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Abstract

The effect of tunnels’ environment on crash frequency has not been proved by empirical
research or consensus model, and there are few crash researches about tunnels. Most researches
treat tunnels as category variables. The focus of this research is on the effect measurement of
crash frequency by geometric design and traffic characteristics. Different methods using
transformed variables were used to establish safety performance functions. After choosing a
better model, crash modification factors were applied to measure its effect to crash frequency
within different ranges of variables. Different from before-after crash modification factors, this
study adopts variables’ baseline condition and measures relative effects in other conditions.
Before establishing safety performance - function, five models with different variable
transformation, including -original- variables, logarithm of annual average daily traffic,
logarithm of annual average daily traffic and tunnel lengths, natural logarithm of annual average
daily traffic, and natural logarithm of annual average daily traffic and tunnel lengths. Likelihood
ratio index and Bayesian Information Criterion were then applied to choose the model with
better explanatory variable transformation. The results show that the model with natural
logarithm of annual average daily traffic and tunnel length is more better. Empirical Bayesian
approach was applied to estimate the relationship between each speed-limit and each lane
numbers. By setting 90 km/h as the baseline condition, it appears that there are less crashes in
80 km/h and 100 km/h sections. By setting three-lane as the baseline condition, it appears that
there are less crashes in two-lane and four-lane sections.

Keywords: crash modification factors, safety performance function, tunnel, negative binomial
distribution
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J., 2005) » AEHTE v AT o F 2B F BT E S 85 o/ E LM 10% 0 ko
*““#%.L‘ BrZ2 HETCAFFFIFEL 2 sk T ARTRF IR LF R EL
w3 AL T BRI A 2 NS P F e & R AR T H R TR B sl
ﬂ(AASHTO 2010) » dex B o U % };ﬁ*xmﬁmpl NF gy S 4 7.9 S
REw o FREHE L% X CMEx =081 2 Bk "4 Y » CMFy =181 Rl BT
g B4 68xmBEEL (79=x/# x081x 181 =68=/#&)- H,ﬁ.gr{?gﬁ’rr‘]_i.
WERE2FLAAEY AR AR L L 2KV RA RS E ST L
e @4&1 w2 SRR 1T 4 0 2 & Ao § g (cost-effective strategies)
ERGHE B APGRRS F RS R L L AP S Rt Y LT RR L
»eft % 34 4 (FHWA, 2010) o

2.2 B A3k

BARA X 2B WL I RBRPUREAET RF 2 B2 A HLET AT
KRB AEA A AT R AR LB he T BRARTE &F 2 0 R



TP R R0 TR G AP ERTF A0 20 EATEY R G X o d BLBEF
AR E P 4 B 7 E 0 E {8 4 7+ iz (before-and-after analysis, BA)%{‘ g e
TEBARBREARI T REALEHY Y x_a_xs\ﬁﬁ > i (regression-to-the-mean) i, 3%
(bias)» ¥ R E - F EHRBEEEGFTF AR 2G> " A - HEFTETR 7 S
PEETPEY LG AAP 2 AR FRFAED Y E TR FCRET S - FERPM R
BB FEARE P PAEREZ A TIIOERT P k2 2GR
(estimate) » F]ptaE ik g * 7 F L A 472 (EB)f# /40 i* 42 (AASHTO, 2010, Hauer, E.,

1%nﬁbmaxiﬁi md A NREAT R G T BT (trait) 8 gk 7 4 4

«krgﬁiﬁw CREPFPE EREAE S - AT et A iR T
FAZ RETAFLFE 6 REL AL KAERTH L LA BT NE ke FA
£ & 3 (Hauer, E., 1997)

P. = /4 17;% (Bayesian analysis approach) 7 A >t 4420875 2 352 L o o 4o~ &
BT IERS @R WH I SN HRFEE AT AR R e T2 g2
*;fi o 3F* P JHTN (Baye5|an inference) s » >t A7 7 A M F R H A AT EREZE D > 2

TEARGAEL L RAeAF L PN JE 2 H > A% 5 4 F (prior probability
dlstrlbutlon) s ey e e o EiE 2 A > A A BN L R A T 2
Bk o 7R TR (S B 48 5 & W (posterior probability distribution) » £ A4 47 > i kg E B T
Iz ARPFIALAT o NESEPMEFRTRNZZIR 0 F RAL AL LT
(empirical Bayesian approach, EB) 2 “t 2 E = 4 {7 ;% (full Bayesian approach, FB) -

s‘irﬁﬂéif' BERHEHEIX 2P ILARET Y B EFITRRRF L2
fie & F L = & 472 (EB)& v & [ X & 472 (FB) & 7 » 47 (before-and-after study
methodology with the empirical or full Bayes approach, BA W|th EBorFB) » 2 >+
(HSM)=aEsx i * 9 2 [ X 2172 (EB)i&{73=% » 7 %@ * 7 &L «A‘#fr,z(EB)g P
PAA172(FB) AT o E f«@ﬂﬁ_i HOB AR 2 Bt (odds ratio)f & » 7* s'r’m
BT &g 2 A=A EEF] S (CMF) » 407 5] 2 34 (5) (Islam, M.T., EI-Basyouny, K., 2015) -
EERGEE F 5 fSEME >3 %:iz'tt(safety effectiveness) » ¥ & * mifg ¥ ¢ 4 4f X %
Lz b A3 > 4o T A 0 3(6) e

CMF ORoverall EAH & 4 A ;\ (5)
ZAll sites T
Safety effectiveness = 100% x (1 - ORyerann) 2 55(6)

St

=% -FA‘HL (&l -1-1?#‘ Wis (i) BRBRTEZARE & 1 5 3% -F;#\ﬁ 7
iﬂlbﬂﬁiﬂ%4ﬁfﬂ4m’ﬁiﬂlbﬂﬁiﬂ%4%&ﬂ4% :
> Ixﬁiﬁ’{(SPF)ﬁTo A WA CPE (EB)z AN AR (FB) 121%

% 5

Tl
Ny

o
(Eia R s
s

=
)

PR S E R 5474 (BAWIth EBMEHE B A R w2 R T AR s
P 1 (Nexpected, B) * 37 & * 8 4e 2 38(7) 5 £ 1% f"#j‘ KRS L % & A4 Jel ]

8

|

=5
\

A

\Et



8P B (Nexpected, A) > 348 2 FNde o N@) s R EFRF AR IALFF(CMF)2 H gl
#c VAR(CMF) » 2+ & = ;% 4e 2 35(9) % (10)(Hauer, E. et al., 2000) :

Nexpected,B = W(Npredicted,B) +(1- W)(Nobserved,B) 23(7)

_ 1
1+kx Npredicted,B

N .
_ predicted,A N\
Nexpected,A - Nexpected,B X N o - :rk (8)
predicted,B
[Nobserved,A]
N dA .
CMF = expected, ()
[1+Var(Nexpected,A) o ( )
Nexpected,A2
= Npredicted,A
VAR(Nexpected,A) = Nexpected,A X N— X (1'=w)
predicted,B

Var(N )
2 1 expected,A
cMB [(Nobserved,A)+< Nexpected,B2 ) PNt

2
Var(N )
1 expected,A

VAR(CMF) =

Nexpected,Az
b2l
Nexpected B = % @ & 35 {7 #‘ 2 RN T R e A A Y
Nexpected A = ¥ f& 5 {7 *" G2 RRTARERFARIDFE
Npredicted B = WA f"»fj‘ 2 R RTRERE T P AL > oS By TR B
Npredicted, A = T 8% f"#‘ 2 R RT R F 4 #E =K % 8 S i A5 Bl B
Nobserved,B = ¥ 3 A %5 T‘YJP‘ W2 ARTREE P AP ARRE
w i & £ F]+ (weight factor)

5 p 2 N % 28T Bl B 4% 4 #ic(over-dispersion parameter)

F OB LA B S E 84472 (BAWIthFB) - % i 3t £ (non-informative) % # 4 # (prior
distribution) > F¥>F m AW L IE S HIIA T FiER Fe+ B 5 ¥ £ 4 (Monte Carlo
Markov Chain, MCMC) = jZ m 32 & 2 3V g X Ar g2, & o &4 # (prior distribution)fiz &
Metropolis-Hastings algorithm 2 Gibbs sampling 4 B~4% & » & 3 $dicfe 3+ & “TH =+ 2 4~
# 1§ (4 & # (posterior distribution)4p 7 4z ac % & (Pei, X., et al., 2011) o $3 A 45 7 "o #%
#i§4 2 Winbugs ~Jags & 40w 0 378 B R iE 2 R St ot (R-software) = 3 s F

’é 4P B & * (package) > 4 rbugs srjags~coda & > Vi {7 LA bR R (FB)Z{ i ?@_

7 % (MCMC)Hic - & 2 B2, 1 fleif 4 47 o

¥ 9 7 St A $77# (comparison group with the empirical Bayes approach) - 2 2 ¥
7 7 24 (prior information)B~ p 277 3 A 48 & 38 i% 2 4p 1 2. 44 ¥ ¥ (reference group)it i+
Hheood ST EMY EEHRATORE FE o LRFEYFE R G T LEL 2R
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P RBTIT 5 AR 2% >4 o d i (SPFs) T ¥
BB R IE ARl H AR TR T g A A Y
ABFTN o T ERART e 2R

) ﬁg-]ﬁ‘*bp «f}»ﬁ’*”ﬂ
P A A e | e

2% EESFTREEFY
3 18 (Nexpected, ¢) > #h 5 %87 § B f 2
78 ;% & fiz (negative binominal distribution,
ZRARFRFARR > URKHETETREZ LD TS
1Z (Nexpected, t ) (Persaud, 2010)(AASHTO, 2010) > 4@ 2 #t1 -

R

=

< 3y

- 4
LA RO 4 I =T Ak

AR ¥ e 48 =T Sk

}g‘_‘:_».
ALfE w4 O =0 T g

=3
Bl 2 38 % bS5 R Hi R AT R 4 28 T (after without measure) 8 X B F s 4 4
T (B ) > EIER wﬁ’*ﬁ“&i AR (% Efa) s T iokk

i [ quﬂ":iwzf‘gf"/”\'ﬁ"

B LY B 53 ,z:i TER TR g A B Elx) - # Rk
VAR{k} > Fy BREBRZTELRFEAEF 3 2 5 5 K> lﬂm 3;9}"? B B P Jp R
;E’r = Y ST p gl T E:ifﬁ 020 E P RFE TR S g 2 i Ko ARG
BELEDP TR E T AT o 8- HBEE{KK 2 VAR{KKMR 5 77 %

p;ﬁ:«g‘%f« g v F g 4 4 =x % 2 (condition) T - £ B T EommsE ¥ i 4 AR
= Hp i;;g%ﬁa FERYPE R E 7R wB 3 FETAH (1D E 2535(12) 5 e p

RS T REAFTREEFAARF FERFFE & 4o /& .

/é

7R B ¥
BB EK

YRR F
i eE{k}
LY R EVAR{k}

=
P4
£

7R F
£y @E{k|K}
£ 9 %3 1 VAR{k |K}

3 #0507 LW

E{x|K} = aE{x} + (1 - K

2539(11)
— 1 AN\
A = —¥arm o (12)
1+ o

DL (weight)o /13032 12 F > 2T a48i73 1P E{xK} =E{x} ~ 2# £ a
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AT O R E{xK} =K- &£ a X I 4T BE2Z L P TiopR ¥ g 228 & E{x}
2 % BB VAR{K} TS £ %8 ik VAR{K} =0 T RELY TR T ;(f;\iag
T e drw & REYBREEFTRELIAFER R0 B TRERL FYRE
23 G mVEAFTREZ LD TR T RF AL ST REL D T HA ;}kii 2z
FAMIAR 2 HF ST REE D TR ¥ o 2 4 2 ¥ B s+~ VAR{k} &
S E{k) 0 PHEE a4BiT 00 2 REZTXFTRTRAZIRT 7§ £* W HH~
TREZLPPH T EF AoV - R FFIREZBZAER T RF AT KE
YRR ELEY TR TR F A ENLR AR 2N TS R o TR

24734 (EB)™ f2 k-1 st ¥ sl h e fF AR TIS(RTM)Z R % © ¥ 47§ BBV L
FKEpRFad 2 TR T ¥ i 2 -0 % R 5 ¥ 35 E VAR{K} -
35 2 e o 74 (13)(Hauer, E., 1997) -

-\y} F \\\ﬁr

VAR{k|K} = (1 — a)E{x|K} 2 54(13)

2.3 H A

WE&FARL EFEEI R F R E  F A T (D) Ad S T (4
;19:)’ vk @a% 1]~ fe(Bernoullidistribution) # 77 > 458 (14) 0 FEAF LR R B LW F
FRRE g X FEFEFN IR F 2% > FRE LT k2B S o m o
MR AT o e (15) B - HEIRZEREICE TR NE gl KX
TEAFRFTE VI IR EIGFREKZ PAT T I R K 2B F o L3 PAm
(Poisson distribution) % -+ » 4r 2 54 (16) > & " X oA fe i RS Rl B B L s
P # 0% 4p & (A= 6°) 2 B2k (Hilbe, 2011) -

fx)=p*A-p)™* =34 (14)

29 ips#FEF() sy

n - .
P(X = K) & () K™= s pX (1) 0700 25%(15)

Ao ip AT A(AH)LBF QB AF LT R(LR)ZBF(Prq=1) N 5 R
Bk ST o

tim [PO = 10 = (1) 9] = Jim g1 - = lim gt () (1 -

n n-oo k! nk k! n»oo
Ak -1 ; N\
e ~Poisson(}) 2 74(16)
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He ipig At &(3#) 285 v qi A8 2T &R )2 ®3(P+q=1)n i@#E%=X
Bk GFEEgF s )5 THBEF)E g 4 #(h=np)

AR AR FIRECER R E 2P 5 EX)E % VX)) 2 (EX) =VX) =)z
B wFRE TR R S FRES TR EAE S T ok ¢ B
MARE A EIRFE EF A BB Rk VX)x ¥ E(X)2 i & 4% (overdispersion) ik
R0 dert 2012 3 2015 5 2 VB T L2 < F kil b0 KB T05 4 235 @
B Fe s G- TR 6967~ - Tz FRE T AP
APA RPN FRFI R PBI oM A F N AP sfREFEESIT -

| = 78 ;3% 4 fe(negative binomial distribution) 5o JR A ic % & A A RPE EHFR
#cAp & 22 & F(Shankar et al.; 1995, Abdel-Aty and Radwan, 2000, Washington et al., 2010) -
F AL F AR R R b A AP 2 Y R 3 1 SR S R
dpsi s AR BEEHESE LI A s edE A foR & A (POISSOh-gamma
mixturemodel) » # 2 f SRS AR TSR 2 B B iy S pfop® o 2P opd t R
PoA e 8 B (S ) sl ap’ AT e BB d o v & Lo S PeIE A fe2
% 4-#(gamma shape parameter) ~o 5 &t %t % #c(overdispersion parameter) » ¥ i% I {15 %
S E AVOIRRAE RS S -0ORE D+ <R L R o T
A pe el FHE S Hca=0F 0 f S S aetiny S X 4 fie(Hilbe, 2011) -

2.4 B RIAP M 2 R

2.4.1 i 'Lehs o

Ellen‘et al.(2014)45 i '3 & i L B 2 B E B B o &7 ~ 2001 & 1t 4
PEF et 3 AR RO S R A "/»\r‘%sifé&%éﬁs‘i*%mi (290 2 2 /] PRI 5 T i 12 70
D pE f Bl BEEFERAE ARG 116 22 £ Pl e RiRE 0 19 B i
H"ERBER GBI ORI &#**QO\H/JE% rﬁs}:—%&%;Li\%ﬁj\ s 4 35eug 1L
Wi 5% i$’ &égmmiﬁﬁléﬁﬁﬁi%”ik@miﬁ%L
T 33% 0 B e 5t 5 B U TRIT L s (B 2 P & LI gkt
,H—_o

NCHRP(2006)#% 714 % & @& = B e "UH 2l % }_fv’ﬂ’rﬁ?& BR & 2 RA 1987
ERENE SR GE UL R ke b5 oed ) pEIRF ) 65 2e@ ] pF (8 U A ¢
I ek %) 311995 5k A Atk o A hip S E R Y FRE RS 1 BT
P W4 33% 0 TR FRHRE 24% 0 5 R EE el P B 4T 28% o

Maria-loanna et al.(2016)+> & &A% 5 * 2 # 1 3 o engi 2 > (FH5n i Gy @ Uk
AP ERBFANERTF)Z 2 - > EFIFEF O REIF I - R 2 E F5F S
iﬁﬁ?’; TR 'ér#ir":?#“m”’ A SET R liﬁ.ﬂiﬁ:?—}'az B> E 5 Lk

z
B A B AEEE R R Rhed REFE o TN ITF RN - BATE &
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FEA BT LT A A FERABDLRA N FRTHEME B ET
;_‘5% LN SR F NIPE e a N S e /;FFSE’ﬁi%fﬁ‘%/fﬁ'}’tlf’kfﬁ—aI'+I—E,E.§"'5jzOf—::\”lFI‘
AR e ZENE BRSO E erF‘f ® 0 EFR 2012 & ek e A
A PENTEEFTHEOLSEIARY FEARHLFTHRLEIEIREATREIF T X
FA AR ZHERRFELREIRAPF hB % FERTF A §FNTF g o o
WITE R ARSLF AT 2 PR R R DT - Ko FHIRG P A gt A
G AFETAH AMANERFIPERT N R EEE o

= ey
b g
2%

énh)

2.4.2 i R

?ﬁé&ﬁ@uﬁﬁ IVALES u‘{’skf—rfﬁF'“ﬁgﬁ /\,3,, ¥ TP e m,gﬂ’} }4 » 7] pﬁﬁ
ﬁ*%&ﬁ”?‘?uﬁkaﬁﬁﬁmW?E@U1RW&?P%%&&ﬁﬁw’ﬁ
RRIE - AR T R #wb’ﬂf%ﬁv ~ KR DR R A TR A N F
A4 B g o 4% (PIARC, 2008)o LA T e AR P '*’F! o A ES ER > F@ B
Fhpehd@Ed FHAG N AYRABMEFES RAcH kN2 @ LA 78
PR A TR B K@W%@%%ﬂm%%g%g%pkm%wuﬁiﬁﬁ%mﬁg
B RARRE PORREL D F ARE N FRE FRAZTELRAY { S
<38 f a4 (PIAR, 2008). -

PR AR AR AR 2o Y JREIRIRERAR R T E R A
& WEFRE R R B e o 1:{@(? p € HL2 M e o map i | F]F G ok p R R A Dk
A GFRE R R A m R LR F R R AT R R T MR B
gk ¥ A 5 p oo ﬁ,ﬁf%ﬁﬁﬁﬁ,m’ fpd@yiaykiET o * AT ”F g %enp o
2 RBDE ode? > A EHEH AT LT A DR G ARE P iR TR T o

ARG R BRIR 0 TR KE g 4 Ok R e

WRiE ¥ pI RIS B 4ot 1995 # 4 & & Tunnel Safety + - % SR e i €
WHRRE A A B AT F RO IR A N T R g R A £ T3P
i Bforkif R B E &AM F v B % (Amundsen and Ranes, 2000) ’ 1 HHE T BT RE
FERAEGFEwAph 0 REEA 7 22T 5 F w M i (Lemke, 2000) RN od
@ﬁﬁ@ﬁ@%ﬁéw@%Wﬁiﬁ&ﬁﬁ1ﬂ§T%ﬁm?%&’ﬂ&%mm«£
BE 2 8 BTt ag B RS T 53 (SARESTAR, 2002) @ & hig crE i 2 b 'R €
BN ) 0 @ i;—(’? ARG EEFETIEILLE oL Bt ) F A @ i 4o (Salvisberg et
al., 2004) » * g A ¥ ¢ B R fr'frF & € % TR AR eh et B B B 5 (Manser
and Hancock, 2007) crkip ¢ Hoe B R 4 b 'k € B B Jn i (Nessbaumer, 2007)
LA BRRE O R T € R T R ok h Rk 2 g A7 B s (Kircher and
Ahlstorm, 2012) -

BT R E T T E PR F o i B Ao S e R
R o e P T HEE R EHE 2 R ok a;%é’“ AL~ 23 a’fé_
EHEPAPFE @ A RPN T B ¥ RS - 2 a
i R EAE RS
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Bk ﬁi"’b’ir{;’%
ﬁ, ie i :i F(F%

3.1 R % > Hrodlh 47

SR R X RSB LEY ey f o ARE AR AR A R
A B F R T oM g B e A S PR B 2012 1 2015 £ 5 4 T RE T B2
S EEAYERC SRS CARARGMEE 2D E KT R P FREY A FER
® BT ¥ Aic A #(Lord, 2005) » Flpt A FT Y R R E - 3B o iR (T E D v fioezE
e

ﬁ*%ﬂﬂi% P B LR 2 TR AR ¥ Rk 0 & fﬁfﬁﬂii PR B RE s R ]
wAR Eﬁzi Emﬁ!:b;i R AR Ao B E AR R e A (H
= [# )’ TSP At R YR F e 4R T P g i
17 fit R A 45 b 5 AahAdE = B ﬁfro%j(model fitting) » ik e % soi 4 HE < 2
ztgi-]v;—‘%w;gg ShomEFRF AP B EME T R F 0 f - 3F L Fe(Negative
b|nom|al distribution) > i& * feig R+ > T E > FEF.J&]@ Bk Ok Y 2 iy
AHABF AT F TR

%F}Eé)gk‘}"éﬁﬁ FrHemdidc ot AT R i e 2N (A7) AT 0 R |/
EREORMGEE P TIO RE B R AR 2 2 i R Sl FL s
FHALT AR T - H R AP EREEAEFAT R e b0 BT RY F 5T
F 2 FRT o JE e Wi § @® 2 “J&lﬁwﬁﬂﬂ;#}_i R AN R Pﬁﬁ:“ﬂ‘ﬁi&~

R ¥ TR B EJ‘E ﬁfif Bl B3 SRS 7 PR 2R F e X > H ik
B AT ULRE B SRR S i 2% DSl Al AR EE 2 % >
R 2 AR~ IR LR ’i AL TR

Npredicted,i = exp(,Bo + ﬁl(AADTi) < ﬁZ(Li) s "'ﬁk(in)) 2 (17)
H v

Npredicted,i 5 % Ba £ i FERIALR £ b A 41 =0 ~ P & BB B #1182 28k
AADT 5 S i# T3op il ® > Bim i fm=t/3 " LisRBRETER > i 3w
Xii o F BT HE 5 ik

FHNEE S AT A BB > kS o ok = N (Kim, 2013) >
TR REEE DT DSk AR AN ANANEIARE ,mﬁg@ﬁg# .
¥ AADT P~ 4tiiciE 12 2 ¥ AADT frit L BB S = 3158 > A 81 Rdpicdlpe
_Eb':i%g_—\ &g 4v§,\%ﬁ'§m%§_;\j\,kz\ BF om AT {tjﬂiu PR %ﬂ 70T T fé
e A R i e A '—iﬁfﬂ%&ﬁ#
d oo H050 2 G AADT BrEicE 0 #5582 5 ¥ AADT @i £ B Bt
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Bom AT FIRS F AT A & DMl ¢ 5 AADT B~ f 2 4tk 2 (Lee, 2015):
PR AR FH S B AR T 2 T e RGN T e G AADT
Pop AHHECE 0 BRT 5 $H AADT i £ R p AHKE -
® - m¥EER
Npredictedi = exp(.BO + .Bl(AADT) + .82 (len.gth) + - .Bk(in))
® 15 = 4 AADT B8 B Nyreaicteai = eXp(Bo + B1(LogAADT) +
B,(length) ... B (X))
® = 3 AADT 2vgiy £ B B$HicE
Npredicteai = €xp(Bo + B1(LogAADT) + By(Log length) + - B (X))
® i :\w i AADT B~p Aifiici®
Npredictedi . exP(ﬁo > Bl(LNAADT) + ﬁz(length) 4 "'ﬁk(in))
® ' i AADT B & RP-p R ¥fKE
Npredlctedl - exp(ﬁo + Bl(LNAADT) == ﬁZ(LNlength) s "'ﬁk(in))
EA e I A AN N Rl IR A “:X:,E BefFld s 2 Top g gy £
BRIFL 3 %E 2 YL Ao TR & ¢ AT 7 a4 %982 st # R
MR P B RO T el o

32 Hpeif HiR T

—HRA T SR NP AR BB TS RELTHFA R WL RGR
(Goodness-of-Fit) » = % R I S ﬁ R AURUE R A RN % 21 % p| (Bayesian
Information Criterion ; BIC) % =& » r1 ™ &% i & dg 454 B3P -

1. it gtk
W““%ﬁ~?%ﬁ SR8 HEEF AN 0L 1 2R {1

McFadden(1977)4f.£r "i v Ep2 @A 028 042 F %3—4\ £ F RAF g A -

# e LLB) 5 # %“ﬁw ¥ BT Ha 4~ HEN PR 2 ¥ P 10 S i & (log-

likelihood) ; LL(C) & %s- ¥ B ¥ BT 2 S S B E o

P =1- (i) & 5(18)
2. B < F g (Bayesian Information Criterion ; BIC)
BIC ¥ 2 RIHs 2 4k » H3r 8 = 2 de 0 (19) 577 » HiE g » & 7320
FARE G RG22V R B REARELE 0 B MAEY c HP KL
B P ¥ ¥l B NG R Agk
BIC = —2 X LL(f) + K x Ln(N) 254(19)
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T RE R F R ETS

AR R AR 2T RAFF G ETRR S 2 per MR
A NEWARCEER: CL LA d FAFY G RE RS LA R RN R RO P T
BAFE R R B Noridiceaa # Ak B4 R0 ERLE F o 4 % 2 o
BACAIFERIE * Npredictedp = 20 B2 IR F i 4 H =0 % > xS iR SR iE
PHN R IT BT ] RT AU TR ME L B G A RS
- m.ﬁz it o

Nexpected,B = W(Npredicted,B) + (1 u W) (Nobserved,B) = 3\: (20)

1
1+kx Npredicted,B

N 5
il predicted, A A\
Nexpected,A = Nexpected,B Npredicted B 2 }\ (21)
[Nobserved,A]
N ted,A .
CMF = expectet 23922
[1+Var(Nexpected,A)] ¥ ( )
Nexpected,A2
- Npredicted,A
VAR(Nexpected,A) & Nexpected,A X N X (1 i W)
predicted,B
e
observed, .
VAR(CMF) = T L 235 (23)

2
Var(N )
1 expected,A

2
Nexpected,A

H ¢

ARRRTEEFF DT E
R RT B R e MR Y
Npredicted B = 7 4R T fLfE ¥ foi 4 40 % D 5 v B fic ] Sp R B
Npredicted,A = 7x 202 b R T zi 8 F o 4 B 0% 2 5 S B3] FE R @
Nobserved B = 78 B R T™ iR F #a3 4 A ERE
w ;f;\ & £ %]3 (weight factor)

5OF 23 NE S Bof R 4% 4 dc(over-dispersion parameter)

i<

Nexpected,B 7

ET

Nexpected,A

i
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EFH Ay AR 100 £

S i EE s
ZEY-ZEEHT Aok LT o v B

iE SRS S RS FRRVD TR @ KR E RS
WFWE€@VD?P“1£&£iﬁv%ﬂ1%ﬁ¢1MﬁﬁwP’¢mﬁﬁT’
,—»ﬁ*/i‘ﬁ—ﬁﬂ" "L’E—ﬁﬂz_ 3k % 0 NE Hiléq* Lb'é-'/(ll“?\ -&}imﬁ ‘LL—E_ » R Hp - 3
E¥m (4 60%:tE - &ﬂﬂ—fr%ﬂﬂﬂ AR i 200 & » 7 TALT AT L 3
Eﬁjﬂiﬁﬂoy?l‘ﬁ%ﬂ/’l '}"7\’ ~;,1€pﬂ&fkmﬂ (L’E“%&.\’%lﬁ‘&?%\l’
e F;;'F.F);mz\'r"l/;, Z ﬂ:”@]lﬁml‘"a 'lif'éré; - érﬁ. %Fé"\iﬁ & jﬁ L EE 3
BE/” Eﬁ%nﬁlﬁﬁ mf\:a-ﬁx’ ]ﬂt'#ﬁi“f@ml ,@]Lbb%-ﬁlﬁgtalj%_geﬁge/ -‘é‘io

£al

B fdﬁ“&mirﬂ‘fﬁf’?ﬁ*ﬂﬁ&iimw\%gﬂ’“ﬁ@ﬁ*% L P
$ AL-A2 A3 TR & B por i F faliee B fs FiE - et R Y Byl
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