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ABSTRACT

The basic steps for conducting risk assessment on shipping logistics of dangerous chemicals are first proposed. And
then a model for the risk assessment is established, employing the matter-element based method and GAHP
Approach, to be used as a reference for formulating corresponding strategies.
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INTRODUCTION

Chemical industry in China witnesses fast develaptnadong with continuous economic and social pregrend
resulting from favorable policies in recent yea@orrespondingly, shipment of dangerous chemicalsls®
developing with a growing speed [1]. However, shemmof dangerous chemicals is of relatively higk ffior the
special properties of the articles during shippiAgd even the society would be affected once afdant occurs.
The research, therefore, identifies the risks @dstduring shipping logistics of dangerous chensiGaid conducts a
risk assessment for that from the perspectivessf management. The purpose of it is to lower thkesrand ensure
smooth operation of shipping dangerous chemicals.
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Graph 1 Flowchart of risk assessment on shipping logistics of dangerous chemicals

1 Basic procedures of risk assessment on shipping logistics of dangerous chemicals

The following procedures are proposed to ensuredlidity of the risk assessment. Specifically,imahex system is
first established for the risk assessment refetionttpe results of identifying risks on shippingjistics of dangerous
chemicals and in compliance with certain princip[@tk A model for the risk assessment is then distadd
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employing proper and relevant methods or modelsalli the Eigen values of various indexes are ftified
according to the actual conditions and the risks estimated in a scientific way based on the mpdeViously
established. Those data are then to be used &ranee for formulating corresponding strategiesifsk control.

The basic procedures for the risk assessment ppislilogistics of dangerous chemicals are illusttan Graph 1.

2 Establishing index system for therisk assessment

Establishing an index system is given top priotityconduct the risk assessment. In the processircqrinciples
are recommended to be abided by including sciengifinciple, representative principle, comparabi@giple,
operational principle and systematic principle sdaapromote the establishing of index system efabsessment in
a proper way [3]. Moreover, the system shall beragicated index system with indexes of multi-lasyeonsisting
of first and second class indexes rather than taynsystem [4].

First class indexes in the system are present€dadph 2.
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Graph 2 First classindexesin the system for therisk assessment on shipping logistics of dangerous chemicals

Based on the first class index system, the secdasb éndex system is established according to #selts of
identifying risk in shipping logistics of dangerocisemicals to reflect first class indexes. Thus,ittdex system for
risk assessment is formed, as shown in Table 1.

3 Establishing up modelsfor risk assessment of shipping logistics of dangerous chemicals
According to the basic procedures, after completing index system for risk assessment, the nexi blea
establishing up models for the assessment.

Many methods are among the choices for conductikgassessment on shipping logistics of dangerbamicals,
particularly in qualitative evaluation, in whichySems Science and Decision Making theories caimtbeduced.
Moreover, it is found that each method is of itsnawerits, demerits and scope of application afteoraparison of
the methods including Principal Component Analy&iggy System Theory, Fuzzy Comprehensive Evaluatiteal
Solution, Matter-element model and Analytical Hietey Process [5]. Based on the comparison, an ssees
model is proposed to be established with a comibimadf the Matter-element Approach and Group Ariehjt
Hierarchy Process to promote the research.
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Table 1 Index system for risk assessment of shipping logistics of dangerous chemicals

Index First class index Second class index

Ignitability X1

Risk from their special properties X Explosiveness %

Easy diffusion X3

Logistics safety management system X

Human resources of logistics management X
Management risk of producers X | Storage security controlX

Loading security control %

Emergency programs and equipmen X

Security management organization of logistics gmtees X%;
Security management system of logistics enterpisgs
Transportation management system of logistics prises X
Operation configuration of logistics enterpriseg X

Ship performance of logistics enterpriseg X

Qualification of employees in logistics enterpri3es
Emergence programs and equipment of logistics grmses %;
Risk from navigation watersX

Risk from hydrological conditions X

Risk of natural environment,X Risk from geological conditionssX

Risk from topographical conditions,X

Risk from climate conditions

Risk from laws and regulations;X

Risk from supervision and investigation of governings,
Risk from technological environmentX

Risk from general public’s attitudesX

Index system for risk assessment
of shipping logistics of dangerous Risk of stakeholders in shipping; X

chemicals(O)

Risk of social environmentsX

3.1 Analysis on Scope of Application of M atter-element and GAHP model

The index system of risk assessment itself is ativelly complicated one and entails five major atpe
management risk of producers of dangerous chemigsks from the special properties of the dangemhemicals,
risks of stakeholders in shipping of dangerous dbals) risks from natural environment and risk frawcial

environment. And specifically, there are altogetBérindexes for risk assessment [6]. Values of goritwy of the

indexes, however, are obtained through a compréhengalysis on a subjective basis rather tharctyreeflected
by specific numerals. An assessment model ablee#d wdith complicated issues and analyze both qiaid and
guantitative indexes is preferred. It is on theidbad requirements and specific characteristicsslipping of
dangerous chemicals.

With a history going back to the 1980s, Matter Ed@tAnalysis is an emerging interdisciplinary sgbjaf Systems
Science, Cognitive Science and mathematics andaatsoss disciplinary subject of natural sciencesbllumanities
with a wide scope of application [7]. Matter Elerhéknalysis presents rules and methods for resol@sges
through analysis of matter element and its evolvamdatter Element Analysis contributes to visualeomplicated
objects and establish a comprehensive evaluatirdent uses multi-indexes and multi-parameterpresent the
results with quantitative numerals and reflect #ggregated level of the objects. GAHP is an effectivay to
identify value weights of indexes evolved from AHPaditional AHP is limited to single person decisimaking,
thus problems such as a high degree of subjectwitya low level of accuracy are inevitable in imifging value
weights [8]. Because GAHP takes multi-person denishaking into account, it ensures the accuracyabfie
weights through accepting suggestions from morgleeo

The Matter Element Model is based on extension Isetmploys Matter Element Transforming Method ttera
problems incompatible into compatible so as toarably describe the relationship of the internalctures of
natural and social phenomena and the varying cuiMes value weights of the indexes are calculagdguGAHP
for the purpose of comprehensive evaluation andiesgzing, which is in compliance with the objectiaad
requirement of the risk assessment on shippingstiogi of dangerous chemicals. It is thus feasibléntroduce
Matter Element-GAHP method into the research.

3.2 Constructing a model based on M atter Element-GHAP model for the risk assessment
The procedures for establishing a model based otteM&lement-GHAP model for the risk assessmentaare
follows.

Sep 1: Establishing an index system for the risk assessment
The index system can be referred in Table 1.
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Sep 2: Identifying valueweightsof X, and U, intheindex system

Identifying value weights of the indexes in theteys is conducted based on GAHP. The experts sdlectefirst
required to identify the value weights employing ttlata using AHP, and then the ultimate resulthef alue
weights is obtained through calculating the ariticm@verage of the value weights offered by eagiesx

In the process for determining the value weightthanindex system, it is presumed that the weigbigament of

5
First-class index X, is @ (i =1,2,...,5,and the weight vectorA = (8, 8,...,8;) with & =0 and Za,. =1.

i=1
Similarly, the Second-class indexX,; is a; (i =12,..,5; S=12,.., n > ,the weight vector

n
A =(a,,8,,...8,) with a,=0 and » 8, =1.

s=1

Sep 3: Identifying classical domain and section domain

The risk on shipping logistics of dangerous chefri¢s rated into five grades, entailing quite hidgrly high,

moderate, fairly low, and quite low. The indexes d@sessment are thus divided into five gradesespondingly
with the first indicating quite low, the secondrfgilow, the third moderate, the fourth fairly higimd the fifth quite
high.

Under the index X; representing the risk from the special propewiedangerous chemicals, the classical domain

1Grade X;, 0-20 2Grade X,; 20-40
of each grade is presented aR, = X, 0200, R, = X, 20-40| ,
X,;; 0-20 X,z 20-40
3Grade X,, 40-6 4Grade X,, 60-8 5Grade X,; 80-10
R.= X, 40-60|, R;= X, 60-80|, R,= X, 80-100; .
X,;; 40-60 X3 60-80 X,; 80-100
X,;, 0-100
And the section domaiR; =| X,, 0-100 |, with Rpl=[ the risk from the special properties of dangsrou
X3 0-100

chemicals].
First class, second class, third class, fourthsclifsh class
The classical domain and section domain of vargrades under different indexes can be gained bgrhtogy.

STEP4: |dentifying Matter Element for assessment
The experts invited by producers of dangerous ctalsirated the risks existing in shipping accordmthe above

index system and assessing criteria. And the valyeis obtained through taking an average of the walue
identified by the experts. The number of Matternadat to be assessed is 6 in the index systemptesumed that
the object to be assessed i (m=0, 1, ..., 5) and the results after calculatiorsgesented afR , to be referred
to as Matter Element to be assessed. Then the ME#ments to be assessed in the research aréoagsfo
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p3 X31 X31
po xl Xl p2 x21 X21 X32 X32
X2 X2 pl X11 11 X22 X22 X33 X33
RO= x3 X3 ’ R1= X12 12 |’ R2= X23 X23 ’ R3= X34 X34 4
X4 X4 Xl3 13 X24 X24 X35 X35
L Xs Xs_ L X25 X25_ x36 X35
L X37 X37_
p4 x41 X41
p5 X51 X51
X X
42 42 X
_ x - 52 X52
R4 - 43 X43 ’ R& - X
53 X53
X44 X44
X X
X 54 54
a5 Xys ]

Among them,

Ro the Matter Element for risk assessment on shipfngistics of dangerous chemicals;

R; the Matter Element for assessment on risks ftoerspecial properties of dangerous chemicals;
R, the Matter Element for assessment on managens&stof producers of dangerous chemicals;
Rs the Matter Element for assessment on risks of btalers in shipping;

R4 the Matter Element for assessment on risks fnatnral environment;

Rs the Matter Element for assessment on risks frormabeavironment.

x (i=1, 2, ..., 5 —— the weighted value of indexes in the criteria.

Sep 6: Identifying correlation between indexes of the Matter Element to be assessed on various grades ]
It is presumed,

p()ﬁ’xoj'i) W
s (%, XD - (X, X, ) # O
K, (%) =1 0% X3)=P(X, %;) % %% , in which
—P(%, %)L 200X Xpi) -p()g,Xoji):Oﬁ'
1 1 1 1
p()ﬁixoj'i): % _E(aoji +b0ji) __Z(bOji _ani) and p()ﬁ’xpi ):‘)ﬁ _E(api +bpi) __Z(bpi _api)'

In the above formulas,0(X,X,;) represents the distance betwen tox,;, and p(X,X;) the distance
between X to the sectioiX, .
Sep 7: Calculating correlation of P, on variousgrades j
n n
If the weight coefficient of X, is & and Zai =1, then Kj(p):Za,.Kj()g), in which Kj(p)
i=1 i=1

represents the combination value of correlatiovanious grades of the indexes with regard to tHeeveveights of
the indexes. The formula is not only a model fdcalating correlation of | in various sections of the object to be

assessed, but also a model for calculating coivelad of the object as a whole.
Sep 8: Rating
K, (p)= max K;(p) p

Given j0.2,...m) , M is ratedlo .

CONCLUSION

A risk assessment model for shipping logistics afigerous chemicals is established. It is based atteMElement
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Approach and GAHP for the purpose of making an alVand comprehensive assessment on shipping gfedans
chemicals. Meanwhile, the model contributes toefthe risks by numerals in five aspects includimgpagement
risk of producers of dangerous chemicals, risk friti@ special properties of the dangerous chemicasls, of
stakeholders in shipping of dangerous chemicak, from natural environment and risk from sociavismmment.
So that it is beneficial for producers of dangerobiemicals to understand systematically the riskind shipping
of such articles. It is also useful to make coroesgling strategies targeting to those risks to ensarooth operation
and development of the shipping of dangerous cledmic
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