F 4
RENT : % isgdrz e d A& (T2 2c/x)

RTge ! fob RAFMALR dST » 2240 953 2 i PFRY

24 R A AT BEAA B

HAZ-Taiwan i &9 52 8% Gl & 5 8 0 Lo - S48 H 6 561 2% 2 )
BewFe g (DB AR (BRI R ()28 i @REB A G
Jm4®%5¢:¢ﬂ+@+ma~$:¢’ (nﬁ%J»lm«aﬁﬁlfmca
ML AR (D)X RF AR (BT AR (B AR BT Ao

PHEHAZ-Taiwan % stfo3t a2 ML e A4 2 %> ¢ 7 1 (DA
i?fsﬁl % f»u'ﬂ#«' L F AR IR T RRZPBI QB PR AT PR a A
FEE AR QA2 PMINAETRFIARAT LT F ot R LD

EREAFEAGTEL DS kR 6402 5 (compounded damage ratio)
FPEE A P EH T Fhm N 5 (Risk Management Solutions, 1999) :

5
DR.= > DR x P[Ds] (2-18)
i=2
F(2-18)2. DR La2 R %ha? P TH/AE dg T2 /S S Plds] s a2 &
G dr e ds i i 2% (ds=1,2..,5)-

A FHAGHANT L RAT RS BB LB R  RAARRRY
’?WFf?fﬁi%\ﬁ%.’é_“%}ﬁ ARF o EMA M AT A RFRR T Z BF BN

N LI

P[Ds = ds;|PGA or PGD] = 1 - P[Ds=ds, | PGA or PGD] = P, (2-19)
P[Ds = ds,;|PGA or PGD] = P[Ds=ds;, | PGA or PGD] - P[Ds=ds3 | PGA or PGD]
= P, (2-20)
P[Ds = ds;|PGA or PGD] = P[Ds=ds;| PGA or PGD] - P[Ds=ds, | PGA or PGD]
= P3 (2-21)
P[Ds = ds4/PGA or PGD] = P[Ds= ds; | PGA or PGD] - P[Ds=ds; | PGA or
PGD]= P4 (2-22)
P[Ds = dss|PGA or PGD] = P[Ds=ds; | PGA or PGD]= Ps (2-23)
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(2) REE REFEe

HAZ-Taiwan x 3up peEdrd Rigitenp 7 @ 351 LaE +F ET% VR E SR I
2B R ENE RARKZL G HA BRI ET R 4T (PP 4~ E AT 2002) ¢

L& 77 I Pl

PLIRI Ea Gkd BRI 2 R A8 Tl & 4 hil ot (dwelling
unit) #icfe3h 2 o Bt R 2 IR BT BF RSede > (0T 58 I 2 0 ATl
frRsr (D2 P S~ 2T XA LR &4 chiloriilic (QEH KT H i &
2 S AR RSN N

Sl TR EH AL d A it BAR Y Y S ol 2T L2 s
1IEG A A # A > p HAZ-Tawan & 3P > G EE > N B3 8 e
R ﬁt’ AR PG BRI 0 PSRRI B LT I RRES
Bimade X 2 Gt RE AT AAEY EHTRARNY > ARG B A

ﬁ;%@’i ’—‘,E!’E\:J'i\::;

BF = Wgy X% SFM +Wep X % SFE + Wge x % SFC (2-24)
HUNU o = #SFU x % SF (2-25)

;?\“ (2-24) N (2-25) v %S: :‘::-\ ’R"" [ERE J}FL bt jf * Weem > Were > Woee A ‘;—J‘J 2
ALY Rt R R BI IR ML ET RRE MR EL Lol
A ;‘i—a‘;% R e T R B E D YSFM ~ YSFE ~ YSFC A B R A AT
ST ER Y o B HEEEL Y R BE R 2T T 2T HUNUG & A
Fl BT E P ﬁf_#ﬁ'j’ MO R A R f A P AT R #SFU S AT E
Bk o

V- ara&Amasr IRIEFZ R TR &L o B3k~ THa
dk i RS L o B M2 MUK (A2 KR 3 B e D
e T L XF A

#UNU ;. = YWAG x [# SUF(1- % SF)] (2-26)

38(2-26) % HHUNU, i & FI3 Bid ks D SPOr R IR B (L L dr 4 2
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Horiifics YWAG 57k ~ Y Srd S A A &2 2 5 o b B R
09 ek s ?,rés;r;ze:wn@%, SRS LD FUNE R SR

R 4 L G T e

3

H*
c

F3(2:27)7 #DH 5 F EATE B G972 & RS RS B #SFU S iE R
T AT H e #HH SRR R i RAE B o

DY R AT Hit et

£ A A BN G -prgf B2 o 6P EE
e G AR SR RE A S AP (2 S AL B0
nm & PR R

< | - S
RerqREPAYRTA ¢ 5T AME (DR T H (QRTIS  @
Befer & ) (B AR F 5 (O 44 T o B R
Fea g’:"f" ;J_} 5
5 3 2
STP:ZZZ{aijmx[—#D:JHPOij HI, x HA, xHOm} (2-28)

i=1 j=1 m=l

3(2-28)F #STP 5 B Rk #T § R A B oy, b ¥ B POP 535 F ih
AT HL R A R e BB Bk F (i=1,2,34,5)%; HA ®
AEAELLE ] E520F (j=1,23)% HO, R4 7 BT S Mgt F (m=

27y jeE e J0F AT 725 R o 0 F A% 100 § A 5735 Fuses e~ 100 § A 3 200
WA 7475 Rl 200 A3 350 § & 5 U575 e for 350 At e
Sl 16 kT Edk ;7205 16K 65Kk ek ;305 65 k1 2 & ek o
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1,2) %o

HAZ-Taiwan s 5 fefs- A B =+ > # L B 20 S G REMA A 20 B2
BT E B A R ERON BT E RS AR B BB LR KB ARG
= R e R ”:—ifégi;’})%:%)j‘%ﬂfﬁ“ S P AP RERER T T ZpF
-~ P REFEZ BRE > PN T i mA v g 5 (PP~ A
2002 ) -

BRAT G- BGERAFA 2 5 (DA T AT (QE s SRS B
B B2 AR G QEAE IR T AT LT LB R RN AR
B B & F A & HAZ-Taiwan s 5P B4 v 2 fF > B2 P2 &4 * %] »
AAERo Lz 1 E @ PpEe A Ao af AR B > HAZ-Tawan
W A SR vagrant R - 2Pt R w2 HEM
o2 PR REMARY BEF2 3 FES BHETEA FH G BE TS
AR AAER R BIFR F o T R T MR R T e
et PRSP SHEIUNEB/E FE T RFITARLPT ST 2
BRIp L g o

T\

s r‘fr\afé?”’ 2o 2 N2 PR EBR AT LI RFF T RAPBITE
PR BB ARG s oo d et N UEY A (event tree)

A AR PRI T ag S A PSRN

A

_\\

=

P

Casualties —

P,xP. + Py xP. +P.x P, + P, x(P, xP, + P, x P,) (2-29)

F(2-29)7 Poguies M F A BB F 2 2485 [ PA PP Ppim i 2
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