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Analysis of Estimation on Economic Impacts in Industrial
Sector Caused by a Flood Disaster

Nozomu KURODA
Abstract

In recent years, the increasing frequency of large-scale flood disasters and the
resulting serious economic impacts caused by the them make it more important
to implement countermeasures to reduce flood damages. When considering the
countermeasures against flood damages, it is necessary to discuss the following
questions : what is the extent of flooding that occurs, and what level of damage
will be caused by that flooding. The former is expected to progress with
developments in flood simulation. The latter, the damage caused as a result of
flooding, raises two problems. The first problem is how much storage will be
required if it occurs. The second problem is, assuming that damage can be
reduced by taking some countermeasures, how to compare the costs required for
the countermeasures and the mitigated damage to decide whether or not to
implement countermeasures. Given these problems, it is preferably to interpret
any damage - including flood damage as well as damages from other natural
disasters - in relation to the damage costs.

Among the impacts caused by flooding, the estimation of the economic impacts
in the industrial sector presents many challenges because, in addition to the
damage to buildings and equipment, the secondary damage (lifelines disruptions,
supply chain interruptions, decreased demand in surrounding areas, etc.) affects
the economic activities of business establishments.

For example, in previous estimation methods, estimation was generally based
on the inundation depth; however, the economic impacts due to the secondary
damage as above have been also reported in recent years, and thus a damage
estimation model that considers various factors other than inundation is required.
In addition, because of the variability of the flood damage and the risk of
underestimating the average value, it is necessary to introduce a model that
applies a probability distribution. Although estimation models have been

developed based on past disaster experiences, estimated results are often
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inadequately compared with other estimates.

This paper aims at developing a model for consistently and probabilistically
estimating economic impacts caused by floods in industrial sectors. The model is
then attempted to be applied to the case of the heavy rain event of July 2018.

Chapter 2 explains the method to evaluate the economic impacts employed in
this paper based on previous research. Specifically, the economic impacts can be
estimated by adding the decline in the business profit to recovery costs. The
previous damage estimation models for individual disasters are also classified in
terms of the application method of probability distribution.

Chapter 3 proposes a model for estimating recovery costs. This model
probabilistically estimates the recovery cost ratio (the percentage of the recovery
costs in the total business’s assets) using fragility curves for each inundation
depth. In addition, the applicability of the model was confirmed by comparing the
recovery costs calculated from the expected value curve with the results of the
previous estimation model.

Chapter 4 proposes a model for estimating the decline in the business profit.
The model estimates the sales recovery process after a flood disaster using a
survival analysis for the recovery time. It was revealed that the lifelines disruption
and the financial situations could be introduced into the estimation model, and
that the modeling of the recovery time of sales loss to several intermediate levels
was also possible. In addition, it was confirmed that the total sales damage
estimated with this evaluation model was comparable to the actual damage
replied in a survey and to that estimated with the previous model. The concept of
converting the sales loss to the decline in the business profit was also discussed.

Chapter 5 assesses the economic impacts in the industrial sector in Mabi area,
Kurashiki City, Okayama Prefecture and Kure City, Hiroshima Prefecture, after
the heavy rain event of July 2018, using the methods proposed in Chapter 3 and
4. Compared with the previous estimation results, the recovery costs were
estimated to be lower for larger inundation depths due to the difference in the
estimation assumption. The decline in the business profit was estimated to be
higher than that of the previous model, because the quantitative analysis of

negative factors such as long-term lifeline disruptions as well as lifeline



disruptions in unflooded areas, which were not considered in the previous model,
was conduced. Concerning the decline in the business profit, the contribution
ratio of each explanatory variable to the decline could be quantitatively
demonstrated, allowing for the direct impact of flooding and the indirect impact
of damage to lifelines, etc. to be analyzed.

The results obtained in this thesis are an ex-post assessment of the economic
impacts in case of flood disasters. The economic impacts and the effects of
countermeasures can be clarified for possible future flood disasters with the
current estimation models. Reflecting the lifeline disruptions and the financial
status, the model can provide estimation results of the economic impacts under
more detailed situations than before. The model can also provide a range of
estimation results, using multiple probability distributions. This paper presents a
framework for economic impact assessment of flood disasters, starting with a
survey of the actual damage, followed by the development of an estimation model,
the comparison with previous estimation models, and application to actual
disasters. In future studies on the economic impact assessment of flood disasters
in the industrial sector, the development of more advanced estimation models,
the establishment of a comparison method for each estimation model, and the

optimization of the economic impact assessment framework will be required.
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F 42 O LI=T — X O3
i ¥ FERLE
PR REIE [FAE G2 RIRIE
FEASL 133 115 18 260 216 44
HRoEBHAG RECC (H) 17(27) 11 41(78)  11(13) 8  24(31)
25%E11E HEC* (H) 27(43) 17 63(110)  21(24) 17 40(50)
50%EfE HE™ (H) 47(61) 23 116(146)  31(37) 24 54(74)
75%[A11E A (H) 48(69) 30 125(173)  50(67) 34 88(128)
100%[E118 A #7* (H) 42(71) 42 —(256)  44(79) 44 —(250)
RAKEGE (m) 0.750 0.430 2.780 0.822 0.680 1.520
T HYHEREY) DR AT 23% 21% 39% 26% 22% 45%
BAMKE R (H) 3 4 15 5 2 17
AKEREER¥ (A) 5 4 9 5 4 11
A AEE R (H) 1 1 3 1 0.5 2
RRaEgEE RS (H) 15 14 26 11 10 17
WEHERE () 1 1 6 2 2 3
gﬁj'{g%i%%ﬁ“@ 55%  50%  83%  61%  56%  84%
EATHEE~DMER 8% 3% 39% 9% 4% 30%
Z5RE - RO FE 5% 3% 17% 1% 1% 0%
wEREHK (N 31 33 19 7 7 5

X IRA ORI Y DK ER AR 250 H ORFRT, JTOKEEZEE LT
WEETLH Y, REMEFERFE L ToT ORLTWS. fRNIE, FAKHECEITE

L TWeWHZEFTOEE H &2 B EMIZ 250 H & L7 OFEZ =T
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4.2.2 EIERROHEE 5%

FAKHEIZ[EE L7e BE A RIS, BRMELL RICEE L7 AfE kD 5. Ziud
FKEEIZEE L7 AR ORIZE Z T X THLNLTWRWEARNH L Z LIZHRL
TW5. Blzix, H2FEEFORBIETIE, K 4-312 L7z XK 5 1C25%al1iE H# &
75%[0118 H BUIFEHE STV D3, 50%E11E H BN GEH STV R WEAERH 5.
2D & REEEE, 25%BIE B O75%E11E A D5 TIXathxd g & 72 573,
50%[0118 H & DO HT TIIHT RGN L 70 b, 2D X 51, #EEHT 2EIE AT &
IO RNIESL S Z EEZESTE0IL, SKEL EICRE LS LT
W5, ElEEDOFITIE, 50%L EIZFEIE LB E LT, 75%EIHE BEEZRE L
TW5. LTI, KK BICEE L7z A%ke LT, loo%mliE A%k, [75%
LI R B4, T50%LL EIEE B4k, T25%LL EIE1ME B4k, [1%LL ElE1E B 5
LY. WGERBRMAIE S TOKIEIL, 1%L 72 LT,
%%ﬁ@%iﬂ%@E@L&%ﬁﬁ#éﬁﬁ“ﬁiﬁkLfi 4.1 Cfin 7=

(ZkE & 72RO T T D . SEND ORIEIZIE, REIET —% O #
b@D%ﬁ&%l@gﬁé%ﬁ#ézgﬂkééH”Wﬂifﬁ%%ﬁrc
FECE ol T — 2 B0 T —% L L Totstg & T, Wiﬁﬁ%
HEFBEEEZHALKLETHETERLORELZ EENICHMITX 52 &0

5, KRERGEICE 725 BRI EZHEET ML > TRETE 5.

FELEDKES
110107
—— [E1545) (6EXR)
------ [ #5451 (4 ERBE) < I5%=5<100%
« 50%=5<75%
OOS 00
AR 3= B4 25% =S5 <50%
0% \J/ < O%:<S<25%
T BRI (D41
WEDFRE IV

Xl 4-3 BT —%0f (X 2-10F48)
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AT 2 FEEFT O RIEIRFR IS 3 D BRIE, AAFRs 2 58 B2 & 5ok i
PLEWCEE Lz HE, EC %R (58 RS HKHELL RICRHE] CEEHZ 5.
F72, T — MEERF R CTh DKELL EIZEL TWRWEERZITHE0 7
—H & LTWD. EAEOT OIER B 2 HIXAMEER [69], [70], [71]iZ,
[E18 BB DO W B A O HEIC OV T Yang S [36]ICFEMINGEH S
Tkbv, ZZTIIIEE LI NITRT.

Fe L& HKMERLL LICIEE L= B AT, & L, TOMREERREE (LT
5. ZOKf, Ta2StUAT &2 DMRF, (01, BLTFOXNTERIND.

Fa(t) = Pr(T, < ) = f fu(@)dz (13)

F,(OIE, BZItlZ, & 2KERL LIZEET oRER LT, ZxElE
HIfRE LTWD. — IR AT O%AT, AFHHRS,(0) =1 - F,) &1
THIENLZNWZ EIZEET D, AFoE, Lo Lo, BE L BT, %
AN e LD TET MELTZb D EZE L.

T, =, X¢ (14)

& 2K MERLL FIZ IR U7 B 4LT, O BB, (6) L OV A2 381 T S [
WHFRF, () & LT, £ 4-3lTR- T8 M, UA TV, SHEOESAR, 5
0YRAT 4 I oAk RE Ls. Fy(0) DoAY, R(14) DS ARl LT
W5, REES e DR E RS % g, (e), BRI EG, (o) L FT L, X@1g)
2 AN T2 28 B0 M S OV 52 8 18 B & SARERERBAS O BRI L v, fL ) KR
F,(t) & ODRNCLLFORBEAEH S5,

Fu(t) = Gy (i) = Gp(e) (15)
dF, aGg d 1
= 20 = D o) o (16)

S BT, HRIZKTT DR OB LN DB L Z R T HT-DIS, FA4 774
WEABEAHALExl LT LTV ET 5.
Ap = exp(x"By) (17)
T, BRI HEBORBEORE S ERT RTIA—FThDH. KFDx, B,
37 MVERRL, EEIRTOTIIRELZRT. 512, X)X ETY, 14,
ZR1y)TET L, UTOANRNELND.
log(Ty) = xT By, + log(e) (18)
Fy()DEE AT R ONT A TV A D L X log(e) XM ME /AR 1%t L, *HRIE
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BoA, e AT v 7 5 O%EE, ENENWESGM, e AT 4 v
AT 5.

SEER A DOEE, LTOX 9 1u, = xTB W TEHT 5 2 LR,
2T ONH E DE D T= DI, AN TRE LTS, 1,2 W54
&L upE WS E Ox S E LU TISRT.

log (i) = log(¢) — log(1,)

= log(t) — 7B, (19)
= log(t) — un
AFRSCCHE A L7e i OE, AL ONT A 7 V55408 OYE 1 TR AR e
FRAE 34 (MR BE RIS (x) = exp(x) X exp(—exp(x))), RHEIEH DA DA 1T
BEWEER A, e AT ¢ v I A OGEIIERER AT v 7 hiAi L 73
D XD IEEN IR iy B 2D &, log(e) ZIRD X H TR T Z LN TE 5.
log(e) = a Xy (20)
T, ald, BESMOBEAITL, A TANHKROHE T AT 4 v 7 S
DEEIT G, MEER DO A o, £ 72D /37 A—2ThH 5. A8 LUK
(20) XV, B8 BT, AR MR 72382 0 finy IC K D BT L BT 5.
log(Ty) = x"Bp + a X 1y (21)
A bHWTINEERT 5 &, LD X S IZEE BET, Z EF LT

KETE, TNENDGAMDLERINEG 2% .

1
log(T},) — xT T, \a

BEF TS, BUENRBGED iy OWERE LK 2 s, (ny), RFEMEREE
Sn(n) ERT &, K(22) % VT2 IR 2 K OVife 334 5 B B & SR A =R B Sk D B
FRICEY, fr®OKTF,@) & DOEIZLLIT OB ER SN,

Fp(t) =Sy <10g {(%)a}> = Sp(n) (23)

dFy(t) _dSp(ny) dny

1
fu(t) = dt~ dny "dt —Sh(UN)'a_Th (24)

LEREIT, ROEDITKRDD. HEARIUCHONT, x;OFRHD T, &2LKYR
PLEICHEE L7 Bt 2B L2 b0 &%, 2 2°C, Bl L 72 B ey, TKAER
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PLECEE Lz & &i21d 720, KERTEL TWRWTHEID T—X D L X120
L2 D KD RERS, WD, FEIEATERICEE L TWL A0, EBIIZ[EIE iR &
Heet9 2858018, KUERT L2, RO LEREL, %2 V5.

Ly(Bpr, pn) = n{fh(thi|xi)}8hi X {1 = Fpy (tn;| )} ~On (25)

Z I T, NIIEAREAE, BplIBlE i F, & O R RS f,, D/NT A — %
(Ani = XTBR) FET. Ay, POty 1E, F 4-31TRTHADL, ROt ZH T
Pl XV A TGO P AT 1 7 A @ 256 0 /37 A—4 T,
O EZEAT 258130 20, JBERSMEEHET 55630, TET.
N(25) DA HFE—IHIX, KERLL EIZRE LT —2 2R L, H L, KEERIZ
L TWRWITHY 07— 2K T. BRI Slog L, 1Tk THREINS.

logg’Lh (Bn, ¢n)}
=D 8 X log{fu(tlx} + (1 = 84) X log{1 = Fi(twilx)}
i=1

B8 Hh#R & [FIRF I HER T 2 56 1F, RO ED 7= IZKAER;(hy = 1,h, =
25,h; = 50,h, = 75,hs = 100) & KT &, ROLERAKLE WS,

L(ﬂpﬂzs:ﬁso'ﬂﬁ;\;ﬁus)o; ®)

B 1_[ 1_[ {fhj (thfilxi)}Shji % {1 — by (thjilxi)}l—Shji (27)

i=1 j=1

BN [E1E R 2 HEEE T D88 L FIRRIS, plI U A TV O ¥ A5

S I T DA DT A= T, 8o wmA T 558131720,

RBOER DA EEH T 556130 TR Y. S ECLERElog LITkATERIND.
log‘gvl'(ﬁsp B2s, Bso, B7s, B1oo, $)}

_ z z 80 X log{fi, (tnilx)} + (1 = 8,0) X log {1 = Fy, (tnqlx:)} (28)

i=1 j=1

RT A—=HOHEFITIL, #EtY 7 FRODsurvregli% [72] % OstanfE% [73]
(MCMCIZ kB4 D7 UAHERE) 2RV, i, FRIKE~OEIE BT A
T4 UEEREEEDIEOINIATONTE LT, KR MNRAHTHL Z
&N D, AICRDICE W TRl 22 ATl S E 2 it L7z, MGt osEMIic >
W TR T,

(26)
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* 4-3 W LA

sy J10) F(t) Y
= 1 t t N > =t D - = Z,
Fek Zaq}ﬁ 1—aq}ﬂ CAP BRI E (RIORB E & bIC—EOEIS ThIE)

FEEOAT &0 A RE A ETe Y, B ORGE & & b ICEE N
MAEL, ~Y— FRTHEMARD (o > 1)

RO ERRR (p=1)

SR TR O H LD B DL CRMIZIEE L, ~F— R
HFREM (9 < 1)

. 1y 11, _1
DA T (5) 5t exp(—l 5t

S
N~
[EN
|
o
k)

o
|
>JI
S
i
S
N———

) (10g (£))” C%G» BBVAHCTR D © 45 el % FUDT IR L, RPERR S A 07
KHECEH exp| ———2""— o —2 ZEDRE
Vanot 20 g N R BIIZEECCR D BB I % D BN, A5 T
(%X%éﬂ F DL TR B 5 WA A ST U, SRR A & 3
S 2 A o VWA
A v @*”%ﬁf L7 T FEROBIEETRY b AR ORI, ST
U, XPOES & 0 T LRogu

(B 1 BERD MO (2)13, FEEHIMERT. 2 P =R (h®) = fFO)/A—-F@®))) 1%, FZltE TITEE L TORNE

o b & TEDORENZIRIE T DR EZFRT. 3 KEEZRT I ZIRThITEM L CHERL
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4.2.3 EEBEORE Fi%

B~ DEE R E DT, BRI 2 KEDOIIFHE CEXKHE) 2k
DHZENTESH., 22T, 1%L E, 25%LL E, 50%LL F, 75%LL F, 100%~
D IR 2 Z L EIVF, (L), Fo5(t), Fso(t), Frs(t), Fipo(t) &3 L, EHIKUES(b)
ZLUTO X DITRDTIZ.

() = (O - Fos(0) 2% 4 (g 0) - Fug(e) 22 0%

50% + 75%
+ (Fso(6) = Frs () ———— (29)

75% + 100%
+ (F75(t) — FlOO(t)) —

INEDOEZFERRLIZLON, K 4-4 THD.

+ Fy00(6) X 100%

Fi(t) —F25(t)

Fas(t s0(l
0.8

Fsp(t) — F75(t)

—1%kE :

—25%LLE
—50%LLE

Fio0(t) TSR
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S
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X 4-4 [B118 #ER & ONElE R O HEF 5]

4.2.4 TLBAOENES O¥FFE

ALEIHTIT K0 RO 7-458 FKHED EIE #4552, IEEfE 2 H#EGTH L, 72 &
WAOEIGZRDDZENTE D, EWAIO 4 H~6 HIZHOWTIL, 58 FKENR
100%DIRFETH T EIREL TWAH. AT, M 4-51%, LLEDOEZHIT
ESWT, 4 ABRH 3 A £ TOFBRYR5E FARBEDZEITHONT, HEEHIA
RLICBDOTHSD. HFOHEIFHN HD2FIG 0857 FRDEIE &0 D.

59



100

| | | | | | | | |
I I | \ I I I I I I

F-T0 [ R PR SRR DR Syt Sy FRppUpy SpR Uy P S R
| | | | | | | | | \
| | | | | | | |

1 1 1 1 1 1 1 1 1
1. 1. i}
60 [---d-------- 1888 A Mty St SELECRERY SRR

FAREE (%)

1 1 1 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 1

/T T g s
' ' ' ' ' ' ' ' ' '

1 1 1 1 1 1 1 1 1 1
' ' ' ' ' ' ' ' ' '

20 fo-mdmmmmm e e
1 ' ' ' ' ' 1 ' ' |

4.3 T LICEAT BRI EDHE
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RAREDOKEIZ L W EEZIT T, B LEEOKTFRE C-FEF 2 5102, (B
WHBOELFINT 21T o 1o, BIESE L IFREIC O T, RHEICHE LY 5.2 53
RINERDZENBEIND I ENG, TILH &S THNr LTz, Ao ok
R, BONTEEERDO/RT A =2 ZLNIRT. £, SN 1 BT
L& &0, £BIEBBROIFHEICHT 228 E SR LTV 5. &EIE HEDOH]
FREI, ROEEROIERIER TR L LT, £ 44 (TR THEFZHREL CH
H L7z,

FUEE DT A —FHEHER A 4-5 (7. BEETIL, e o R T 4
Y I SADOYTIEE Y BRI Tz, FREEMHBOT R ZEnEh, B (=1,
25, 50, 75, 100& L, &EHEHHFEONT XA —F &3, LUTFEER) LRI L&,
0 < B <P < B <Poo & 72V, [IERMKRIZ G 2 5 RO R/ NBEFR N E U I HE
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GIEEEA R E
RAKEE (m) 0.8
RS HERE W) D AT L
BREERE (H) 5
KiEFFERE (H) 5
HAWE R ¥ (H) 1
g E A% (R) 12
WEWEFERE (H) 2
"B - FEPB~OEETY a9
G L RREA~ORER A L
%Rt - RO ENE ML
weEEH (N) 15

RIKED/RT A—4BP1%, EOBHEERTHEME 2D, BAKERELS 2D
FE, KEE B ENEMICESMERN R N ERDND. BRIZOVT, 95%
BHEXE O FIRMENAME L 2> TS T2, BELRDN, BAKOEREL, e
Bt ZEOE 2721 TR, Z0HKORE FEORIERRICENTHEAEEL
SHDLZENDND. BAKENELS 725 L, IRFEBM E TITHER ST %47
LD EEBIC, BAKLIEHBEOKEOESWLELS 2, ZaICBET 5 E
TOHEBMNRKEL 725 LHETE 5. BAKES im 2 Lz & ol 0%
b, 1%L ERIEREC 5 H, 50%LL EREE AT 11 H, 100%E{E HE T
33 HEFERICRERE L eoT. NTA—HZDORZ XL, BR<BL=pE<pP<
BP0 & 720, I DEIE AR T/ A —X OR/NBIRICHERN R STz, 7272 L,
oD /X7 A =2 DI/NZ LV, FE724E T, RAKED 7m £ TIrIEE dh# a3
RFET D X9 IRIRBUTAE Cleino Tz,

THOHERED DIRAFICBE T 587 A — 2 B51%, EOREHRTHEMEE o7z,
[ HHOHERE) DFEAF) NE D OSMETI, 1%L ERIEBEIE 7 H, 50%LL A
BHHIT 16 H, 100%011E AL 55 HBENDER > TV D, BE~B31TD
WTC, 95%IEHEX O FIMEN AL E 72> TV D728, H ETERETH D,
TWOHER D3 IRAF L T D &, BRGEBIAE BN D & & BT, T OEIE A UL I,
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JTLOKMEE TORENEND Z LB 5. INGR~OE TV 712X b &, -
Wb EOIZKETHORE - oy M EFE LTI ERE D 72 X )
Th 5. PEEEE TG T D T LWHEREY O 7 D0 217\, IRGE& BdA L
b OO, SERIEET D72 DICHE R, KD 2iEic o s &it
TH728, TNOOFTHEEICEEN -T2 ENEZBND. £, FEk 30 4
7 AZEMIC X W EELZZT - BIRE~DT U r— b [7allc k5 &, TIFRIZEND
T, A7 7B OB TEE S 2 EE Y S 22502, AMIZORN b7
WEBREICOWTIIREREIL E b I 250 holc. | LORELH D, KF
EFTICB VTS, HIMEEZ%ZEILIC L7272012, 100%[011E B Db &2 K
XL ROTWVDAREMENR® H. /NT A —H DREX ZNT, Bis <Py <Bi <B35<Pioo
LY, —EHOEIEHER T/ NT A —F OR/PNEHRICH RN L b7z, 727210, i
D/RTA—=FDI/NZEY, EHEMHEENRET D K5 RRBUTAE Uo7z,
FTATITAUHERRDONRT A—=21F, EOREMBRTHIEEE o7, 7272
L, BF (BX), BF (FR), BF GEIE) IToWTIE, 1ZE A L DOREIE M T 95%
FEXEO FIRMENAE E o7z, TAROBEICOWTIE, #iELEZ I -FE
AT 10%FEE LB BT, +07e 7 —ZNE Ao 1272012, 95% 5 FHX ]
TExDLE, AL R DAREERH L D EE X BN, BRIZOWTIE, #5F
T T HFZEITDS 30%FRIE B - 77y, IGEBRAAIF R TlE & A EDFEZERT (70%)
IZBWTEHIE L TWe., RKEEDFHTEELIT> TV DHRFICERNEZ D
012720, ZO®%RRFTEZAM LI FERN L, BROHER IS >EN
HY, FEEBEE OBFREAMICBRICE ol b0 L Bbhs. gY (K
H) KOBT (ZZ@) 1220 T, EEZZ T HERPEREHV, KK
8118925 M AKGE - RBEHEENEIE L FEFN 10BREFEL TV, £0
7o, AEME A E L KE - sl E BB OBIRSREICBIII S 4, 1ZE A EDlHE
HHIRR T o5% E X O FIMENIEfE L e oo B D, BR, VA, @
L, RTA—=ZDOREZIDOLETFEBRENPTFIZL TWDHDNH -7, BHFEE L
TWAHHEERBROHBENTHIIE, FEHEMBRNAZET D X 5 RGUZE CRh
72, 95%BEFEX M D FIRMENAME & 72 o128 A—2 L &GTel=0, HL £ TS
ETIIHDHN, T4 7T EEITHONT S, #ERROBEKIL, WGEEME LD
ZOROEEREOENZA LS, EHEOKEN ERDHITE, ZOENITRE

725, TOBENE, 4774128 ->T1H~5 HERRY, 100%E11EH
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BOLGET, BER=RBE<BETASKELRD.

=121, ZNHDRERIE, T4 754 L OwkE R E & E1E B O 72
BRERLELDOTHD. EBIL, T4 7 T4 OEEHRICHERIEKUEL N EE L,
ZhaEU TR EENREETD. 74774 0 ORIERIC—EORIE N EaE L
TOLREENEE L WD HEM L H 5. BIRNEmE LT, 947 T4 8
EABNEWVIEE, FEEHEOEANET CND Z EWCEET D 74774
HEEO X IIZ, HORFRETITHENELTEY, HAREENDIFHENEL
TWRWENSTZFERITONWTIE, RETAO LD ITHERRZHHESK LT
&0, B LEEETELETNOEN, ZORE SEZBUNGHECE 2% 7]
REMED & 5. IZKFIZ X DM DEFE 2 EI TR NS DD, T4 774 L 4E
B X VI EEIMME T LEEFERICHOWTE, KETATHEOIOERE LT
WD, WEUNZTA 774 U HEORBELERTHZ0ERH Y, FiEE O]
P EBETEDHET VOBEISHOBEE T 5.

Fho MER - FEPW~OEEFL Y| 1L, KEZIVEFELZIT 0L, B
C&e, R, SRITENODOMEANICLY, MO TEREZREL TS LTV
HEEFELRL, BEOEERERENZY LTS, [EIH - FEPH~OEET
B ONRTA=2pME, EOREXHHETHEME 2D, o5%EHEXM TR
&, BUROBR AR & ERELX O TRENEETHL Z 000, B&ETRY L
TWAHEEFT, BIENELS 2AHEARH DL EZZDH. BEERY L TWRVE
T, BEDRAKEETH 12720, 20X ) RFERICAR-T2b 0 L HEERTX
L. EEE, BeLIY LR TeHETO O L, FERREIT 2 BHELANIC 100%
IZEME L TWDH A, B2 Y LIoFHHERTIE, 2 BRELINIZ 100%I2[F11E L T
WADHEEFTIIH 2F LW, 20X, BERLYOFEREEORE XD
REEE L o TV A AR D, BEeE YT 5 L 5 RIEICH - Tz
WESERTIE, Mo CW D EEEFTICHART, 1%LL EEE B8 5 A< 72V, 100%
18 H %03 60 HEL 72 5.

KPP TEeFES~OMERE] 1L, B2 RYLILbDOD, £ORITIEERE
SEOFEICENAET, B EEORENRI DICENLTWLFEENEERT. 20
O BEERP—ERGFELTBY, EaiE~ORBIRE] O/RT 2 —4pF
X, COEEMBTHLEMERY, o5%EERM TR &, FIRME L OV FRREA

EETHDZ Lo, BaiiEIC BN E LTV D3, [EHEE < 72 D18
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MRS D EEZD. BEFRBITTEHINC, 1%L ERIE R T14 H, 25%LL L[]
TEHEND 75%LL ERlIE B4 C 45 H~68 H, 100%[H118 HEIZHBW\T 155 HD
ENEEL S5, BEPHEICHENE U HEFOLE, IGERMOR S TF
PR 0 BN TV D EZEFN 60%, 25%LL EEITED S 100%[011E DR THEE LY
P TWDFEZERD 90% L L TH D, RIENAE TR DWW TR REIZE 245 T
W WD THE & 72 508, #EENHERT, IRGE & Bia3 5 F TICHERAE LT
HE¥ERT &, WGEIIBIMA LTy, 0% ORI REE CRIEN A U- H 3T 2
MNTFEL TV D RREMERH DH. ZD7=, ANBHEEL, 1%LL ERIE H £z
DNTYH, ZEENARKELRSTNDHEBEZIHLILD.

(5T - IBEOEN) D/RT A—2B501L, [FERORZZEE B T2 4%
MCHE—E L, AfiE o7z, o5%BEBXMITR2 &, EREXK O TIRENAHE
ThHI s, TRt IRBFAFM L FEmE, HESEELHAICHD Z &
OB . TRt IR & it L 7= S ZEFTCI, PRI 1% 2L BBl B %08 14 H,
50% LA LRI AT 37 A, 100%[E1E AT 72 H R R D A[REMEDS R STz,

FHEMOBEAZ R TEEES GH) 0T 2—2pF 1%, CoRBEHHRETHLEA
Me7eo7z. o5%lEHERXMTRD L, BP~BL. O ERMENIEMETHD Z &b,
5 LI B0, EEBHNP L WVEEMNIL, BIENFEEDMRICH D Z ERbn5S.
BN 2D E, 1%L EFEAEZ 2 H, 100%FEHE%Z 14 HFEO 5 Z
ERDOND.
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K 4-5 FHEABRO/ T A —2 HEFHRER (LES)

T 100% 75% LA 1 50%LA 1 25%LL 1 1%LL 1
FE R [EEAR%  EHEBR% [EEAR% RIEBEK
o3Af S AT 4 v 75
WA 85 56 43 30 17
Yl 2.0875 1.9765 1.8316 1.7192 1.3822
(0.2526) (0.2465) (0.2364) (0.2372) (0.2510)
{2.5833} {2.4561} {2.2970} {2.1809} {1.8659}
{1.5882} {1.4865} {1.3606} {1.2504} {0.8923}
RAKEGE (m) 0.3940 0.2466 0.2488 0.1963 0.2905
(0.1290) (0.1175) (0.1175) (0.1152) (0.1167)
{0.6558}  {0.4745}  {0.4836}  {0.4261}  {0.5231}
{0.1481} {0.0170} {0.0228} {-0.0214} {0.0605}
[33.4] [13.9] [10.6] [6.0] [4.9]
TR DT 0.6510 0.4486 0.3691 0.3001 0.4365
(£ : 0, H:1) (0.2958) (0.2846) (0.2771) (0.2762) (0.2735)
{1.2230} {1.0239} {0.9081} {0.8325} {0.9668}
{0.0621} {-0.1138} {-0.1563} {-0.2452} {-0.1004}
[55.2] [25.2] [15.8] [9.2] [7.4]
ELHE A 0.0302 0.0227 0.0253 0.0303 0.0276
(/) (0.0188) (0.0177) (0.0178) (0.0172) (0.0183)
{0.0655} {0.0574} {0.0604} {0.0630} {0.0627}
{-0.0070} {-0.0121} {-0.0095} {-0.0042} {-0.0102}
[2.6] [1.3] [1.1] [0.9] [0.5]
IKIEHEE B % 0.0547 0.0465 0.0430 0.0366 0.0312
(H) (0.0176) (0.0160) (0.0164) (0.0162) (0.0165)
{0.0897}  {0.0784}  {0.0748}  {0.0673}  {0.0635}
{0.0198} {0.0161} {0.0102} {0.0050} {-0.0005}
[4.6] [2.6] [1.8] [1.1] [0.5]
A= B 0.0548 0.0213 0.0233 0.0449 0.0238
(H) (0.0467)  (0.0455)  (0.0425)  (0.0407)  (0.0419)
{0.1456} {0.1081} {0.1027} {0.1207} {0.1045}
{-0.0415} {-0.0722} {-0.0663} {-0.0382} {-0.0610}
[4.6] [1.2] [1.0] [1.4] [0.4]
AZ WY EE H B 0.0314 0.0211 0.0169 0.0151 0.0064
(/) (0.0043) (0.0041) (0.0042) (0.0042) (0.0039)
{0.0399} {0.0292} {0.0253} {0.0235} {0.0142}
{0.0231} {0.0133} {0.0087} {0.0073} {-0.0012}
[2.7] [1.2] [0.7] [0.5] [0.1]
BIEWED K 0.0454 0.0537 0.0388 0.0256 0.0220
(H) (0.0432)  (0.0339) (0.0300) (0.0299)  (0.0296)
{0.1363} {0.1204} {0.0996} {0.0848} {0.0810}
{-0.0331} {-0.0117} {-0.0192} {-0.0326} {-0.0343}
[3.8] [3.0] [1.7] [0.8] [0.4]
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# 4-5 [BEHEHHERO ST X — X HEFHER (FLEE)
KR 100% 75% LA 1 50%LA 1 25%LL 1 1%LL 1
7 FE R [EEAR%  EHEBR% [EEAR% RIEBEK
IR - T 0.7075 0.6570 0.5669 0.3885 0.2935
~DELTEY (0.2189) (0.2189) (0.2108) (0.2170) (0.2257)
(& :0, A:1 {11351} {1.0798}  {0.9824}  {0.8193}  {o0.7411}
{0.2741} {0.2243} {0.1529}  {-0.0229} {-0.1661}

[60.0] [36.9] [24.2] [11.8] [5.0]
BETE~D 1.8308 1.2073 1.2938 1.4588 0.8510
A (0.5398)  (0.4084)  (0.4074)  (0.4209)  (0.4219)

(£ :0, H:1) {2.9549} {2.0042} {2.0652} {2.2914} {1.6796}
{0.8429} {0.4012} {0.4901} {0.6381} {0.0234}
[155.3] [67.9] [55.3] [44.5] [14.4]
Zt - IR O -0.8529
(£ :0, H:1) (0.2240)
{-0.4016}
{-1.2043}
[-72.3] [-47.9] [-36.5] [-26.0] [-14.4]
log(EEE ) -0.1606 -0.1284 -0.1129 -0.1023 -0.1252
(0.0760)  (0.0737)  (0.0691)  (0.0730)  (0.0757)
{-0.0101} {0.0119} {0.0216} {0.0362} {0.0227}
{-0.3054} {-0.2721} {-0.2488} {-0.2483} {-0.2746}
[-13.6] [-7.2] [-4.8] [-3.1] [-2.1]
IRT A=K 0.6464
(0.0229)
{0.6933}
{0.6043}
FEARKN 133
DIC 5283
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DIF L A EWNIEE L 72 > T2 AKGEIZOW TS, AEHE RS 1 HEEWD &, 100%
118 H ks, BEEOLET s H, EMEEOLAT 2 HEND Z &b
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DHLEENRKELS holzbD b,
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REERICHART, BIEZ RO RISV, FERGEREOFEFTT, fhEE
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5, EEZBEOLMEPHICLS Do Z ENBESIND. FEFTOHM L RT
PEEEE G 13X, os%EHEXMTRS &, oA, ERMENAE L 7257
TOBRFZLERDLD, WEEERNPEZ D&, KEEAKZ2H~9HZEDHDH &
NHOND.

F72, Lee[29], [641723MEH L=k 512, Misk#HE% G RIEICHEL H 2 T
LT EPHERISND Z &G, MAZKGE L2, RAKRE OMBERR, BV
BTN LIRS Do T2 T, B L HEREY) O FRATFOH D Z %
TeET IV E Llc, RAKFIZ K DR DEER K E 252 T 15360 &, [EREN 2R
WEILRNTA T T, WESICEI VB EENMET LEFEFT T, 747
TA WERELED T A—ZOEINITL, ZR6ERALTHO LTS,
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K 4-6 [EHEHIFRO /ST A —ZHEEHER (FERESE)

T 100% 75% LA 1 50%LA 1 25%LL 1 1%LL 1
- FE R [EEAR%  EHEBR% [EEAR% RIEBEK
o3Af T A TV
WA 54 28 19 16 8
Yl A 3.0039 2.3018 2.2829 2.1761 1.6503
(0.2135) (0.1989) (0.2017) (0.1960) (0.1954)
{3.4364}  {2.7782}  {2.6848} {25617}  {2.0384}
{2.5910} {2.0080} {1.8835} {1.8026} {1.2715}
1RAKEE (m) 0.3294 0.4063 0.4063 0.3163 0.2774
(0.1043) (0.0900) (0.0875) (0.0841) (0.0815)
{0.5367}  {0.5920}  {0.5783}  {0.4837}  {0.4410}
{0.1334}  {0.2392}  {0.2363}  {o.1519}  {0.1274}
[17.9] [11.4] [7.7] [5.2] [2.2]
THERRY) O AT 0.4624 0.3610 0.3758 0.3625 0.4207
(£ : 0, H:1) (0.2240) (0.1987) (0.1953) (0.1875) (0.1946)
{0.9112} {0.7624} {0.7650} {0.7214} {0.8023}
{0.0298}  {-0.0192}  {0.0019} {-0.0080} {0.0484}
[25.1] [10.1] [7.1] [5.9] [3.3]
ELHE A 0.0484 0.0149 0.0050 0.0041 0.0089
(/) (0.0118) (0.0078) (0.0066) (0.0064) (0.0063)
{0.0739} {0.0312} {0.0185} {0.0170} {0.0217}
{0.0280} {0.0005} {-0.0070} {-0.0078} {-0.0029}
[2.6] [0.4] [0.1] [0.1] [0.1]
IKIEHEE B % 0.0298 0.0367 0.0297 0.0190 0.0209
(H) (0.0145) (0.0121) (0.0107) (0.0101) (0.0100)
{0.0590} {0.0615} {0.0512} {0.0391} {0.0416}
{0.0028} {0.0137} {0.0093} {-0.0008} {0.0014}
[1.6] [1.0] [0.6] [0.3] [0.2]
AW E B E 0.0716 0.0194 0.0302 0.0535 0.0793
(H) (0.0441)  (0.0346)  (0.0338)  (0.0336)  (0.0353)
{0.1598} {0.0893} {0.0998} {0.1232} {0.1539}
{-0.0111}  {-0.0470} {-0.0334} {-0.0093} {0.0132}
[3.9] [0.5] [0.6] [0.9] [0.6]
AZ WY EE H B 0.0178 0.0189 0.0137 0.0138 0.0043
(/) (0.0042) (0.0041) (0.0040) (0.0041) (0.0037)
{0.0265} {0.0272} {0.0216} {0.0221} {0.0119}
{0.0097} {0.0112} {0.0062} {0.0063} {-0.0026}
[1.0] [0.5] [0.3] [0.2] [0.0]
SHRIERFE A 0.0302 0.0265 0.0176 0.0062 0.0197
(g) (0.0153) (0.0137) (0.0128) (0.0128) (0.0132)
{0.0622} {0.0550} {0.0436} {0.0323} {0.0471}
{0.0018} {0.0012} {-0.0057} {-0.0175} {-0.0048}
[1.6] [0.7] [0.3] [0.1] [0.2]
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# 4-6 EEMBORT A —ZHEHER GERLESE) ki
T 100%” 75% LA 1 50%LA 1 25%LL 1 1%LL 1
FEHE [EEEE FERS FIER% FERK
1B1H - BEPWr 0.5015 0.5062 0.4476 0.5276 0.5146
~DE LT (0.2047) (0.1860) (0.1865) (0.1773) (0.1820)
(£ : 0, H:1) {0.8088} {0.8760} {0.8084} {0.8731} {0.8748}
{0.0939} {0.1509} {0.0781} {0.1842} {0.1564}

[27.2] [14.2] [8.5] [8.6] [4.0]
B TE~D 1.5256 0.8720 0.4862 0.5151 0.7064
MREFAE (0.4417) (0.3359)  (0.29038)  (0.3040) (0.3122)

(f:0, H:1 {24552} {15711} {10733} {11424} {1.3415}
{0.7204} {0.2421} {-0.0857} {-0.0634} {0.1196}
[82.7] [24.5] [9.2] [8.4] [5.5]
Rt - RO ENE -0.5350
(#:0, fi:1) (0.3435)
{0.1644}
{-1.1576}
[-29.0] [-15.0] [-10.2] [-8.8] [-4.2]
log(EEE ) -0.1545 -0.1292 -0.1553 -0.1528 -0.2073
(0.0966) (0.0842) (0.0826) (0.0785) (0.0765)
{0.0324} {0.0368} {0.0087} {0.0010} {-0.0555}
{-0.3411} {-0.2013} {-0.3131} {-0.3080} {-0.3548}
[-8.4] [-3.6] [-2.9] [-2.5] [-1.6]
INT A—H P 1.2324
(0.0272)
{1.2861}
{1.1789}
FEAIN 260
DIC 10486

(E) 1.( YNOEMIIMFERZEZ <7 2. INOLBIEIINEIZ 95% E X D L hmfE &
O Moz~ d. 3.0 INOBAEIEBALES 1 BALZAE L 7RO RIE B & D Wi
ARz~

4.3.2 T EICEAT 5EEBHOEEI

Hegt SNTe T A= H T, £ 4-4 (R TYEGIDA U256 obE fhi
#X 4-6 |TRT. FEIRIASKEOBIRMfERE T L TS, KHlifrDZEE, 78
FEOKENZOFRHNICH D HEFTOEEEZRL TS, BRE LI ERT
1%, 1%L _EEITE B 5% Y 100%[0118 B £k /3 Ah 1Y, s & s T n
0, [0 25% LA E[E11E H $i~75% 1L ERIE BT ERE L TND Z ERbnd.
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