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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
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flEsw s [fEEh (fire) FrAMAL - DUETTFTHER (parallel inference) - 7Ef&EH] FMEA J57AH » X
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» BUSR(p ARSI B o O~ RETERIRVE I HA L FYRIEIOREE © BR TORE
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TORHI AR BT S R SRR O RS en R B - NRERE E AR AUk - RIEETE
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£ 2 N ZEERIER M LRI - BRI FBEUER B A AR RCRERTE © SO
HERHT > ERE7.82 > HF45% 4 MNZERMIEREFERREIR © ERETS M B AEE]
KPS IEHET TR - INBERTRES [S&anE MR E e © Sof NEB AV EC ke BRI - 4Rk
AFH RN » REERA LT © (PRt e S i 2 2 - WIRES [REOR PR I 52 -
(4) FZEHIZS

P Z e SR A 5 RS - E A R (SRR AU RO - A (E 6.17
PR 12 > AERRRIN Ry o gl R BRI EIEAE - DISUE 23 2 A PR EL T - & BV LAk
TEFFEMA B R B - MILE RIS — BN E - EESREERA S 5
SNETHRTENZEMEE R - EPR{E 6.97 > PE5E 7 IRNHEZERFEAMERNRZE » BRE B
THHERERE (R » BB RYEE (bullwhip effect) - (EfFRIRIIVIR 0 « BUER - EAFRAE]
BFNERE  BREEARE - IOREEFRS © SN ENEBNE > WRUEpmEyR T
O VIR OEEEREIEA B BURSE T ENRIR BV E RN > BV ERUREE R a5
» ISR BGIRE ©
(5) HhEEREE

FESNEEREE T > LRI 6 TR B E BT ~ BRI IREEOR ~ YRR - BUF
TERINIRAIBLEOR BLE PR ZESE - HoAm(E 0% - JEfR(E 6.78 - FE45E 8 & J{H EFHEREE
R R > B FEREHY 2 HElC S - RERRACE B EAHE RHUBREL © M2 2REEE - IR E
s PR IREEOR - TR Ry s TR - (SRS ERTIRER Y 1997 4F 12 HEaT R #
JEE (Kyoto Protocol) » BE & B Z ARG HFIHICE T » S EIBUFAR N EER S IREE R 0K
BT HERAS VA B EBEE S B CO. BB » TR ERHAAERES - YR
B OHREREREIRIL HPERGETS CO, - Ml RS Y IEE - MAIERATHERE - LRGSR
[ Piecyk and Mckinnon (2010) $1 ¥ 5P SERACH A SRS > CO, PERGRERF R AR K
VIREEZENE SRR RS YIRS E R - NILEEEASHEY)



R IESERE S 2 T 153

SURHEE > BR T AT RIS - JRal 20 PTST fdn - SEEERIPRAFRIT © ¥ H im s AV RS 7E
5 [H R RS E A A b - BRIt ml -

TELAEEER > AEie D » ORISR - B E AR R E AR o (AT
EERIEEN: - FE L EEEUNES - BIRREEERAEDR - SOMEEREANE
 BTERNEERE - ENFEREBEEAE  HE LT - BRIRIREEOR - #ER FEARE 0 K
W7 A 45 5L Tuncel and Alpanm (2010) ~ Sanchez-Rodrigues et al. (2010) ~ Oliva and Revetria
(2008) ZEifA (LiEsRE by - SIRAEICAER - BiwER - BREERNE - B4ENEE - 28
%@@ﬁ%ﬁ%ﬁ@°ﬁ%mW@%%ﬁEW@@’%%éﬁ%ﬁé’E%ﬁﬁﬁﬁv&&%
e R AR - DUB TGS -

42 2% M4

ﬁﬁm%ﬁﬁ’Kﬁ%ﬁ%%ﬁﬁﬁ%?iﬁﬁ'Ig@%ﬁﬁ%ﬁ*ﬁﬁﬁ%*ﬂié
RMOYE ~ BRIEOREREIATE  NILAHTFES T LUE - 3 — 5 opifr LR GHR H AR 2 8
Q) SRERE

R TERGAIC A EAE T AT IREORREERFIRE R o YIRS 7 o et B 1A
R JHSR PTST it » SRIZEAZEREH B an R R  JR(RIhRE - BEER AN - A dhSE
KR o MRFESRAZES [EJR R T B R B st BRI 2 - PSR E - 3Rl - iRy
LR B R SRR S SIPMERE R S TR R AR - PIREIATESY TRE © s (7R
FEG AR - E R N ﬁ@%tuwﬁ? PUKHM Rl » — R R
By —150 2 - 250 - RSBSOS - (R BRI ESHOK IO - BE SR
B o

REARAEYIR T ~ BUXEER > INEEF N EE - TTRRER T AN RIER T E > —If
oS AT RE A e S Wi S RIS - RIS ARG 5 R R E B N R - B
fffeon g > BRIPTREGEA R - S > e o SN R ERCE
BUFIFRERIER IR - TR R E R RRINER - MENEHIRE - TLARREE Y SRR - 2RI
mEﬁEﬂ&K@E%’ﬁﬁ%ﬁ&%@%ﬁ%%ﬁ&é’ﬁ%ﬁm%Egﬁ%o
(2) BCaAiE

FEELL&%’%‘EEFEE“’ﬁii};ﬁ)ﬁﬁﬁ’ﬂﬁﬁi B RREEE AL R = (B - YY)
RS B ERE iR #E— *Eiﬁﬁﬁ%(Wm%mm’ﬁﬂmﬁ¢ﬂﬁﬁﬁtﬁ(wm
fulfillment process; OFP) iR - HEMI# BEE] S A ZAHVSHEIE © BELERIN S - HiAE
anPRAFHAMRA IR - AEEAAC A BT RAVEC AR - LAy E oTRE TR - feaa Tt -



154 EEELZG

HE RIS g 0 - TR ERET S - AT AL EABRTINSH S H I 4as - FTRER D
e -

15 REACIAERE R - LR 2 #EiE t - GRS MR ER ) R ZE T ~ TR
RRPRAIGRAT ~ PR O EEREA B - BoMREI PR RECXERE P RIMRHI - g ayic
GRS - BRECAS - GRBERECE - B X R EZEREE A R E &3
(EFECA RN TR TEI GRS - 5B EREWEE R BRI 55N E Bk Efvic
DRI B S D O A HYSENE - A TRAVEE 2R R s o A T R
Fi o EPBCIAROIRE] - AR Ok R SRR 1F - AT A R SUR L B SR
BEAS BT o

WAk A EELEEIRHY (information and communication technology; ICT) » 404&ERENL
Z4%% (global positioning system; GPS) ~ #IE & Z4% (geographic information system; GIS) - %&£k
TUEHH 247 (intelligent vehicle system; IVS) ~ 4R ETAEHER 2.4% (radio frequency identification,
RFID) » 258 b B ERAR AR B EERCR -

() ENEEES

R PR IRAET YA > EE AR ERE R R G RIEE N - SE A S 0 &S
Ay MHBRLEENAWEAE » FEARCECIETHRUANEERE - B TR EEE
F o EFE RSB AR R PG > T HRRN - BRI E i T R E A
PR ERRE RS - E R R G U R B I R, EECEESCR A BFEBEIN S
' SFSAESERE - BIIRE aLPRERIEREARE - bR TSR o RIS — e B E S
B NEER - RrERIEERET > TRERECE BRGNS - BB ARER -

(4) BRIEREARAER

ZEDREBE - RIEEEN R BIERRGIVE HUR = RSP AV E 2 - F4E Stern (2006)
et HE R A R EROR = RAGHR Y 14% - ForplE Filfns (b Bas i@y 3/4 - it n 2
B RUEEE OR E RAS P AV E M, © AT & RECH E » R E NN EEREAIRE

» IEERA BT — S AbBRAIBEI » AT T RAVAZKE - BRORRRER A R 2 S BB B BN R



R4 EBEEERERE

B% % 5 Fuzzy
KEH VBRI VB E H TEERUREA £ ([FHERTERER M RPN BEH
i3 i3 i3
Bl PBREEgER BUigE ~ fCt R 6.7 FifEskeT N E - Gzl 25 ANEBESHIG - ZEE 22 342 34
ik SR
o fhpESET LR 6.5 EARRAGRAEE - (LEHE 25 HFEYIRMLERER 3.2 3.85 33
SRR A=
f T [y 3.8 BIAfE - BEL 2.0 HEHEE 25  2.69 35
TERTF SR s B ESA 75 BEAEAE - ABFE 4.8 FEEEFENIE 43  6.09 13
A% W ~ EREERI AN 8.7 EFEMNEALE - ABHIL 5.2 fE=mEMN - ABHEI 61 7.67 5
f
EWESE R A BT~ Bt e 6.2 GG - EHERLHSAEEARTE 35 EE(EXRE 32 415 31
H
Y BCiAEEERR BC i e ~ SR Sed 4.8 HEFEE - (REFTHRE 6.5 EIHILE - EHfRE 21 4.08 32
o FITRAESR BCASAERE ~ pAS BT F 6.5 HET > Z5ENJIAHR 25 HENEN - SSERGE 23 424 30
|
Efj FEE FESE 7.3 EiEERE 28 fFEEH 21 448 27
U STEHANEEE P ik 6.9 HHEFEF 5.9 {e$4EE) - sTHEEN 56  6.39 11
T E (EEE Bt AEiE ~ SR S 7.8 TRAERGETAE 7.1 {EHEREDAT 52 7.33 6
T E T SRIEHTE - AR LI5S 8.2 PEMAENAE - BfEEMAIR 7.2 EHE(EEHE 56 7.94
R A% 6.3 MmN E 45 REEEGALVEREIH 56 4.29 28
R E RS E P R R 8.2 FEEAIEAE > EHi%k 35 FEEEXEHIE 55  6.54 9
A WS~ T ERIRAY 0.3 RBEmAIEAE - AR 7.6 ERARE - KIE 6.8 8.81 1
AR B RE AR ACRIEE ~ oA BTt 6.6 BLABRERAERIE - 4.6 EEEETESAT 32 452 26
SHEEYIR RS iR 6.7 fEsE N E 51 HEEMNBEYIRIGEE 45 5.12 24
gt
MBI R0 S TSR 6.0 EIEEBYIRP.OREESE 7.3 EEESE 38 589 14
TR i

\E ) S

d
=

MY Rk

GST



R4 BRI RE @)

7 & o
RES TEERKER PR SR BNE e SBERSIRA £ pEEmcEsmE o Y
T BREIZEED) R 8.2 ML=EHFE  NEEEMG 35 FTEEM - FEEHE 23 578 17
B ¥ ACIAAERE ~ R A 43 ANBHK - EET SR 48 ANEHEIS  FAEE 31 425 29
[ E v
M IR e FC A AR 4.5 Ry e EE 5.8 HIEIFHEHHME 38 4.89 25
Rigid deliver time BLZARERE - Bfici: 6.6 FE S BB 6.5 HEE 41 543 20
window
T E T TR 8.2 GHEEBHBIALE  BREZELAIR 65 EME(EEMIE 52 7.82
SR PR I SRR 8.2 FHMKIFATE - sLHsiE 6.8 TRAE(EHERIH 57 830
7 OEKTENERER FEAE 7.5 TEHRGAGREE - EHEBERE 6.7 MHOHT - TERHLT 51 6.97
/I G ACiA R ~ SR A 7.7 REEE - Kk 25 TEHEE ERAMEE 25 516 22
EN 7
$OEMIEEEREE R - BUXEE 7.6 FrEEHE  REE0R 0 K 35 EEREIEENE 48 617 12
Vi i AL E AR
BUEREYIR LR LR 54 ERAMAMES ENEER 6.7 HNEBSE 33 515 23
s ERE
VIR ER R LR 7.8 EHARHAES ERBAR 65 ENEESE 28 556 18
s ERE
B OBUWER A EFF 8.5 &LJF - IRR - (R 2.0 BRI - 5T 2.0 550 19
B OBRER FC A AR 5.8 FiEEHE T 5.5 RIS 55 584 16
IR RIETIR A BT 8.1 EFEREALIAE 7.2 EAREE - BiightEE 35 6.46 10
RIARKE ACIAERE ~ RS A 8.2 M - HETEH 2.1 BRGSO 15 521 21
SHIE A EFF 7.5 KO - BR{RAGE 7.1 BRGSO 45 6.78 8
YIRRRCE R SRPERYE ~ BURAAEME ~ B 8.0 JRFEFEM - HelRHL - Ml - 35 HARNE - fliifd 45 586 15
A 7t PR S E R

99T

YE



R HIEERE S 2 TE 157

5. fhimBlER
5.1 8tk

V2 (L e e PR LB M B B T Ry S8 1R B RIEHERVY I RABRE - BN SR TR Y i
Bz o TORCERHREL - /YR AR SO 2B E bR R ISR R B
ST - HREppEak - NI AETTERTITEN R f R E S E S -

Khf7eddics FMEA BUSHAHES R - BT IR o2 240 » ST VB E S - AT
JER EHERR - DIZEAE R - SRR ORI R BB AR URR » BURAHE L4 T - 40fa
ERPRIEIVIRENE - BRI E SRS  SAMAREERINEN - L#YIR BN R EE
KR ~ BNF ~ ARCEREE - R/l R E IR - R T2 YR F SR AR LA R
TTEEAE > BORAR S AT E A AT AR Z F R RIS - BRI E FE R = RESHE
> R HESEE VARG B LSS - IR SRR R | A2 H i -

I R 2 S a AL B - H 8 AT R 2[RI SRS AR - 3T 25 (s SR L
BHEL ~ SEMEAVIERL - A R E A A SRy B e A= - TR A —EE T
B2 YR E RS - A - FTDHEAIRIVEIR | - fRfesEls - SORARIEH -
PHEFRHICAT R EASE - A SRR — R o DM RIS 2 eSS -

(1) FEAEEETT

EHEEECRICAAR - A DURD R e BhF R - B D SRR AR K BB TR RE S © IEMERIPE
SEARAE R o] DU SE AR & - FEORE AV EHEEE - 2 #ARE vl sES B (EYIR B AR EE A 2 B MR
SEMRT > S REHIE B E 2 L [FIAEAE - BIEEE B T s BT UL - RIETAE [E R
PREFTTEBLRA - R ERER ~ DA -

() &HEE

AP R m A A RS E M - AR - @8 - REBHESINT - HikE
PR A - BHEERNEHE - EHRAVEHE - BN - BN o SR hIEE - B
& ENRSETEES - RATRRTNEVEREN: - 2N EE MR RETE S - FRef Ry -
EEANENE - BEREGEREDZ LY P28 S ILEE Al FEARE - BB E
(collaborative planning forecasting and replenishment; CPFR) f&=( » A/ DY ETENERZE « FR{KE
7~ R B oH AR -

(3) JhSEHEH]

DR A n e B B R 2 SR E B - (e SRS ~ VRO BB E R AREE - R
2% BARDREER] » MR i B SRR MR B - TR ST ERE T A SR R PR
flir » 41 RFID &5 &R RESEE - DURILEM] - BoR - (RORAYDNRERAERF R imanE - HIR ATLIAS



158 EEEL A

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

AT FeE e tsHEsR 5 - B8 RPN > DIELER S U bR AT > 24 RPN S {E 2 A
%B’\J?FEEE,  RFETEIER RPN ETERIGER: - X R RPN 1S > FEARENRN T » oIRe =S
ANEES  ETUEIEF PR - A RIS A AR R g - BRI © ABTTELL
%%Eﬁﬂ B HH 2 SR A b SR S A B 1 - HE T ST S 820 RPN > HET T B ABRYEE
» R RS AR - AR E B BRI - TS RN ERAVETS - B
%IE?EF?EI’\]%W&“  AJRESEAEET5E S - REMITE A LUE BRI HERTC > ST E R H?

A BEUSOETHRET » DI ST T E 5 S S R -
SEXRK

Abad, E., Palacio F., Nuin, M., Gonzélez de Zérate, A., Juarros, A., Gomez, 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 VVodopivec, 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., Ahlqvist, 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, VVol. 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.





