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RISK IN TECHNOLOGY AND TRANSPORT - MODELSAND INDICATORS

The risk associated with any form of human actiwag become currently one of the most
important research categories. There is no explicépping studies of risk to a particular
field of knowledge. Kind of risk is defined by asating with the kind of consequences
(loss). In the study of risk appear methodologidacrepancies already from the very
beginning, i.e. at the level of interpretation, retsdand indicators. Need a reminder
of this topic was the first motivation to writegtpaper.

RYZYKO W TECHNICE | TRANSPORCIE - MODELE | WSKAZNIKI

Ryzyko zwizane z k&g formg aktywngci cziowieka - stato si aktualnie jedn
z najwaniejszych kategorii badawczych. Nie ma jednoznagznerzyporzdkowania
badai ryzyka do okrdonej dziedziny wiedzy. Rodzaj ryzyka jest defiaipwpoprzez
skojarzenie z rodzajem konsekwencji (strat). W hedd ryzyka pojawialy si
rozbienasci metodologiczne juod samego pogiku, czyli na poziomie interpretacii,
modeli i wskanikow. Potrzeba przypomnienia tego zwego tematu byta gléwnym
powodem do napisania referatu.

1. INTRODUCTION

As noted long ago:Human danger, by a technical activities (...) thsiest way you can
capture in a reasonably way as stochastic valuesdyct: the probability of the
occurrence of dangerous phenomena and the sizeedfidrmful effects. So defined value
can be regarded as an objective risk by technicdivdy ", [1]. This simple but profound
observation, which has initiated development df aésalysis methods.

Nothing happens without risk; agreeing to any riggu should put an important and
somewhat perverse formulated question: how safeafe enough? [2]. This question
concerns the principles for evaluation of risk amén important “dilemma breakdown "
(“sharing dilemma"), [3]. In this sense, it is aleme of the main problems of risk
management.

The proper functioning of transport systems depetods large degree on efficient
management. It should cause the transport was yhighhctional, pro-ecologic,
economically optimal and, above all, safe. Effeztimanagement of safety is management
by objectives, i.e. the kind of management systehich basic principle is: "we manage
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safety" by "risk management". Need a reminder & tbpic was the first motivation to
write this paper.

2.RISK IN THE METHODOLOGY OF SCIENCE

The risk associated with any form of human actitis become currently one of the
most important research categories. There is ndici#xpapping studies of risk to a
particular field of knowledge. Kind of risk is deéd by associating with the kind of
consequences (loss). If you want to compare thkeimigarrying out similar tasks the point
of reference are the advantages/benefits integbatene of the measures of risk exposure.
For example, in the transport of such benefits mmeags the product of: "the size of the
cargo x distance". The risk may be related alsotter measures of exposure: the time
which elapses, the distance traveled, etc. Disongsi risks always refers to the man. This
approach extends the framework of research on thle + takes account of the
psychological, sociological, economic, legal andnamistrative aspects and political risks
of the activity of human activity. With risk is egked the problem of its value. The risk is
the effect of changing technology, social developimsocial and legal norms. Therefore,
there is no commonly acceptable level of risk, heavehere are different acceptable limits
that depend on the possibility of financing rislduetion, sometimes (unfortunately) a
political calculation and administrative restrict®d In the study of risk appear
methodological discrepancies already from the vbgginning, i.e. at the level of
interpretation. Another question, is the lack ohsistency in the methodology of risk
assessment; a lot of risk indicators is definecheuit a deeper theoretical justifications.
Today there are many contentious areas for researcisk; you need to include, inter alia:
1. relation to new technologies and new threatsthe global nature of the changes in the
world. 3. responsibility for decisions to bear theks and policy risks.

There are four basic sources of errors in risk ssmsent: 1. error relating to the
interpretation and risk models; 2. empirical dateore(statistical); 3.estimation of losses
error; 4. the error of measurement of risk assessnissential characteristics of the risks
are [4]: 1. source and purpose of risk; 2. possiblglications of the risk; 3. take risks; 4.
Risk realization; 5. possibility of tampering risk.

Clarifying the question of danger man, by the téghe Thomas A. Jaeger returns (as one
of the first) he operative definition of "technigédk”. He finds that considering the hidden
risk in the potential threat by engineering systemeguires the introduction, the concept of
technical risk, which can be grasped in a reasgnably as a product of stochastic rate:
“the probability of the occurrence of dangerous reés®e and "the size of the harmful
effects” [1]. It appears that the fact of preseatatof risk affect on its perception by
society, which uses in various promotional actdgtiof safety. The risk is that concept,
which is easy to manipulate. In the literature be subject exists the concept of "magic
circle of risk protection”, [5]. It equates to siji of the following implications: (1)
uncertain data in risk assessment proceduresné2rurate estimate of the risk; (3) fear of
experts before risk underestimation; (4) expertsrestimate the risk; (5) social reaction
against excessive risk; (6) decision makers reggtiiagent standards and regulations for
controlling risk; (7) uncertain data in risk asseest procedures etc.
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3. THE BASIC MODEL OF THE RISK
Probabilistic risk analysis based on the modelwirich the risk R is interpreted as an
ordered triple of parameters:

R=(S,P,C) Q)
where:
S - scenario of accident ; P —probability of scenegalization S; — consequences (losses)
of accident.
Quantification of risks is most often given multigbrm of dependency P and C:

R=PLC )

This risk model can be used in different ways, dejpgg on the interpretation of the size C
and P.

Risk indicators belong to quantitatively and qudlite induction methods of risk
assessment. The likelihood of adverse effects efebents is written as a function of
parameters of relevance in assessing risk. Inrttieator methods assessing at least three
parameters of risk; most often these are: E - eisgosure; P - probability of adverse
events; G — elimination factor or reduction of risk is the number of exposed persons.
Parameter values are expressed by using diffecatesof quality. Risk level (category) is
due to count the product of the risk parameteuesl The general risk measure used in
indicatory risk analysis methods is described [6]:

R = function(S, E, P, G, I) 3)

Here are three sample risk indexing methods.

Risk Scoramethod, [7]: risk ratio R = S x E x P, where: Botential effects (loss) of the
event (6-stages scale); E - exposure to dangetafes scale); P - probability of adverse
event (7-stages scale). The method gives two difiteb-stages scales of risk evaluation,
and five activities of risk reduction.

Five steps to risk assessmemtthod: risk ratio R = P x F x S x |, where: Rolpability
of adverse events (8-stages scale); F - frequehexmsure (6-stages scale); S — effects
(consequences) of adverse events (7-stages stal&)g number of exposed persons (4-
stages scale). The risk is assessed 4-stages scale.

The risk indicator WPRrisk indicatorR = A x B x C x Dwhere the risk parameters are:
A - probability of adverse events; B - frequencytioé exposure; C - type of injury; D-
range of damages. The first three parameters dmatsd in 7-stages scales, and the last in
5-stages scale. The risk is assessed in 8-stagles sc

The level of risk is a function of increasing expesof danger and the intensity of danger
carrier. Danger exposure is the issuance (of thecjbon destructive activity of coercive
agents — i.e. exposing. A natural measure of #leabnsequences is time: for example, in
road traffic individual risk of accident rises wiéim increase of travel time and the increase
of traffic. Often as a period of exposure is assiithgear of the H-T-E system functioning.
In aviation is used a reference to 100 thousandsshaf flights. Occupational risk refers to
100 million hours of operation [8].



3710 Andrzej SZYMANEK

One of the important issues in the constructionisdd models is modeling the relationship
between: (1) risk exposure E; (2): accident riskE;A(3) injury risk I/E. And here is a
simple model illustrating the issue:

Vol (I/A) = E | (A/E) L (I/E) (4)

Here Vol (I/A) is a measure of consequences (losshe accident. Notice that in above
model A/E factor corresponds to the concept ofvacsiafety and the I/E factor of passive
safety. It is essential to define the measuremktiireat exposure E.

4. RISKSAND ITSMEASURESAND INDICATORS

Mostly risks are classified according to the critterof the consequences as are the effect
of adverse events in considered system technifpus; tyou can talk about the following
types of risk:
1. individual risk (IR) and societal risk (SR) sks of fatalities; 2. economic risk; 3.
environmental risk; 4. integrated risk (total risl. the potential consequences of a
hazardous activity, [9].

4.1. Individual risk

Formula (2), is an example of individual risk maasut refers to a case where pm unit of
time undergoes only one adverse event (leading lss) and this event relates to one
person, or if the frequency of such events is lowugh that the simultaneous occurrence
of several such events may be suppressed. Thegaves value relative to the group of N
people, expressed in units of loss (e.g. monefaey)unit of time - describes the level of
expected risk for a group & people in a unit time. If on area a groupMfpeople is
threatened, then you can talk about societal fislen the expected value of the potential
lossC, during the intervalit can be calculated with the formula [10]:

E©) = fcar() )

whereF(C) is a distribution of probability variable randorh@ Then the general formula
of individual risk IR calculation is as follows:

IR = E(C)/N At (6)

From the above formula it is clear that the indisbrisk is defined as the expected loss
E(C) (expressed as the numbé¢pf fatalities, injuries, monetary value) to be eerted into
a single person and unit tim#. You can also define individual risk somewhat etiéntly:
as average annual probability of the death of a wlam found itself in a point of danger
which comes from industrial installations. Usuale value of IR = 18year is accepted.
When you put on a map of the area around the iridugtstallation value of individual
risks — then we get a geographic distribution sk @round this setup. The lines connecting
the points (around installation) with assigned Hagme value of the individual risk are
called isolines (contour lines) . Danish definitiohIR used in area planning is as follows:
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IR is defined as “the probability that an averagprotected person, permanently present at
a certain location, is killed due to an acciderguting from a hazardous activity”, [9].
Different measures of individual risk are descrilrethe work (Bedford & Cooke, 2001).

In transport risk management, you can use somehefknown characteristics and
individual risk measures, such as: 1. the lossifef éxpectancy; 2. the delta yearly
probability of death; 3. the fatal accident failuete (FAFR), of which the variant is the
death of per unit activity. These characteristinargify the risk of car trips, train, aircraft,
calculated per kilometre of journey. A long list wfleasures of various kinds of risk are
provided in the work [9]; the bibliography focus.

If you want to show the level of individual risk the area around hazardous installations,
for example, transport routes, showing a map «f #rea with the selected so-called risk
contours (sense of isolines). Such maps are usegp&tial planning.

In the Netherlands, shall be adopted in spatiatrptay and environment protection, the
following standard for populated areas [11]: IRG:@L(per year). The risk of higher order
should be reduced by one of the known criteria .lcALARA (as reasonably achievable).
In turn, in the method of TAW is proposed a widange than voluntary after involuntary
risk. There is proposed the following standard [§:< - 10* (per year); Herep is the
value of the policy factor, depending on the degreroluntary activity and the expected
benefits.

4.2. Societal risk

Societal risk shall be calculated as the averaggafp ofN concerned people. By analysis
about an individual risk, you must always specifffiesth group of people is this average.
Individual risk does not give information about thessible number of casualties amadwhg
people in the analyzed vulnerable zone. This is Whg necessary to assess SR. For a
group ofN people, it shall be calculated by the formula:

SR = E(C)/At (1)

Societal risk is expressed in units of C consegegrie.g. monetary units) per unit time
At. This describes the level of expected risk fgr@aup of N people in a unit timgt. There
is here an obvious relationship between IR and SR:

SR =NLIR (8)

4.3. Risk fields

In wider preventive safety technology are impleredrdtrategies for people risk-oriented
who residing in the vicinity of the technology iallation. Then is considering the "risk
fields" appearing around such installations. Thenseful the concept of "impressed” risk
field" R(r), which should be everywhere less than fixed marinagmissibleR, g,

R(r) < Radm (9)
for all the positions (of coordinates) r

The formal record of the strategy for limiting setail risk SR of people residing in the
vicinity of technological installations must be peal up the second condition [10]:
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SR = [ R(r) (B(r)df < R,,[100persons (10)

With this formula shows that the expected value R{ust be not greater than 100 times
the value of the acceptable riskgRwithin a radius r from technical installations;ndéy
of population B (r) denotes the function of dengifgtribution of the random variable B
(population) in the area around the installatiodn#ssible base risk &g, coming from a
single technical installation may not be, howewssolute base risk. It must be assumed
that in many cases the man threatens several tathiistallations simultaneously.
Therefore, the risk B, accepted in a case of a single technical insiafiatill have to be
lower. Admissible base risk is also assigned toartgnt areas of life such as work, road
traffic, household and leisure time. There is idtroed the concept of relative risk here RR,
which is defined as the quotient of the real rid&sjgnated from the statistics of accidents)
and the acceptable base risk for a given area ofahuactivity. Here are some of the
estimated value of riskfRwork (1.4), household (1.7), transport (2.4).

Next measure SRI is scaled risk integral (SRI), [9]

SRI = POR, [T/A, where P (n+n?)/2 (11)

where IR;se is the individual risk per million year (cpm), defined by The British Health
and Safety Executive (HSEJ;the share of time the area is occupiednipersonsA the
surface of the area in hectar®she population factor amalis the number of persons in the
area.

4.4, Risk integral (RI)
Among few popular proposals of risk measure risks worth noting introduced by HSE
a weighted risk integral parameter called the ins&gral (COMAH) (Rkoman), [9]:

RlCOMAH = IX” [fN (X)dX (12)
0

The coefficiento > 1 is a measure of social perception of risk aversn respect of
accidents with a large number of fatalities.

4.5. Perceived collectiverisk (Rp)
This measure is described using the following fdemnfi1]:

R, = TxDﬁ(x)EfN(x)dx (13)

whereg(x) is the risk aversion, a function of the numbéfatalitiesx. Measure Ris used
to count the expected value of the number of féaliE(N) as weighted-average; weight is
a risk aversion functiop(x).

4.6. Environmental risk measures
One of the measure here is the probability of edaree of the time needed by the
ecosystem to recover from the damage, [12]:
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1-FR(x) = P(T>X) =j f-(x)dx (14)

where R(x) is probability distribution function of the reeery time;f; (X) probability
density function of the recovery time of the ecosys

4.7. Integrated risk measures

It is about of total quantitative description oktldifferent types of consequences (C).
Due to the fact that the consequences C may hdiféeeent rank (weight) for the analyzed
system is introduced the coefficient K K1) rank of the consequences. If you mark the by
Pi, Ci, n - respectively: the probability of an mtemt and is of i-type and related with it
consequence;@nd the number n of all types of accidents that happen in the analyzed
system, then it can be defined the measure of-risksed on "the theory of utility"; this
measure is a linear superposition of componeni afd G[13]:

n
R=Y RICK (15)
i=1
Another proposition presented [11]; it relatesminetary collective riskRm):

Ro= 3 RIC, (B(C,) ) 16)

whereP,; - the probability of scenario C; - the consequences of scenari@(iC; ) - the
risk aversion as a function of the consequerCes (i) - the willingness to pay for
measures to prevent scenario i.

In the above formula are noted: individual risk aodietal risk and economic risk. Value
Rmn can be expressed in monetary terms and interpitea willingness to pay for any
scenario leading to the conseque@gd his type of measure of the risk was used, irliar a
to analyze the safety of the transportation of éamgs goods.

4.8. Economic valuation of human life

An important issue in the risk management is theetary valuation of human life. In
transport it is connected with the valuation ofeemal costs of transport accidents. In the
literature that shows different methods of valuatiof life. Frequently are used the
following approach: 1. macroeconomic valuationc@mparative approach; 3. approach by
utility theory; 4. contingent valuation. This lasiethod allows to calculate the value of a
statistical life (VoSL) by comparing the willingreeso pay (WTP) and the expected number
of fatalitiesE(N):

VoSL = (WTPLpopulatior)/E(N) (17)
5. ROAD SAFETY RISK INDICATORS
Measurable effects of risk in road traffic can bevaiety of size, and the general

definition of road safety risk indicator is as tolls:

risk = RSO/E (18)
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where: RSO - road safety outcome; E - amount ofosupe (risk exposure). By such
interpretation - risk indicator shows how many adeeevents (for example road accidents)
fall on unit of exposure (exposing themselves $&giin road traffic). Which means that in
the same exposure E, the risk is increasing functib RSO. Which is of course not
revealing, but you should understand the regularity

Because road accidents are "product” (final ougg)mf a road traffic system - therefore
RSO is typically the number of accidents or cageml{fatal accidents, accidents with
hospitalised or fatally injured victims, fatalitigsersons injured). However, interpretations
of risks exposure E are based on different sides;selection must be dictated by such
features as: availability, comparability and usapidf risk and exposure data. Due to the
fact that to estimation of road risk, you can usteknt size of RSO and E, the number of
road safety risk indicators is big [14], [15]. Le$ take, for example, the accident rate:
"Accident rate (collision rate) — The number of idents (collisions) per unit of exposure.
For an intersection this is typically the numberactidents divided by the total entering
Annual Average Daily Traffic (AADT). For road seatis this is typically the number of
accidents per million vehicles per kilometers otesiitraveled on a section”, [16]. Very
similarly defines Safety Performance Function (SPFhis function expresseshe
relationship between the sizes of the AADT andgatety of the road; it is defined as the
number of accidents per unit of time and the lerjttoad [17].

Indicators of risk in road traffic can be also fdum the group of indicators for
sustainable transportation planning. These indisatoe its role in creating policies of
planning sustainable transport. A lot of informat@&bout this type of indicators yields, for
example, publications [18].

6. CONCLUSIONS

An important question is the understanding of thlationship between risk and safety.
There are definitions of safety, which dispensehvilte concept of risk, such as the
definition of British Standard EN 292. Other defioins of safety use the concept of risk,
for example:safety is the lack of risk or protection againstks[8], [19]. Quite often is
understood: safety as such a state of system, HwhEre the risk is less than some limit
risk. This interpretation leads to the question ofdkaluation of risk, i.e. the determination
of acceptable risk limit, below which the systensade. There are many interpretations and
definitions of the term "risk", [20]. Here are avfef them:
« risk: the combination of the probability of aneew and its consequence. (Risk) Source —
item or activity having a potential for a conseques{21];
« risk: “...the possibility of something happeningthmpacts on your objectives. It is the
chance to either make a gain or a loss. It is oredsin terms of likelihood and
consequence”, [22];
« risk: effect of uncertainty on objectives, [23].
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