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A Study on International Air Travel Dynamic Demand Model

Abstract

Air transport industry in Asia grows rapidly in the past decade. In Taiwan, the number of
outbound travelers in 2005 is almost 1.5 times more than that in 1996, with an average of
4.13% growth rate. GDP in 2005 is 1.45 times more than 1996, and indicates that Taiwan
people have greater ability to oversea travel, and emphasize more on the quality of life. From
past data about travel and tourism, increase in real income doesn’t response immediately to
travel demand, and those exists time lag. After SARS in 2003 or opening relative visit on the
mainland in 1988, outbound travel demand has huge fluctuations, and the fluctuations in
demand even lasted in the following few years. Past studies in tourists’ discrete travel choice

model seldom concern variables affecting individual decision in dynamic concept.

This study aims to investigate the effect of time factor on international air travel tourism
demand. This study constructs an intertemporal travel choice model, in which utility functions
are composed of two main factors: individuals’ ability to travel, including money and time,
and external environment factor. To explore the impact of past travel experiment and future
expected travel on current choice, this study divides time preference into those for past travel
and for future travel, and using time preference to convert utility in each period into current
period. In utility function, travel budget is affected by travel decision made in pervious period,
and external environment factor and time constraint are also different in each period. This
study assumes individual aims on maximizing the aggregated utility, with various discounts
on different periods subject to budget and time constraints. Furthermore, the optimal timing
for travel behavior in future period is obtained by recursive method. In parameter calibration,
this study design questionnaire and obtains the data about individual character and preference
in outbound travel. The study further uses the real number of outbound travelers and income
data in Taiwan in past decade to estimate external environment factor. And take some
international tour route for example to illustrate the application of the model. Furthermore, the
study analyze the differences on outbound travel choice probability among different income
individuals, and take the example of SARS in 2003, to show the optimal timing for outbound

travel due to external environmental factor.

The study results show that travel budget, off-days, travel expenditure and travel
duration in utility functions significantly affect individual travel demand. With regard to time
preference, the effect of excepted travel in future on the current travel decision is smaller than
that of past travel experience. The results also show the past travel experiments will influence
the current travel decision up to four years; however, for future excepted travel behavior, it is

merely two years.

Key words : Intertemporal model ; Time preference ; Discrete choice ; Outbound travel
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cfesd AY R E R B Y AR )% Irving Fisher (1930)#% 2198 5 127 & £ o
AL > BRFE B ORGP F EE 0 eB 22 BB IR TIFE RS H
PR chif b A s ) § A B M TS o R S B R Aok

Bleichrodt and Gafni (1996)# * E5#p 5% & 47 FRFERNE - 4 gd s P ik 4

FVRBNLFEE BTV ITE]FTPOERNEFTAERT - RDFE o 25
ﬁzk%—&%%ﬂiﬁﬁ%ﬁm$’afﬁﬁﬁ%@ﬁﬁﬂ%%$’u&%m%$@
IAM2 75 o
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€3

x(1 +R) |

W22 & HEF i 7L R

F# & R © Barro(1993)

Bl22°¢ cirem B dqm B S -HaE S - P § & xR 5 RE RS TS
MBI B B AR P cf,cy) T P B S AT B F g o

2.2 BREHEG

BRERDHAHIE LA BEESFHAER > - SERFDY R FE5 ¥
T

S A TEENER AL A FRK TEA A FF S BB AT ERT T @5
IR P RS SIS T RE S RS N S T Y

i 5 Orthzar and Willumsen #7 ¥ 7 Modelling Transport 3 ¢ % & > < ¢ 3% 7|

I

Domencich and McFadden (1975)% Williams (1977) i 5%k BRE#H BN R D & T ad
£ K

13



).

2).

3).

4).

S OBHIEAA R R LA FARM IR R 2T T2 B

’Eﬁ?‘&{g 2GR A st B+ HREIE o

T ER S R A R L A=A, A, A 0 F D e X AL R

S ik AR o B ol BEARERE XX DB ¢ - g HEIE

BEEAQEeA-

A BERE>FA cAHBMg A 'SAF"'S’,% toREeE R U, o *ia?‘@f’fﬁ—?{&é{,]‘ﬁ i
BRE o AN R 2R BRER L L Tt o TP BR U A BN
BT

TRED LS ABORLTD Y, 0V, U

ERSIE R g, KPR B A PV R B RPRE > Bk E PR L b amEd

R A

FTILEZE AR G U A5

ETTRN

Uu,=V,+e,
A g H#-g EHTH AP x4 o FlEEU, 2U, o

113 ARG 7 4p b i % b M (independence of irrelevant alternatives > fj £ I1A)

P RS SR hR ERENT AT R RER S L T AN

exp(Viq )

P, =t
! Z exp(qu )

AjeA(q)

2.3 e vhpE A e

.‘.“.\
\"+
\v

here (R BOFF AT L ERPPE - U BWEAL K ET

F et aek RS 17 SRR R R BRI S B R A 3
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fooe (FRESEE A k(TP B Fdsh > WIe BB Hic™ (ISR EEFLERF S D
Rty G n® o 29T £ AR R B P o SACE RGBT - L F P

Sk o 4R R AT F LB SR LT ARt B

Zhang et al. (2005) % 77 IR {7 a8 fig 7 Foeim # 4 47 050 (activity-based model) + % &_
BREERR5EH > LS X R ERird R gL dmoig 8 HFEZREK
BeaE b e e F RN 0§ A R st O di(group utility function)# ) R TR A fie
SRR PR  ME AR RS R P ERRS TG c SR 55T R
~ R eI BEEL f;’;{rﬁa‘ﬂ M- RGBT EEORE ERIFEL T LA g R

B2 8%
- Sl

L0 R ERERRGFERFFFGE > Rk pAIERER
ALIPEERROPF - FL Y BN ELEREN G AR ORT Y E L ARE R

Bod e hdrp B foer REL G R THEL PP ER G E - Sl F @A

Lz @ FE R i 2 w0 Horonjeff and McKelvey (2002) #-5g7p] = % & 5 w 4f o
- BF 5 BETIRRLE o Al B ?'\i&%%f'— £ E 2 S BRB o iad H T A R K ARS K| ¥
i it » 4 Fort Lauderdale-Hollywood International Airport i 3+ % 3F £ (Landrum and Brown,
Inc., 1977)¢ 1 * & Ak 2 A KT EABS o 5 - L ABH PP EHPNE > 1 & &
P2 AR TR RPDAA D TBEREGEFZERBEE R > oMt
| ~ dp 8 ip] ~ Logistics 44|27 Gompertz o 4&ip] » 1258353 % A 478 £ ABE -

FZEAEAE AL HEG FERAES AR B Hib g FHA S

Ji

bR Ay EEIER 0 RIpF L FTRIERT BFLE BEFE 5 4o Chicago O’Hare
International Airport 7 3* 3 3F 2 (Landrum and Brown, Inc., 1979)> @ & 3 %_s& i3] f #-%&
%&ﬂﬁé%ﬁﬁﬁ’g&ﬁwﬁﬁ%%@%ﬁiﬁﬁo%mﬁ{%ﬂ*mﬁJg,m
PSR AR R A F MR F ReDIER 2 5 AU A w AT 2 JE
Byt Bz R 2 k2 B ool 7% > 4o FAA Aviation Forecasts (FAA, 1980) iR
2 A = 5 Ippolito (1981)F1* & FgF B ] T 2 23R4y 7 RK&E #5505 Huth and
Eriksen (1987) % & % f% ;# (decomposition) % %t 2+ & # #- 3% % (stochastic modeling
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methods)z# & 2. = ¥ ,B?B—*» R 73R BN o

Wong (1997) i ¥ 5.5 i Pldp & B 2 = & ) endg 5 e vt ‘“fj - Bl S AP AR
B PRt f P BRI Ed RF 0 PR a4 o 0T
B8 - PEAULABR ALY 2 e B S e S N R R e R
FAG o TFIT ABE T 20 E KD~ RFERRGHS > D H R T

-

%mk
&

(i}
|l
-.u

FRIHC

bR BERETRY A B L SBGE TS FRESTERIEN o

Qu and Lam (1997)14 53t e 2l e i $7 WA B4 e £ 3 P8 o0
Al 12 ERFPERERBIRE o 1Y RE FAASOT LRAE AR
Gl A Bap et 2 R S 2 R F SSRGS B R A B E O B

FLEr 2 AT OHTRE PR P B A ARG KLY HE R AT L e

FITH B R (R 86)F At A d i SILH(Grey System Theory) 4z i & 3
Blo A d TG ¢ RIBMEATRIL 1982 E4 D 0 A R RN AP RERE S TR
Tk M2 T o TR Tk SLenBl B A 45 21 SRR o f’riﬁu 4 FERIHEE 22 2 GM(1,1) 0
SEEE RREAA REEE I E GM(IN)k SR R B RA D RE R IR T S
AR f R RO ARIMA B0 TR Bk i 30 0 @R A4 S S R FR
2 EAE TR AT 0 i N A T 8 ARIMA HE5S R E R ARl 4 .
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%21 EEFFRFET R

FITB 2 E4 | Qu and Lam | Landrum and | Federal Wong (1997)
7 (1997) (1997) Brown, Inc. | Aviation
(1979) Administration
(1980)
o &y % R | ATravel Chicago FAA Aviation | The Relevance
f7 £3iF ¥ 2. | Demand Forecasts of Business
O’Hare
Fp Bl — A ¢ FF | Model for ) Cycles in
International
Pl 2 & * | Mainland Forecastin
S Airport Master g
Chinese International
Plan Study
Tourists to Tourist
Hong Kong Arrivals
A ¢ TR P .?fb%‘Lﬁﬁfﬁ"‘A\%‘r b FE | S ii&ﬁﬁ‘ﬁ%‘r Hi
B Ege L | A2 TR A e | TR R AR | BERF R
FRTT IR | SR B |G R | 5 AT R | FRANST A

NE

i

o+

12 E e
e

L SNE s

YL eAg B

H Bt g R

-
sb’; °

FHLKR D AFEY R
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F 22 R B IR

Fp g

HEEY 20
,:‘5 SLenpFE ﬁﬁ- ’
iRy ET

ot A B

-
’ﬁ- o

o » e 178
[ N EIP |
W1 ' {7
HIETE R
BEERFR
L ITAR G R

7l4 o

Len§ R 5 bl
WSk
KR TG
B Atk
GRS

¢ o

Hausman Viscusi et al. | Warner and | Cairns (1994)
a1
f
(1979) (1989) Pleeter (2001)
Individual Rates of Time | The Personal | Valuing Future
Discount Rates | Preference and | Discount Rate: | Benefits
and the | Valuations of | Evidence from
VN Purchase and | the Duration of | Military
Utilization  of | Live Downsizing
Energy-Using Programs
Durables
SN TEY & S E £8
SR P Lo Ry R
PF Y Ty 4 17%~20% 90% 0~58% 80%~88%
EHBUFS |V RBEGE | MEREAI | NEHHE DD

FRIERERE R
£33 —?F v R %E/g—y‘
S A

;g,go

FF kR - Frederick et al (2002)
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Pz e

d%G BHERNSAL LR LRGSR ON AR B L TR ERSLE

#% K 5 0 RN ATE B kP PR S AR R BT R B
HREYET L R RSHBEMAEF L RN F U BHARFERFEL AL
FEOERFXIERTF R ORE 3 RS G s

P TEGGE L2 XTI T R WP ehiF i RE

3
=
(s
o
)
N
—=h
i
=
3
ED
it

P4 GRFAK- PR R BT o S g AR
FR B A0 L RATILA R AER F L AR AR 2 BT

et ) 7 5 AP A RPPEL -

3.1 EH #amer Sk

BT SHS G 0 F S WM B AT Ao T ool ¥Ry aagN A
ERETIT A2 2 M AREY QPN doer Sl AT Y R EAR T Bk
Cobb-Douglas 25 ;% e * Snfic » H 2L 2353840 ¢

U=U(G,L)= AG“L’ (3-1)
Subject to

roxW =1 (3-1a)

I=G+C,, (3-1b)

W+L+qg=T (3-1c)

FRGD? G E-BEM R A (R RE D LAY R B U
BRI FGE oA f B LRI BRI TR R DA 4ok T L ARG b A
T ARG X B R ARG Rt > 450kt Sfcehiidic ) T LA T GELI e T E $ok
PR a B AN AT A N EED il B A TR R e
O Peen B AR R o 2 * Svficdk * Cobb-Douglas? 3¢ ehidn e o 45 % R F] & i % B

3

N

L‘L 2%
7 e F $54% (trade-of ) B % o 38 (3-1a)¥ [5 B 7R > @A B @I BT
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AT AAFTFEIGEFAORHF B REAF P TF oW R L FL A AR
BeAp 2 & o 7 P IS 5 (3-1b)P EHL L B d GECppifrk 7 HTFIE P e oo

BV GE - AR f L (45 1) G MBI R hE R S b o LR P S0
NEEF2 BN R Crp - P P NG A TR R

z
ER
MEATTEY ERING) e N B-lo)FWE T L iFh X o BETIR G 2w 2 B R0 LG R

PR 0 gn 1 TR R o blheFE Y & A o TR A RER o W
Litqz 42 & 5 ARE > 47 APFF§ 1152 B e £(3-1a)~ 3-1b)E(3-10)? G5 - &
MEat a2 ek R EAE o d (3-la)? B ATEE L TR G Al w2 B
R F R S gﬁa%c » rﬂt“&r%ﬁi‘aﬁ?’]% SR - . RIS QVE L
B BH 4 WGNG-10)7 M 3R b B lig R e BT 0 1 PR e S

R R S ] P 2P E/ﬂ;ﬁ,ﬁ ] ,—f—\ﬁﬂgﬁgﬁ&mg\gﬁv’ﬁ Foz BihopI®, ¥4 1 (TR
B eni e B o AT GH A N AW Ao A WH AR RLE S GELS B8 G &
FRAER T AT R FIGNGB-1)F (Tt I A Al o Cobb-Douglas®) 3¢ es #

S F) G & & R A(indifference curve) s o ST gt (TR —fﬁ B * A3 o

3.2 3Pt Sk

Max U, =U(g,l)=A4g 1’ (3-2)
Subject to

g +kC,, =1, (3-2a)

w,+l +q, =T, (3-2b)

NB2)E AP B S P B Sl R o Sl 3¢ i
THRZTES T AED VAL E S AR Y UERLERSE o 4 Lo

hiklic 0 T LA T g TR R E R R AP e Bk
PHRE Xt hi B ARFHERT AT E TS B B e B R opn
FW%E’“?4$§ﬁiﬁ&4$%ﬁmyg,%u%@¢,ﬁmﬁﬁgﬁﬂ,ﬂ@
EYBETEX ER  REITE A AT E g N RS I E K F) P AT F UATE
S22 AT R RRRME S R g2 [P E N G-1)GEL > L AN T A A
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Pl oz Bl ML e B il 34 (3-2)F](3-2b) & 7 S B U 0 g,
AEEN ML C, AT RS NERIFE ki - B RS EE B
BEFE=1R AT RRASH PG NRRSDEL  F2ZRTE o w A
T g EHEE DI LA F D ARPER o g Ao 1 (T8RP R T 5

Fenmt R BRI EEIDPHEN DL R AN EP G LA R 7
oo HIP P P U EF el » ena A F 70 R TR E s o B
PN TRARFFH T REFFH ALK TR TH DT E 0 Py R forr
ik kv BN Y maz g g e 8P 2 B BARAORE o Tt AT hE S 4K

ERRETDHEY > E G FREF A PEERS o

3 w251 5 B

AKE 32 8- HAEFIEDHESHOREG  KBWUSARE Y B RE T TREA
PRAe R € A KD amit ¥ dr(discount) T F £ o %ﬁﬁ“ BITAT BT
* @ st i o %45 Dobson et al. (1989) ~ Katz etal. (1991) 4§ 2 B (2002)%+ 4% B 1B 48
SRS P BB A R S B AR R cni 3732 % (discounted utility)
PHLATESE E@ES oL g AR P S PSR VR R

SR G hpER R R R RS o 0T N AT R PR Bk B2 B

n-1
MUlz[ ! j MU, ne@( (3-3)
1+ p

A RAp R ARt o R B PR ARG B RS R D] AR @ R0 iR R T G

st et F]3 (discount factor) e MU, % 77 &% 1 #P PFR X Fleng sn® @ o % 2
+p

FTRF)F o p 5 aTH cnpF I R4 5 (time preference of utility) o % n=2 B ;% (3-3)¥ 11 f%

B H o @

g v " . . VR A . 1
i %2y ?i‘gﬁ— BH zawct @R 4py 30 % - Epfgi‘aﬁl
_+_

piE— A5 %3002 it 7 EF 4 Koopmans (1967) 45 &1 &R T 5 e p BF i

éﬁi%ﬂ’fﬁp,ﬁi’ljpaﬁﬁ%wui11@oﬁj@3wvnwﬁmgnﬂ
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3
455 10000 B 8 e o AR B EE A OFIRT o Aok BHEEET £ 5 2 82

(F- E o BALR €T AP E PHWME&%%ﬂg’%W{ﬁmE%%
l_’rJ

~ 8- & (5110500 ~ ¥ B T R st ARl e @ b k]S P pER

& \
&
ES
P-H

% 0.05

4 NGE3) 0 TE AN RS L e Sl AR U, R A AR

| 2% 31 (& (net present value)> 3¢
Zid o L AH A K- W AT E A U A7 ¥ t PR L Pt o
B2 GFP R AH 0 DB S| N e

(7t = Ut +(LJUH1 = Azgtalzﬁ +(LJAt+1gz+lalz+lﬁ (3'4)
I+p I+p

- P g o USRS RFH R - ANFE S B - B IR
{7 G0 Bt RS REIRAR B A iR TR gD AT BT DR
BhFa o PIaARBHR NROLHEZEAAFFE /T > F 20 - AL BHE
2ITH P G MRS DET L B AR IR RSO T R Y - AT Ko

AT g P R S TR B2 R E L AR PR R a7
Foon - REAREY gl a1 Y R A KIFHF S F AT ¢ RSl a2
B~ > B P i3 57 5 IR s is 5 o B BIEAIER Y TR IY F
REDCY R GRS SR DA RSE L5 SR BT g2 i ke L
AL OFHRESE LT PR TEE Z R TR S22 S B R 2

TR e B A RTFH RS E L e PP RS FF B R E B Y L e -
+%@éa%%rhﬂ*Wmé@~wwﬂ#ﬂbs1»»*Pix¢5;uw-@ TR
%%ﬁ’J%&ﬁﬁﬁiﬁ%ﬁ*ﬁﬁﬁéw%ﬁ’%ﬁﬁ%ﬁﬁ%%mﬁ%ﬁmﬁo
P PR AF K N A KD Gkt TR ¥ S IREE IS A A kgt

TR FHEE VR A g 2 B JIF s > RFI A £ 8 &

o

R e S L ) LER R T RVt F R
;E!F;%;,fg_gl ¥ |} Paék$ﬁm]‘1§ﬂ? o ;;]J&rimttfﬁ'gg‘%&ﬁf‘?%’ﬁ S;L‘ ’ _&‘TIJ};%I' ’ l’f_L‘TIJ};%], ,%J‘
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FRT T MR B AR T £ 67 S(1+r)° = 5 fe F2x* % Hhopt > 2 R F R
Gl o B d R Tl emed TR AR AARHIRL 0 & 3 LG AR PREE T R b
PR > Bt ig T WpReach b AR IR A B I et 3R g A R e B pER
ot PR g o AT B F wm ALE 2 AR KT Rt o NG Boand (R ehi

A5 el 3.1 Ao o

F5H|

120

100

80

60

40

20

0
-3 -2 -1 ¢ t+1 t+2 +3 E%‘j A

B 3.1 »c* SERFRF YRR T R OB

Bl 31427 BHAFRE REF - REDE) > U2 BB EET DT > 3 FE
TR R B R ey 64 % B3 BRAS B PRI FRES
PN E PR IR -2k B F- BETATBHAY (PHEL Y AT 2
R R R R Flamer U E WA KPR IFH AT L EE S MR L 5 g
PR IEF N NG APFRBAR R A A g Rk FAITR Ik PFRSA F
HAEL AR AR E e s B ERLAASTE > EE KRR EY 2 %
W EW(H W)k R RF L2 W amer @RS S LT Y BE LAY
g 5

et o AT A H-F B BANHEL P2 ok B A RIEY E I eroet Z BFhL R

Pl R AR R4 S 6 s S AR a‘é JF ehpE ° HTIL e bt
P o BRRE L 2drIHp o Rkt B R U R BEFHITE p oo Pt i

BEYrT® GE R E 4o T A 5N

total U =U,+U, +---+U, +---+U,, +U,,,, =2d +1)U (3-5)
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1 d 1 d-1 1 d-1 1 d
U, = U+|——| U, ++U ++|—| U, +|—| U,,,
I+p I+p I+p I+p

2 d
=2U l+ ! + ! et L (3-6)
2 (1+p 1+ p 1+ p
Total U 2 7 ig B RN GLE 2 22% - A 37 S 3 W A oe® < P S P4k 4
BRI R G A e R A IRy > TS Y RE B G X B A
BARFHATHE a2y Pyl el ¢ LR ERWA KL & T F

AR R R LTI L 0 R e

.A

F3-6)Y U 27 BRAS ¢t PPF > B L PEH hdTIE » 4ok 17 b ez F2

A PERE i e R R dTIE S § 3 b o Ak R EAPE A TR o

d d-1 d-1 d
(7[: —1 U1+ —1 U2+"'+Ud+“‘+ L U2d+ L U2d+1(3-7)
1+p 1+p I+p I+p

Max 17,:(ﬁde,_d+-~+Ut+-~+(l+1pde,+d (3-8)
Subject to
I, =g, +B, (3-8a)
B,=(B_ —k_C,,)1+r)+B, (3-8)
w+l +q =T (3-8¢)
L+l +-+1,, =L, {tt+L-t+yleT (3-8d)

'\‘(3 8) %E"r ’}'3—5\‘ p ’]‘E‘.}\‘—L’]/;}\‘ ";t-! v (7, %\ T l’ft"}s ";:FE":EF F\ :” Wﬁ/‘:é},@; = E'J—i_’-"‘;:q* l{‘L

E 2| e o *}"1:}75—\]{,, — W PHT LEHE LT > 3t B R ?1:](( PR 4 X e
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= ehdT IR ]S / B 382 2% B andTIR o 2xh SBURIER* 34 (3-2)57) 58 o

7(3-82)3](3-8d) 5 # B I B AL > 3-8a) R ot F W AT LA fe T - R
G R ETE L BAES BIE P oB& T ¥ A (¥ 5 RIFIEE R > (3-8a) 27 (3-2a)4p £ » #+3-2a)
PG, LS B RFZEY AT E G 7B § it Flpt i Tig g 825
NRELFNT 50§ AL RBIPE > MRBIP L FHEBDEBE S A REF LB D
B (258 1 (3-8b) A& 7 o N(3-8b)B, A 7 S pE o BRET R AR SIE Y Mg 29 k£
T -2 FL o R RIEEP IR N A TR RIE 0 S I 0 B A Sl
PEFE T ATH e 2530 8 o 3-80) A T R T > 1 TP w, ~ R X k] 2 H
BREF g Rl R E e > B8N A TR AR BTG A d R
gR 0 FEITEE BB E AR - 227 5 bk - E¢ REp i) LA

A2 BEpd kB #icde R4k L FENER G E ORED Ko

3
¥
-

P dife™ & 0 $395Hsu and Guo (2001)sh~ F o B3R i Rl * R R R # S
TR T A chi 4 AR B Rl 4 B 0 T R R g R A B

R g B oae 4 cm B B SE n B R0 B AN 4T

p

m, = o (3-9)
Bl‘
Dp

n = (3-10)

F(39)mE B At Gl E A B B BE TR F ke e At BlAE )

b2 3 B4R | 0 BA T AR SR BH AT i TS RS i
B TS S Ao B RIS S R LR T L R A - O,

SEMp Y 2 R NP R AR S A RO EEE B 5 3F 5 A AT
Pr §F R RBACRERR A WL A AR R B H T R AR SRR

T L A \;1‘]»_}—/‘ ’ gw Leb4 2 f%&g{o B 3 7 E{lﬁ% T A vs’:é;?‘g o
S (3-10) 12 8 Hon, % 7 B AR B P AT BLBp b S (T AE R R B fh (R R P Beeh
Bl 825 (3O)MR 0 BALFE AR T HoAR 3 0 SRR S 6 B AR AR £ 0]
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PR s AR d o DY AT EMpF drR R I RRGT 2R HX oo a D REPREGp
B FEHERFTEFET I w2 Mo Gl4ofd5B b A ® 92 & 1 F arkdsint ! &
BA B ALs §—F RSO T0RY REs 723 %o 8 B ARN —FFnToRY

T#ci 1021 & o

el oot Sofiere Gl M RRSE 2 G 4 BB R T RS ey 4

RN

& oo H AN e

B
c? D?
a B our our
I/tp :Atmt nt :At( ét j ( lt ] (3—11)

t

34 B 3

e B e Sk et AP BRMER ST F T L N RE Sy
B RE RSSO U TRk, T3 R k=1 B4

7 BREE R E r MR E I Ry
7R kK=ORE > AT G ARP T NRESEL S Kk e A fES RN 4o

Ve =A,B)" (1) (3-12)

P D? !
Vk _ _A (Cgurj ( ltourj (3_13)

LAV, B Y VR, el R 2 PRE Y A S R B G 5 #

AR ASFEUNERE L ez VN B SN T

InV,=In4,,+a, ln( )+ B, ln( ) (3-12a)
P P
InV, =In4, , +a, ln( Cl;‘”” j+ B, ln(Dl"’”’ ] (3-13a)

(3-12a)22 (3-13a)® > V&7 2 > ket B HP gp B o200 B 2HF &
MG AT FHAR DL G R T EBERFE M RSE LR EFE 0 A5
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RO R GANEAg A B R R k=1 Rk =0 FFd, 0 &or A IS RET O TR E O
GRS 67 T R o LHET AT BHIEN BRI G AL S8 BIG 0 A
- A ATRB S B A REINA o b BIRBEION KA MRS S R

T‘_L

1o B VRS> R BRG0P EER T DRSO E S T i S IR
PR AR A B EUER DA Rkt RIE B BIL T FIM YA e i 2
4R AT o S BA AN e T

7\
" G

j\ﬁﬂxl‘tm %ﬁ'{fﬂ"{kta l*‘%l[&@*"m"’l}]ﬁ\f‘j% ],,rf_; , I'ZEJ&‘!\ ﬁr_’_‘:?_ ,
NCF P ) L’fuﬁ%)-’ i&-g BB AL BRI E 7R akiE o Tt WY BB A B k® 2 g: £ 2
A 4T

k:[kt—s’kt—4""’kt""’kt+d] (3'15)

Hoe

d %7 BRI L PR i 5 T O BE R

FG-15)% 7 BREHREE L AR E AR L RRZ > T e E G Rk
om0 AT hid RBELRPED AL G 0 WL BT E NP GRS E L 0 BT
ﬁpiﬁ?ﬁ%#ﬁﬁﬁ%@@iﬁéﬁé’%é%{ﬁ%x@ﬁﬁéﬁg
N R R P fEé*%ﬁii’é“ﬁwﬁﬂwufﬁ&ﬁv’7w
HES WA RSG5 o B N S TR TR B BRGSO

—%'

>‘I':\

X
i
P

B d o se- Hiae A KTpPEd 75 25 4 5 > PR ih4E 5 F D)y

HUFRF] T o KR E S PR R T L T RE Y do AEL Y BN R B E

B

2 p kR iT ARG BEFT AR F a2 e F 5 R ITH
FHARTEPE a @0 G15)TLAT B R 0 F RS2 R8T £ T
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%%d&i@ﬁ%@o

AR A R BRF - BREYTIIBRM B L p RSN FL
Flpt s B iBkE > B BLY 50,1 ¥ FEIFRRA R K A kT S e T G G A
RPN PPRSERP S AT L P OT LB FEGSOEE B B SRR
(7 % PR G4 50 L PERY AT A S g ] PR B R K PR B R 0T L
Ry o W B R N R S AP RS G-8) ] 0 doT AT

5 d
Max U, :(Lj Ut_s(k[_s)+"'+Ut(k,)+"'+( 1 ] Uialkg) — (3-16)
I+p 1+ p
B Ulk) 2775 kT Barcds 7 2>c* @ o

3.5 kjziEse
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Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8-1 Q8-2 Q10
593 | 90.35%* | 37.43*% | 8.16 2.58 8.27 5.38 19.16 242 16.15
ot (8.47%) | (23.39%) | (15.05%) | (8.11%) | (5.59%) | (7.07%) | (8.07%) | (10.77%) | (12.1%) | (9.89%)
24 | 92.01%*% | 91.20%* | g8.5% 1.63 594 | 19.22%* | 14.18 | 24.07 | 23.68**
Qtz (5.93%) | (29.99%) | (29.87%) | (9.11%) | (4.89%) | (7.62%) | (16.79%) | (11.77%) | (15.34%) | (15.21%)
471 | 26.19 | 47.86** | 14.3* 3.73 11.39 | 10.31%* | 40.46** | 70.34** | 15.03
Qb3 (8.86%) | (13.21%) | (17.86%) | (12.61%) | (7.89%) | (9.74%) | (13.11%) | (16.42%) | (21.65%) | (10.01%)
547 | 3499 | 71.36%* | 24.51%* | 571 16.3 10.84* | 42.67* 47 34.93%
Ql4 (9.54%) | (13.94%) | (18.43%) | (16.5%) | (9.75%) | (11.66%) | (13.44%) | (15.4%) | (14.96%) | (15.26%)
381 | 2412 | 30.74 | 10.07 3.49 1025 | 8.82* | 2647 | 37.11 8.7
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Qe (5.35%) | (10.51%) | (12.73%) | (6.3%) | (3.4%) | (11.61%) | (8.68%) | (19.87%) | (14.7%) | (9.33%)
535 | 47.13%% | 97.84%* | 19.44%* | 10.41* | 24.95% | 1671 | 21.91 542 | 53.53%*
Ql7 (7.52%) | (12.89%) | (18.57%) | (11.7%) | (10.49%) | (11.48%) | (13.29%) | (8.79%) | (13.82%) | (15.04%)
i A F R ERF KR p<O.1;

%o+ 2 TR FRE p<0.05
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x 2
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Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8-1 | Q8-2 Q10
Q11 593 | 79.01%* | 37.43* | 8.16 2.58 8.27 5.38 19.16 24.2 16.15
Q12 2.4 | 83.92% | 80.97%* | 596 0.43 0.53 | 19.07%% | 12.79 | 13.82 |19.50%*
Q13 4.55 15.09 | 33.96* | 10.00 3.53 8.93 | 9.70%* | 36.53%* | 64.28** | 10.23
Q14 5.47 34.99 | 71.36%* | 24.51** | 5.71 163 | 10.84* | 42.67* 47 34.93%
Q15 1.27 11.22 | 20.69 6.30 1.39 7.86 0.00 1449 | 18.86 3.92
Q16 1.81 10.47 | 15.37 3.76 0.73 | 12.79%% | 4.77* | 37.44%* | 20.48 8.25
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