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Abstract : With the rapid growth of global trade and increasingly high consumer expectations of food
safety and quality, maintaining freshness during long-distance distribution of perishable goods is an
important topic. In recent years, the key drivers of cold chain logistics (CCL) have received
increasing attention from both academics and industry managers. The cold chain is a special type of
supply chain that links parties with numerous embedded risks across the entire supply chain. Risk
assessment plays a crucial role in improving the performance of cold chain logistics. However, very
little literature has been devoted to exploring this vital issue. To address this research gap, the current
study integrated failure mode and effects analysis (FMEA) and risk inference expert systems to
develop a two stage risk assessment model. The first stage systematically identified potential risks in
CCL, employing the FMEA method. Further applying Ishikawa cause-and-effect diagram analysis
causes for every identified failure mode were documented. The second stage evaluated risk by using
a risk inference expert system, developed in this study, to obtain the risk priority number (RPN). The
RPN of a given failure mode was evaluated using three indexes: degree of severity, frequency of
occurrence, and chance of detection. Finally, a fresh food supply chain was used to demonstrate the
proposed model.  Thirty-five failure modes were identified in the sample cold chain. The most serious
failure modes included: temperature out of control, delivery delay, and poor integration of chain.
Notably, the issue of environmental consciousness, related to energy saving and carbon emissions, was
also identified in this study. In contrast to the traditional risk assessment model, the current study
provides an accurate proactive method of assessing high-risk events in uncertain environments for
CCL. This approach enables firms to expend resources focusing on high risk events, rather than

across the spectrum of potential events, thus achieving increased economic efficiencies.

Keywords: Cold Chain Logistics, Risk Assessment, Food Safety, Expert System, Failure Mode and
Effects Analysis

=

VEE S AR LU B 2 WAV RS » (5B & hh (pre-meal) FFREREEREAN
» T S JE R EERE W (perishables and temperature sensitive products; PTSP) A= R B i B i 14 (R
Bz i > SRS HEYI (cold chain logistics; CCL) JP2pEE ABKEK - (el CCLAZ FIE2 iy S b A
SESNELT - PTSPRmEREF B ~ BAED - Bam Ak —RREYIRSE - VIiaiE:n
JEFZERIER(T: - FiP2 Datamonitor (2008) HFEEE} > 2008FE2BK /2 B iniis Fy1,182(F 55T > 2009
TSGR A] L, 284{(F 57T



R IEERE b 2T 141

Firas 2 SV - RIS EARE ~ G5 - 1 -~ 358 - SMEPEB)T - B Ind R ORI R
FEREE T > DAMECREE fh A B B2 20— TH A4 T2 (Bogataj, 2005) - AHEIA ORI - 28R
FH R REE S EE A BRI - HOBAE PUERGET HIRE - A8 - 8l - EslUEREE R
KT (Sanchez-Rodrigues et al., 2010; Tuncel and Alpanm, 2010) > FHJA ABE 4 & S8 R i DU EE
PLEGE R anf e aie in H R~ IR B IREIIIR SRS - MRIB4RET - HATEIA30%
Al eehn o IRYIREE BN S S EERIE . (Montanari, 2008) 5 FRE 1 Bl & i L3RR &4 DT » 45
A 4YA 12008 /K SRAN L. SRR SRR - 1RL48(EEL100(8 35T (ELAE ~ S5k - K
97) -

ENAHEYIRE ML EE > AR BRI S IR E IR RS > 20035E BN
il TLEE P 45877 € (cool chain association; CCA) £/ /A S » W A8 L E T51E
(cool chain quality indicator; CCQI) - #EfTJEpREFAEEVE TR » DSR2 HRER/KAE o ARl 5T -
Bogataj et al. (2005) i FHEERHAA IS B IE EoniE 2081 - OREPERIFRERH] ; Kuo and Chen
(2010) 2 R R - DUREECIEA © Abad et al. (2009) 2 ARFIDRHHE! T8 fiEHfEEd
JHUEE B A% » Sanchez-Rodrigues et al. (2010) sHEFEIVIRIFE N EENZR - BRd R - Fokfe
(RIRE ~ BAZ %G ~ FOREB(LELR RAVER - &RBIDLESURE - H ATWTE 2 (R 1502 S A e
ZRE - EOSHE S YR s TR -

SRR B E 3 (failure mode and effect analysis; FMEA) » & &40 bJEfz i TR
s TR ARG o HAT R BB RS T R B BRI » DI R 3 A4 5K
HA R A 228 - AeE G FMEA BfEIHESR (Fuzzy Inference) » 7 s HEin H X %
Wt 2T 2 R R S B A A S - MDA S B EE i (degree of severity) ~ 278
(frequency of occurrence) E{EIIfE (chance of detection) = ([ EETEEE » BB R LR
LH BB (A5 L (risk priority number; RPN) » &30 R RPN » DU T 25 S8, - A S
PRfE = DA R RaE bR Z M85 - BRa ARt By E20 T ¢
(1) SR SR R UL E e
(2) aHh2 YR E R A B -

(3) aHEIHER S R A 1 bR (E e e ¥
(4) HER{lg FRELE 5T - PR s b TR g

AN FHAFESE » F1. 5w PRI HAVES - SEBUEAST HEY - 2. 08B+ - 8
B2 SRS T IR - B RS RO T 0 R ERET - ST ITET  SREHE bR
BREACHH T Py S e A5 B S 28t > 4 45 IRELI TSR AR SR AT EVAE 3 W —20 A
F o &5 Anm Bl T o SHEIHTTER - ETEROVEEEE » R R R R R IR R Ty
(e B R ] -



142 EHBZG

2. XRrERES

2.1 44k in

REEE TR EAEE - fiF - BOXEIZEREREEET o BRI ISR IRARHY
HLFESERS 2 (Stringer and Hall, 2007 ) » 5 LA B im BLEE L AE SV h o 28 Ry — TR R (L E S
FHESAE R - ERAEY RS - (R R A S DU R i B HRR SRR - (Rt -
YR VB R - SRR BN RS - SR ERR - Tang (2006) RF L e S b SR 73 B
POEALASE T - TR EEE R ST Mason-Jones and Towill (1998) 7¢471 7 sk &
BB - R R AR Ty Ry LA - BUEIEAR - TR ORI B S £ 40U - Sanchez-Rodrigues et al.
(2008) #E—25 » B HEE R 2R AR » BRaAR A LR » Bt (D465 (Shipper)
D EREFEYIRMLLS R EELEYUBRE PR HEERE  (2)E%E (Carrier) T GIEEYIRHL P
AR -~ & (FEEREERE . Q% « BfEETHHE « FILAZRHRHIFERZE © )1EH A
4 BRI RS - B ERE  GMIAEERE ¢ KK ~ BEL - BUFBCR ~ HE L

— Rl < - Hilik <> [k

B 1 PR EER RN

EElAE © Sanchez-Rodrigues et al. (2008)



RIEERE S 2T 143

Tuncel and Alpanm (2010) U2 » 2 FIFMEASTAS (L e s g - jier et 4y Ry PO {115
Oy (DELErR b © BRI RERG R (AR - BLLER SO R IR SRR o E A E - IR
Ykt VERZER - QB E R © AR A RS - B - HRERE R - SUREEFRE
@FSm s © Gh=25 T - NBFHR - BT (OBl © BE R oK) - BE S s
2t -~ MHEAFK - Chopra and Manmohan (2004) 52 R Bk AR I LAERANRL T © (1R
JElfg: EFEBUE - BUFBUGR - S88840 - 1 EEIRERER  QEEER: SEFEYRAR - #hE
P BRI AR - ()M (CERE ~ EHEFE - AR ~ FETRERE © G)FFE
fTRE e b el (% ~ B RREER AR EL TAFRI AR RN R © (5) A0 e B A IS
KR ~ £ifn ~ AIREEMEBLRZRTE - Dahlenburg (2001) $R&1ZE Bl - B/~ V) E RN R S
SV RHEEES 5 (2) TRACLIES | YAt e LS R EHE R IR - RIS E
omm SRR L Q)R mA R | ERCABE B ORE © GVREEHE © Ol - AEESE
HAF RIS A - Oliva and Revetria (2008) 5t HIi A S ~ AN EERYAURZ B
Eael o I BB i E R U o BRAYHDRE36.30%6 ~ ZEE30.89%6 ~ RHANEHEL4.896
- BN ED.9% ~ BAERIEE3.3% ~ HRE3.190 ~ 2H10.8% ~ HAhE - BFRS HE 5 & 722009
T H ST A E EIEAZEAE (cool chain quality indicator standard, CCQI) » & #IEAERTE T » DL
FRMtYm s IR E - A E KR AN R A E 2R -

w2 AEEERR

BRI ¢ http://www.coolchain.org/



144 EEHBZG

LA EWTFERUR - AHE R 2 IR B T B S E A - 15 [ s A e IR 118
Mo B RYIRALE ~ BB - A8~ (EFETT 0 3 - o EIN R -

2.2 B %R

REEYIREH A RE R - (SRR EE Hm B - iR HERAT S A EESR - A
— R B AT Ry R VB E A R TR AV B - M H s e 26— ARSI oRs » 56—
FE g —TEIE K (Koivisto et al., 2009) 55 —MER R0 —TE# A B IVIEE (Risk
Management Standard AS/NZS 4360, 1999; Kartam and Kartam, 2001) » 1 & =5 (-3 4k [y ez die £ 8
A - RlRs RAWEE - BB FEEETE - RETEH AR -

g 57 A 05 A By o RIS RS BRI S S Al 4 T 1 B A b R AR S A
(Bennett, 1996) » £ &A1 ERL G M E K EAFEEE ST /574 > 40 Monte Carlo simulation  ~ fault and
event tree analysis ~ sensitivity analysis (Bennett,1996; White,1995) ~ #EEF 5747 (Petrovic, 2006) 2

- BbEREREZEN: - AP HEEIRNT - R ELERHREERTS & RHE (RIR 5T
REH—/ Ny (B E R A B E RS, - HE > BEEHNEHIPRIIEI AR
= MEMERGeT  REEA A - B ~ &Aool T g A7 B SUE
PRGN R EE AT - ZEIE A fReR - Ry BB RS - AN EREMSENTTE  BF
HABHREL - DHEIFEIEETE ©

FRAEABLGIE ST (FMEA) 12 1960 FAAHSEEIRZEZEE (NASA) SR - & —TEH]
R FEE LA E BB VB R Y R 8 M TR - B FMEA BA R4 MERIE R - A
ELEHEEBI ARG AR ~ BEE - (I - HEMEE RPN WIAT(L) » BB E bR
TYRERE B ARMB SRR - MRS Z ICE S - IERE AR A HIRCA - G
EIE G - AR IER MR A - i HRR A E R - it - CREIZHIE
FE TG ~ anEBLE R EHE S (Gilchrist, 1993; Ebeling, 2000) - #Z% FMEA BEAET2(EES - 28
B RPN AT - yF—LbEklE - LAEERY RPN {E - ATREZR BN [l EE R ~ S8 B
HIsHE - HEPd@ie G = (e iR AR E o EeP &R A A RN - thmTRE
PN E o g -

RPN, =P, xS,xD, i=123,.....,n @

NTEZBHEZRG  AIRZIRNEGGETER > 52 MRS S B - S8 MEATEE -
FEH i Sl B B DA A T B A A i 2 MEERISE AR - 17 1960 SRR » 88 BRI A5 H
M Hsu and Shu (2008) s ISR HERR AR Rt R BFA53EEETT > Turan and Yurdusev (2009)
(s PSR S KB TAE 24 - Wu et al. (2007) {s IR ERmE{ T TARSERA2HT - 1



RIEERE S 2 T 145

PLEWTFERT 43R - SFSASTERI S R BE ~ s Gtk - TR RRr (il - 214 - 8
BHEIGROTER - BReEREBNER LG > CplhEbE NEERH S —E R4 5% -

3. MRAE

FEWIFE AL AT ER I R PE B bt il 55— PSR Bdinl - 2R FMEAD T 2 8]
DT N (3= Vo B W 6 R AT OF - Y g P S i 5 - 8 NS et =
HEITEHG > PUT MR RS K S5 P R b e - R —PE AT R I 1 - REAEA
[EERRFESER - P iR B R 8  Han BN TR E - PR (ErE iR
baaAd > BEBGHIFTRAR - AMES > DU Rl (EERSY » SREHANTFERT s R e 5%

FUEHIEEL FMEA SEHER
v
i S S T B ST
b v
= v ¥
5] SE SRR Bl B eI i
1 ]
g ¥ 1
BT EEE {EHIRE
e v v
B | e : -
o 1 ¥ SR [ gy
% e | RS % - Al
HE A ok
oy Al ¥ HHHE| E
M| s
1
L 4
4 RPN
v
HEFp A=,
v
s s B

B3 HHFRAE



146 EEHHLZG

3.1 b ‘& &Y

e (e B DB R 1] (Lai et al., 2002) » AHTFEIER FMEA » Z3iE T2 S i AE
FROAFER - WHELLIEHHEAFT A REIE RIS - FPASHZEEE: - MRS EIRIN - FMEA R
BHIER 2 ISR E - AR EITPER » B8 R EA eI iE OB P B - A4
#r Pillay and Wang (2003) ~ Chin et al. (2009) ZARf FMEA {Es200HE N » #F FMEA {E¥
HiHPER - BAGERAEE AP B -

(1) FUEbFeHnE Bl bea il o

TEE Tt 2 TR - DR FUER TR R B L E 7 T 240 - DRI RS HETESE - ABHTEIRY)
TREFF » AR B 0 R T T 258 » WBGEE 2 Y se B o BLEE S - dH R bt/ NaE
» DUEETTIR GEARRR % -

(2) RETEER B BLILE

SIERTEAE R AR R FMEAD T i BB FRH P B - INFMEAZ SRR VB TARAT - TR
BYBREHEE RSN R TR - ARFERER R B ke (R1) W - R’
FUBRHI ISR, > HE— 20 LA AR -

QYA ERBIA T

Wi _EFREL T TS VB E S R L LU - A TE S e sV R EiE N B - 5%
Ban ~ J70A ~ BAUEEBIEIRS - BiEFEEREINER - FIBIRIEAER - 5 E
KA F -

() el

JE b FE AR GRS =IRIE AR - SRR RS R AR | B R R R RS A

A A AR R A S R Al - BB HARARE S - AERTAE RS L - ABE 2% Chin et al.

R1 RREAEZIESTR

eSS 4 9E

R/ SEAEEH

EpaEA H %K
SEBN BRSO TBAESRL S
oL AR BTN e H B TR & &= Sl RPN
ThAE T E [P




RIEERE S 2T 147

(2009) - Pillay and Wang (2003) Z /3 #EF(G AR - REEFS RIERRIER S EFRR (K - $o7 R
e > MERFREALFEREAER] - AIR2FR o AR B A BRI E a4 258 - BIGREAR - RILKE
SIAFEE EFER - SHIUMEASERIER - B RSRITERER T3 - TRAEE HArE 5 S i
» PRSBSOS s, -

®2 EBEEERERE

R BEE SR EHIE
.  LABZEELEERNGCE 1.MTBF <1 week LR A S A
o 2 ARTEBURER 2.PR>0.05 F R
= SR 2. 7] HILL10-5%
AR SRR
5. B & s N
= LANGZeEERE 1.MTBF <1-4 weeks  1.F{TE )7 5 HAE
2. A 2.PR>0.01 IEH /N
3V AR EENE R 2. 7] (e HIEE5116-209
 JHFANE T TIEAE
A ESHEHEMTTR > 3K
5. EIEIEE NmE
th 12 i E Sk 1.MTBF<1-6 months L1.IR{T& &I A EER
S VR NSNS S s 2.PR>0.005 HIEEST
B E NI TIEE 2.7 {E L 5121-509
A EMTTR 1-3°%
AREEAN R
& 18P i B S 1.MTBF<6-12 LEFITERI A EE
QYRR IRIEE R R months HIRHIRE
PR TN TEE 2.PR>0.001 2. 7] {s= AL 5151-85%
3 EMTTR < 1K
A BEERAR R
JE  LEEELSERVN 1.MTBF >1 year LT EH AT S
H 2R A SR = E 2.PR<0.001 ARz HIEE
& Loz 2. 7] (= HIEE5186-1009%

3L HEHEMTTR < 1/
AR TTRENEEE

1R RARREFRT  (mean time between failures; MTBF)
2. g RS (mean time to repair; MTTR)
3. 88412 (probability; PR)



148 EEHLZG

32 R'GHHE R

TR HE G B 28 2800 T B P B\ R B (B s AR 24 T S EHE OIS o7 - A0 40 55
— 80 Ry Z A AT » S =T R A TEAT - SRS AR R EE R (S;) ~ SR (R)EH
HIEE (D) - TE RSt sm 248008 AT 55 3053 Ry RIARIEE » 13008 T 6 & A {18 7 R 3ik e
(DA - FFREHER A AR A - (2Q)&BE » FEFERSEENERERE - BS=4
o3 RefERiHERs - HEEL T R Atz - EEE RS [ - BF R AES » (RIBFIERE T
RIS - SHUESR > HemH B E SR - FHRBMREIN - R (E R AT - SEIUEm A
FEHERTY - BEEMD R&SHEam s B HEmat o - &SRR - DISE] RPN o [Tfssidfesm 2408 0F
FEEERELLUT SEERE - (DBRIL 5 (QET SRR @)k @R - DUT RIS
B0 -
(1) kL

R b2 A& P AR - (IR ER 8 o S A S I BE - B VR B e B e =
FEHNEL ~ BRI S e B > SRR R A HBEM IR o T = ek Ry i i B AT
7\ (Pedrycz and Gomide, 2007) » JEFAIL » ASHFZ257E cUEER Al = ey - ST A -
RIBHSRIIIZEARE > 3 RIEFE & - P - & - IEE S AEES > SPFTBEEEE
EFNFE 3R -

st
L IR
FMEA
ST ]
> A gl K
P, 5%
Di
E4 RS R GRS
%3 EEENERLNES
SRR RIS & e & s

RS e (-113] [135] (357] (579] (7911])




RIEERE S 2T 149

(2) TEMIREA

FEHRAIAER L2400 - HEFEEML—Z5“If-Then” HAIFR » Hep “If” 2E{FNFEK
» JRBIERHE SR S i A8 - “Then ™ fEHVZGER - PRI S P AUE HEER - &
flEsw s [fEEh (fire) FrAMAI - DUETTFTHER (parallel inference) - 7EfEH] FMEA J57AH » X
ERATF DA A TEARSER (Chin et al., 2009) - AT FEdm ASE R Ry A SR > 415% 3
A= EE AR (R B4R ) - NIERA 125 MH &R0 - BAR it > AT5eE
4z 125 FRAIAL > a3 2 For > DA S Soe B o
Bian -

Ri < 1f X, is A and X, is By Then y is C ()

Hep X @AGEESE - A MAGERE - Y WHsEEEE - C: MERE
i=1,2,3,.....,n HHALEE: j=123,.....,m EEEEEEg
(3) fEHHHES
TR DA R BB - R ARSI BB GG ERTT (operator) » AI5CEE
Bl (e E R (Composition) - Hﬁau\ﬁmiﬁﬂﬁéﬁ o TR ffﬁixwﬁ}ﬁﬁ%zfﬂ%
ﬁ R EE RS T DR NIRRT ﬁ%ﬂ“ﬂﬁzé\%fﬁg!& RIS RE G 24 0 7]
LLoy Ry 351 » B1f% TSK (Takagi-Sugeno-Kang) b #zCs AR Al e Mamdani SEEZUEEHIAN -
AAWFEEREER AR > SRR A- Hi/J\/\hjZL (max-min operation) » FLJFHE Fydttimis -
BRI A TR o B IMEEE > iSRRI RIBREAEER » AR E)

Uc, (y)= luA1 (X)) A Ug, (X;) A Ue, (y)JV lqu (X)) A Usg, (X2) A Ue, (y)J (3)

I

Hep o A~ B IC, IEENFBRECS U, ~ U FIUG » i AR Min 5 - V2 Max 85
Hesm B E T E 5 -

3

Probability = 4 Severity = 3 Mon-det = 3 RPN =3

p—

[Pt

-

NEINNNL

LT
gl

m h B W R =

Y
Y
Y
m}

B 5 EEREE



150 ‘EEH ARG

(4) fFRIERS (Defuzzification)

THMAHE S RS R P B MR I s SR P IEASIEIE - B R R FLE R 1y
BHER(E - A2 AR )% - A0E.00% (centre of gravity) Eijtfri@/i (mean of maxima) ~ 1
U2 (modified center average) 2% (Marcelloni and Aksit, 2004) » Eiob 8 (AR By i FIAE BEST

gkl > BAEEAIAT(4) -
y" :M i=123,..., L (4)

ZL:uc vi)

Uc * ERIEENEL

4. HFTHERED

FeERaat FeE AV IRV B PR R S s E e - AT DLA S et 2 S TE ZEWT5E > i
T2 AR - AT (RIB B SUREANT 72 572 - (RSB EAEEUR: - 2RI
 IYRTLE R EAE > RS ~ IR L ~ ZEREE ~ R ARSI MR - A8 6 B > &
RES k& H BTSN - ST
BUER - (B E bR R E B RES e - B BYIRSTHIIA T - BAE R EEE R -

UG s B SR FAR BRSSPI ~ B S -
P - (ERERE YR O ELN BRI EE - YRt BT S R -
7 e ﬁ%ﬁéﬁ?ﬁﬂtL%x%éﬁ%ﬂﬁ/ﬁﬁbqjkﬁ HR - PRI~ BRI
TEME - (EEEHEEMIEES > LHEET  ZEREERERNE > R TE AN
» BoAAEOK ’%i{ﬁ”ﬁﬁ%ﬂ%ﬂ’ﬁ%&ﬁ%ﬁmﬁ%ﬁ » BRI EAEE -

LT“ (e (EiRAC=
é — 3 % il "i — @1“1
23 BYiti Pl EHm

6 SEYIRER



R IEERE S 2 e 151

PEHI G - (EREBEEER R 2 B RS - AIREREE - 24 e B0 RS RE -
HNERERSE ¢ RBE R MR A RN ZRATS L - EFEBOE ~ A - &% ~ & - SUE - BHEL
FHEH -

HIFY FMEA ZREEHE KSR T H - I B HER SGUEIr - FR RN R AR TH]
B > NI > AWTFEHSRR B REAEEE > dHRE bR/ > /NER R a2 T SR ~ PO
LB ERET > VIR - TF - P EEREEE - EE/ NESKE R o DUETT S EYI
SR B\ e oI5 A B B A R R A A - S P R sk el =5 8 A i A A B i T
A > Forp R S EORMEL R 2B P HH IR sR B ~ Orb ~ S EIPT LIRS > ez
LSRG AEE 1SO 140001 RUSSRETEE 4chnd - INILFROREIZEER - AR5 B Al
{EZE X SRR ZERITE b - (5 R X SR AISRER b A1~ - DA op R Uad 2k > DLE = (E[E1E
SRR > FEHEAIR 2 R

41 P R*

AT AR E RGN > F SR 35 MRS » 419% 4 B > feRha] S8R
M B A HERE T > Ho it o g 12 THA R, > #Useg 6 T > ZUERE 6 16 ~ 1254
Fa80 5 THES AR 6 TH 0 DU SR R ARG AR A TRR A
(1) #iEr

Blgpg IR B RE B AR - Qe R ETERIRE (FEE e 6 TR
o W 4 PR 0 HPDUBREERIAR > BRE 7.67 0 HERE 5 BTSN - IRk E

» BUSR(p ARSI B o O~ RETERIRVE I HA L FYRIEIOREE © BR TORE
PERINZRAN - BEHERDN BREENZE  HRBANE#F - EiR{E 6.09 > #F45 13 HiAE
FYIEHEE R E > fFFE A EEFENENVIREN - B2 M 2R E5H: » Witk
Al Form B RS SoME RIS - BUR - STERRAEEAVE ML - A IR RA YRR
HHROKHER - A A TR EARERE  SAMUE R EAEfE T - ) B TG SRS TR -
HE P REEEEFCIAAERE > S BRCIA AR - HEIM RERASE A -

() P

PSRRI BRI - NEE G - B - JRERCE BT A SRS 12
TSR > 03R4 Fos - HAOR SRS EbR(E 8.81 » HF4EE 1 BURRERIENE » i
Ry 2R O R E RN Z - REUREER B AV E TN ¢ B T ATHCREERIZESN - A
HENET - ERE 7.94 > PR 3 BURRmEAFRIRIVERM: - YIRS Cra B rn
B2 BRI - BT R > TRE A - INIEHAAE - mRE
i damE N EERBEER - A EEEERE > EiaE 7.33 > JE4% 6 - BnftkHE



152 EEELAY

BiEd  EERRERRGT N E - AT REERE R R A > A E T > EEREEY -
A B ERERE - EbR(E 6.54 > PE45E 9 > panfE < fe T - VR O BiC A P B
BN EREGE  JHEDRE R TREARE] > L RTREISRORERCE N EEF © MEEHEE
TORHI AR BT S R SRR O RS en R B - NVRERE E AR APk - RIEETE
WEEFEIIEA S R 6.39  HF43E 11 SONE ERIBeR eI E] > FRIGRMA L
Tt~ BCREAERESN - IR AT RE SRS e anin E TR B T T ENREYIAUR ST - S B BYIRIIRE R
BRIESE ~ SRR O B o PR T ATRSIERAC IS - TR F R - A BT
(3) T

TR T AR 6 TR - TR 4 > WISEIUREEERRY - i (E 8.30 > FE#
£ 2 N ZEERIER M LRI - e BRI BEUER B - AL AT REERCRERTE © SIMF
HERHE > ERE 7.82 > HF45%E 4 MNZEREIERIFEEREIR © ERETS M B EEE
PSR TR - INBE AT RES [S&anE MR E e © Sof MNEB Ay EC s BRI - 4Rk
FFHEEICE » REERA LT ¢ (FE iR S 2 - WIRES [R5 -
(4) FZEHIZS

P Z e SR A 5 RS - in A R (SRR AU RO - (e 6.17
PER5 12 > AERRIN Ry o gl R BRI FEIEAE - DIEUE 3 2 A PR RS - & BV LAER
TENFFEMA B R B - MILE RIS — BN E - EESREERA S © 5
SNTHTENZEMEE R - R {E 6.97 > PE5E 7 IR EZERFEAMERNRZE - ERE Bk
THHAERERE(R » B RYEE (bullwhip effect) - (EfF&IRIIVIM 0 - BUER - EAFRAE]
BFNERZE  BREEARE - IOSEEFRS © SN ENERNE > 0SByt
O VIR O EEREIEA B BURSE T ENRIRE BV E RN - BV ERURRE R a5
» ISR BGIRE ©
(5) HMEREREE

FESNEEREE T > LRI 6 TR B E BT ~ BRI IRGEENR ~ PIRRHL - BUR
TERINPRAIBLEOR BLEFRZESE - HoAm(E L% - JEfR(E 6.78 - FE4EE 8 4 J{H EIHiEREE
R > B FEREHY 2 HElC 2. - RERRACE B EAHE RHVBREL © M2 EREEE -« JREE
s PR IREEOR - TR Ry s TR b - (SRS ERTIREIFR Y 1997 4F 12 HEaTal#
JEE (Kyoto Protocol) » BE & B 2 ARG HFIHICE ] » S EIBUFAR R EERE IRE R 0K
BT HERASITE B EBEE S B CO. BB » TR ERHAAERET - YR
B OHREREREIRIL HPERGETS CO, - Ml RS Y IEE - MAIERATHERE - LRGSR
[ Piecyk and Mckinnon (2010) #1550 SERACH A SRS > CO, PERGRBERF R AR 2K
VIREEZENER SRR RS YIRS e E R - NILEEEASHEY)



R IESERE S 2 T 153

SURHEE > BR T AT DT8R - TRl 20t PTST fdn - SEEERIPRAFHRAR © ¥ H i s A RS 7E
5 [ RS E A LA b - Rt ml -

TELL &R > odidfig o - JRETEH] « B EEE A SR ERENER o (LT
EERIEE: - FFE L EEEUNES - BIRREEEEAEDR - SOMEERERE
C BETERNEERE - ENFEREBEEAE  HE LT - BRIRIREEOR - #ER FEARES 0 A
W7 A 45 52 Tuncel and Alpanm (2010) ~ Sanchez-Rodrigues et al. (2010) ~ Oliva and Revetria
(2008) A (LB Ry - ST AERCAEE - PR - BRIEERE - BEENEE - 2H
F A T4EFAEEL - Eim RPN (HEFE SR - HREEEN S - ERERER - $OER
e R AR - DUB TGS -

42 2% M4

ﬁﬁm%ﬁﬁ’Kﬁ%ﬁ%%ﬁﬁﬁ%?iﬁﬁ'IE@%EE%%*@E%%*ﬂié
RMOYE ~ BRIEORER AT  NILAHTFES T LLE - 3 — 5 opifr LR GHR H AR 2 8
Q) SHEALE

R PERAIC AR - AT IREORREE R IRE R o PR B o it B 1A
R LEUZE PTST bt RIEARREECE M e Rk ~ RIIAE - BEE AL - Eatoi s
KR o MRFESRAZES [EJR R T B R B i an BRI 2 ~ PSR E - 3Rl - iRy
LR B AR S SRR S TR R DR FIREIATESY TRE 5 TSR
FEG AR - AR N - ﬁ@%tuwﬁ? PUKHIM Rl — R R
k=150 2 - 250 - RSB S s KNSR - (R BRI ESEOK IO - BB SR
B o

REARAEYIR T ~ BUXEER T INEEF N EE - TRRER T RN RIERAE > —If
S AT RE A e S Dt S IR - RIS ARG 5 R R E B N R - B
fffeon g > BRIPTREGEA R - ZHHE > e o SN R ERCE
BUFIFRERIE IR - TR R £ R RRINER - BENEHIRE - LIRSS SRR - 2R
mEﬁEﬂ&K%E%’ﬁﬁ%ﬁ&%@%ﬁ%%ﬁ&é’W%M%WEgﬁio
(2) BCaAiE

FEELL&%’%‘EEFEE“’ﬁii};ﬁ)ﬁﬁﬁ’ﬂﬁﬁi BRI EEE AT LA R = (B - 5
RS B ERE iRE#E— *Eiﬁﬁﬁ%(Wm%mm’ﬁﬂmﬁ¢ﬂﬁﬁﬁﬁ%(wm
fulfillment process; OFP) iR - HEMI# BEE S HIFCA SV EHEIE | BELERIN S - HitE
anPRAFHAMRA IR - AEEAAC A BT RAVEC AR - iy B oTRE TR - fesa et -



154 EEBLZG

HEmIIEE RN - TS SR S - PTHbE R 2RPREY8S & H At 4% - FTRE)R /D
e -

15 REACIA LR R - LR 2 #EiE - AR MR ER ) A R ZE T ~ TR
EPRFIREE ~ P Uﬁ?%mﬁi*ﬁ % o BoixRRE R REC A AR FHIPREIZ - EFEEAS A
RIFEE ~ BRiVELAE - SR IIEERCE - B e F 2 R RS & 5 A IRV E s
(EFEC AR NG TEI GRS - 5 eI EREWEE R EYIR 0 55N E Bk Efyic
AREFCBTES - B YR OB - A TRAVEEFZER] - (O S O T3 R
Fi - HPBCAROAIRE] - AR ROk R SR 17 - AT A2 ORI B S0
BiEAS B o

WA B AERELEIRMS (information and communication technology; ICT) » #0&ERENT
2% (global positioning system; GPS) ~ 3t &= £4% (geographic information system; GIS) ~ &
RIEEHR 2.4 (intelligent vehicle system; 1VS) ~ fE4R BRI 247 (radio frequency identification,
RFID) » 258 b B ERARTE B EIERCR -

() ENEEET

2SR AT Y RANA - FE A ERE R EW(EEE - SEHEEN S - &
Oy MHBRLEENAWEAE » FEARCECIETHRUANAERE - B TR EEE
F o EFERIEERC AR R PG > RN - BRI E i T R E A
PR ERRE RS - e R G U R B I R, BB A %W% ﬁﬁm
 FFEARSERED - BIARE nbRA PR ESOE AR - BR TSR i RN — ~ BB
BN - RrERIEERET > TRERECE BRI 5 - B EC AR -
(4) BIREARAEIR

ZERENE  RIEEEN R BIERERGVE HR = RAS T HVE 2 - #R# Stern (2006)
et M R AME R EROR = RAGHR Y 14% - ForplE Flfns (b Bas @y 3/4 - it n 2
BB R = RAS BV E M, © AT & RECH E » RHefE s ENNEEEREIRE
» IEERA BT — S ABRAIBEI » AT T RAUAZKE - BRORGRRR A R 2 S BB B BN R



fliZB5E 155

EIZ

=
=]

SRS b

VA
<

B Ha
1 68'G 8¢ mUEEME €L BEEINEN Vh Y= 09 Ee O ) oh Y i (=
L
ve s SV [ERMIATUE S TS SRR L9 BT SEay, YR
9 sy CE W EE 9 B AR 99 LT RO R S
1 188 89 A%y« kiR 92 HIREYTE « TARNEL €6 R TARIE « BRI Ak Rl B
6 va9 9§ R aamt G9€ FERE) B NAENTER <8 SR LUl 62 A
8¢ 6y 96 TR L 57 BAREL €9 ARl B SR
€ ve'L 9% Rkt <L WERRHEE  HNARNEE 8 ARLIE SR SRR R
9 €L ¢S W RNGRd) T Fl R 8L Y RIEC B B SR
T 669 96  [HELE[R - [HERCGED) 69 JeEHy 69 ErErel HEREMELE o
e 8y 1¢ mSEEL) 8¢ SVEEEE €L L B L) n
it
08 Vv €7 SYHIELL  HUEEK ST BB - T S99 LTI - BREN EgE ¥
4 807 T'c  FLE - ELfflE S99 B 2k - A 87 Y RIEC B CUh et
m
e sty ¢t HYERam 9 B M W IEE <9 Fe e A e HEREAR
§ L9019 |REEEY - HESH S FHEY « HNAEMERE L8 B ARIE  BIF A RIRL
€T 609 €V HYER w87 FYEY « RS G0 REG TR « SR LHEY
g€ 69¢ S¢ B R 07C T HETE 8¢ T TEIAE
=4 HERSEHAE
€e s8¢ ¢t WeE RGN SHAE S T [FHEN  H MR 99 HeT e BdEhg  m
RS S i
ve e e dlwkel - WIREEEY S¢ WL - SRR L9 I - HERERIG HRIEH W
& & &
2 NdY Qi B RLMEME & RA AR T B BN T VR YRz
Rzzny g 3% 2

(A EEE v



EHBLAG

156

A e e HI ¥
a7 98'S SV MR BEXEYE € - WhE . RHMEE - [RERC 08 X - BT - Sdr Al TSR Wy
8 8L9 SV Loy BRRfEEEr TL B HE 9L BT T B
e 1Cs ST Lo B T°¢ [ ELEE  EBE <8 MR BT WY
0T w9 ST EEE - ERNE L YEENEHE 18 BT RIS i
9T v8's S WHE Tl 96 TAEmEYT M E T, 86 TSN FHEE X
61 0SS 00C IgLofp - B 0¢ BN B w3y 68 BT MR B
N B
81 95 8¢ ELEENIE 99 WEENIE SR USNENEE 8L TN RS ch W
N B
o TS €€ ELEENIE L9 WEmENIE SR USEWEE V'S FIEN R WA BT E
it (21558 B
4 LT9 8V TEMERd e 9C N REBER EEEEEE 9L IO AR ER A TEEED)MWE W
ac TS ST BUFEMEE - B SC FEINAY, BFUE L. BN BT BIRUSENEE
L L69 TS DUFHEHL < 4Ly L9 B ERENIE FH I UEHEL S MYEE VEBwmMERKE @
14 0e'gs LS MR 89 HXREEE « AR 8 XN A E IR
v 8L TS M Ead 99 EREZEE - FH EELE <8 Y B HE RN
MOPUIM
0C Vs Tv HENEE GO TAEmEN T s AN, 99 FONEE By swn Jensp  pibry
14 687 8¢ Ejgsked)E=lm 8¢S TARIEC B, S TS SR EENEE oY
BUEE e
6¢ ¢y T dwk c WIEENEEY 8V MWL) pWEY €Y RN BT HRERd) B
A 8L'S €¢ HmEEL - HIHE[E 9 YRIZHEH)  FWEHE%Y <8 MYEH BEnslEdeE s
Ndd M o A A - N ,
2 fang wh BRI S L sy S E) MM ML T L M XN B B TR YSEXN:
(BB F S Er e v



R HIEERE S 2 TE 157

5. fhimBlER
5.1 8tk

W2 (L e e PR LB B B T Ry S8 » 1R B RIEEERY I RABEE - BN SR TRl ey i
Bz 4 > TORCERHREL - /2SR BRSO 2B bR R » ISR RS B
SR - HREppEak - NI ETT SRR TEN R f R E S E S -

Khseddics FMEA BUSHHES R - TR o8 240 » ST B E A== - AT
JER EHERR - DIZEAE R - SRR ORISR R BB AR RURER - BURAHE L4 T - 40fe
ERPRIEIVIREN: - BRI E SRS  SAMAREERINEN - L#YIR BN EE
KR ~ BNF ~ AREREE - R/l R E IR - L T2 YR F SR AR B R
T AR R S AT E SR AT AR Z F R 2 - PR E FE TR = RESHE
> R HESEE VARG B LSS - IR RIS RE R Y A2 B H i -

I R SR 2SR a AL BB - H 8 AT R 2[RI ESR S AR - FF 25 (EasfR L
BHEL ~ SEMEAVIERL - A R E A A A SRy B e A2 - TR A — (RS
B2 HYIRE RS - A - FIDHEAIRIVEIR T - fRfosEfs - SORARIEH -
PHEFOICAT R BT - A SRR — R - DME RIS S NS -

(1) FEfEEETT

EHEEECRICAAR - A DURD R e BhF R - OB D SRR AR e B TR RE S © IEMERITE
SEARAE R ] DU RSE AR & - FEORE AV EHEEE - 2 #ARE n] SRS B (HYR B AR EEF 2 AR
SERAR > S REHIE B E 2 S IL [FIAEAE - BIEE B T sl BT UL - HIETAE [E R
PREFTTRBLRA - R ERER ~ DA -

(2) &HEE

AP R mA A RS E M - KA - @R - REBHESINT - HikE
PR - BHEERNEHE - EHRAVEHE - BN - BN - SR hIEE - B
& ENFSETEES - SRR RTNEVEREN: - 2N EEMERRETE S - FRelR R Ry -
EEANENE - BEREGEREDZ LY P2 S ILEE Al FEARE - BB E
(collaborative planning forecasting and replenishment; CPFR) f&=( » A/ DY ETENERZE « FR{KE
17~ R RS HaE
(3) JhSEHEH]

DR e e B B R 2 S5 B - (e SRS - VRO BB E R AREE - RIEC
2% HARDRIEER] » MR i B SRR MR B - TSR IR A SR R PG
flir » 41 RFID &5 &R RUESEE - DURILEM] - EoR - (RORAYDNRERAERF R inanE - HIR AT LIS



158 EEEL A

& smart shelf ~ smart box Bil & f& sensor » #Ef TS FE B REIEsS -
52 B3 RFBaAkET 3w

AT FeE et R 5 - B8 RPN > DIELER S R UR bR T K 28 RPN 8B 2 A
S%#B’\J?FEEE,  RFETEIER RPN EETERIGER: - FEEE RPN 1S > ZEAENRN N » oIRe =S
ANEES - ETUEIEF PR - A BRI AR BE S - BT - ABTFELL
%%Eﬁﬂ B HH 2 B A b SR S A B 1 - HE T ST SR 3820 RPN > HET TR AERTEE
» IR H SR AR - AR E B R BRI - AWTFEIRINEREAUS - B
%IETE‘F?EI’\]%Wé  AJRESEAEET5E S - REMTTE A LU ERT > ST E R EL

A BEUSOETERET » DI ST T H5 S SR -
SEXRK

Abad, E., Palacio F., Nuin, M., Gonzélez de Zérate, A., Juarros, A., Gémez, J. M., and Marco, S.,
“RFID Smart Tag for Traceability and Cold Chain Monitoring of Foods: Demonstration in an
Intercontinental Fresh Fish Logistic Chain”, Journal of Food Engineering, Vol. 93, No. 4, 2009,
pp.394-399.

Bennett, J. C., Bohoris, G. A., Aspinwall, E. M., and Hall R. C., “Risk Analysis Techniques and Their
Application to Software Development”, European Journal of Operational Research, Vol. 95, No. 3,
1996, pp.467- 475.

Bogataj, M., Bogataj, L., and Vodopivec, R., “Stability of Perishable Goods in Cold Logistic Chains”,
International Journal of Production Economics ,Vol. 93-94, No. 1, 2005, pp. 345-356.

Cool Chain Association, http://www.coolchain.org/

Chin, K. S., Wang, Y. M., Ka Kwai Poon, G., and Yang, J. B., “Failure Mode and Effects Analysis
using a Group-based Evidential Reasoning Approach”, Computers & Operations Research, Vol. 36,
No. 6, 2009, pp.1768-1779.

Chopra, S. and Sodhi, M. S., “Managing Risk to Avoid Supply-Chain Breakdown”, MIT Sloan
Management Review, Vol. 46, No. 1, 2004, pp.53-61.

Dahlenburg A., “Customising the Cold Chain for Your Export Product: A Scientific Perspective”,
Chain Logistics Conference, 2001, May 8-10.

Datamonitor, http://www.datamonitor.com/,2008.

Ebeling, C., An Introduction to Reliability and Maintainability Engineering, 3th ed., New York: Tata
McGraw-Hill Company Ltd, 2000.


http://www.sciencedirect.com/science/journal/02608774
http://www.sciencedirect.com/science?_ob=PublicationURL&_tockey=%23TOC%235088%232009%23999069995%231052051%23FLA%23&_cdi=5088&_pubType=J&view=c&_auth=y&_acct=C000057779&_version=1&_urlVersion=0&_userid=2532359&md5=97d73b1a6ce5dca6695bea161767a96f

R IESERE b 2 e 159

Gilchrist, W., “Modeling Failure Mode and Effect Analysis”, International Journal of Quality &
Reliability Management, Vol. 10, No. 5, 1993, pp. 16-23.

Hsu, B. M. and Shu, M. H., “Fuzzy Inference to Assess Manufacturing Process Capability with
Imprecise Data”, European Journal of Operational Research, Vol. 186, No. 2, 2008, pp. 652-670.
Lai, K. H., Ngai, E. W. T., and Cheng, T. C. E., “Measures for Evaluating Supply Chain Performance

in Transport Logistics”, Transportation Research Part E, Vol. 38, No. 6, 2002, pp. 439-456.

Kartam, N. A. and Kartam, S. A., “Risk and its Management in the Kuwaiti Construction Industry:
Contractors’ Perspective”, International Journal of Project Management, Vol. 19, No. 6, 2001, pp.
325-335.

Koivisto, R., Wessberg, N., Eerola, A., Ahlgvist, T., Kivisaari, S., Myllyoja, J., and Halonen, M.,
“Integrating Future-oriented Technology Analysis and Risk Assessment Mmethodologies”,
Technological Forecasting & Social Change,Vol. 76, No. 9, 2009, pp. 1163-1176.

Kuo, J. C. and Chen, M. C., “Developing an Advanced Multi-temperature Joint Distribution System
for the Food Cold Chain”, Food Control, Vol. 21, No. 4, 2010, pp. 559-566.

Marcelloni, F. and Aksit, M., “Fuzzy Logic-based Object-oriented Methods to Reduce Quantization
Error and Contextual Bias Problems in Software Development”, Fuzzy Sets and Systems, Vol. 145,
No. 1, 2004, pp. 57-80.

Mason-Jones, R. and Towill, D., “*Shrinking the Supply Chain Uncertainty Circle’’, Control,
September, 1998, pp. 17-22.

Montanari R., “Cold Chain Tracking:a Managerial Perspective”, Trends in Food Science &
Technology, Vol. 19, No. 8, 2008, pp. 425-431.

Oliva, F. and Revetria, R., “A System Dynamic Model to Support Cold Chain Management in Food
Supply Chain”, 12th WSEAS International Conference on SYSTEMS, Heraklion, Greece, July
22-24, 2008.

Pedrycz W. and Gomide F., Fuzzy System Engineering toward Human-centric Computing, John Wiley
& Sons, Inc. New Jersey, 2007.

Petrovic, D., Xie, Y., and Burnham, K., “Fuzzy Decision Support System for Demand Forecasting with
a Learning Mechanism”, Fuzzy Sets and Systems,Vol. 157,No. 12, 2006, pp. 1713-1725.

Piecyk, M. I. and Mckinnon, A. C., “Forecasting the Carbon Footprint of Road Freight Transport in
2020,” International Journal Production Economics, Vol. 128, No. 1, 2010, pp. 31-42.

Pillay, A. and Wang, J., “Modified Failure Mode and Effects Analysis using Approximate Reasoning”,
Reliability Engineering and System Safety, Vol. 79, No. 1, 2003, pp. 69-85.



160 ‘EEHL A

Risk Management Standard AS/NZS 4360) Risk Management Standard AS/NZS 4360, Standards
Association of Australia, Sydney, 1999.

Sanchez-Rodrigues, V., Stantchev, D., Potter, A., Naim, M. M., and Whiteing, A., “ Establishing a
Transport Operation Focused Uncertainty Model for the Supply Chain”, International Journal of
Physical Distribution & Logistics Management, Vol. 38, No. 5, 2008, pp. 388-411.

Sanchez-Rodrigues, V., Potter, A., and Mohamed, M. A., “Evaluating the Causes of Uncertainty in
Logistics Operations”, The International Journal of Logistics Management, Vol. 21, No. 1, 2010,
pp. 45-64.

Stern, N., Stern Review: The Economics of Climate Change, HM Treasure, London.2006.

Stringer, M. F. and Hall, M. N., The Breakdowns in Food Safety Group, “A Generic Model of the
Integrated Food Supply Chain to Aid the Investigation of Food Safety Breakdowns”, Food Control,
\ol. 18, No. 7, 2007, pp. 755-765.

Tang, C. S., “Perspectives in Supply Chain Risk Management”, International Journal of Production
Economics, Vol. 103, No. 2, 2006, pp. 451-488.

Turan, M. E. and Yurdusev, M. A., “River Flow Estimation from Upstream Flow Records by Artificial
Intelligence Methods™, Journal of Hydrology, Vol. 369, No. 1-2, 2009, pp. 71-77.

Tuncel, G. and Alpanm, G, “Risk Assessment and Management for Supply Chain Networks: A Case
Study”, Computers in Industry, Vol. 61, No. 3, 2010, pp. 250-259.

White, D., “Application of Systems Thinking to Risk Management: A Review of the Literature”,
Management Decision, Vol. 3, No. 10, 1995, pp. 35-45.

Wu, J. D., Wang, Y. H., and Bai, M. R., “Development of an Expert System for Fault Diagnosis in
Scooter Engine Platform using Fuzzy-logic Inference”, Expert Systems with Applications, Vol. 33,
No. 4, 2007, pp. 1063-1075.



