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ABSTRACT

The implementation and maintaining of effective safety management system (SMS) is regulated
on global, regional, and national level. SMS is regulatory obligationvdoy aviation
organisaion. Three safety management methodologies have been defined: reactive, proactive
and predictive. Most aviationganis@ions apply reactive or proactive methodology; hence the
improvement of safety management can be found in preglioiethodology. Therefore, the
research is focused on the development of predictive safety management methodology.
Targeted analyses performed regarding safety management methodologies, sources of
hazard identificatiorsafety performance indicatoesd the linksbetween themare revealed

Based on the researchcanceptuamodel of predictive safety managemismteveloped, which
identifiesfuture threats, and ensuseossibility of earlier response and mitigation measures,
with the purpose of impro@J RYHUDOO RUJDQLVDWLRQpV VDIHW\ SHUII

Keywords: development, predictigafety managementethodologyaviation
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,PSOHPHQWDFLMD L RGU{DYDQMH XéLQNR Ya\WeguliravXj¥y WD Y D
na globalnoj, regionalnoj i nacionalnoj razini. SMS je regulatorna obveza svake zrakoplovne
organizacie.8 UDGX MH GHILQLUDQ SUREOHPVWOIWYDY{DQOQMPMPB] ¥
GRVDGDxQMLK LVWUD{LYDQMD YH]DQLK X] SUREOHPDWLN
zrakoplovstvl VW U {XMD@MEXMH DQDOL]X XSUDYOMBQ MM XEXIMX&L
povijesni razvofunkcije i elementapravlijgQ MD VLIXUQRXxé X sasyeobDURBHO RY VWY .
pregledm VXVWDYD XSUDYOMDQMD V LIKVHRXEXM¥ JREPWRSQRY
XSUDYOMDQMD VLJIJXUQRVQLP shstavd RrikuplugeM Gbrabe siguRrddnibiK N O M )
podataka, analizu sigurmols podataka (deskriptivna, inferencijalna, prediktivha, kombinirana),
GRQRXHQMH RGOXND QD WHPHOMX SRGDWDND WH VLJXLI
SHUIRUPDQVL FLOMHYH VLIXUQRYVQLK Rad tetdtjhbPaDaliZfd. L VL.
metodologo MH L SULPMHQMLYH PHWRGH XSUDD&intan® sulri VLJIXUC
PHWRGRORJLMH XSUDYOMDQMD VLIJXUQRxéX UHDNWLYQD
organizacija primjenjuje reaktivnhu ili proaktivnu metodologiju, a prostor E&R oM xD Q M H
XSUDYOMDQMD VLJXUQR x ¢ XetqQuiblayip.Na téheljiXarlized @impmiviny Q R
PHWRGD LJUDIHQD MH VHOHNFLMD SULNODGQLK PHWRGD
SULPMHQMLYLK X XSUDYOMD (idga, VVWIUIDQRXERY MHUWIHN RG PR M |
SUHGLNWLYQH PHWRGRORJLMH XSUDYOMDQMD VLJXUQRXxé.
LGHQWLILNDFLMH RSDVQRVWL VLIJXUQRVQL SRBNDYDWK®RM L
je kako proaktivha metodol@gpredstavljamadgradnj reaktivne, dolprediktivha metodologija
predstavljanadgradnj proaktivne metodologijé&Jporabom prediktivnimetoda i kauzalnog
PRGHOLUDQ M Dprediktiria 1t @D i katzaln model pokazatelja organizacijskih i
sigurnosnih performansi provedenih na uzorku zrakoplovne organixakif&azjeda postoje
RGQRVL PHiX SRND|DWHOMLPD RUJDQL]DFLMVNLK L VLJX
otkrivanjem istih otvarse PRI X e YRY@Q/DQMD NRMH SRND]DWHOMH SRYHE
SRVWLJOD {HOMHQD UD]LQD VLJXUQRVDRKOMU LR/WWPDDY V ¥ DXQ
konceptualni PRGHO SUHGLNWLYQRJD XSUDYOMDQMD VLJXUQR>
potenciDOQLK RSDVQRVWL WH SRVOMHGLEQR PRJIJXéEQRVW UL
XEOD{DYDQMH X VYUKX SREROMxDQMD VYHXNXi8a€QgiK VLIXU
verifikach NRQFHSWXDOQRJ PRGHOD SUH G LfbweikNaQeRal ixoks UD Y O M
=UDéQH OB WBLISNOOLWQ VD{HWDN UH]XOWDWD L SULMHGORJ
Split. 1RYR UD]JYLMHQL NRQFHSWXDOQL PRGHO SUHGLNWLYCQC
nadgradnju S RV W RrivaktieniiK i proaktivnih MWRGRORJLMD XSUDWOMDQM
zrakoplovstvu.

.OM X & Q thzub], Medikthay X S UD Y O M D Q MnigtoddlahiazrekBatodrstvo
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1 INTRODUCTION

1.1 Introduction and review of previous research

Safety management systems have made a large contributions to aviation safety since the first
introduction in the field. Today every aviation organisation has the obligation to imfBiafegnt
Management SysterfSMS) and actively record and report evergustence (hazard) that
happens or potentially could happen in the organisalemelopmentf the aviation system

and growth of air trafficequire the introduction of advanced safety capabilities that increase
capacity while maintaining or enhancing apenal safety and managing existing and emerging
risks more efficiently.

On the global levdhternational Civil Aviation Organisation (ICAQO) prescrilfasEes to the
Convention on International Civil Aviatiotstaindard and Recommended PracticesR({S#)

among which Annex {8CAO, 2018)rings rules and regulations regarding Safety Management

and issues ICAO Safety Management Mai@AIO, 20183s a guide for each member state to
implement Sta Safety Programmes on the national level and Safety Management Systems
within each aviation organisation. On the territory of European Union (EU) the duty of rulemaking
is delegated to European Union Aviation Safety Agency (EASA). EASA issues regulations
regarding safety reporting and accident investigation as well as general regulations on
implementing safety management systems in the organisations within the territory of EU

SMSis a formal oganisdional system that integrates active safety managetoels, including
safetyrisk management, safety reporting, audits, investigations and remedial actions, safety
culture and education supported by clear policies and procéKsA®©, 2018)Effective SMS

must have four main compents in place in order to work properly and efficiently. Those four
components include safety policy, safety risk management, safety assurance and safety
promotion. The second component is Safety Risk Management (SRM), and it is the core of
efficient SMS.It deals with occurrence (hazard) identification, risk assessment and risk
mitigation(ICAQO, 2018) e RN R UL O R .Ha&Yard dentification is the part of SRM process
used to identify hazardse RNRULOR '"HOO-BRRXD MHY L §Velh¥juéx @

Bier, 2015) Risk assessment is an evaluation based on engineering and operational judgement
or analysis methods in order to establish whether the achieved or perceived risk is acceptable
or tolerable(Ferguson & Nelson, 2014Cusick, et al., 2017)Steiner, 1998)If the risk is
unacceptable, risk mitigation, i.e., control measures are taken to increase the level of defences
against that risk or to avoid or remove the 1(Skeiner, et al., 201§Oster Jr., et al., 2013)

The third component is Safety Assuraf8é) and it includes safety performance monitoring

and measurement, management of change and continuous improveinSWis(ICAO, 2018)
(Stolzer & Goglia, 201%Adjekum, 2014)Modern approach of safety management prefers
proactive approach, and available data collectioranalysis tools allows making predictions

that provide a closer look at the previously identified-hg&hareas and provide the ability to
detect future risks.



Three main methodologies in aviation safety management are: reactive, proactive, ane predictiv
(ICAO, 2018)OLURVDYOMMHY (OsterdMetald 2013Bteiner, et al., 1998All three
methodologies are closely linkedttwo key SMScomponents mentioned above: safety risk
management and safety assurance. The SMS needs input data to be able to provide viable
results and these methodologies are the SMS tool that enables it to acquire necessary safety
data (Burin, 2013) Reactive methodology gathers safety data from the accidents and incidents
that has already occurred in the past and learns from their outcOfme®l, et al., 2015)

€ RNRUL O R0O19H Woabti@e methodology uses safety reporting systems and safety
performance indicators to gather safety data in order to discover and mitigate the potential
threats and hazards that may consequently trigger the occurrence of accidenient (CHO,
2018) Predictive methodology is not yet well established, as it assumes discovering potential
and possible hazards based on predictive analyses (forecasts) that extract information from
historical and current safety data and use it to predict trends and behpaiterngAncel, et
al., 2015) ERNRULOR HGXODA2D18|Luxhgj, 2013)Stanton, et al., 200§Hsiao, et
al., 2012)Hsiao, et al., 2013) % DUW XORYLé (Boairig 2012

Predictive methal can use safety data from mandatory oaeunce reporting, voluntary
occurrence reporting, data obtained by measuring safety performance (SPIs and SPTs) and data
obtained from predictive analyses (forecasts) that extract information from historical and current
safety data to predict trends and laelour patterns of emerging hazaréer examplelCAO

(ICAO, 2013pas begun to put in place significantly improved and expanded online access to
realtime safety information through itstegrated Safety Trend Analysis and Reporting System
(ISTARSInitiative, as well as a range of additional aviation data, to suppamplementation

of the evolving approach to safety managemddieing has developed sophisticated
technologies that provide distinct safety advantages, such as: Vertical Situation Display,
predictive windshear equipment along with improved windstigaining programs for pilots,

and Enhanced Ground Proximity Warning Sygt@oeing, 2012)Airbus usesFlight Data
Analysi{FDA)Yrogramswhichextract data from easily accessible recorders and customize the
recorded parameterso make predictive analyses, which are used to find current or future
irregularitiegAirbus, 2014)Pisanich and Cork¢Pisanich & Corker, 1998gscribed a model

of pilot performance in interactionith varied levels of automation inflight management
operationswhichwas used to predict the performance of a4{person flight crew responding

to clearance informatiofRoelen and otherfRoelen, et al., 201&onducted a stdy on an
integrated approach to risk modelling in which the total aviation system, and human factors and
cultural aspects are considered in connection with technical and procedural aspects and with
emphasis on representation of emerging and future rigksmshkhoo(Khoshkhoo, 2017)
developed a proactive and predictive method in safety management system that detects the
capabilities and pitfalls of dispatcher performance.

Predictivesystemsdo not require the occurrence of a triggering event to launch the safety data
capture process. Routine operational data are continuously collected in rg@rocievell &
Davis, 2016) Predictivesystemsare based on the nion that safety management is best
accomplished by trying to identify a problem instead of simply waiting for something to happen.
Therefore, predictive safety systems aggressively seek safety information that could be
indicative of emerging safety riskem a variety of sources
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Predictive SMS methodology can use historical and current safetySadesy Performance

Indicatorg SPI9 andSafety Performance Targ€é®&P T3 of an aganisaion as input information

to conduct predictive analysis, i.e., médecasts using predictive (forecasting) methods. The
obtained results show trends and behaviour patterns of established SPIsngethis@on and

give a clearer view of the future development of myamisaW LRQpV VDIHW\ SHUIRUPIL
simultaneouly identifying emerging hazardo DUW XORY L é

The main objective of the research is develept of a predictive safety management
methodology in order to improve the safety performance of aviatjanisdions. The reseah

strives to identify sources of hazard identification, expand the set of safety performance
indicators, identify causal links betweergamisaional and safety indicators, and identify
correlations between safety management methodologies. For the miqgioges research,
actual safety data from aviatiorganissions were used to make analyses and present the
abovementioned correlations. By developing canceptual model of predictive safety
management, hazards that may arise in the futarebe identiied, which ensues earlier
response and definition of mitigation measures, and faeslipgeanning of future actions with

the purpose of improving the overall safety performance ofrtjendsaion.

1.2 Aim and research hypotheses

The aim of theesearch is develapent ofa conceptual model of predictive safety management
in aviation based on defined elements, correlations, indicators, and application of predictive
methods, which are the result of analysis of existing safety management methesdologi

Working hypotheses of the doctoral dissertation:

H1l.existing safety management methodologies are inadequate, and upgrading safety
management with predictive methodology could improve safety management in aviation
organisaions

H2.by developing predictive fedly management in aviation, hazards that may arise in the
future could be detected and identified, which would ensure earlier response, mitigation
measures, and continuing maintenance of an acceptable level of safety in aviation
organisaions

1.3 Methodblogy and research plan

According to the hypotheses of the doctoral dissertation, considering the continuous growth of
air traffic and development of aviation system, the existing safety management methodologies
need to be improved and upgraded. In mesi@on aganisdions, reactive safety management
methodology is used, while some organisations also use proactive safety management
methodology.



Various examples of the application of predictive methods in aviation can be found in individual
segments ofhlie aviation system, with the purpose of conducting safe operations, but none in a
segment of safety management. The predictive methodology in the safety management segment
is not yet established nor it is clearly defined. The weato develop a predise safety
management methodology and based on that, develop aoreeptuaimodel of predictive

safety management, which would be an upgrade of the existing reactive and proactive safety
management, and which would ensure more efficient collection alydiared safety data, as

well as easier and improved hazard identification process. Predictive methodology uses
predictive methods to identify existing and potential hazards based on predictive analyses
(forecasts) that extract information from historaradl current safety data to predict trends and
behavioural patterns of emerging or potential hazards.

In addition to conceptualizing predictive safety management methodology, the reseagich aim
to prove the possibility of upgrading the existing methoddagith predictive one and the
application of a combination of all methodologies, instead of introducing and applying each one
individually. The research is focused on detecting correlations between safety management
methodologies and correlations betweegamisational and safety performance indicators on

the sample of aviatiorrganisagions. By identifying these correlations, detecting causal factors,
and using predictive methods, it is possible to improve safety management processes in aviation
organisaions. By applying a predictive safety management methodology, it is possible to identify
organisaional deficiencies and future risks, in terms of safety performance, and work to improve
them, in order to increase the level of safety in @gaoisaion.

Theresearchis conducted in five phases, where existing predictive methods applicable in the
safety management segmewere thoroughly analysed, using scientific methods such as
inductive and deductive method, analysis and synthesis method, generalizalion an
specialization method, proof method, classification method, description method, compilation
method, comparative method, statistical method, mathematical method, modelling method and
experimental methoddnalysed pedictive methods are time series anaysiethods such as

trend projection, simple exponential smoothing, exponential smoothing method with trend and
seasonality, HelVinter method (additive and multiplicative), moving average method, and auto
regressive integrated moving average modellingARI

The first phase defisehe research problenpurpose,and researctaim with an overview of
previous research, sethypotheses of the research, desnmethodology and research plan
and stats the expected scientific contribution of the proposed nesea

In second phase, the topic of aviation safety management, from the historical development of
aviation safety management and accident causation models to the development and
implementation of safety management system (SMS) as an operational toakciftena
prevention and risk mitigation in aviatia®,covered. Furthermore, the topics of hazard
identification and safety performance managernseabvered, including safety data collection
and processing systemsypes, and methods of data analysis, ts®&j and defining safety
objectives, monitoring and measuring safety performance through safety performance
indicators and targets, and correlating safety performance management with the concept of
datadriven decision making. The basic methodologies @itian safety managemeiatre

4



analysed in detail, as well as the types of analytical and predictive methods, with an overview of
the current use of predictive methods in aviation.

The central third phase of the research includes the analysis and detenmaiatorrelations
between safety management methodologies on the sample aviaganmsaion, and the term
correlation of causality and prediction. Correlation links betweanisdional indicators and

safety performance indicatoase determined, as ®ll, on the sample aviatiomganisaion, by
developing models of mutual influences (causes and consequences) and applying appropriate
predictive methods.

In fourth phase, a conceptual model of predictive aviation safety managedergloped and
describedIBM SPSS Statistics software package, as well as other suitable softwangdomls,
used to create statistical analyses, forecasts, causal models, and simulations.

The final fifth phase te=dl and veriled the conceptuamodel of predictive safety magement

on the sample of actuahfety data, organisational data and safety performance indigators
aviation oganisaion, i.e., airport operatoWVith the purpose of showing improvement of overall
safety management in the aviatiorganisdion, i.e., aiport operator,and for testing and
verification of proposedonceptuaimodel, proposedconceptuaimodel is used taneasure
safety performancereateforecasts,detectcausal relationships between indicat@isulate
scenariosas well ago provide thegroposal of mitigation measures.

1.4 Expected scientific contribution of the proposed research

Based on théwypotheses set, defined aim and results of the proposed research, the following
scientific contributioneereexpected

1. defining an expanded set @fganisation's safety performance indicators
2. conceptual model of predictive safety management in aviation



2 SAFETY MANAGEMENT IN AVIATION

2.1 Historical development of aviation safetyanagement

Since the beginnirggof the aviationdevelopment, it has beeslearthat it is associated with
known and unknowrisks Acceptance of a certain degreerigk is a necessary precondition
for performing any activity, including flyi®jeiner, 1998)

A sustainable approach to safety comes down to reducing risk through the detection of hazards,
initially through direct observation and later through experiential learning. This approach has
been applied since the vergdinning, while the first beginnings of systematic collection of
experience at the global level were recorded in 1919, whenltiernational Air Convention

was signed and ratified in 38 countries. As a result @if @Gnvention, the first international
aviation @ganis@ion was established.e., International Air Navigation Commission (§INA
based in Paris. The Convention corgdionly four objectives, of whidwo wae ¢o collect

reports from Member Stategpand ¢o transmit thecollectedinformation to Member States
(Steiner, 1998)

The obligation to collesafetyrelated data was further elaborated by @mnvention on Civil
Aviation (ICAO, 2006)signed on December 7,1944, in Chicago, USA. Article 26 of the
Convention, binding on the current3®embers, imposes an obligation on the State in which
the accident occurred to establish and, within the framework of international standards,
investigate the causexd the accidenflCAO, 2005)CAQ, 2007)Furthermore, Article 37 states

that the standards and recommended actions related to the investeyapvascribed in Annex

13 to the ConventioiCAO, 2016)Annex 13 states that the goal of the investigatiaccident
preventionput not the assignment of guilt or responsibility.

2.1.1Safety conceptdunctions,and aspects in aviation

The concept ofafetyshould be understood very broadly: from correctness in performing very
complex tasks of theviationorganisaion, through propemandlingand maintenance of
equipment to protection from conscious and unconscious actions that endanger the normal air
trafficoperations

The notion of air traffic safety is a very complex set of phenomena within the air traffic system
that are interconnected in a unique and very complex way (interaction of human, aircraft and
environmental factordHelmreich, 1998jNagel, 2006)Gilliam, 2019)Al procedures irthe

aspect of aviation safetyye reduced to four bastategories

f hazardanticipation,
f hazard detectign

! Commission Internationale de Navigation Aérienne



f accident preventign
f eliminating or mitigating the consequences ohaidentor anacciden{Steiner, 1998

The hazardsfor a dynamic system arise at the time of the realization of the technological
process; for the air transport system, thazardsmost often appear in the transport phase
(flight). The air transport technological process is a managetsport process, divided into
three phases: the preparatory phase,rtedizatiophase and the final phas&@he management
process implies the coordination of all its elemehincethe system goes through the
permitted gafety conditions which is achieved by protectiomgulationand control, where
feedback is the basic principle of managem&herefore, an analytical analysis of individual
aspects okafetylogically follows, and general aspectsafietycan be distinguished: tecleal,
technologicaland aganisaional. In the most general sense, the technical aspect of safety
means the suitability of technical means (means of transport and transport infrastructure) for
the realization of the technological process,the permisgble state of technical means in the
management proces$he technological aspects#dfetyis broader and more complex than the
technical aspect due to the technological transformation of the system from static to dynamic,
and the connection of all elemsrof the system in different relatioi&oetsch, 2008)The
organisaional aspect of air traffic safety in the narrower semsge, in the function of the
realization of the technological process, represents the spatia¢@pdtal synchronization of
severalsubjects and activities into a single continuous process. Given that the disruption or
inconsistency of certain phases and activities can, directly or indirectly, negatively affect the
state of the system, it is justifiéd give the oganisaéion as a management concept a dimension

of safetyqOrganisaional aspect in a broader sense includes protection, regulation and control
of elements of the technological process and those factors that are not directly involved in the
technological process, but on which it indirectly depends, such as education and training of
professionals, unification of relevant conditions through legal norms, etc., or those factors that
limit the technological process in such a way that it must pédee within the set conditions,

such as environmental criteria of exploitation, protection from air pollution, noise, visual
degradation of spacetc

On the other hand, the transport system, especially air transport, is not spatially limited, but has
a global character, so there is a logical need for standardization and unification of rules on a
larger scale, which is again achieved by legal regulations.

2.12 Development phases of aviation safety management system

According to(ICAO, 2018)the historical development of the safety managem&mvn in
Figurel) in aviation can be divided into four phases:

f Phase of influence of technical factors: foamason technical improvements in a period
when mos of the riskshad ariserfrom technical imperfections of aircraft and ground
equipment; this phase eadwith the replacement of the pistenginewith jetengine
from the 1960s to the early 1970s



f Human impact phase: focus on human factors in aviatioen technical methods have
been replaced bipehaviourapsychology in an attempt to reduce the number of end
operator errors in the system; this phase graduallyabes the previous one eed
and in most societechnical systemg still lasts (other trasport branches, medicine,
occupational safety, etc.), while in aviation it gradwalhyshesfrom the end of the
1990s onwards

f Phaseof influence of gyanis@ional factors: focusvason arganisaional factorsvhich
deal with the management of thegansdaion as a whole, in an attempt to create a
system that anticipates and preventively eliminates deficiencies or errors of end
operators or eliminates their consequences

f Phase of creating a total systemtadal system safety approach considers the entire
aviation industry as a system. All service providers, and their systems for the
management of safety, are considered as-sygiems. This allows a State to consider
the interactions, and cause and effect, throughout the whole system. It is often
impossibé or impractical to build all safety systems in the same way. Therefore, a
primary concern for States and service providers is how to best manage the interfaces
between dissimilar interacting systerf®r the collaborative total system approach to
flourish interfacesand interactions between theganisadions (including Statesheed
to be well understood and managed. States are also beginning to recognize the role the
total aviation system approach can play in ti&mte Safety ProgrammeS$P
development. For example, it helps to manage safety risks which cut across multiple
aviation activities.

Figure 1 shows the phases (eras)of the impact of various factors (technical, human,
organisaional] combined throughout history of the development of v@ation safety
management.

Figurel The evolution eras of safetpanagement
Source: Authoaccording tqICAO, 2018)



2.1.3 Comparison of traditional and modern approach to safety management

2.1.3.1 Traditional approach to safety management

A reactive or traditional aviation accident investigation system is limited to those events that
resulted in loss of human life or significant material damage. The system is therefore
investigate&nd regired only after the accident has occurred, which is whydlledreactive.

A reactve (either retroactive or traditional) safety management is based on the principle of trial
and error, wheretrialgneans an operation anerrorgneansan accidentThe basic principle

of operations the collection of data after the accident, from whaithusions are drawn about

the cause or causes of the accident. These conclusions are then translated into
recommendations to eliminate the cause of the accident, thus preventing its recufitemce.
most significant limitations oéactivesystem are:

f atthe level of an individual system:
f insufficientscope of investigation,
f questionable accuracy of the obtaimeirmation,
f untimely detection of the causand
f great dispersion of events
f globally:
f great dispersion of eventand
f untimely detection of theacse.

A reactive safety management system is concentrated on compliance with normative practice.
The need for management structures to maximize the productivity function most often leads to
minimizing the safety function to the regulatory minimum.

The evets from which such a system derives data are limited to accidents and significant
incidents, which do not necessarily contain useful information, such as some minor incidents.
Data collection idifficultbecause some of the equipment is likely to haven leksstroyed and
witnesses are either deceased or, fearing responsibility, biased.

The results of the investigation are mostly focused on operator error or lack of equipment (active
works), while eootqdeficiencies in the system (errors in management armhitoring,
inadequate equipment desjggtc., i.e.latentcondition$ are given little attention or not the
subject ofinvestigation at allThe investigation is conceived in such a way that the eause

effect chain of events is investigated from theameat of the accident until tHeehaviourthat

did not bring the desired results. At that point, a conclusiosusllymade about human error
(Maurino, 1999)

Furthermore, in the event ofh aircraftcrash, great attention from the ofia and the public is
essential. As a rule, culprits and a simple, understandable explanation are sought in an
unprofessional and biased manner. This resalpolitical pressure on the investigation team

to complete the investigation as soon as posshtfind theeulpritqwhich clearly shows the
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tendency to conclude the investigation as soon as the first (aeting} are discovered, and
before the real (latemondition$ causes are found.

Everysafetyevent is the result of a number of system weaknesses. These weaknesses can be
certain characteristics of theganisaion, technical deficiencieanfavourableenvironmental
conditions, errors of participants in the process, etc. The investigation riglltvei accident

reveas a number of weaknesses in the system, each of which contributed to the accident.
Excluding any weakness of the system would eliminate the preconditions for an accident. What
most of these weaknesses have in common is that theyadidatur at the time of thaccident

but were present in the significant period that preceded the accident. Thus, the weaknesses
could have been remedied even before the accideturred A reactive safety management
system detects the causes after anideat has occurred, thus missing an opportunity to avoid

it.

The occurrence of an accident in order to detect its causes in most moderresduiccal
systems is not an acceptable price, both for regulators and users, and for system owners.

The number ofevents that the traditional safety management system dealgswihatively

small, geographically dispersed through systems that differ according to available human and
technical resources, andganisaional, cultural, climatological, and operationalrenments.
Therefore, the conclusions of aviation accident investigations are:

f sporadic
f statistically inoperahle
f poorly relevant or irrelevant.

Modern air transport is subject to relatively frequent and radical changes in all segments. These
changes relte not only to technical and technological development, but also to changes in the
market (emergence of leaost companies) and regulatory environment.

Any change in a complex sog¢echnical system, such as air transport, will cause a series of
changes ad interactions in individual segments of the system, which are ludteintopredict.

The fact that most of the changes are in the domain of the human factor, eneagvitygn
creating new types of errors is unlimited, also contributes to unpreiitgtah this way, latent
weaknesses of the system arise, which have the-leng potential to lead to an accident, and
therefore it is necessary to detect and eliminate them as soon as possible.

The reactive safety management system is constantly tabghind theongoingdevelopment

of aviation systenGiven the described shortcomings, it is evident that the possibilities of the
traditional safety management system are more or less exhalgteld. compliance with laws
and regulations remains a corniense of globatafety there is a need to upgrade to proactive
and predictive systems based on risk management.
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2.1.3.2 Modern approach to safety management

Leading operators during the eighties and ninetfdbe twentieth century, we trying to find
measures to further improve safety, whose basic feature is a proactive way (as opposed to
reactive). Among the most importaptoactive measures are:

f applicaibn of scientificajtbased risk management methods

f commitment to the highe&tvelsof safetymanagement

f a company culture ofsafety that encouragessafety practices, encourages
communication, and actively managasgety paying equal attention safey results as
well as financial results

f effective implementation of standard operating procedures

f organisagional environment that avoids punishment, in order to promote the efficiency
of reporting

f safetydata collection, analysis, and distribution system

f conducting investigations in such a way as to primarily uncover systemic errors (rather
thanput blame onndividuals)

f integration okafetyrelated topics into operational staff training

f sharing knowledge about problems and solutions found betweeparves and
countries and

f systematic monitoring and measurement of the levetadéty for the purpose of
continuous monitoring and correction of negative trends.

According to the ICAO Safety Management MgB8déM) (Doc 9859), safety management in
the aviation industry is a combination of the two perspecfiv@douslydescribed, traditional
and modern(ICAO, 2018)

A reactive (or traditional) approach safety management is useful when it comes to
technological failures or unusual events. The folloveatyresare usually described: meeting
minimum safety requirementandthe level okafetyis based on reportedafetyoccurrences
along with its inherent limitatiorgsuch as examining current failures, lack of data to identify
safety trends, lack of insight into the causal chain, and the existence and rdde¢eof
conditions)

A proactive approach to safety masagnt is based osafetyrisk management strategies that
include identifying hazards before an accideninoidentoccurs and taking the necessary
actions to reducsafetyrisks. The components of a proactisafetymanagement strategy are:
unambiguous senior managemeafetypolicy, hazard identification and risk assessment using
risk assessment methodsafetyreporting systems to collecanalyseand share operational
safetyrelated datasafetyinvestigatiorsokely for the purpose of identifying systensiafety
deficienciessafetyoversight assessment ofafetyperformanceelimination of problem areas,
safetytraining of staff, distribution and exchange of best practices between operators and
service providersbuilding a corporateafetyculture that promotes gooshfetypracticesand
communications.
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Individual componentdo not meet expectations of improved aviatgafety management.
Integrated use of all components increase the system's resilience to wadafties and
conditions. Harmonious integration of proacsiafetymanagement componerniss become a

core parta safetymanagement system (SMS). The development, role and importance of safety
management have led to the gradual application of safatagement systems by aviation
organisaions (airlines, air navigation service providers, airport operatongstncouple of
decades

This process is managed and supervised by the state thrstagh safety programmes in
accordance with ICAO recommendations. Improving corpsaftty performance through
proactivesafetymanagement is increasingly recognized in all aviation sectors as a prerequisite
for sustainable business management and operational development.

2.1.3.3Comparison of traditional andbdern approach to safety management

Throughout the history of development, safety has increased with the adoption of new
standards, regulations and rules with a tendency to cover as many areas in aviation with rules
so that the coincidence factor is eliminated as muchassible and more standardandrules

are introduced. The standards aienedto ensure a certain level of safety, so in fact nothing
more is expected of the participants than to adhere to them asdh#s been enough
throughout history to reduce the risk. If a new problem arose, only a new regulation would be
introduced, the introduction of which would solve the problem. Such a system functioned until
the 1970s. Then began a period when the numbearcoidents increased, that is, the level of
safety began to decline significantly, despite the growing number of regulationalr€hidy
mentioned methodologys called eeactivegbecause it is based on a predetermined standard
that had to be followe@&nd any action aafetymanagement was reactive, which means that
the acion was takeronly when there was a deviation from the standard sanctiongwhich

often endedn anaccident), which would often be followed by the adoption of new regulations.

In order forsafetymanagement to keep the risk at the lowest possible level in the conditions of
constant growttof the aviation systenit switched from eeactivegaction to @roactiveq This
simply means thasafetymanagement acts before any serious deviation (error) occurs. This
methodology, unlike the reactive one, which is based on 8i&®@ards and &&ommended
Practices (SARB), considersmany more factors, parametersgréres much more research
work and principles of work. This methodology does not abolishsSARRomplements it,

and successful implementation requitkes following

f introduction okcientificallyestablishedisk management methods;

f safetymanagementisould have the strong support &niormanagement;

f introducing asafety culture into everyday practice, supporting any activity and any
communication that can lead to increasatety

f practical introduction of standard operating procedures (SOPs), wHidakeiecbecklists
and group consultations or group information;
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f aworking atmosphere where data and parameters are collected without sanctions;

f systems for collecting, processing and sharing confidential data collected during routine
operations;

f systematicnvestigation of accidents and incidents based on objectivity and not aimed
at determining the culprit;

f introduction of safety training for operational staff, as well as familiarization of staff with
the human facts;

f exchange of information on methods gmdcedures irsafetymanagement between
operators and countries;

f systematic monitoring of all systems involvedafetymanagement in order to better
implement and monitaafetyperformance indicators

A clear indication that an error has occurred inghetymanagement system is an accident.
Asthe modern safety management system strives to minimizertmbilityof an accident, it
would be illogical to wait for it to occur. This requires a linkéetincidentsand accidents,
which means that understanditigat link,is crucial for modern safety managemé@rgveson,
2017)(Ferjencik, 2011(Ferjencik, 2014)

Traditonally, accident investigators hasearched fola chain of events or circumstances that
ultimately led to some error that caused the accig®medung & Rasmussen, 20q®ale, et

al., 1997)Ford, et al., 1999Kinnersley & Roelen, 2007his error could have been the result

of amisjudgementmisinterpretation of the rules, or a vague té3len, et al., 2012)The next
traditional approach is that accidemtestigatoroften had priority to discover the culprit, and
safety management was tasked with reducing the risk of such a mistake recurring
(Vanderhaegen, 201@yViegmann & Shappell, 200@rjavac, et al., 201&5happell, et al.,
2009)(Gui, 2013)Lee & Chung, 201&§Wiegmann & Shappell, 20q¥uingyang & Gui, 2018)
Despite the efforts, the mistakes that resulted in the accident continuenbtoireln the end,

it was concluded that such a systeminadequateAn analysis of the data after the accident
showed that it was only a matter of time before it happéHetinagel, 2004)Pasman, et al.,
2018) It would often be concluded that experienced -tk@tied and welequipped staff made

the mistake that caused the accident. It was found thahband highercolleagues made this
and similar mistakes quite often but without tragic consequgRroggrty & Shaw, 2010%Gui,
2013)(Stemn, et al., 2018Y hey created precarious conditions with little chance of an accident.
However, theéime ¢factor was neglected. Theeobabilityof an accident grows over time. The
management, even if they knew about such offenses, thought that the probabilities were too
low and would focus on some other problems. It is also true that such erapsiational staff

or flight personnel are venyfticult to detect becaughey aresignificantly more numerous than
managerial staff. To changfas, the SMS is introduced that takes a different approach with a
different understanding.

Thesafetyconcept of protection, regulation and control presupp@asgystematic approach in
defining all elements of the system, standardizing regulatory mechanisms, quantifying safety
minima of operation and exploitation, and positioning a multilevel process of control and
prevention.

13



Systems such as SMS should inclygegranmes to testsafetylevels, promotesafety as well
asaccidents, incidents and emergendmdicators SMSrelates to light crew as its subsystem
should also contain all these prograes. Successful operation of the system is possible only
if it is based on accurate and real information. To ensure this, the SMS must contain at least:

f definedsafetylimits,
f ensurel appropriate actions that keefhe risk below the definexhfetylimit,
f ensurel appropriate risk monitoring measures due to possible risk growth.

For each system, it is important to determine the parameters according to which it will be

possible to assess whether the system is functioning as expected, and if there is a deviation, to
immediately define the reasons for the deviation. There are three types of parameters for
systems such as SMS:

f Safety Performance Indicators (SPIs) which represent measures of safety performance
primarily in the aviation industry; such indicators shouleldsdy measurable and easily
embedded irstatesafetyprogrammes included in the SMS implemented and monitored
by the competerdviatiorauthority; safety performance indicators vary by induistog
the indicators for air operators differ from thosedwport services and air traffic control
services;

f SafetyPerformancelargets(SPTs) relate to raising the quality asdfetyof individual
services; theseargetsshould be realistic, economically acceptable, and approved by
the competenaviation authaty;

f Safety requirements are requirements that apply to everything that is nézdeeket
safety objectives and that is indicated by safety performance indicators; these
requirements include operations, technologies, systems and progsathatmeasure
reliability, availability, performance and accuracy, and are necessary to further increase
the quality and safety of air transport.

Today, safety management is unthinkable without a system for monitdmemardousand
potentiallyhazardousvents.Such systems are thimundationand their use has contributed

not only to safer flight but also to the overall improvement of air transport services. This system
is of great benefit to the managemgzdpeciallyor the improvement of staff work and teatal
development of the companly.has proved particularly useful in obtaining information that is
usually much more difficult to obtain through the chain of command. The staff in charge of
collecting such information, whether pilots, mechanics or aispafift now find it much easier

to provide it to the competent authorities. This has been achieved by clearly defining offenses
and by a system that records offenses independently of the staff. So now the management gets
clear and much more accurate datanf the field. This gives them a much better insight into

the problem in a much shorter time, which, as expected, shortens their reaction time and
contributes to a much faster solution to the problem.
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2.2 Concepts of ecident causationn aviation

The fct that accidents occur as a result of the simultaneous occurrence of several causes,
among which the majority are lateainditions (statesand the minority active failures, allows

a graphical representation of the trajectory of the accidetirrence(Hulme, et al., 2019)
(Akyuz, 2017)Lenne, et al., 2012)Reason, 1990jRashid, et al., 2013Cacciabue, 2004)
(Grant, et al., 2018)

Different levels of management, design, and operating environment can be visualized as
surfaces, in which latent states are openings that allow the chairmisehat will cause an
accident to progresgRoberts & Bea, 2001t is also possible tovisualize the action of the
operator as surfaces, in which the actasare further openingéZhou & Lei, 2017)Finally,
defencesystems are further surfaces set up precisely for the purpose of breaking the chain of
events.Unfortunatelydefencesystems are also prone to design flaws or lack of performance,
which can bere-visualizd as openings in surfaces. The resulting mpdel, &wissCheese
Modelgs shown in Figuré.

Figure2 Concept ofccident causationt -DPHYVY 5HDVRQpV 6ZLVV &KHHVH ORGHO
Source(ICAO, 2018)

Figure2 is a simple and common view of the scheme first published in James Reason's book,
which is often referred to as the Reason Md¢Belason, 1997)r'he original model emphasizes

the claim that the activacts(errors and violatias) of the operator are only the result of latent
conditionsof the aganisdion (Reason, 2008)Reason, 1995)rhe direction of the investigation

is also visible, which first reveactive acts and omissions defencemechanismsand latent
conditions in the anisdion and management decisioase discovered eventually (or not at

all, contenting with blaming the end operator)

The latentonditionsinvolved in theausation chaiof an accident are present long before the
accident itself, and several hundred times manifest themselves only as incidents, without
significant damag@Reason, 1991)n the accident model, theisin be shown as the absence of

an opening on one of the surfaces, thus breaking the accident chain.
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In aviation incidents, injuries and damage are generally less significantat@tiamaccidents.
Therefore, less publicity is associated with thesstsy As a rule, more information is available
(e.g, live witnesses and undamaged flight data recorders). Thus, incidents are a better
opportunity to identify why an incident occurred and how it was prevented from becoming an
accident.

According tqICAO, 2018)Snook, 200Q)Snook's theory of practical drigtused to understand

how performance of any systeeG ULIWYV DZD\r IURP [Tasks, Brocedured, 2@ GHVLJ
equipment are often initialjyrepared ancglanned in theory, under ideal conditions, with the

explicit assumption that almost everything can be foreseen and controlled and where everything
works as expectedn reality, this is nothe case.

Theseidealconditions are usually based on three fundamental assumptions where:

1. technology needed to achieve the system production goals is available,

2. personnel are trained, competent and motivated to properly operate the technology as
intendedand

3. policy and procedures will dictate system and human behg@aO, 2018)

These assumptions represent the baseline (or ideal system performance), which is graphically
presented as a straight line from the beginning ofatmenal deployment as shown in Figure 3.

As per(ICAO, 2018fSnook, 200Q)once operationally deployed, the system should ideally
perform as designed, following baseline performance (orange line) most of the time. In reality,
the operational performance often differs from the assumed baseline performance as a
consequence of rédife operations in a complex, ewdranging and usually demanding
environment (red line). Since the drift is a consequence of daily practice, it is referred to as a
eSUDFWLFDO GULIWT

ThetermeGULIWr LV XVHG LQ WKLV FRQ WltdhWteDdéd\doKrse dug G XD O
external influencedCAO, 2018)Some of the reasons for the practical drift include:

technology that does not operate as predicted

procedures that cannot be executed as planned under certairtiopat@onditions
changes to the system, including the additional components

interactions with other systems

safety culture

adequacy (or inadequacy) of resources (e.g., support equipment)

learning from successes and failures to improve operationss@fwtth.

~h R ~h ~h —~h —~h —%

Safety assurance activitiescludeaudits, observations, and monitoring of S&sl can help
revealactivities that aree(SUDFWLFDOO\ GULIWLQJr $QDO\VWLQJ WKH VD
the drift is happening helps to mitigate the safitis. The closer to the beginning of the
operational deployment that practical drift is identified, the easier it is for the organisation to
intervene.
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Figure3 Concept of pactical drift
Source:(ICAO, 2018)

Over the years many different accident causation models have been deSigmedof them
include: models of accident causation and their applicafioehto & Salvendy, 1991)
Occupational Accident Modelattwood, et al., 2006)Bayesiannetworks andinfluence
diagramsas aguide toconstruction ana@nalysis(Kjaerulff & Madsen, 2008ultilinear(STEP)
andsystemic(FRAM)methodsfor accident analysi@Herrera & Woltje, 2010accident models
and organisational factors in air transp@nultrmethod modelsRoelen, et al., 2011(A+
shanini, et al., 2014pHIPPmethodologyi.e. predictive accidenhodelling(Rathnayaka, et al.,
2011) use of Functional Resonance Analysis Method (FRAM)jidhar collisiorto understand
some characteristics of the air traffic management system resili¢tbeeCarvalho, 2011)
Bayesiarnference foprobabilistianodels(Pearl, 2009]Kelly & Smith, 2011DbjectOriented
Bayesian Networks (OOBN) foriation accident modelling and technology portfolio impact
assessmen{Shih, et al., 2012yystemsbased accident analysis methaglgh a comparison

of Accimap, HFACS, and STAE®dung & Rasmussen, 20@3galmon, et al., 201ZY ousefi,

et al., 2018)(Valdez Banda & Goerlandt, 20{Batriarca, et al., 202{Dzan Ceylan, et al.,
2022)(Zhang, et al., 2022accident analysis models basma Bayesiametwork andevidential
reasoning approackWang, et al., 2013)pplication of Bayesianetworks toquantitative
assessment of safety barrier performance in the prevention of major acoidentsvicka &
Cooke, 2006QAle, et al., 2009Koller & Friedman, 2008Hanninen & Kujala, 201 &nninen

& Kujala, 2012)Villa & ©zzani, 2016)Accident Causation Analysis and Taxonomy (ACAT)
model ofcomplex industrial system from both system safety and control theory perspectives
(Li, et al., 2017)a Monte Carlevolution of the Functional ResonarAnalysis Method (FRAM)
to assess performance variability in complex syst@Padriarca, et al., 201,724Model,i.e.,a
modern accident causation mo@8li, et al., 2019and examplkeof systems thinking accident
analysis modelfor sustainable safety managemébelikhoon, et al., 2022)
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2.3 Safety management system as an operational tool to prevent accidents or incidents

2.3.1 Definition of aviation safetyamagement system

A Safety Management System (SMS) is a formgarmasdional system to manage safety. It
integrates active safety management tools, including senior management commitment, hazard
identification, risk management, risk mitigation, safety reporting, audit, investigations and
remedial actions, safety culture agdlication supported by clear policies and procef§s50,
2018)(BCAA, 2010)Wang, et al., 201{Hollnagel, 2014)

The traditional approacbdused on aligning with increasingly complex regulatory requirements,
which functioned well until the late 1970s, when the trend came to a stagnation point in the
number of accidents and incidents. Accidents continued to happen despite constantly improved
rules and regulations. This approach to safety was reactive, acting after events through
regulations that are aimed at preventing its recurréBetDCA, 20145tolzer & Goglia, 2015)
(Steiner, 1998)

The modern approach is shifting from a reactive to a proactive approach. In addition to existing
rules and regulations, it is necessary to develop a number of other activities that improve flight
safety:application of risk assessment methods, commitment of administrative bodies in flight
safety management, the development of agabisaional culture that encourages safety
practices and communication and actively manages flight safety, effective imatiemeoft
standard operating procedures, including use of checklists and briefings| XaVW FXOW XU
environment that encourages effective reporting of hazards and incidey#rjsaion of a

system for the collection, analysis and exchange of signifefetly data resulting from normal
operations, investigation of accidents and serious incidents identifying systemic shortcomings
(rather than searching for the culprit), integration of flight safety training (including human
factor) for operational staéxchange of acquired knowledge and best practices through active
exchange of safety information (betweeagamisaions and states), and systematic safety
monitoring and performance monitoring to evaluate system condition to reduce or eliminate
problem ares.

In the modern system, the greatest attention is paid to building a posgamstional culture,
which often must overcome the negative aspects of existing national and professional cultures
(BHDCA, 2014)

The strategyhat each gganisaion adopts for its SMS will reflect the corporate safety culture
and it can vary from purely reactive, responding only to the occurrence of accidents, to
strategies that are highly proactive in their searclsé&detyissues. Traditionar reactive, the
process is characterized by subsequent repairs. In a modern or proactive approach, preventive
reform plays a major role.

According tdAdjekum, 2014 )Safety Management System (SMS) is also an organized approac
to a systemic safety improvement. The perspective of the safety management as an
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organisaional process and as a core business function clearly places ultimate safety
accountability and responsibility at the highest level of any aviagianigtion.

It is important to recognise that SMS ist@-down driven system, which means that the
accountable manager of the any organisation is responsible for the implementation and
continuing compliance with the SMS. Without the full support of the accountabEem&hs

ZLOO QRW EH HIIHFWLYH 7KHUH LV QR oRQH VL]H ILWV DO(
size of service providers. Complex SMS systems are likely to be inappropriate for small
organisations. Therefore, such organisations should tagar SMS to suit their size, nature

and complexity of their activities and allocate resources accor(i@gl®, 2018)CCAA, 2021)

Safety management systems are commonly used in the aviatioairddm systematically
manage risks to aviation safety. |ICBa3ed SMS principledCAO, 2018JAGDASA, 2015)

allow for the following: SMS to be tailored to the scope of equipment/aircraft, operations and
maintenance to be conducted by the unit; a phased SMS introduction based on complementary
organisational culture change management programs and timelinesyaachagt of individual

606 SODQVp VFRSH E\ WKH DYLDWLRQ UHJXODWRU

However, as Civil Aviation Authority of New Zealand and Burin irf@is&téNZ, 2013Burin,
2013) E\ XVLQJ WRGD\pahd@mamsisa chdalalites), pidicRo@ may enable to look
deeper into the already identified higgk areas to gain more insight into how effective-risk
reduction efforts are and perhaps identify-rnstuction gaps that are missed.

2.32 Aim and purposef establishing an aviation safety management system

Safety management systems have made a large contributions to aviation safety since the first
introduction in the field. Today every aviation organisation has the obligation to implement safety
managemet system (SMS) and actively record and report every occurrence (hazard) that
happens or potentially could happen in the organisdt@anders, 2016)To ensure that
continuous safety improvement and harmonized global air hawigaodernization advance
handin-hand, global, regional, and national aviation safety planning is esééatia] et al.,
2014)(Ellis, et al., 2021)

,&$2pV *OREDO 30DQV GHILQH WKH PHDQV DQG WDUJHW\
stakeholders can anticipate and efficiently manage air traffic growth while proactively
maintaining or increasing safety. The policies, procedures and systems that\allawation

to realize such goals while remaining safe, secure, efficient, and environmentally sustainable,
DUH SUHVFULEHG ZLWKLQ ,&%$2pV FRRUGLQDWHG LQWHUQDV
(SARPS). All of these activities are harmonized bythe @ FLSOHY DQG REMHFWLYHV
Global Aviation Safety Plan (GASP) as well as the Annex 19 on Safety MangG&@e2013)

(ICAO, 2016)

According to(ICAO, 2018Wood, 2003)there are many benefits to implementing safety
managemenin generglandsome includestrengthened safety culturdocumented, process

based approach to assure safetgetter understanding obafetyrelated interfaces and
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relationshipsenhanced early detection of safety hazasddety datadriven decisiomnmaking
enhanced communication of safefvidence that safety is a prioritynproved efficiencies
possible financial savingand ©st avoidance

2.3.3Regulatory and operational requirements ofatfiationsafety management system

All rules in aviation are normatively covered by a series of international conventions relating to
the safety of air navigation and the conditions afraffic operatios.

The efforts of the international community, during the development of aviation, were aimed at
unifying the rules by legal regulation of global regulatory documents, so today aviation is the
best legally regulated transport industryha world.

The dynamics of adopting basic international conventions, their partial amendments to relevant
protocols, and the dynamics of adopting technical standards through annexes, was in the
function of aviation development, especially in technical tamdsn support of solving current
international problem@/cintyre, 2002)

Globally, the most importantganiséion in the field of air transpoi$ the International Civil
Aviation @anisgion (ICAQ, which brings togethemost of the world (currently 193 member
states).

The International Civil Aviatiorg@nisaéion (ICAO) is a governmentabanisaion under the
United NationgUN) founded in Chicago in 1944, and the structure and scope of itsisvork
defined by the foundg Conventioln International Civil Aviation.

On the global level, International Civil Aviation Organisation (ICAO) prescribes 19 Annexes of
Standard and Recommended Practices (SARPs) among which Anfi€AD9 2016brings

rules and regulations regarding Safety Management and issues ICAO Safety Management
Manual(ICAO, 20183s a guide for each member state to implement State Safety Programmes
on the national level and Safety Managemesite®ys within each aviation organisation.

ICAOANnex 19t Safety Managemer{tCAO, 2016prings together material from existing
Annexes on nationahfety programmes andsafetymanagement systems (SMS), as well as
other elementsincluding the collection and use sdifety data and statesafety oversight
activities. The purpose of consolidating all these materials into a single Annex is to draw Member
States' attention to the importance of integrating their own safety managestiiiea. It also
facilitates the further development of safety management provisions.

The Standards and Recommended Practices (SARPS) in this Annex are intended to assist
Member States in managiagiationsafety risks. Given the growing complexity efglobal air
transport system and its interconnected aviation activities, it is necessary to ensure the safe
operation of aircraffThis Annex supports the continued evolution of a proactive strategy to
improve safety. Thimundatiorof a proactivesafetystrategy is based on the implementation of

the StateSafetyProgranme (SSP), which systematically addresseafetyrisks.
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In 2006, the International Civil Aviatiogadisaion (ICAQO) issuedn ICAO Doc 985% Safety
Management Manual (SMMThis manualwas created as a result of the accelerated
technological development of aviation, as well as its rapid growth and the need to control the
risk that arises as a result. It is the basis for the safety management of all participants in the air
transpot process, including those related to flight crew. According to this manual, all safety
systems in international norms are developed and it lists all the basic elements that should be
implementedas well as the principles and ideas that should be followed.

On the territory of European Union (EU) the duty of rulemaking is delegated to European Union
Aviation Safety Agency (EASA). EASA issues regulations regarding safety reporting and accident
investigation as well as general regulations on implementing sad@gagement systems in the
organisations within the territory of EU.

The Commission Regulation (EU) 376/2(ASA, 2014and Implementing Regulation (EU)
2015/1018(EASA, 2015kstablish regulatian regarding safety reporting and reportable
occurrences, while Commission Regulation (EU) 965/2012:OR&t(EASA, 2012)
Commission Regulation (EU) 1178/2011:-B&KA(EASA, 2011 ommission Regation (EU)
1321/2014(EASA, 2014pnd Commission Regulation (EU) 139/2014:-A2R.OREASA,

2014) and other, establish regulations on implementing and maintaining effective SMS for every
operatoror organisation providing services in the field of aviation in EU.

2.34 Basic ICAO framework: components and elements of the aviation safety management
system

Safety Management Systems (SMS) is the mechanism being used to improve an industry with
an ateady exceptional aviation safety record. ICAO defines SMS as an organized approach to
managing safety, to include the necessagaaisdional structures, accountabilities, policies,

and procedures. The foanain componentspfllarg of SMS are: safety policy and objectives,

risk management, safety assurance, and safety promotion. Accordi@A0, 2018JCCAA,
2021)(Cusick, et al., 2017{Ferguson & Nelson, 20143G, 2015}Velazquez & Bier, 201the
framework of gganisational SMS should include previously mentioned 4 components and
accompanying 12 elements: 1. safety policy and objectives: 1.1 management comrifinent,
safety accountability and responsibilities, 1.3 appointment of key safety personnel, 1.4
coordnation of emergency response planning, 1.5 SMS documentation; 2. safety risk
management: 2.1 hazard identification, 2.2 safety risk assessment and mitigation; 3. safety
assurance: 3.1 safety performance monitoring and measurement, 3.2 managéaothamge

3.3 continuous improvement of the SMS; 4. safety promotion: 4.1 training and education, 4.2
safety communication. Managing and controlling errors, hazards, and risks are all part of the
safety system defined as SM&VIS framework is shown in the Figdre
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= Management commitment

Safety accountability and responsibilities

Safety policy and objectives=f= Appointment of key safety personnel

Coordination of emergency response
planning

- SMS documentation

- Hazard identification

Safety Risk Management =

= Safety risk assessment and mitigation

Safety performance monitoring and
measurement

Safety Management System

Safety Assurance — Management of change
= Continuous improvement of the SMS

- Training and education

Safety promotion -

Safety communication

Figure4 ICACOrameworkof the SMS
Source: Authoaccording tqICAO, 2016jICAO, 2018)

2.3.5Implementation ahe aviatiorsafety management system

The formalestablishment of SMS is clearly defined in ICAO standards. ICAO Annexes require
the implementation of SMS by air traffic control service providers (ICAO Annex 11), certified
airports (ICAO Annex 14), aircraft and helicopter operators (ICAO Annex 6, IPand Ill),
certified training @anisaions (ICAO Annex 1), and certified maintenanganisaions (ICAO

Annex 6, Part IjGeorgiev, 2021(Chatzi, 2019)

SMS is a management system that mstfully integrated into the d&ay-day operations of a
particular oganisdion. It follows that SMS is not approved by the regulater, Competent
Aviation AuthorityCAA as a stanehloneprocess butis assessed through theganisaion's
certificatim and oversight processe(g, through theAir Operator Certificaf®OQ issuance
process, EASA Part 145, airport certification, etc.). The service provider will be deemed to have
met the initial requirements aft€AAreceives evidencehich proves thathe competencies

and responsibilities of management are clearly defitnedsafetypolicy is documented and
signed by the responsible manage&8MS gap analysisis performed, and resultsare
documented. The service provider must conduct a Gap Analysisi(iGAdRer to identifigafety
elementsor procedures that already exist within theganisaion, in order to be able to
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determine additional elementsr procedures necessary for the implementation and
maintenance of SMS.

A documented implementation plarfidieg specific actions and appropriate timelibegins

The implementation plan is a realistic strategy for the implementation of SMS defined in
accordance with the needs and capabilities of tigardsaion, and whichalso defines the
approach appliedtsafetymanagementt is developed by a group that:

has the appropriate experiencecteatea plan,

meets regularly with senior management,

has sufficient resources (including time for meetings)

implementsa strategy for the implementation of SMS that will meet the needs of the
organisaion in terms ofafety,

f defines the approach that theganisaion will adopt fosafetymanagement

f
f
f
f

The SMS implementation plan must include the following elements:

safetypolicy and objectives

system description

GAPanalysis

SMS components

roles and responsibilities in tisafetysystem
safetyreporting policy

ways of employee participation
measurement o$afety performance
communicabn onsafetyissues
safetytraining and
managemenassessmenbf safetyperformance.

THh TR TR TR TR TR TR TR TR TR TR

Guidance for service providers to establish an SMS implementation plan is defined in the ICAO
SMMDoc 9859 The SMS implementation plan is developed in agreement wifittbentable
Manager (AM) of the aganisaéion and theresponsible managersf the aganisaion's
departmentsUpon completion of the plan, théM of the aganisaéion adopts and implements

the plan The SMS implementation plan includes timelines and implementation of procedures
that are in line with the requirements identified in @&Panalysis process, the size of the
service provider and the complexity of the products or services provided bygdresaion.

System overview and description of SMS elements and their interface with existing systems and
processes is the first step in defining the scope and applicability of S8.an overview

(GAP Analysisprovides the ability to identify deficoges related to SMS components and
elementsof service providefOstrowski, et al., 2014)

The implementation of SMS by service providers requires an analysis of their system to
determine the components and elements of SMS alraady exist in therganisaion, and

which components and elements need to be added or modified to meet implementation
requirements. This analysis, known@AaPanalysis, involves comparing SMS requests with
existing service provider resources. After lenpentation and documentation, B&Panalysis
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is the basis for defining the SMS implementation plan. A template for conductiGa\fhe

analysis is contained ICAO SMM Doc 985&ach question is designed to answ&esqor

&logq The answer &esqindicates that the service provider already has implemented
components or elements of the ICAO SMS framework in its system, and that they either meet

or exceed the set requirements. The anseéRr LQGLFDWHYV WKDW WKHUH DUH
the componets or elements of the ICAO SMS framework and the service provider's system.

The obtained results of GAP analysis are the first step in the implementation of SMS, and they
are used to determine the operator's poliopjectivesand procedures. By systematily
conducting the analysis on an annual or quarterly basis, it is checked whether the SMS works
effectively and whether it is in accordance with the required regulations.

SMS implementation is a systematic proc&asch a systematic processin bedividal into
four phases of SMS implementatiire., phased approachYhis process can be quite a
demanding task, so a phased appro&husuallyapplied The process depends on various
factors, such asavailability of instructiongguideliney and/or resource required for
implementation, as well ggior knowledge of the SMS of a particular service provider.

The initiaimplementatiophaseusually includes implementationedéments 1.1, 1.2, 1.3, 1.4,
1.5, and 4.2 of the ICAO SMS framewotkitial phase sbuld be completed within the time
period of 12 monthsThe initialimplementatiorphase requires that the applicant (service
provider) submgto the CAAhe following:

f name and surname of treecountablenanager,

f name and surname of the persmsponsible for the implementation of the SMS,

f writtensafetypolicy, which includes a statement of commitment to the implementation
of the SMS (signed by theccountablenanager),

f documentation on th&APanalysis between the existingganisaional systen and the
required SMS framework,

f organisagional plan for the implementation of SMS, defined on the basis of the SMS
framework and intern@APanalysis of service provider.

The secondimplementatiorphaseusually includes implementationaémentsl.5, 2.1, 2.2,
4.1,and4.2 of the ICAO SMS framewofkecond phase should be completed within the time
period of 12 monthsThe service provider must prove that its system includes the following

f documented praadures related to the required SMS components,

f a process for reactive risk management such as hazard investigetzardanalysis
and identificatiorand risk management,

f associated support elements such as training, methods of collecting, storing and
distributing data and communication safety within the oganiséion, as well as
communication with otherganisaions.

Thethird implementatiophaseusually includes implementationedémentsl.5, 2.1, 2.2, 4.1,
and4.2 of the ICAO SMS framewoikirdphase should be completed within the time period
of 18 months. e service provider must demonstrate that, in addition to the components for
which it has demonstrated durisgcond phaseits system includes a process for proactive
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hazard identification drassociated methods of data collection, storage and distribution, as well
as a management process risks. Required compornecitsde

documented procedures related to the required SMS components,

a process for a reactiv@afetyreporting system,

trainingon the reactivesafetyreporting system process,

process for proactive hazard identification,

the choice oBafetyperformancendicators and targets, argfinition ofan acceptable
level(s) ofsafety

~h ~h ~h —~H —n

In the final (fourth) implementation phaske service provider must demonstrate that, in
addition to the components for which it has already demonstcateglianceduring second
and third phaseits system must include: trainingjust culture quality assurangeand
continuous improvementf SMS. Finalphase should be completed within the time period of 18
months.Thefourthimplementatiophaseusually includes implementationedémentsl.5, 3.1,

3.2, 3.3, 4.1,and 4.2 of the ICAO SMS frameworkigure 5 shows phased approach of
implementing afety management system.

1.1 Management commitment
1.2 Safety accountability and responsibilities
1.3 Appointment of key safety personnel
1.4 Coordination of emergency response planning
1.5 SMS documentation
4.2 Safety communication
1.5 SMS documentation

- Phase 1- Planning

%q&) 2.1 Hazard identification
HU_) *J‘>a\ = Phase 2 Reactive processe 2.2 Safety risk assessment and mitigation
g ﬁ’j 4.1 Training and education
.% é | 4.2 Safety communication
g o - 1.5 SMS documentation
aE) @ . - 2.1 Hazard identification
TED.g PB?;; (?tivlzr?)?gct:lt\algs%gd 2.2 Safety risk assessment and mitigation

- 4.1 Training and education
o 4.2 Safety communication
- 1.5 SMS documentation
= 3.1 Safety performance monitoring and measurement
Phase 4 Operational safety | 3.2 Management of change
assurance - 3.3 Continuous improvement of the SMS
- 4.1 Training and education
- 4.2 Safety communication

Figure5 Phasal approach of SMS implementation
Source: Authoaccording tqICAO, 2016)
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2.36 Safety risk management and safety assurahtiee core components of an effective
aviationsafety management system

Implementing and maintaining effective SMS requires each aviation organisation to comply with

all regulations mentioned abofective SMS has to have four main components in place in

order to work properly and efficiently. Those four components, as previously mentioned, include
safety policy, safety risk management, safety assurance and safety promotion. The second
component isSafety Risk Management (SREId it is the core of efficient SMS. It deals with
occurrence (hazard) identification, risk assessment and risk mitigg@i®lNR UL O R 'HOO $F
2013) ERNRULORI1)H\V®D NDROY O M H Y L gStéinaéf, I9AB) % D UW X O RThE é

third component is Safetissurance,and it includes safety performance monitoring and
measurenent, management of change and continuous improvement of SMS.

Implementation of the safety management system incleaésty risk management and
adoption of measures and procedures to red(rogigate)and eliminate unacceptable risks,
incidentand accident reporting system, safety oversight in work processes, safety training,
safety management system documentation and plan for implementation and continuous
improvement of theafetymanagement system.

2.36.1 Safety Risk Management

Safetyis a state in which the risk of harm to persons or property is reduced and maintained at
an acceptable level, through a continuous process of hazard identificaticafatydrisk
management. The process that leadsrfrhazard identification to risk assessment and risk
mitigation is a risk management procéBezaei & Borjalilu, 2018)uller, et al., 2014(Uyar,

2019) A diagram of th safetyrisk managemenprocess is shown in Figug
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Figure6 Safety risk management process
Source: Authoaccording tqICAO, 2018)

Figure7 showsan example of safetysk management process a airport.
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Figure7 Example of the safety risk management procesaratirport
Source: Author

2.36.1.1Hazard identification

Hazardis defineda condition or object that can cause injuries to personnel, damage to
equipment or structures, loss of materials, or loss of ability to perform a prescribed function.
Consequencés defined astte potential outcome(s) of the hazgiMosleh, et al., 2004)n

order to identify hazards, the following should be considered:

f design factors, including equipment and design tasks,
f procedures and operational practices, including documentation and checkilists,
f communicationincluding means, terminology, and language,
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f organisgional factors, such as employment policies, training, reward systems, and
resource allocation policies,

f environmental factors, such as environmental noise and vibration, temperature, lighting
and proteave equipment and clothing,

f regulatory factors, including the applicability and enforceability of regulations;
certification of equipment, personnel, and procedures; and adequacy of supervision,

f defence mechanisms, including detection and warning systems$aisafe equipment,

f human performance, including medical conditions and physical limitations.

Sources of hazard identificatiare the following

internal sources,

flight data analysis,
voluntary reporting system,
audits and surveys,

external sources,

accident reports,

f mandatory reporting system.

~h ~h R ~h ~h —h

Safety managementethodologiesnclude

f Reactivesafety management methodology
f Proactivesafety management methodology
f Predictivesafety management methodology

It is the responsibility of the provider tewelop, establish and maintain a formal process for
the effective collection, recording, processing and provision of feedback on hazards in
operations, collected on the basis of reactive, proactive and predictive methods of collecting
safety datgZikrullah, et al., 2021)

Reactive methods includeandatoryincidentand accidenteporting informationProactive
methods include voluntary reporting saffetyincidents, confidential reporting systesafety
analysis (investigationpperationasafetyaudit andsafetyassessmentPredictive methods of
collecting safety data are based on direct observations of operational personnel during normal
operations.

2.36.1.2 Safety risk assessment and mitigation

Risk is the possibility of negative consequencdsaahirgd expressed in terms of severity and
probabilityAraujo Vieir, et al., 201¢Yileiniskis & Remenyterescott, 2017§Netjasov & Janic,

2008) (Insua, et al., 2018jLuxhaj, et al., 2003)Bedford & Cooke, 200iBiernbaum &
Hagemann, 2012Yhe obligation of the provider is to develop, establish and maintain a formal
risk management process that ensures analysis (in terms of probability and severity of events),
assessment (in terms of accepiltly/ tolerability) and control (in terms of mitigation) of risks
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at an acceptable level. It must also define those levels of management that have the authority
to make decisions on the acceptabilitgafetyrisks (CCAA, 2021)

The risk assessment considdhe probabilityand severity of any adverse consequences that
may result from the identified hazgRasmussen, 199{Patankar & Taylor, 200@5almon, et
al., 2010)Albery, et al., 2016)

The probability of an accidentiacident bazardl is directly dependent on:

technical and technological adaptations of means of work,
technical correctness of means ofnkp

technical correctness of airport infrastructure,

guality of defined standard operating procedures,

guality of training and experience of employees, and
work culture.

~h ~h ~h ~h ~h —h

In addition to these factors, during the analysis of the probabiltiyadard, it is very important
to determine the quality of the training prognaeand the experience of employees, and:

f History of riskj.e.,whether a similar accident imrcident(hazard) has already occurred,
and if so, how many times and in what pefiod

f Does only one type of device and/or means and/or vehicle have characteristics that
contribute to the increase dirfalysedlrisk?

f How often are devices and/or means and/or vehiibscharacteristics that contribute
to the increase ofanalysefirisk use®

f How many employees act during the work in a way that contributes to the increase of
(analysedlrisk?

Table 1 shows safety risk probabilés a result of the analysis of the pedility ofa hazard,
each risk is assessed by one of the following probabditygories

f Extremelymprobablg1), or
f Improbablg?2), or
f Remote(3), or
f Occasional (4), or
f Frequent (5).
Tablel Safety risk probability table
Probability Meaning Value
Frequent Likely to occur many times (has occurred frequently) 5
Occasional Likely to occur sometimes (has occurred infrequently) 4
Remote Unlikely to occur, but possible (has occurred rarely) 3
Improbable Very unlikely t@ccur (not known to have occurred) 2
Extremely improbable Almost inconceivable that the event will occur 1

Source:Authoraccording tqICAO, 2018)
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Risk severity analysis, if an accidentaorincidentoccurs, involves answering the following
guestions:

f Are and how many people are directly endangered (passengers, staff, @sitors)

f What are the probable financial losses (costs for repair of damagigene, facilities
and other assets, direct costs of operators, collateral damage of otHausiness
partners, impact on future busine®s)

f Whether and what impact it may have on the immediate environment (spilled fuel and/or
lubricant and/or other dangers goods?

f What are the possible political and economic implications given the reaction of the media
and the interest of publmpinion?

Table 2 shows safety risk severiys a result of thehazardseverity analysis, each risk is
assessed with one of thfellowing severitgategories

Catastrophic (A), or
HazardougB), or
Major(C), or

Minor (D), or
NegligiblgE).

~h ~h ~h —H —H

Table2 Safety risk severity table

Severity Meaning Value
Aircraft / equipment destroyed
Multiple deaths
A large reduction in safety margins, physttisiress,or a workload such that
operational personnel cannot be relied upon to perform their tasks accurately
Hazardous completely B
Serious injury
Major equipment damage
Assignificant reduction in safety margins, a reduction in the ability of operatior
personnel to cope with adverse operating conditions as a result of an increas
Major workload or as a result of conditions impairing their efficiency C
Serious incident
Injury topersons
Nuisance
Operating limitations
Use of emergency procedures
Minor incident
Negligible Few consequences E
Source Authoraccording tqICAO, 2018)

Catastrophic

Minor

The risk matrix is a usefukk assessment tool. While the severity of the consequences of an
event can be easily identified, the assessment of the probability of an event is subject to
subjectivity.

According to the product of the expressed values (probability of a hazard occestingated
severity if a hazard occurs) each risk is categorized as:
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f Acceptable, or
f Tolerable, or
f Intolerable

Based on the performed risk categorization:

f amatrix of all risks of work processes, and maintenance of devices and means is made,

f measures and poedures are defined and the employees responsible for their
implementation, in order to redudrtolerableand tolerablerisks to the level of
acceptableand

f implementation and qualitative impact of all defined measures and procedures
constantly momored in order to redefine them in cases where the performance is not
satisfactory.

Table3 shows the safety risk assessment matrix.

Table3 Safety riskassessmenimatrix

Safety Risk Severity

Probability Cataitrophic Haz;rdous M:éjor MiSor Negggible
Frequent 5 5D 5E
Occasional 4 AE
Remote 3
Improbable 2 2A
Extremely improbable 1 1A

Source:Authoraccording tqICAO, 2018)

The matrix shown iffable3 presents the methodology for determining the safety risk index.

The columns of the matrix represent the probability of the occurrence of the event, andsthe row

of the matrix represent the severity of the damage caused icatbenf the occurrence of the
event.According tqICAO, 2018kafety risk index rating is created by combining the results of

the probability and severity scores. The respective severity/probability combinations are
presented in the safety risk assessmerdtrix in Table 3. The safety risk assessment matrix is
used to determine safety risk tolerabilijpr example, a situation where the safety risk
probability has been assessed as Occasional (4), and the safety risk severity has been assessed
as Hazardous (Bit, will resut in a safety risk index of (4B).

The matrix fields are marked with threelours Red fields represent amtolerable
(unaccepthle) area orintolerable nacceptable under existing conditions. Yellow fields
represent an area that is tolefta or acceptable based on risk assessment and mitigation (if
deemed necessary, it may require a management decision). Green fieldaecetablearea.
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The outcome of the risk classificatidre., risk indexis used to determine the mitigation
measures (Tablé below). Tabld showssafetyrisk tolerabilityand shows that there are three
main levels of riskolerability

Table4 Safety risk tolerability

Safety Risk

_ Recommended Action
Description

Safety Risk Index Range

Take immediate action to mitigate the risk or stop the activ
Perform priority safety risk mitigationeéasure additional or
enhanced preventative controls are in place to bring down
safety risk index to tolerable.

SA, 5B, 5C, 4A, 4B, SARINILCIN=2VN=1R

5D, 5E, 4C, 4D, 4E, 3B
3C, 3DRA, 2B, 2C, 1A requiremanagement decision to accept the risk.

TOLERABLE Can be tolerated based on the safety risk mitigation. It me

3E, 2D, 2E, 1B, 1C, 1D
1E
Source:Authoraccording tqICAO, 2018)

ACCEPTABL Acceptable as is. No further safety risk mitigation requirec

Risks need to be managed to keep them as acceptable as possible. Risks should be managed
in a way that balances the timegst, and difficulty of implementing measures to reduce or
eliminate risks. The level of risk can be reduced by reducing the sedfetiity event oy

reducing theexposureo the eventCorrective action musbnsiderany elements of the existing
defence, as well as the inability ¢fiosedefences to maintain an acceptable levelsaffety
Corrective measures should be subject tahferr risk assessment procedure, in order to be

able to determine whether the observed risk is at an acceptable level and whether no additional
riskswouldemerge in the operations.

2.36.2 Safety Assurance

Safetyconsists of the processes and activitiexlertaken by the service provider to determine
whether the SMS works according to expectations and requireni@msservice provider
continuously monitors its internal processes as well as its operational environment to detect
changes or deviations that may pose rsafetyrisks or degrade existing risk contro&uch
changes or deviations can then be addressedyaldth thesafetyrisk management process

The Safety AssurancéSA) process complements the quality assurance system, with each
having requirements for analysis, documentation, audit and management evaluation to ensure
that certain performance criterizeanet.

While quality assurance typically focuses on sgaisaW LRQpV FRPSOLDQFH ZLW
requirementssafetyassurance specifically monitors the effectivenesmatdtyrisk controls
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The aganisgion must develop and maintain:

f means to verify theafetyperformance of therganisaion, and
f means to verify the effectivenesssaifetyrisk controls

Figure 8 shows elements of Safety Assurance comppnentthird vital component of the
safety management system

Figure8 Safety assurance
Source: Authoraccording tqICAO, 2018)

2.36.2.1 Safety performance monitoring and measurement

The service provider is obliged to develop and maintain means to cheekdtyperformance
of the aganisaon and confirm the effectivenessgatfetyrisk controls

The internal audit.e., audit process is one of the ways to monitor compliance sefhty
regulations, the foundations on which the SMS is built, and to assess the effectivesadesyof
risk controls and SMS

Thesafetyperformance of the service provider must be checked againsatbgperformance
indicators andafetyperformancedargetsof the SMS in order to achieve thafetyobjectives
of the aganisaion.

Thesafetyperformance of therganisaion is determined and verified by the following tools:

Reporting systems
Safetystudies
Safetyinspections,

Safetyaudits

Safetysurveys
Internalsafetyinvestigations, etc.

= Th TR Th T T

Safetyaudits are used to ensure that the structure of the SMS is correct in terms of:
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f Employees
f Compliance with approved procedures and instructions
f Levels of competence and competence for:

f Equipment and facility handling

f Maintaining performance levels

Safetysurveys examine certain elements or processes of a particular opesatioms

f Problem areas in everyday wprk
f Perceptions and opinions of operational staff
f Areas of disagreement oonfusion

Safetysurveys may include the use of:

f Checklists
f Questionnairg
f Unofficialconfidentiaintervievs.

Assurvey data is subjective, verification may be required before corrective Sctioeys can
provide a cheap source of significaafetyinformation

Internalsafetyinvestigations include those that do not need to be reported to state authorities
such as

f Turbulence in flight (flight operations)
f Frequency congestion (ATC)

f Defects in material (maintenangce)

f Rampvehiclesoperationgairports)

2.36.2.2 Management of change

The service provider is obliged to develop and maintain a process of identifying changes that
may affect the level cfafetyrisk associated with aeronautical products or services and to
identify andnanagesafetyrisks that may arise fromuchchangesSuch processs obliged to

f describe ways to ensure safety performance before implementing changes,
f eliminate or modifgafetyrisk controls that are no longer necessary or effective due to
changes in the operating environment

Aviation oganis@ions are experiencing permanent changes due to expansion, introduction of
new equipment or procedureShanges can:

introduce newhazard,

influence the appropriateness of risk mitigation measures,
affect risk mitigation effectiveness,

come from gternal changes,

come from danging regulatory requirements,

~h ~h ~h ~h —h
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influence potection,

influence earganisaion of air traffic control,
introduce mternal changes,

introduce banges in management,
introducenew equipment,

introducenew procedures.

~h R —h ~h ~h —h

2.36.2.3 Continuous improvement of theafety management system

The service provider is obliged to monitor and evaluate its SMS processdsiino maintain
or continuously improve the overall efficiency of SMS.

Continuous improvement is measured by monitoring tigarosaion's safety performance
indicators that show the degree of wedtablished and effective SISy, et al., 2006)

Safetyassuranceprocesses encourage SMS improvements through continuous checks and
monitoring activitiegFerdous, et al., 2013Badreddine & Ben Amor, 201®hakzada, et al.,
2013) These goals are achieved through the application of internal assessments and
independent SMS audits.

Continuous improvement is achieved through:

f reactive assessment to verify the effectiveness of the risk controhgigetion system,
for example through data obtained from investigation of accidents, incidents, and
investigation of serious events,

f proactive assessment of facilities, equipment, documentation and procedures through
safetystudies, inspections, auditsy@d surveys,

f proactive performance assessment of individuals to verify the fulfilment ofafesy
responsibilities and competencies

2.3.7 Overview of the aviation safety management system

Figure 9 showsamprehensive overview of the aviatgaiety management systewith all its
elements and processes
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Figure9 Comprehensive overview of the aviation safety management system
Source: Author
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3 SAFETPERFORMANCE MARBMENT

Safety performance management is central to the functioning of SSPs and SMSs. Properly
implemented, it will provide amganis@ion with the means to determine whether its activities
and processes are working effectively thiave its safety objective€hen & Li, 2016)
(Patriarca, et al., 2019pi Gravio, et al., 201%p'Conner, et al., 201{Elvik & Elvebakk, 2016)

This isachievedhrough the identification of safety performance indicators (SPIs), which are
used to monitor and measure safety performafi€aspers, et al., 2019Bun, et al., 2018)
Informationobtainedhrough the identification of SPIs ensusesior management to be aware

of the current situation and supp®decisionmaking, including determining whether actions

are required to further mgfate safety risks to ensure theganisaion achieves its safety goals.

General process cfafety performance management ahd wayit is linked with safety data
collection and processing systems (SDCPS) and safety an#llgtsgers, et al., 20165 shown

in Figurel0. The link to safety promotion is shown to highlight the importance of communicating
this information throughout therganisaion.

Safety performance management helps thganisgion to ask and to answer the four most
important questionfOnyegiri & Oke, 2017¢garding safety management:

1. WhataregganissWLRQpV WRS VDIHW\ ULVNV"

2. What does the rganission want to achieve in terms of safety and what are the top
safety risks that need to be addressed?

3. How will the oganisdion know if it is making progress toward its safety objectives?

4. What safety data drsafety information are needed to make informed safety decisions?

The safety performance management process can also be used to establish an acceptable level
of safety performance (ALOSP).

Foranyservice provider, the primary function of safety perforteananagement is to monitor

and measure how well it is managing its safety risks. This is achieved through the effective
implementation of an SMS that generates information that will be used to make decisions
regarding the management of safety, includirgimplementation of safety risk controls and

the allocation of resources.

Safety performance management is an ongoing activity. Safety risks and availability of data
change over time. Initial SPIs may be developed using limited resources of safetgtiofor

Later, more reportingystemsmay be established, more safety data may be available and the
RUJDQLVDWLRQpPpV VDIHW\ JgooQ Bongdr ' miray HO Bpptdpriste Hov ZLOO
organisations to develop simple SPIs initially. As they gather more data and safety management
capabities grow organisatiorcan consider refining the scope of SPIs and SPTs to better align

with the desired safety objectives. Small4tomplex organisations may elect to refine their

SPIs and SPTs and select generic (but specific) indicators which apygttaviation systems

(Chen, et al., 2019Kaspers, et al., 201.7pome examples of generic indicators would be:

f events including structural damage to equipment
f events indicating circumstancesahich an accident nearly occurred
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f events in which operational personnel or members of the aviation community were
fatally or seriously injured

f events in which operational personnel became incapacitated or unable to perform their
duties safely

f rate of vduntary occurrence reportand

f rate of mandatory occurrence reports.

Largerandmore complex organisations medgfinebroader range of SPIs and SPTs. A large
airport, for example, providing services to major airlines and situated under complex airspace,
might consider combining some of the generic SPIs with despmre SPIs representing
specific aspects of their operation. The monitoring of these may require greater effort but will
likely produce superior safety resul&un, et al.2021)

Figure10 Safety performance management process
Source: Authoaccording tqICAO, 2018)

The set of SPIs and SPTs selected by an organisation should be periodically reviewed to ensure
their continued meaningfulness as indications of organisational safety performance. Some
reasons to continue, discontinue or change SPIs and SPTs include:

f SPlIscontinually report the same value (suctD&sor 100%); these SPIs are unlikely to
provide meaningful input to senior management decisiaking
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f SPIs that have similar behaviour and as such are considered a duplication

f the SPT for an SHhplemented to measure the introduction of a programme or targeted
improvement has been met

f another safety concern becomes a higher priority to monitor and measure

f to gain a better understanding of a particular safety concern by narrowing the specifics
of an SPJand

f safety objectives have changed and as a consequence the SPIs require updating to
remain relevaniCAO, 2018)

3.1 Safety data collection and processing systems

The distinction between safety data and safetynrdton is made in the definitions found in
Annex 19. Safety data is what is initially reported or recorded as the result of an observation or
measuremen{Nazeri, et al., 200XRose, et al., 20225hi, et al., 2017{Kraus, et al., 2018)

It is transformed to safety information when it is processed, organized, integrated or analysed
in a given context to make it useful for management of seéefigty information may continue

to be processed in different ways to extract different meanings.

Annex 19 requires States to establish safety data collection and processing systems (SDCPS)

to capture, store, aggregate, and enable the analysis of sittyand safety information to

support their safety performance management activities. SDCPS is a generic term used to refer

to processing and reporting systemdatabases,and schemes for exchange of safety
information and recorded informatif@rotschelova, et al., 202@Hlolbrook, 2021§Robinson,

2019) (Guskova, et al., 2020The termev DIHW\ GDWDEDVHr PD\muliipleHU WR L
database(sjWilke, et al., 2014)

Service providers are also required to develop and maintain the means to verify their safety
performance with reference to their SPIs and SPTs, in support of their safety objegtives b
means of SDCPS.

Important part of gathering information is report systéandatory occurrence reporting
systems tend to collect more technical information (ergechanicafailures) than human
performance aspects. To address the need for a greatge @frsafety reportingarganisations
should also implement a voluntary safety reporting sydtesims togathermore information,
such as human factors related aspects, and enhance aviation safety.

Systems for the collection of safety data through-de€losure reporting systems, including
automatic data capture such as aviation safety action programme (ASAP) and FDA programmes
(flight operations quality assurance (FOQA) programme, line operations safety audit (LOSA) and
the normal operations safetyrsey (NOSS)), are examples of systems that capture safety data
through direct observations of flight crews or air traffic contro{ieaster & Alexander, 2000)

Many organisationscollecta large amountf safety data and safety information, including
mandatory and voluntary safety reporting systems as well as automated data capture systems.
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This safety data and safety information alltmesn to identify hazards and supports safety
performance managemeattivities.

Each oganisaéion needs to determine what safety data and safety information it must collect to
support the safety performance management process and make safety decisions. Safety data
and safety information requirements can be determinedwstopdown and/or a bottorap
approach. The chosen approach can be influenced by different considerations, such as national
and local conditions and priorities, or the need to provide the data to support the monitoring of
the SPIJICAO, 2018)rable5 provides examples of typical safety data and safety information.

Table5 Sources ofafety data and safety information

Sources Safety data collecting mechanisms
Flight dataanalysis (FDA)

Data systems Flight recorders
ATC radar
Occurrence reports

Persons

Voluntary reports

Mandatory occurrence reports
Voluntary reports

Risk assessments

Risk profiles

Industry SPIs/trend analysis

Service provider surveillance
External and internal audits
Enforcement records
Incident/accident reports

Certification records

Aircrew inflight medical incapacity reports
Trends in medical assessment findings
Accident/incident database

State audits

National aviatioreviews

State safety programme

SPIs and SPTs

ICAO USOAP OLF

In-flight medical incapacity database
Other state partner

Accident/incident Notifications/reports
Safety investigation and analysis
Regionakafety programmes

Civil aviation authority

States

Accident investigation authorit

RSOO/RAIOs . . ; L
Regional accident investigations
USOAP activities

ICAO State safety briefings
Regional safety briefings

Other States Significant safety concerns

Mandatory occurrence reports
Voluntary reports

Risk asseasent register

SPIs trend analysis

Training data

Quality assurance reports

Air operators Mandatory occurrence reports

Approved training orgasaitions
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Voluntary reports

Flight data analysis (FDA)
Fatigue risk management system
Recorded data (flight data recordEDR) cockpit voiceecorder(CVR)
video, ambient, streamed data)
Risk assessment register
SPls/trend analysis

Maintenance records

Internal audits

Reliability programme reports
Training records

Approved Maintenance
Organgations

Mandatory occurrence reports

Voluntary repost

Risk assessment register

SPIs/trend analysis

Internal audits

Quiality programme reports

Training records

Service difficulty reports (SDR)

In-service occurrence reports

Maintenance and operational experience reports
Service information reports (faults, fogctions, defects)
Unapproved parts reports

Organgations responsible for
type design or manufacture of
aircraft, engines or propellers

Mandatory occurrence reports, voluntary reports, risk assessment regi:
SPls/trend analysis

Internal audits

Service difficulty reports (SDR)

Maintenance and operational experience reports

Air traffic services (ATS)
providers

Mandatory occurrence reports
Voluntary reports

Risk assessment register
SPIs/trend analysis

Internal audits

Special aireport(AIREPS)
Training records
Communication records

Operators of certified
aerodromes

Mandatory occurrence reports
Voluntary reports

Risk assessment register
SPIs/trend analysis

Aerodromes safety report

Internal audits

Inspections of the movement area

Source:Authoraccording tqICAO, 2018)

Results of interactions between State representatives and service proyaleation

organisations)such as inspectiongudits,or surveys, can also be a useful input to the pool of
safety data and safety information. The safety data and safety information from these can be

used as evidence of the efficacy of the surveillance programme itself.

Much of the safety data and safetyormation used as the basis for decisinaking comes
from routine, everyday operations which are available from within rganisdéion. The

organisaion should first identify what specific question the safety data and safety information
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aimto answer okwhat problem needs to be addressed. Thisseldetermimngthe appropriate
source and clarify the amount of data or information needed.

Safety data should ideally be categorized using taxonomies and supporting definitions so that
the data can be capted and stored using meaningful terms. Common taxonomies and
definitions establish a standard language, improving the quality of information and
communication. The aviation community's capacity to focus on safety issues is greatly enhanced
by sharing a comon language. Taxonomies enable analysis and facilitate information sharing
and exchange. Some examples of taxonomies indiadgbase with all modelsf aircraft
certified to operatedatabase with ICAO or IATA codes to identify airports, or database with
occurrence classificatioithere are a number of industry common aviation taxonomies. Some
examples includeAccident Data ReportinADRER Commercial Aviation Safety Team
(CAST)/International Civil Aviatiogadis@ion (ICAO) Common Taxonomy Tg&tCTY), and

Safety Performance Indicators Task Force-T$P(ICAO, 2018)

As per(ICAO, 2018xafety data processing refers to the manipulation of safety data to produce
meaningful safety inforation in useful forms such as diagrams, reports, or tables. There are a
number of important considerations related to safety data processing, including: data quality,
aggregation, fusion, and filtering.

Data quality relates to data that is clean anaifipéirpose. Data quality involves the following
aspects cleanlinesgrelevancetimelinessaccuracyand correctness.

Data aggregation is when safety data and safety information is gathered and stored in the
organissW LRQpV 6'&36 DQG H][SyfervM YoHa@alysy. D VXPPDU

Data fusion is the process of merging multiple safety data sets to produce more coherent, linked
and useful safety data than that provided by any individual set of safety data. The integration of
safety data sets followed by its retioa or replacement improves the reliability and usability of
said dataHence for example, data from FDA systems of air operators could be merged with
meteorological data and radar data to obtain a more useful data set for further processing.

Safety dat filtering refers to a wide range of strategies or solutions for refining safety data sets.
This means the data sets are refined into simply what the deaskar needs, without
including other data that can be repetitive, irrelevant or even senbBififezent types of data

filters can be used to generate reports or present the data in ways that facilitate communication.

Safety data and safety information management can be defined as the development, execution
and supervision of planpplicies, programmes and practices that ensure the overall integrity,
availability, usability, and protection of the safety data and safety information used by the
organisaion.

Safety data and safety information management which addresses the necassaong will

ensure that therganissW LRQpV VDIHW\ GDWD DQG VDIHW\ LQIRUPDWL
retained and archived, as well as governed, protected and shared, as intended. Specifically, it
should identifywhat data will be collectedaa definitions, taxonomy and formatgw the

data will be collected, collated and integrated with other safety data and safety information

sources;how the safety data and safety information will be stored, archived and backed up; for
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example, databaserstture, and, if an IT system, supporting architectinogy the safety data
and safety information will be usdthw the information is to be shared and exchanged with
other partieshow the safety data and safety information will be protected, spedliie safety
data and safety information type and source;lan quality will be measured and maintained.

Without clearly defined processes to produce safety informationganisdion cannot achieve
defensible, reliable, and consistent information wploich datadriven decisions are confidently
made.

Data governance is the authority, control and decisiaking over the processes and
procedures that support arganissW LRQpVY GDWD PDQDJHPHQW DFWLYLWL
data and safetyinformation are collected, analysed, used, shared and protected. Data
governance ensures that the data management system(s) has the desired effect through the

key characteristics of integrity, availability, usability and protection.

Metadata is defined asset of data that describes and gives information about other data, in
other words, data about data. Using metadata standards provides a common meaning or
definition of the data. It ensures proper use and interpretation by owners and users, and that
datais easily retrieved for analysidletadata provides a common understanding of what the
data is and ensures correct use and interpretation by its owners and lisens.also identify

errors in the data collection which leads to continuous improvemetite pfogram.

3.2 Safety data analysis

Safety analysis is the process of applying statistical or other analytical techniques to check,
examine, describe, transform, condens¥aluate,and visualize safety data and safety
information in order to discover useful information, suggest conclusions and support decision
making(ICAO, 2018)Analysis helpsrganisdions to generate actionable safety information in

the form of statistics, graphs, mampashboardsand presentations. Safety analysis is especially
valuable for largerganisaion with rich safety data. Safety analysis relies on the simultaneous
application of statistics, computing and operations rebedrioe result of a safety analysis
should present the safety situation in ways that enable decision makers to make safety
decisions.

In parallel with the human resourcing considerations should be an analysis of the existing
software, and business and dgonmaking policies and processes. To be effective, the safety
analysis should be integrated with thigamisaW LR Q pV H [ L V Wdlife3 ardRpoodedseR.R O V
Once amalgamated, the ongoing development of safety intelligence should be seamless and
partof the aganissWLR QpV XVXDO EXVLQHVYV SUDFWLFH

Safety data and safety information analysis can be conducted in many ways, some requiring
more robust data and analytic capabilities than others. The use of suitable tools for analysis of
safety data and seffy information provides a more accurate understanding of the overall

situation by examining the data in ways that reveal the existing relationships, connections,

patterns,and trends that exist within.
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An aganisd@ion with a mature analysis capabilitybetter able toestablish effective safety

metrics; establish safety presentation capabilitiesg.( safety dashboard) for ready
interpretation of safety information by decision makammitor safety performance of a given

sector, gganisdion, system,or process;highlight safety trends, safety targetdert safety

decision makers, based on safety triggeidentify factors that cause changeentify
connectionsoredFRUUHODWLRQVr EHW ZHH QeRRasstinipioQs] andbvelogR XV IDF
predictive modelling capabilities.

Organisdions should include a range of appropriate information sources in their safety analysis,

not just & DIHW\ GDWDr ([DPSOHV RI XVHingK@eheatBdr, Wetr&mQV WR \
traffic, demographics, geagphy, etc. Having access to and exploiting a broader range of data
sources will ensure analysts and safety decision makers are aware of the bigger picture, within
which the safety decisions are made.

Analysis of safety data and safety information alsswsilldecision makers to compare
information to other groups$.€.,a control or comparison group) to help draw conclusions from

the safety data. Common approaches include descriptive analysis (describing), inferential
analysis (inferring) and predictive dsas (predicting), as illustrated in Figdde

Figurel1l Types of analysis
Source: Authoraccording tqICAO, 2018)

Results of safety data analysis can highlight areas of high safety riaksastcdecision makers

and managers to take immediate corrective actions; implement safeyasestt surveillance;
define or refine safety policy or safety objectives; define or refine SPIs and SPTs; set SPI
triggers; promote safety; and conduct furthafety risk assessment.

It is helpful to translate recommendations into action plans, decisions and priorities that decision
makers in the organisation must consider and, if possible, to outline who needs to do what
about the analysis results and by whafisualization tools such as charts, graphs, images and
dashboards are simple yet effective means of presenting results of data analysis.
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3.2.1Descriptive analysis

Descriptive statistics are used to describe or summarize data in ways that are meanuhgful
useful. They help describghow,or summarize data in ways so patterns can emerge from the
data and help to clearly define case studies, opportunities and challenges. Descriptive
techniques provide information about the data; however, they do owt wers to make
conclusions beyond the analysed data or to reach conclusions regarding any hypotheses about
the data. They are a way to describe the data.

Descriptive statistics are helpful because if we simply presented the raw data, particularly in
large quantities, it would be hard to visualize what the data is showing. Descriptive statistics
enable users to present and see the data in a more meaningfyl allowing simpler
interpretation of the data. Tools such as tables and matgcashs,and charts and even maps

are examples of tools used for summarizing data. Descriptive statistics include measures of
central tendency such as mean (average), meati@hmode, as well as measures of variability
such as range, quartiles, minimum and maximum, frequency distributianiance,and
standard deviation (SD). These summaries may either be the initial basis for describing the data
as part of a more extensistatistical analysis or they may be sufficient in and of themselves
for a particular investigatigfCAO, 2018)

3.22 Inferential analysis

Inferential (or inductive) statistics aim to use the data to learn about the pamdation the
sample of data represents. It is not always convenient or possible to examine each item of an
entire population and to have access to a whole population. Inferential statistics are techniques
that allow users of available datageneralizemakeinferences and conclusions about the
population from which the samples were taken to describe t(&lgmour, et al., 1996 hese

include methods for estimating parameters, testing of statistical hypotheses, contparing
average performance of two groups on the same measure to identify differences or similarities,
and identifying possible correlations and relationships among variables.

3.2.3Predictive analysis

Other types of analyses include probability or predienalyses that extract information from
historical and current data and use it to predict trends and behaviour patterns. The patterns
found in the data help identify emerging risks and opportunities. Often the unknown event of
interest is in the futureyut predictive analysis can be applied to any type of unknown in the
past, present or future/ DO Lx HW. Tbh&core of predictive analysis relies on capturing
relationships between variables from pasturrences and exploiting them to predict the
unknown outcome. Some systems allow users to model different scenarios of risks or

opportunities with different outcomes DOLx HW. Thi3 enables decision makers to
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asses the decisions they can make in the face of different unknown circumstances and to
evaluate how they can effectively allocate limited resources to areas where the highest risks or
best opportunities exist.

3.2.4Combined analysis

Various types of statical analyses are interconnected and often conducted together. For
example, an inferential techniqgue may be the main tool used to draw conclusions regarding a
set of data, but descriptive statistics are also usually used and presented. Also, outputs of
inferential statistics are often used as the basis for predictive analysis.

Analytical techniques can be applied to safety analysis in ordderitfy the causes and
contributing factors related to hazards and elements whictcrai@al to the continuous
improvement of aviation safe#nalytical techniques can also be applieelxamine areas for
improvement and increase in the effectiveness of safety canaolsell tosupport ongoing
monitoring of safety performance and trends.

3.3 Datadriven decison-making

As per(ICAO, 2018)he primary purpose of safety analysis and safety reporting is to present a
picture of the safety situation to decision makers which will empower them to make decisions
based on the data presented. This is known as-dia¥an decisiormaking (DDDM or D3M3,
datadriven approach to decisignaking.

Having a solid foundation of safety data and safety information is fundamental for safety
management since it is the basis for ddtaven decisiomnmaking.

Many aviation occurrences have resulted, at leastrrn fpam poor management decisions,
which can result in wasted money, labour and resources. The goal of safety decision makers is,
in the short term, to minimize poor outcomes and achieve effective results, and in the long term,
to contribute to the achiement of the ganisaswW LRQpV VDIHW\ REMHFWLYHYV

Good decisiomaking is not easy. Decisions are often made without being able to consider all
the relevant factors. Decision makers are also subject to bias that, whether consciously or not,
affects decisionsnade.

The intent of D3M is not necessarily to make@®8eHUIHFWr RU LGHDO GHFLVLRQ
a good decision that achieves the skerim objective (about which the actual decision is being
made) and works towards satisfying the longem obgctive (improved rganisdional safety
performance). Good decisions meet the following criteaasparency, accountability, fairness

and objectiity, justification,reproducildity, executabity, andpragmasm.
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3.3.1 Advantages dflatadriven decisiormaking

D3M enables decision makers to focus on desired safety outcomes which align with the safety
policy and objectives, and address various aspects related to change management, safety risk
assessments, etc. D3M can assist with siecis related to:

f changes that can be expected in statutory and regulatory requirements, emerging
technologies or resources which may affect thgaaisaion;

f potential changes in the needs and expectations of the aviation community and
interested parties;

f various priorities that need to be established and managgddtrategic, operational,
resources);

f new skills, competencies, tools and even change management processes that may be
needed to implement new decision(s);

f risks that musbe assessednanagedpr minimized;

f existing services, products and processes that currently provide the most value for
interested parties; and

f evolving demands for new servicgspducts,and processe$§iCAO, 2018)

A structued approach such as D3M drives decision makers to decisions that are aligned with
what the safety data is indicating. This requires trust in the safety performance management
framework; if there is confidenceitnthere will be trust in any decisions texd fromit.

3.3.2 Challenges with datdriven decisiomnmaking

As per(ICAO, 2018)implementing processes for data collection and analysis takes time and
money, as well as expertise and skills that may not be readilgtdedd the oganiséion. The

appropriate amount of time and resources vested into the decisaing process needs to be

carefully considered. Factors to consider include the amount of money involved in the decision,

the extent of the influence of the B VLR Q DQG WKH GHFLVLRQpV VDIHYV
organisaion does not understand what is involved, then the D3M process may become a source

of frustration for safety decision makers, causing them to undermine or abandon the process.

Like SSP, SMS, D3&hd safety performance management require a commitment to build and
sustain the structures and skills necessary to maximize the opportunities presented by D3M.

W LV KDUGHU WR EXLOG WUXVW LQ GDWD WKDQ th&¢ LV WR
D3M approach requires a shift in the culture and mindset ofrtfensdion where decisions
are based upon reliable SPIs and the results of other safety data analysis.

In somecases,the decisiormaking process may become bogged down in an attempt to find

the EHVW SRVVLEOHr VRORQ®DRQVLVOYRUD@RVZIQVDVEWUDWHJILFE
avoid thisncludesetting a deadlindiaving a weltlefined scope and objective; amot aiming

fora eSHUIHFWr GHFLVLRQ RU VROXWLRQ WKHeVXUW®BOHYHD @&

eSUDFWLFDOr GHFLVLRQ DQG LPSURYLQJ IXUWKHU GHFLVLR
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3.3.3 Datadriven decisioftmaking process

The D3M process can be a critical tool that inaredbe value and effectiveness of the SSP

and SMS. Effective safety management depends on making defendable and informed decisions.
In turn, effective D3M relies on clearly defined safety data and information requirements,
standards, collection methods, tdamanagement, analysis and sharing, all of which are
components of a D3M proceg&CAO, 2018)igurel? illustratesthe D3M process.

Figure12 Datadriven decisionmakingprocess
Source: Authoraccording tqICAO, 2018)

The first step in planning and establishing the D3M procesaled ®efining the problem or

R EMH F W Ild¥fides th® Molhlékh that needs to be solved or the safety objective that must
be achieved. What is the question that needs to be answered? What decision must the safety
decision makers make? How will it align \thign more strategicrganisaional objectives?

Thesecondstep iscalled éccess to data to support the decisi®hD N L Q J ridebtieGwhaty

data is needed to answer the probletor{sideringhe provisions on information protection).

No data is any mervaluable than other data. Focus should be on whether the available data is
appropriate to help answer and resolve the problem. If the data required is avhégiiecess

can continugo fourth step.

If the right data is not available, theganission will need to collect, store, analyse and present
new safety data and safety information in meaningful Widys.represents third step called
®equest data to support the decisienD N L Thisrmay mean establishing another SPI and
perhaps aliged SPTs. Establishing additional indicators can come at a cost. Once the cost is
known, the oganisaion should estimate if the benefits outweigh those costs. The focus should
primarily be on identifyingnonitoring,and measuring safety data that is neeédo make
effective datalriven safety decisions. If the costs outweigh the benefits, consider alternative
data sources and/or indicators.
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Fourth step is callednterpret results of data analysis and make-datd) LY HQ Qhefdatd LR Qr
gathered must b@resented to the decision makers at the right time and in meaningful ways.
The appropriateness and size of the data sets, the sophistication of the analytics and the skills
of the data analysts will only be effective if the data is presented when neetliedfarmats

that make it easy for decision makers to comprehend. The insights gained from the data should
inform decisiormaking, and ultimately, improve safety performance.

Last (fifth) stepis called& RP P X QL FD W H \NdK tHe Gaffety ld&CisRQto be effective, it
needs to be communicated to stakeholders, theskidestaff required to enact the necessary
actions;person who reported the situation (if requireal);personnel, to ensure they akept
informed of safety improvements; an@anisgional knowledge managers to ensure the safety
decision is incorporated into the learning of thgaoisaion.

3.3.4 Safety performance management and dkiaen decisiormaking

As per(ICAO, 2018)the following elements combine to enable an organisation to identify
trends, make informed decisions, evaluate the safety performance in relation to defined
objectives, assess risks or fulfil its requirements: safety performaacagementt as the

safety data and safety information governance framework; SDE3RBe safety data collection

and processing functionality; and D3M as a dependable depisiking process.

The most important outcome of establishing a safety performaac@agement structure is the
SUHVHQWDWLRQ RI LQIRUPDWLRQ WR WKH RUJDQLVDWLRQ¢
based on current, reliable safety data and safety information. The aim should always be to make
decisions in accordance with the sgfpblicy and towards the safety objectives.

In relation to safety performance management,-daten decisionmaking is about making
effective, welinformed decisions based on the results of monitored and measured SPIs, or
other reports and analysis séfety data and safety information. Using valid and relevant safety
data combined with information that provides context supports the organisation in making
decisions that align with its safety objectives and targets. Contextual information may also
incluce other stakeholder priorities, known deficiencies in the data, and other complementary
data to evaluate the pros, cons, opportunities, limitations, and risks associated with the decision.
Having the information readily available and easy to interprsttbetpitigate bias, influence,

and human error in the decisiomaking process.

Datadriven decisiommaking also supports the evaluation of decisions made in the past to
support any realignment with the safety objectives.

Collecting and analysing the degguired for effective management and decisi@king is an
ongoing process. The results of data analysis may reveal that more and better data must be
collected and analysed in support of the actions and decisions that the organisation needs to
take. Figte 13 shows how reporting of analysis results may determine further requirements for
data to be collected.

50



Figure13 Datadriven decision making and safety performance management
Source: Authoraccording tqICAO, 2018)

3.4 Safety objectives

Establishing safety objectives provides strategic direction for the safety performance
management process and provides a sound basis for safletied decisiomaking. The
management of safety performance should be a primary consideration when ameliciesy po

or processes or allocating therganissWLRQpV UHVRXUFHV LQ SXUVXLW
performance.

Safety objectives are brief, hitgvel statements of safety achievements or desired outcomes

to be accomplished. Safety objectives provide dimedtiothe aganissWLRQpV DFWLYLWL
should therefore be consistent with the safety policy that sets outrd¢jfamisaW L R Q fievelK L J K
safety commitment. They are also useful to communicate safety priorities to personnel and the
aviation community as ahole.

As per(ICAO, 2018)safety objectives may be:

f processoriented: stated in terms of safe behaviours expected from operational
personnel or the performance of actions implemented by rj@ncsdion to manage
safety riskor
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f outcomeoriented: encompass actions and trends regarding containment of accidents
or operational losses.

The suite of safety objectives should include a mix of both prawessted and outcome
oriented objectives to provide enough coverage direttion for the SPIs and SPTs. Safety
objectives on their owulo notneedto beSpecific, Measurable, Achievable, RelessadTimely
(SMART])Doran, 1981)provided the safety objectives and accompanying SPIs and@RiTs

a package that allows anganisdion to demonstrate whether it is maintaining or improving its
safety performance.

An aganis@ion may also choose to identify safety objectives at the tactical or operational level
or apply them to specific projectstoducts,and processeg¢Table 6) A safety objective may
also be expressed by the use of other terms with a similar meamigiggoal or target).

Table6 Examples of safety objectives

Examples of safety objectives

processoriented  State or service provider Increase safety reporting levels.

outcomeoriented  service provider Reduce rate of adverse apron safety events. {legél) or
Reduce the annual number of adverse apron safety eve
from the previous year.

outcomeoriented State Reduce the annual number of safety events in sector X

Source:Authoraccording tqICAO, 2018)

Understanding how the organisation plans to progress towards its safety objectives requires
WKDW WKH\ NQRZ ZKHUH WKH\ DUH LQ UHODWLRQ WR VDIH)\
structure (safety objectives, indicators, targets, triggers) hasn bestablished and is
functioning, it is possible to learn their baseline safety performance through a period of
monitoring. Baseline safety performance is the safety performance at the commencement of

the safety performance measurement process, the froimt which progress can be measured.

3.5 Safety performancéndicators

As defined by ICAQCAO, 2018)SPIs are used to help senior management know whether or
not the organisation is likely to achieve its sabbjgctive; they can be qualitative or quantitative.
Quantitative indicators relate to measuring by the quantity, rather than its quality, whereas
gualitative indicators are descriptive and measure by quality.
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3.5.1 Qualitative and quantitative safety quanfance indicators

Quantitative indicators are preferred over qualitative indicators because they are more easily
counted and compared. The choice of indicator depends on the availability of reliable data that
can be measured quantitativéBoelen & Klompstra, 201Z)oes the necessary evidence have

to be in the form of comparable, generalizable data (quantitative), or a descriptive image of the
safety situation (qualitative)? Each option, qualitative or quaatiiatolves different kinds of

SPIs, and requires a thoughtful SPI selection procéd3 O L x 9 L W RvddrNbination of
approaches is useful in many situations and can solve many of the problems which may arise
from adoping a single approach. An example of a qualitative indicator for a State could be the
PDWXULW\ RI WKHLU VHUYLFH SURYLGHUVp 606 LQ D SDUW
assessment of the safety culture.

Quantitative indicators can be exprekas a numberxincursions) or as a rate{ncursions

pern movements). In some cases, a numerical expression will be sufficient. However, just using
numbers may create a distorted impression of the actual safety situation if the level of activity
fluctuates. For example, if air traf6ontrol recordghree altitude busts in July and six in August,
there may be great concern about the significant deterioration in safety performance. But August
may have seen double the movements of July meaning thelalktists per movement, or the

rate, has decreased, not increased. This may or may not change the level of scrutiny, but it does
provide another valuable piece of information that may be vital tai\s¢a safety decision
making.

For this reason, whereppropriate, SPIs should be reflected in terms of a relative rate to
measure the performance level regardless of the level of activity. This provides a normalized
measure of performance; whether the activity increases or decreases. As another example, an
SH could measure the number of runway incursions. But if there were fewer departures in the
monitored period, the result could be misleading. A more accurate and valuable performance
measure would be the number of runway incursions relative to the numberefmentse.g.,

x incursions per D00 movements.

3.5.2 Lagging and leading indicators

The two most common categories used by States and service providers to classify their SPIs

are lagging and leading. Lagging SPIs measure events that have already occurred. They are also
referred to aseutcomeEDVHG 63,Vr DQG DUH QR the be@aiive olteoiesQ RW D C
the aganisdion is aiming to avoid. Leading SPIs measure processes and inputs being
implemented to improve or maintain saf@itgveson, 2015)These are also known aactivity

RU SURFHVYV 63, tor ah méakuie ceniitipns that have the potential to lead to or
contribute to a specific outcome.

Lagging SPIs help theganisdion understand what has happened in the past and are useful
for longterm trending. They can be used as a Higlel indicadr or as an indication of specific
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occurrence types or locations, sucha& \SHV RI DFFLGHQW Vekifi¢ ixidechEUD IW V!
W\SHV E\ UHJLRQr %HFDXVH ODJJLQJ 63,V PHDVXUH VDIH
effectiveness of safety mitigatiod$ey are effective at validating the overall safety performance

of the system. For example, monitoring tleamber of ramp collisions per number of
PRYHPHQWYV EHWZHHQ YHKLFOHYVY IROORZLQJ D UHGHVLJQ F
the effectivenessfadhe new markings (assuming nothing else has changed). The reduction in
collisions validates an improvement in the overall safety performance of the ramp system; which
may be attributable to the change in question.

Trends in lagging SPIs can be analysedietermine conditions existing in the system that
should be addressed. Using the previous example, an increasing trend in ramp collisions per
number of movements may have been what led to the identification ftesudard ramp
markings as a mitigation.

Lagging SPIs are divided into two types:

f low probability/high severity: outcomes such as accidents or serious incidents. The low
frequency of high severity outcomes means that aggregation of data (at industry
segment level or regional level) may resuliniore meaningful analyses. An example of
this type of lagging SPIwould @® LUFUDIW DQG RU HQJLQH GDPDJH G

f high probability/low severity: outcomes that did not necessarily manifest themselves in
a serious accident or incident, thesee ssometimes also referred to as precursor
indicators. SPIs for high probability/low severity outcomes are primarily used to monitor
specific safety issues and measure the effectiveness of existing safety risk mitigations.

An example of this type of presor SPI would beeELUG UDGDU GHWHFWLR
indicates the level of bird activity rather than the amount of actual bird strikes.

Aviation safety measures have historically been biased towards SPls that #oflect
SUREDELOLW\ KLJK VHY I3 WhdatStantalKI®Vik RhatHa¢cidents and serious
incidents are high profile events and are easy to count. However, from a safety performance
management perspective, there are drawbacks in an overreliance on accidents and serious
incidents as a reliablmdicator of safety performance. For instance, accidents and serious
incidents are infrequent (there may be only one accident in a year, or none) making it difficult
to perform statistical analysis to identify trends. This does not necessarily indatateeth
system is safe. A consequence of a reliance on this sort of data is a potential false sense of
confidence thatmanisdionral RU V\VWHPpV VDI H \affecBue Wheéhitnkal iQ faet LV
be veryclose to an accident.

Leading indicators are measures that focus on processes and inputs that are being implemented

to improve or maintain safety. These are also knowre& WLYLW\ RU SURFHVV 63
monitor and measure conditions that have the potential to become amttbate to a specific

outcome.

Examples of leading SPIs driving the developmentgainesaional capabilities for proactive
safety performance management include such thingse@ascentage of staff who have
successfully completed safety training ontim RUHTXHQF\ Rl ELUG VFDULQJ DF
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Leading SPIs may also inform theyanisaion about how their operation copes with change,
including changes in its operating environment. The focus will be either on anticipating
weaknesses and vulnerabilitiés a result of thehange omonitoring the performance after a
change. An example of an SPI to monitor a change in operations wogkrtentage of sites

that have implemented procedu{e

For a more accurate and useful indication of safety perfa@dagging SPIs, measuring both

eORZ SUREDELOLW\ KLIKEMHXHSUWED HYGIIQOWVORBD GVHYHUL W\
combined with leading SPIs. Figdrkillustrates the concept of leading and lagging indicators

that provide a more comprehensiand realistic picture of therganissWLRQpV VDIHW
performance.

Figurel4 Leadingandlagging indicatos
Source:(ICAO, 2018)

3.5.3 Selecton of safety performance indicators

SPIs are the parameters that provide tihgaoisaéion with a view of its safety performance:

where it has been; where it is now; and where it is headed, in relation to safety. This picture
acts as a solid and defensible foation upon which therganisaW L R Q glviveG Bafétlp

decisions are made. These decisions, in turn, positively affect rgemiseWLRQpV VDIHW
performance. The identification of SPIs should therefore be realistic, relevant, and linked to
safety objecties, regardless of their simplicity or complexibannou, et al., 2017)

It is likely the initial selection of SPIs will be limited to the monitoring and measurement of
parameters representing events or processes that areaaipr convenient to capture (safety
data that may be readily availal{fleéanagopoulos, et al., 201Tgleally, SPIs should focus on
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parameters that are important indicators of safety performance, rather than on those that are
easy to attain.

SPIs should beelated to the safety objective they aim to indicsgéscted or developed based
on available data and reliable measurenagyropriately specific and quantifiable; eeadistic,
by consideringhe possibilities and consiints of the oganisaion (Chen, et al., 2021)

A combination of SPIs is usually required to provide a clear indication of safety performance.
There should be a clear link between lagging and leading SPIs. Ideally lagging SPIs should be
defined before determining leading SPIs. Defining a precursamni&fel to a more serious event

or condition (the lagging SPI) ensures there is a clear correlation between the two. All of the
SPIs, lagging and leading, are equally valid and valuable.

It is important to select SPIs that relate to thgamisaW L R Q  Wbj&ciMed.\Waving SPIs that

are well defined and aligned will make it easier to identify SPTs, which will show the progress
being made towards the attainment of safety objectives. This allowsgtresaion to assign

resources for greatest safety aftdoy knowing precisely what is required, and when and how

to act to achieve the planned safety performance. For example, a State has a safety objective of
eeduce the number of runway excursions bydbl) WKUHH \HDUVr DQG-DQ DVV
aligned SPof eQ XPEHU RI UXQZD\ HIFXUVLRQV SHU PLOOLRQ GHSI
the number of excursions drops initially when monitoring commences, but starts to climb again
after twelve months, the State could choose to reallocate resources away feveaawhere,

according to the SPIs, the safety objective is being easily achieved and towards the reduction

of runway excursions to alleviate the undesirable t(E2O, 2018)

The contents of each SPI should include:

f a desciption of what the SPI measures

f the purpose of the SPI (what it is intended to manage and who it is intended to,inform)

f the units of measurement and any requirements for its calculation

f who is responsible for collecting, validating, monitoring, regaatid acting on the SPI
(these may be staff from different parts of thrganisaion),

f where or how the data should be collectaald

f the frequency of reporting, collecting, monitoring and analysis of the SPI data.

3.6 Safety performance targets

As per(ICAO, 2018)safety performance targets (SPTs) define stemin and mediurterm

safety performance management desired achievements. They @etla® HVWRQHVr WKDW
confidence that therganisaion is on track taachieving its safety objectives and provide a
measurable way of verifying the effectiveness of safety performance management activities.
SPT setting should take into consideration factors such as the prevailing level of safety risk,
safety risk tolerabilit as well as expectations regarding the safety of the particular aviation
sector. The setting of SPTs should be determined after considering what is realistically
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achievable for the associated aviation sector and recent performance of the particulae®@PlI,
historical trend data is available.

If the combination of safety objectives, SPIs and SPTs working together are SMART, it allows
the aganisdéion to demonstrate its safety performance more effectivEhere are multiple
approaches to achieving tgeals of safety performance management, especially, setting SPTs.
One approach involves establishing general-leigtl safety objectives with aligned SPIs and
then identifying reasonable levels of improvements after a baseline safety performance has been
established. These levels of improvements may be based on specific targetsefcentage
decrease) or the achievement of a positive trend. Another approach which can be used when
the safety objectives are SMART is to have the safety targets act stomeiteto achieving the

safety objectives. Either of these approaches are valid and there may be others that an
organisaion finds effective at demonstrating their safety performance. Different approaches can
be used in combination as appropriate to thecsiic circumstances.

Once an organisation has identified the targets based on the SPIs they believe will deliver the
planned outcome, they must ensure the stakeholders follow through by assigning clear
responsibility for delivery. Defining SPTs for emghtion authority, sector and service provider
supports the achievement of the ALoOSP for the State by assigning clear accountability.

3.6.1 Setting targets with higlevel safety objectives

Targets are established with senior management agreeihg@gbievel safety objectives. The
organisaion then identifies appropriate SPIs that will show improvement of safety performance
towards the agreed safety objective(s). The SPIs will be measured using existing data sources

but may also require the collewii of additional data. Theganiséion then starts gathering,
analysingand presenting the SPIs. Trends will start to emerge, which will provide an overview

of the aganissWLRQpV VDIHW\ SHUIRUPDQFH DQG ZKHWKHU LW L\
safay objectives. At this point theganisdion can identify reasonable and achievable SPTs for

each SP{ICAO, 2018)

3.6.2 Setting targets with SMART safety objectives

Safety objectives can be difficult to communicate aagl seem challenging to achieve; by
breaking them down into smaller concrete safety targets, the process of delivering them is
easier to manage. In this way, targets form a crucial link between strategy atulddsty
operations. @anisaions should iderfly the key areas that drive the safety performance and
establish a way to measure them. Once ayanisaéion has an idea what their current level of
performance is by establishing the baseline safety performance, they can start setting SPTs to
give everyoa in the State a clear sense of what they should be aiming to achieve. The
organisaion may also use benchmarking to support setting performance téRymisn, 1981)
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This involves using performance information fedmilar aganisaions that have already been
measuring their performance to get a sense of how others in the community are doing.

As per(ICAO, 2018)an example of the relationship between safety objectives, SPIs and SPTs
isillustrated in Figurg5. In this example, therganisaion recorded 100 runway excursions per

million movements in 2018. Specific targeted actions and associated timelines have been
defined to meet these targets. To monitor, measure and report theiepsogine oganisaéion

has chosene&s:< H[FXUVLRQV SHU PLOOLRQ PRYHPHQWY SHU \HD
Figure 15the progress is expected to be greater in the first years and less so in the later years.

In the Figurdb:

f the SMART safety objectige®% UHGXFWLRQ LQ 5:< H[FXUVLRQV UD\

f the SPI selected istheQ XPEHU UXQZD\ H[FXUVLRQV SHU PLOOLR
and

f the safety targets related to this objective represent milestones for reaching the SMART
safety objective andquate taapproximatelyl2.5%reduction each year until 2022;

f SPT1laiseOHVV WKDQ UXQZD\ H[FXUVLRQV SHU PLOOLRQ

SPT1bisecOHVV WKDQ UXQZD\ HIFXUVLRQV SHU PLOOLRAQ

SPT 1c iséess than 55 runwaH [FXUVLRQV SHU PLOOLRQ PRYHPHQW

=~ T

Figure15 Exampleof safety performance targets with safety objectives
Source: Autholccording tqICAO, 2018)

It is not always necessary appropriate to define SPTs as there may be some SPIs that are

better to monitor for trends rather than use to determine a target. Safety reporting is an example
of when having a target could either discourage people not to report (if the target is not to
exceed a number) or to report trivial matters to meet a target (if the target is to reach a certain
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number). There may also be SPIs better used to define a direction of travel to target continuous
safety performance improvemente(, to reduce the numberfeevents) rather than used to
define an absolute target, as these may be difficult to detelih@re, 2018)

3.7 Safety triggers

A brief perspective on the notions of triggers is relevant to assist in their evext¢uaiithin
the context of the management of safety performance bygansdion.

As per(ICAO, 2018ntrigger is an established level or criteria value that serves to trigger (start)

an evaluation, decision, adjustmentremedial action related to the particular indicator. One
method for setting owdf-limits trigger criteria for SPTs is the use of the population standard
deviation (STDEVP) principle. This method derives the standard deviation (SD) value based on
the preeding historical data points of a given safety indicator. The SD value plus the average
(mean) value of the historical data set forms the basic trigger value for the next monitoring
period. Triggers provide early warnings which enable decision makergganfamed safety
decisions, and thus improve safety performance. An example of trigger levels based on standard
deviations (SDs) is provided at Figu& In this example, datdriven decisions and safety
mitigation actions may need to be taken whenttéed goes beyond +1SD or +2SD from the
mean of the preceding period. Often the trigger levels (in this case +1SD, +2SD or beyond +2SD)
will align with decision management levels and urgency of action.

Number of fatal acciden

Figure16 Example of representation of safety triggéedert levels
Source:(ICAO, 2018)
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Figurel7 is an extension of the previous examp&Q% reduction in runway excursions by

r, Q S8EKdriY, it is now the year 2020. Thiganisaion has been collecting safety data
(SPI't &umberof UXQZD\ HIFXUVLRQV PLOOLRQ PRYHPHQW \HDUr
to reduce the instances. The SPT for 2019 (<78 runway excursions/million moireyear)
was achieved. However, the SPI shows that, not only was the SPT for 2020 (<64 runway
excursions/million movement in year) not achieved, but the number of excursions has also
exceeded the trigger in two consecutive reporting periods. The decisikersnhave been
alerted to the deterioration in safety performance and are in a position to make decisions based
on the data to take further actioi€AO, 2018)

Figure17 Example of settingafety triggersand monitoring achievement of targets
Source:(ICAO, 2018)
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4 AVIATION SAFETY MANAGEMENT METHODQARGAPELICABLEMETHODS

4.1 Basic aviation safetynanagement methodologies

The SMS defines three management methodologies: reactive, proactive, and predictive (Figure
18) (ICAO, 2016{ICAO, 2018) OLURV DY O M HY I(@steHW, eDaDh, 2013Everdij, et
al., 2006)

Figure18 Safety management levels
Source:(ICAO, 2011)

All three methodologies are closely linked to all four components mentioned above, especially
safety risk management component, in particularly hazard identification. The SMS needs input
data to identify hazardse.,to be able to provide viable results and these methodologies are
the SMS tool that enables it to acquire necessary safety data.

Reactive methodology gathers safety data from the accidents and incidents that has already
occurred in the past and learriom their outcomes. Proactive methodology uses safety
reporting systems and safety performance indicators to gather safety data in order to discover
and mitigate the potential threats and hazards that may consequently trigger the occurrence of
accident o incident. Predictive methodology is not yet well established, as it assumes
discovering potential and possible hazards based on predictive analyses (forecasts) that extract
information from historical and current safety data and use it to predict tagdsehaviour
patterns(Ancel, et al., 2015)é RNRULOR H®MAODZD18jLuxhgj, 2013)Stanton, et
al.,2008)
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There are three categories of reports that are gathered: mandatory, voluntary and (Gé&)ges
2015) Mandatory reports refer to set of occurrences which are predetermined by the
regulations with the obligation topa@t. Voluntary reports record potentially hazardous
occurrences which are not predefined in the scope of mandatory occurrences. Reports on
changes record every change that happens inside or outside the organisation, since every
change represents potentiahzard, and those reports can refer to internal changes (within
organisation) or external changes (usually in regulations).

4.1.1Reactive safety management methodology

Reactive methodology gathers safety data from the accidents and incidents thinedds a
occurred in the past and learns from their outcomes. Mandatory report is made when
occurrence has already happened, hence mandatory occurrence reporting can be characterised
as reactive methodology of gathering safety data.

According to Civil Aviati Authorityof Banglades{BCAA, 2010)eUHDFWLYH QDYLJDWL
require a very serious triggering even, with oftentimes considerable damaging consequences,

to take place in order to launch the safety data cagitweess. The contribution of reactive
navigation aids to safety management nevertheless depends on the extent to which the
information they generate goes beyond the triggering causes of the event, and the allocation of
blame, and includes contributory farst and findings as to safety riskBohm, 2008) The
investigation of accidents and serious incidents are examples of reactive navigatioieards.
examples are situations involving failures in technology, or unusual events.

According to Cusick and Airbus Safety Magd@nsick, et al., 201 7{Airbus, 2014)definition

of reactive methodology is: hazards are identified through investigation and analysis of past
incidens or accidentsi.e., safety occurrences. Incidents and accidents are potential indicators

RI' VAIVWHPVp GHILFLHQFLHVY DQG WKHUHIRUH FDQ EH XVH
contributing to the event or are latent.

An illustration of reactive safety nagement system and its most important activities is shown
in Figurelo.

s Safef S HAZARD IDENTIFICATION No defences s Safet
”b'ar?’l S or very low Inves{igation 8 ge?dtback
SMOR S o s defences in sRoot Cause N Iibaraeryy
reports reports (MOR reports) place Analysis

Figure19 Reactivesafety management system
Source: Author
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4.1.2Proactive safety management methodology

Proactive methodology uses safegporting systems and safety performance indicators to
gather safety data in order to discover and mitigate the potential threats and hazards that may
consequently trigger the occurrence of accident or inciRamussen & Svedung00)

Voluntary reports and reports on changes record potential threats and hazards that could
possibly or potentially lead to more serious occurrence, therefore those reports are
characterised as proactive methodology of safeipagement.

SURDFWLYH PHWKRGRORJ\ JDWKHUV VDIHW\ GDWD RI RF
performance and analyses the gathered safety data or its frequency to estimate if a hazard could
cause an accident or incidegfatriarca, et al., 2019)

The main mechanism for safety data collection of proactive methodology is safety reporting
system. Safety data can be collected from various types of safety reports such as: accident or
incident investigations, voluntary egf reporting system, management of change, continuing
airworthiness reports, operational performance monitoring (flight data analyses), inspections,
audits, surveys, or safety studies and reviews.

The main activity of proactive safety management methgpdotwludes defining Safety
Performance Indicators (SPIs) and setting of Safety Performance Targets((SRTs)2018)
(McDonald, et al., 2014)

SPIs are the parameters that give tingamisaion a dear view of its safety performance: where

it has been; where it is now; and where it is headed, in relation to its safety performance. The
setup of SPIs should therefore be realistic, relevant, and linked to safety objectives of the
organisation. Safetyperformance targets (SPTs) define desired achievements of safety
performance in the organisation. They ensure that thanisdion is on track to achieving its
safety objectives and provide a measurable way of verifying the effectiveness of safety
performance management activities. Both SPIs and SPTs provide clear picture of the
organissWLRQpV VDIHW\ SHUIRUPDQFH

As per Bohm and Cusi¢Bohm, 2008)Cusick, et al., 2017proactive safety management:
identifies safety risks within the system before it fails; and takes the necessary actions to reduce
such safety risks.

According to Airbus Safety Magaz{érbus, 2014) definition of proactive methodology is:

hazards LGHQWLILFDWLRQ LV PDGH E\ DQDO\VLV RI WKH RUJ
materialize into incidents or accidents and the necessary actions are taken to reduce the
associated safety risks. A proactive process is based upon the notion that gsafgs/aan be

minimized by identifying safety risks within the system before it fails and taking the necessary
actions to mitigate such safety risks.

An illustration of proactive safety management system and its most important activities is shown
in Figure20.
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Figure 20 Proactivesafety management system
Source: Author

4.1.3Predictive safety management methodology

Predictive methodology is not yet well established, as it assumes discovering potential and
possible hazarddased on predictive analyses (forecasts) that extract information from
historical and current safety data and use it to predict trends and behaviour patterns of emerging
hazardgAncel, et al., 2015Cusck, et al.,, 2017) ERNRULOR {HOAODP2018)Luxhg;j,
2013)(Stanton, et al., 2008)

Predictive methodology of the SMS can hgtorical and current safety data, SPIs and SPTs
of the organisation % DUW XORYLé a6 WeHihpQthhtbrmation to conduct predictive
analysis,i.e., forecasts using predictive (forecasting) methods. The obtained results show
trends and behaviour patterns of established 8Rlse organisation and give improved picture

of future development of safety performance in the organisation, as well as disgove
emerging hazards.

As stated by Airbus Safety Magazine and Bangladesh Civil Aviation A{Alrbrty;, 2014)

(BCAA, 2010Q)predictive navigation aids do not require a triggering event to @t iplorder

to launch the safety data capture process. Routine operational data are continually captured, in
real time. Predictive navigation aids are based upon the notion that safety management is best
accomplished by trying to find trouble, not jusiting for it to happen. Therefore, predictive
safety data capture systems aggressively seek safety information that may be indicative of
emerging safety risks for a variety of sources.

An illustration of predictive safety management system and its mosttanp activities is
shown in Figur@1l.
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Figure21 Predictivesafety management system
Source: Author

4.2 Application of pedictive methodsin aviationindustry

This chapter gives thehronologicabverview ofpredictive methods used in aviation industry,
with the purpose to improve safety in some aspects.

Some of predictive methods that can be used to analyse safety data are for example, linear trend
analysis and moving avera¢@AIN, 203) (Brockwell & Davis, 2016) % DUW XORYLé 6 WL
2020) The safety data can be historical safety data of the organisation to create forecasts or
predictions of future behaviour wionitored parameters or indicators.

Pisanich and CorkefPisanich & Corker, 1995)escribed AHWMIDAS, a model of pilot
performance in interaction with varied levels of automation inflight management operations. The
model was ued to predict the performance of a twerson flight crew responding to clearance
information generated by the Centre TRACON Automation System (CTAS). The model represents
the information requirements, decision processes, communication processes, and motor
performance required by the flight crew to integrate flight management automation and ground
side automation in clearance aiding. The paper described the model, its development and
implementation, the simulation test of the model predictions, and theiehpialidation
process. The complex human performance model allows variations in CTAS design to be
explored through predictive simulation. Procedures and performance criteria as well as
situational variations can be controlled and tested. The modesaugporting data provide a
generalizable tool that is being expanded to include air/ground compatibility and ATC crew
interactions in air traffic management.

In 2003,Ghobbar & Friend dealt with techniques applicable to predicting spare parts demand
for airline fleets. Authors devised a new approach to forecasting evaluation, a model which
compares and evaluates forecasting methods based on their factor levels when faced with
intermittent deman@Ghobbar & Friend, 2003)
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Luxhgjdescribed, in 2003, advanced risk analytics that conthimause of a human error
taxonomy, probabilistic Bayesian Belief Networks, andbzes®l scenarios to assess a relative

risk intensity metric, to reduce aviation safety system(tiskhgj, 2003)In 2005, Lechner &
Luxhgjpointed out how frequency of commercial aircraft accidents is rare but modelling the
precursors leading to those accidents is challengihg to the intricacies of the system.
Existingmodels of events when investigating the causes of accid#dteot capture the
probabilistic interdependencies of risk factors. They concluded that modelling-lofeaon
multiple causality and probabilistic dependencies would be a more realistic way of examining
the accidents. Authors developed Aviation System Risk A&8ieM) to provide advanced risk
assessments for certain kinds of accidents. Described mods|Regesian Belief Networks

and influence diagrams to provide risk assessments, and it incorporates human factors analysis
in evaluating the causes of accidents. verify the model, a detailed study of three specific
runway incursion accident cases, was presefitedhner & Luxhgj, 2005 2006,Luxhgj &

Coit presented an overview of an Aviation System Risk Model (ASRM) that adsegsesact

of new technology insertions or products designed to mitigate the likelihood or consequence of
aviation accidents. The ASRM, developed with joint support from the National Aeronautics and
Space Administration (NASA) and the Federal Aviatiomi8nation (FAA), was an example of

a model devoted to class ofow probability/high consequengevents. The ASRM was
demonstrated with a model developed for a certain aircraft accident type known as controlled
flight into terrain (CFIT)Luxhgj & Coit, 2006)

Liou conductedLiou, et al., 2008) research to better understand the role that human factors
play in major aviation accidents. A method for building an effective safety managgstem

for airlines was developed that incorporateganisaion and management factors. It combines
both fuzzy logic and DecisiMiking Trial and Evaluation Laboratory (DEMATEL). This method
can map out the structural relations among diverse fagt@axomplex system and identify the
key factors.

In 2011, Panagopoulg®anagopoulos, 2011JFRQGXFWHG UHVHDUFK UHJDUGL
error framework. The intent was to start to bridge and compare existent mostly readivie

Safety programmes among NATO/EU Air Forces and show how a more proactive and predictive
Safety Management System can be realised.

In 2011, Du & Qin described tirseries extrapolation analysis model for sttertn prediction

of flight accidentsni American general aviatidbu & Qin, 2011)xnd Valdés and others
proposed risk models for runway overrun and landing undershoot, using a probabilistic
approach. These models are supported by historical data on accidentsanedh&ound the
runway and will enable us to determine if the risk level is acceptable or whether action must be
taken to mitigate such risks at a given airport. These models also enable comparison of the
results of different risk mitigation actions imts of operational risk and safdtyaldés, et al.,

2011)

Boeing(Boeing, 2012)levelops and incorporates new technologies to enhance safety. Through
research, development and collaboration, Boeing has developed sophisticated technologies that
provide distinct safety advantages, such as: Vertical Situation Display, predictive anvindshe
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equipment along with improved windshe#naining programs for pilots, and Enhanced Ground
Proximity Warning System.

In 2013, Manmu and others describe theoretical methods of aviation accident forecasting, as
well as early warning and preventi@uanmu, et al., 2013)

The ICAQICAO, 20133tates that the focus of the lofigrm objective is the implementation of
predictive systems that will become integral part of the aviation systems in tine. fut
Sustainable growth of the international aviation system will require the introduction of advanced
safety capabilities that increase capacity while maintaining or enhancing operational safety
margins and manage existing and emerging risks. Thetémmgobjective is to support an
operational environment characterized by increased automation and the integration of advanced
capabilities on the ground and in the air. ICAO has committed to the development and
implementation of new safety initiatives in ms® to concerning trends in safety data. The
future aviation system will become increasing automated, far more complex and the role of
aviation professionals may change. Safety oversight under these circumstances will require the
use of proactive and pretdive risk modelling capabilities. This approach will allow the aviation
community to effectively monitor the health of the aviation system, virtually-timreabnd

make necessary adjustments to maintain the desired levels of safety(ICM 2013has

begun to put in place significantly improved and expanded online accesstimeesafety
information through its iISTARS (Integrated Safety Trend Analysis and Reporting System)
initiative, as well as a range of additiomahtion data, to support the implementation of the
evolving approach to safety management. A series of goals support this aspirational safety goal.
The ICAO 202R022 edition of the GASRCAO, 201%alls the States to impieent effective

safety oversight systems, implement SSPs and move towards predictive risk management.

As stated in Airbus Safety Magazif#érbus, 2014) recorders technology has improved
significantlyt from analogue to digitain tape, then to solid state able to record over 3,000
parameters. In the meantime, Flight Data Monitoring processes were encouraged and sometime
requested by authorities. Today, while Flight Data Recorders (FDR) or Digital Flight Data
Recorders (DFDR)adedicated to accident investigation, Flight Data Analysis programs (Figure
22) extract data from easily accessible recorders and customize the recorded parameters. FDR
logically led to FDA and the reactive process evolved into a predictive processs Araiyally

filter the data. They look for all high deviation magnitude events in order to assess any serious
safety concern and take appropriate corrective action. Correlation with all other means like
mandatory or voluntary reports for example, willtiplyl the analysis efficiency. All reliable
events are stored into the database and are investigated on a regular basis to highlight any trend
that could show a latent or potential risk.
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Figure22 Example ofirbusFlight Data Analysis Suite
Source:(NavBlue, 2020)

In 2015, Di Graviand others stated that defining means to assess safety performance and
delve into their causes is one of the current and future challenges of the air transport sector.
The research aim was a statistical model of safety events in order to predict sdtetyaece,
combining in a Monte Carlo simulation the results emerged from the literature analysis with the
analytical models of historic data interpretation. Authors concluded that through the analysis of
the possible scenarios, assessing their impact quipgnent, procedures and human factor,
proposed model can address the interventions of the decision rfiak@ravio, et al., 2015)

Roelen and other@Roelen, et al., 201&onducted a study on antegrated approach to risk
modelling in which the total aviation system, and human factors and cultural aspects are
considered in connection with technical and procedural aspects and with emphasis on
representation of emerging and future risks. Specifieatives were to: represent safety of the
current total aviation system in accident scenarios; represent emerging and future risks in
accident scenarios; represent safety culture and safety management in accident scenarios; and
explain how to quantify theeccident scenarios.

Khoshkhoo(Khoshkhoo, 2017developed Dispatch Operations Safety Audit (DOS&A)
proactive and predictive method in safety management system that detects the capabilities and
pitfalls of dispatcher performee. Potential applications of this research include the better
threat and error management in Operations Control Centre (OCC) as well as identification of
types of threats and errors.

International Transport ForurfiTF, 2018)points out that growing complexity in the
transportation system has enabled the industry to carry an-iesesasing number of
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passengers and volumes of freight at an ed@gereasing real cost. Growing complexity has also
introduced new hazards to therngportation system and thus requires proper predictive risk
analysis and mitigation that should be done as part of an SMS.

AFCAQAFCAC, 201%uggests the implementation of predictive safety systems. Emphasis is
made on the fet that safety systems integration is possible through use of appropriate modular
software suite which should encompass all of the major safety oversight responsibilities and
typical automated systems that are already in use by a considerable numbalaibre@cross

the world. The software architecture focus areas should include legislation; organisation; SSP
and SMS; personnel licensing (examinations and licensing); flight operations; aircraft
incidents/accidents; airworthiness; aerodromes; air nawigsgrvices. Safety records and data
should be maintained in a single, fully crosterenced database (for each regulator) and it
should allow detailed analysis of the safety risks as they apply to discrete areas of oversight and
also across the whole @ion industry. Safety data and safety information management which
addresses the necessary functions should ensure thatrtfensaW LRQpYV VDIHW\ GDWD |
information is collected, stored, analysed, retained, and archived, as wgdvemsed,
protected, and shared.

Based on the highest density domain analysis, Ben and others proposed a new algorithm to
perform prediction of the aviation safety in an uncertain framework. In order to perform the
prediction of the aviation safety, highdensity domain (HDR) is combined with uncertainty
description technique to obtain the aviation safety interval and the corresponding interval
probability level in the proposed meth@&kn, et al., 2019)

Insua and others statehow, in most cases, the organisations use unsophisticated methods
based on risk matrices for the development of aviation safety management systems. Authors
presented models to forecast and assess the consequences of aviation safety occurrences as
part ofa framework for aviation safety risk management at state(legeh, et al., 2019)

Zheqi and others, carried out forecasting of aviation safety probability based on the uncertainty
of neural network point forecasting vallde uncertainty of aviation safety forecasting is
described by three ideas: the numerical statistical characteristics of point forecasting value, the
probability density fitting of point forecasting value and the distribution of(Zheqi, et al.,

2020)

This paragraph outlines application of predictive methods in other industry branches. For
example Attwood and others developed a model to predict the frequency and associated costs
of occupational accidents in the offshoreanoid gas industrgAttwood, et al., 2006Munteanu

& Aldemirillustratedsimple pressurizer model, with the potential use of the dynamic system
doctor approach and integrated safety assessment {B8ID methodology for elne
probabilistic accident managemeiMunteanu & Aldemir, 2003Rathnayaka and others
presented System Hazard ldentification, Prediction and Prevention (SHIPP) methodology to
identify, evaluate, model the accident process, predict and prevent future accidents, with case
study carried out on a liquefied natural gasd@) facilitfRathnayaka, et al., 201 Peters and

others explain how predictions from a causal model will in general work as well under
interventions as for observational data, but in contrast, predictions fromaansal mdel can
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potentially be very wrong. Authors proposed to exploit invariance of a prediction under a causal
model for causal inference using invariant predi¢taters, et al., 2016)n 2019,Xuecai and
otherssuggestedan apgkation of new method of risk prediction and factorial risk analysis for
coal and gas outburst accidents, based on 8BAN and Apriori algorithr(Suecai, et al.,

2019)

4.3 Types of analytical methods

Analytical methodsdude methods foestimating parameters, testing of statistical hypotheses,
comparing the average performance of two groups on the same measure to identify differences
or similarities, and identifying possible correlations and relatioresmipsg variableBugayko,

et al., 2019)Kurt & Gerede, 201&Hastie, et al., 2009)

Statistical data on number of flights will be used in the following chapters, éoasedataset

for all examples of descriptive and statistical analysis, using various analytical methods. Table
shows gatistical dateon indicator namedel XPEHU RI1 IOLJKWVr Bpbriyiy DQMR 7
Zagrebfor periodfrom DecembeR017to Februan2022.

Table7 Statistical data on number of flights 9tuU D Q M R AiKpbR oiperiod from December 2017 to February
2022

Month/ Year '\'“'f“ber o Month/ Year N“mber & Month/ Year N“T”ber o
flights flights flights
Decl7 2912 Jun-19 4088 Dec20 1392
Jan18 3039 Juk19 4356 Jan21 1403
Feb18 2692 Aug19 4401 Feb21l 1249
Mar18 3143 Sepl9 4190 Mar21 1648
Aprl18 3384 Oct19 4045 Apr21 1840
May18 4023 Now19 3344 May-21 2092
Jun-18 4124 Dec19 3351 Jun21 2426
Juk18 4461 Jan20 3133 Juk21 2931
Aug18 4393 Feb20 2994 Aug21 3086
Sepl8 4176 Mar-20 2310 Sep21 3401
Oct18 3970 Apr20 365 Oct21 3394
Now18 3223 May-20 572 Now21 2917
Dec18 3060 Jun-20 1138 Dec21 3218
Janl19 3045 Juk20 2037 Jan22 2776
Feb19 2826 Aug20 2246 Feb22 2637
Mar19 3356 Sep20 1995
Apr19 3776 Oct20 1772
May-19 4283 Now20 1556

Source: Authoaccordingto )UDQMR 7XiPDQ $LUSRUW

Followingsub-chaptersexplain and provide examples of some analytical methods. Review of
most common analytical tools are outlined and explained including descriptive statistics,
histograms of frequencies, steamdleaf plots, @ plots, box plots, and tests of normality.
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4.3.1 Descriptive statistics

Descriptive statistics deals witinganisingcollected datand presentingstatisticalsummary
using numerical and graphictdols (tables, figures, graphsYable 8shows example of
descriptve statistics.

Table8 Example of descriptive statistics

Descriptives

Statistic Std. Error

Mean 2905.67 146.481
95% Confidence Interval for  Lower Bound 2611.45
Mean Upper Bound 3199.88
5% Trimmed Mean 2948.76
Median 3045.00
Variance 1094297.987
Number of flights Std. Deviation 1046.087
Minimum 365
Maximum 4461
Range 4096
Interquartile Range 1684

Skewness -0.484 0.333

Kurtosis -0.393 0.656

Source: Authousing IBM SPSS Statistics

4.3.2 Frequency istogram

The histogram of frequenciésequency histogranmr relative frequencies of the categories of

the selected variable consists of columns associated with the category whose height
corresponds to the frequency or relative frequency of the categohystogram is used to
display numerical data. Before creating a histogram, it is necessary to group the data into
intervals and create a frequency table of the grouped data. The histogram is drawn in the
coordinate system so that the columns are plamezgt the corresponding intervals. The height

of the column corresponds to the frequency of the intefvglure 23shows example of
frequency histogram.
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Figure23 Example ofrequency histogram
Source: Authousing IBM SPSStatistics

4.3.3 Stemandleafplots

In aStemandleafplot, the Stemrepresents a common group of data, and lthef is variable
group of dataStemandleafplot is a special table where each data value is split irsteanq
(the first digit or dig#t) and a éeafq(usually the last digitFigure 24shows example of Stem
andleaf plot

Number of flights Stem - and- Leaf Plot

Frequency Stem & Leaf

1,00 0.3

1,00 0.5

4,00 1. 1234

5,00 1. 56789

5,00 2. 00234

8,00 2. 66789999
14,00 3. 00001122333334
2,00 3. 79
11,00 4. 00011123344

Stem width: 1000
Each leaf: 1 case(s)

Figure24 Example oktem-and-leaf plot
Source: Authousing IBM SPSS Statistics
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4.3.4 QQ plots

QQplot (quantilequantile plot) is one of the best ways to compare distributbbise sample
x with theoretical distribution. In this yyat is possible to determinthe distribution of the
sample, and later confirm it with a statistical tEgjure 25shows exampkeof Q-Q plot.

Figure25 Exampls of Q-Q plots
Source: Authousing IBM SPSStatistics

4.3.5 Box plots

A box plot (box and whisker plot) is a simple graph that shows the charact@rsticA box

plot consists of a rectangle that shows the data from the lower to the upper quartile. The line
across the rectanglendicates the median. The lower and upper horizontal lines are called
whiskers. They can be defined differently, but most often they represent the smallest and largest
data that is within 1.5 times the interquartile range, looking from the lower or wzpeleg All

points outside this limit are drawn separately and are considered outliers (values that deviate
from the others). The appearance of the box plot indicates the degree of dispersion and
asymmetry (skewness) and can show outliers among theEigiare 26shows example of box

plot.
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Figure26 Example obox plot
Source: Authousing IBM SPSS Statistics

4.3.6 Tests of normality

A normality test is used to determine whether sample data has been dveayfrom the
Normal (Gauss) DistributioMost common tests of normality includedersorDarling test
CraméfVan Mises criterionD'Agostino’'s Ksquared testKolmogorovSmirnov tst, Lilliefors
test Normal probability plptShapireWilk test and ShapireFrancia test Table9 shows
examples oKolmogoro¥Smirnoy ShapireWilkandLillieforstest of normality

Table9 Examples of tests of normality

Tests ofnormality

KolmogorovSmirnov ShapireWilk
Statistic df Sig. Statistic df Sig.
Number of flights 0.110 51 0.170 0.956 51 0.056

a. Lilliefors Significance Correction
Source: Authousing IBM SPSS Statistics

4.4 Types of predictivenethods

This chapter describegxplains,and provides examples of predictifferecasting)methods
(Brockwell & Davis, 201§kEastwell, 2012jEastwell, 2014jLawson, 2008Maeng & Bell,
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2013)(Wiedermann & Von Eye, 201Bgview of most common predictive methods are outlined
and explained including trend projecti@xponential smoothing, moving average, ARIMA
modelling, etc. This chapter alsovers forecastingpredicting)methods usedn segment of

civil aviation, with special emphasis farecastingmethods used irair navigation services,
airport operations andirine operations. Aoverview of predictive methods usedawerall
aviation industrys provided, as well. Based on the analysis of reviewed methods, the selection
is made for most suitable predictive methods that can be applied in the segment of aviatio
safety management.

4.4.1 Forecasting in aviation

Forecasts arepredictionsof future activities supported bgrecise estimates, analysis of
historical trends in transport demand, projected economic growth and other relevant factors
that may affect thgrowth of air traffic in the markeEhe forecastonsidersshortterm, mad-

term or longterm period of timeQOutput data, level of detail, and forecasting methaasvary.

In the field of civil aviation, the forecast is used as:

f assistance tatates in the orderly development of civil aviation, as well as assistance at
all levels of governmentatganisdions in terms of airspacand airport infrastructure
planning

f assistance to airlines in planning equipment and route structure in the fgng ru

f assisance toaircraft manufacturers in planning future aircraft types (in terms of size
and range) and determining the time for their development

4.4.2 Oveview of forecasting methods

Types of forecasting methodglude two main categoriesetmodsof time series analysand
econometric analysis

Methods of time series analysiglude the following

f Trend projection
f Time series decomposition methods
f Simpleexponential smoothing
f Exponential smoothing method with trend and seasonality
f Moving average method
[ Auto regression model that integrates moving average (ARIMA)

Methods ofitme series analysis are based on assumptions of historical data that tend to continue
andthey rely on available historical dafhey are used in an environment that reflects the
stability of the input parameters that are evaluated in the-sdrontfore@st period Time series
decomposition methods distinguish the problem using different componéhé&y are

75



particularly relevant when there is a large seasonal or cyclical component in historical data
These methods are used to identify three underlyinghponents: trend, seasonal component
and cyclical component if any

Statistical data on number of flighd W ) U D Q M RirpoiXinPAagyeb,for period from
DecembeR017to Februar2022 (as per Table 7)yill be used in the followirgub-chapters,

to seve as dataset for all examples of forecasting, using various forecasting (predictive)
methods.

4.4.2.1Trend projection

The first step in forecasting air traffic activities is to review historicaligatame series, and
determine their trend$n the context of na-termor longterm forecasting, the trend represents
the evolution of traffic over a long period of time, excluding traffic oscillations foitestmort
forecasts The differentforms of trend arves can be represented by the relationship of
mathematical quantitieas shown in Figure72 Trends are made for parameté&umber of
IOLJKWVr DW J)UDQMR 7 Xasp&® TabeL. USRUW LQ =DJUHE

Figure27 Examples of trendline curvesr number of flights
Source: Authousing Microsoft Excelccordingto )UDQMR 7XiPDQ $LUSRUW

4.4.2.2 Nonseasonaxponential smoothing
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The most common smoothing technigiseexponential smoothingexponential smoothing
generally relies on the philosophy of decomposifitie method places more emphasis on the
latest data, in order to increase its impact on the foretaskoing so, it iSmportant to identify
the seasonal component in data, if monthly or quarterly forecasts are considered

Nonseasonal exponentshoothingincludeHolt's linear trendBrown's linear trendjamped
trend and smpleexponential smoothing method

Holt's linar trendmethod isextended simple exponential smoothiingtallows the forecasting
of data with a trendrigure 28hows an gample of forecasting number of flights using Holt's
linear trendnethod.

Figure28 Example oforecastingnumber of flightsusing Holt's linear trend
Source: Authousing IBM SPSS Statistiascordingto ) UDQMR 7XiPDQ $LUSRUW

Brown's linear trenchethod is known a®%s URZQpV OLQHDU H[2850Q0dtya\wi DO VPR
exponential smoothing which uses two different smoothed series that are centred at different
points in timeFigure 2%hows an example ébrecasting number of flights using Brown's linear
trendmethod.
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Figure29 Example oforecastingnumber of flightsusing Brown's linear trend
Source: Authousing IBM SPSS Statistiascordingto )UDQMR 7XiPDQ $LUSRUW

Damped trendLV +ROWpV OLQHDU WUHQGWKDWK B G DALSMIQ B ID WHKPHHVW
flat line sometime in the futur€igure 30shown an example dérecasting number of flights
using damped trenthethod.

Figure30 Example oforecastingnumber of flightsusing damped trend
Source: Authousing IBM SPSS Statistiascordingto ) UDQMR 7XiPDQ $LUSRUW
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Thesimpleexponentiasmoothing method tries to solve the causes of time sdlugsuations
(trend, seasonal and cyclical componeRiyure 31shows an example dbrecasting number
of flights using simple exponential smoothing method

Figure31 Example oforecastingnumber of flightsusing simple exponential smoothing method
Source: Authousing IBM SPSS Statistiascordingto )UDQMR 7XiPDQ $LUSRUW

4.4.2.3 Seasonal gponential smoothing

Theaimof seasonal exponential smoothiago capture the behaviour of time series by dividing
it into a trend component, a seasonal component, and a forecast error com@@oraetof the
seasonal exponentiainoothingmethod are simple seasonaxponential smathing, Winter's
additiveandWinter's multiplicativenethod.

Simple seasonaxponential smoothingethodfor forecastinglata with a systematic trend or
seasonal componentk N XU O D % D E is dorecasting method that aiy be used as an

alternative to the popular Bdenkins ARIMA methods$-igure 32shows examples of

forecasting number of flights using simple seasonal exponential smoothing method
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Figure32 Example oforecastingnumber of flightsusing dmple seasonal exponential smoothimgethod
Source: Authousing IBM SPSS Statistiascordingto )UDQMR 7XiPDQ $LUSRUW

Winter's (also called Holt L Q W tddlpive methodis an extension of Holt'snethod that
captures seasonality. This method produces exponentially smoothed values for thetelel

andseasonal adjustment of the forecdagure 33hows an example débrecasting number of
flights using Winter's additiveatod

Figure33 Example oforecastingnumber of flightsusing Winter's additive method
Source: Authousing IBM SPSS Statistiascordingto )UDQMR 7XiPDQ $LUSRUW
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Winter's(also calledHoltWinterp Yhultiplicativenethodalso calculates exponentially smoothed
values for level, trend, and seasonal adjustnoérihe forecast. This seasonal multiplicative
method multiplies the trended forecast by the seasonality, producinguthiplicative forecast.
Figure 34shows an example dbrecasting number of flights using Winter's multiplicative
method

Figure34 Example oforecastingnumber of flightsusing Winter's multiplicative method
Source: Authousing IBM SPSS Statistiascordingto ) UDQMR 7XiPDQ $LUSRUW

4.4.2.4Moving average method

A simplemoving average (SMA) is a calculation that takes the arithmetic mean of a given set of
data over thespecific number of days in the past. It is a calculation to analyse each data point
by creating a series of averages of different subsets of the full data set.

The moving average method is similar to exponential smoothing, the only difference in terms is
that each observation is equal to the weighBuk to equal weights, moving averages tend to

lag behind the current situation in relation to exponential smoofftiegadvantage of moving
averages over exponential smoothing is much simpler use ofldetdisadvantage of moving
averages is that it requires a longer set of data for analysis

When making a forecast in the short term, moving average methods as well as exponential
smoothing methods can be used.
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Figure35 shows exampledtecast ofnumber of ights DW )UD QMR 7 X Eh® erisd USRUW
from March 2022 to February 2025, using Microsoft Excel Forecasting Tools and time series
decomposition forecasting methods.

Figure35 Example ofdrecastng number of flightsusing moving average method
Source: Authousing Microsoft Excelccordingto )UDQMR 7XTPDQ $LUSRUW

4.4.2.5Auto Regressive Integrated Moving Aver@deIMA)

Each set of data can lsilisedusing the Auto Regressive Integrated Moving Average (ARIMA),
known as the Bedenkins method, which is suitable for forecasting only in the short Téven.
method is suitable for processing complex data using time serighiah there are different
data patterns, such as trend, seasonal and cyclical component.

An autoregressive integrated moving average (ARIMA) model is fitting time series data either to
better understand the data or to predict future points in the seABSMA models can be
estimated following the Badenkins approac(Otexts, 2022)

Nonseasonal ARIMA models are generally denoted ARIM@\(vherep is the order (number
of time lags) of the autoregressive modekis the degree of differencing (the number of times
the data have had past values subtracted), g the order of the movingverage model
(Otexts, 2022)

Seasmal ARIMA models are usually denoted ARIMA](P,D,Qm, wherem refers to the
number of periods in each season, and the upperdageQrefer to the autoregressive,
differencing, and moving average terms for the seasonal part of the ARIMA (@iecks$,
2022) Figure 36shows example of forecasting number of flights using ARIMA modaealfidg
VWDWLVWLFDO GDWD R)IUDDNDRI R X7 R PO .Q LELIFSRW W
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Figure36 Example oforecastingnumber of flightsusing ARIMA modelling
Source: Authousing IBM SPSS Statistiascordingto )UDQMR 7XiPDQ $LUSRUW

4.4.2.6 Econometric analysis

The main steps imaking a forecast using the econometric model are:

defining the problem

selection of relevant causal or independent variables

determining the availability of data or selecting alternative or represented variables

designing a model that determines th@edyof functional relationship between the

dependent variable and the selected independent (causal) variables

f conducting an analysis, in order to test the assumed relationship, including the
estimation of model coefficients, their sizes and labels, aftigt&ta measurement

f when the above criteria are met, it is necessary to determine the model in its final form

f development of forecasts of the future scenario for independent variables from which

the traffic forecast is later derived

= Th T TH

The use of multipleegression analysis that includes the structure of prices and revenues is
called econometric analysighe starting point for econometric analysis is a regression equation
model that sets the causal relationship between a dependent variable and oneeor mor
independent variable$he econometric model attempts to explainttiaéfic demand caused

by changes in independent variabl€gure 37shows an example oforecasting using
econometric analysis trfafficdemand
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Figure37 Example oforecasting usingeconometricanalysisof traffic demand
Source:(Greene, 2003)

4.4.3 Forecasting methods in air navigation services

The Europeanr@anisdion for the Safety of Air Navigation (EUROCONTROL) uses quantitative
methods forair trafficforecasting in Europe over a period of time.

Statistics and forecasts are necessary for EUROCONTROL, its members and air transport
stakeholders because:

f statistics allow measuring and understanding what is happening in the air transport
industry

f quantitative forecasts allow planning responses for future air traffic demand
(EUROCONTROL, 2021)

When forecasting, highButomated and structured processes are used, but due to various
factors, different forecasting methods are used, such as:

f time series methods for extrapolating historical data samples

f econometricanalysesthat considerhow economic, social and operationahditions
affect the development of transport

f scenariebased inputs that describe future developments in Europe over the next ten
years

f specific datadriven modelsthese methods rely on historical data or on tracking the
latest trends

The Network Mager (NM) provides traffic and delay forecasts, which it Etatysesto
support the European Aviation Network's global performance in line with the European
Commission's Implementing Rsila order to:

f continuously evaluate the operation of network tfans and monitor network
processesanalyseand report on all aspects of network operational effects
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f recommend measures andtakethe necessary actions to ensure network performance
(Steiner, et al., 2014)

f compare the effcts with the objectives set out in the Network Strategy Plan (NSP), the
Network Operational PI@HOP) and the Network Performance Plan (NPP) whichydentif
shortcomings and proposes corrective actions

This way, the NM ensures a consolidated amerdinated approach to all planned and
operational activities of the network

As part of EUROCONTRE@UROCONTROL, 202he STATFOR office publishes air traffic
forecasts in Europe, countries, or regions at the level ofrnvajific flows (e.g transatlantic

traffic flow).The purpose of traffic forecasting is to support the planning and monitoring of ATM
systems that specialize in IFR aircraft movements, rather than the number of passengers or the
amount of cargoThe staistics and forecasts servisere discussed and reviewed by the
STATFOR User Group (SUBemainpurpose of SUG is to cover methodological and practical
aspects of statistics and forecasting, exchange of information and views on the current and
future stuation in aitrafficas well ason activities in national administrations and international
organisaions.

The STATFOR forecabis served the European ATM area since the 1970s and is the only air
traffic forecasservicecovering Europe

The ShoHTem Forecast (STF) of traffic observes a period of two years in advance and is
integrated into thenid-term forecastlt is published twice a year, in February and September
Example of forecass IFR aircraft movement forecast.

Mid-Term Forecast (MTF) afffic observes a time period of seven years and is based on a
shortterm forecas{STF) Themid-term forecast combines IFR aircraft statistics with economic
growth and models of important factors in the air transport industry such as: eopiit
capacity, passengers, occupancy factors, aircraft stzeThe MTF provides a comprehensive
picture of the expected development of air transport in Europe using high and low growth
scenarios Themidterm forecast islsopublished twice a yean February and September

The LongTerm Forecast (LTF) considers a number of scenarios for the air transport industry in

the next 20 yeardt raises a numbero&2 KDW LIr LVVXHV WR EH H[SORUHG ZlI
industry (e.g., the growth of sméllisiness aircraft or direct flights) or beyond (e.g., oil prices

or environmental constraintsfhe longterm forecast model and its subodels are used to

make forecasts between small pairs of airports, passenger, cargo and military flights, and
businessaviation flights that are eventually merged into a final forecast.

The input data used in the preparation of the initial annual forecast are:

economic growth forecast (GDP)

recent trends in annu#daffic,

historical data on the number of flights foretént types of flights between airpqrts
past and future trends, percentage adjustment of movements between traffic zones
network ofaircraft distancesand changes in travel time

~h ~h ~h —~H —n

85



f market share oflow-cost airlines, by adding an additional IFR numbeniofraft
movements

f demographywhichhas little impact on the shetérm and md-term period data from
the UN population forecast

f emissions of harmful gases

f the size of the aircraft, expressed through the number of sediishis used when
converting the number of flights into the number of seats

f occupancy factorsvhichare used when converting the number of seats into the number
of passengers

Example of forecast in ATisIshownin Figure38below.)LIXUH VKRZV (852&21752/p\
term forecast (sevegear forecast) of total eroute service units, from 2021 to 2027.

Figure38 EUROCONTROL Sevérar Forecast 2022027
Source:(EUROCONTROL, 2021)

4.4.4 Forecasting methods airportoperations

Forecasts arpredictionsof future activities that may affect the growth of air traffic in the market
The better thepredictiveanalysis, the moreetiable the prediction, especially for a shorter
period Mid-termand longterm forecasts serve as a guide for airport planners to know at what
point additional infrastructure needs to be installgtieairport Traffic forecasts are first made

on anannual basis

Peak load forecasts are also made, which are usually based on a certain peak honoofthe
usually the thirtietlof the month and which are used to plan and dimensionrttaoeuvring
area, parking Ist passenger building, etc.

Exponenal smoothing methods, thanks to their simplicity, robustness, and precision, belong to
the most widespread methods of forecasting demand in airport capacity management systems.
The exponential smoothing method with trend and seasonalit{ffaér methd) is suitable

if the data set contains a seasonal component in addition to the trend
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The set of airport forecasting methods includes time series analysis methods based on the
assumption that historical patterns will continue and depend significantig endilability of
historical data:

f Projection trend the first step in air traffic forecasting is to monitor historical data (time
series) and determine the trend in traffic development

f The decomposition method involves dissecting the problem intcediffeomponents.
These methods are especially relevant when there are strong seasonal or circular
patterns in historical data

4.4.4.1 Example of making a forecast using tiend projection

In this part, the example of forecist using trend projection is showiTable 10 shows
statistical data of) UD Q MR AiXpbR D @agrebfor period 2017202. Statistical data is
available for indicators such asumber of passengenmsand donnes of carga

Table10 Statistical data of) UD Q M R AiXobR BbQeriod 201-2022

Month/ Year Number of passengers Tonnes of cargo
pro-17 205.682 1.169
sij-18 191.276 946
vlj-18 170.658 993
R {Xx8 223.642 1.109
tra-18 253.843 1.150
Svir18 300.676 1.081
lip-18 331.533 1.111
srp-18 379.308 1.272
kol18 372.590 1.077
ruj-18 345.770 1.281
lis-18 318.074 1.234
stu-18 234.075 1.171
pro-18 214.865 1.250
Sij-19 191.197 871
vlj19 181.154 805
R {X0 232.978 957
tra-19 280.790 1.091
SviF19 311.368 1.389
lip-19 336.618 1.129
srp-19 366.242 1.159
kot19 376.026 1.022
ruj-19 350.138 1.050
lis-19 330.598 1.205
stu-19 247.277 1.017
pro-19 231.145 989
sij-20 203.035 910
vlj-20 184.236 772
R {20 97.063 829
tra-20 5.118 999
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svi20 13.881 661

lip-20 44.402 659
srp-20 78.070 839
kok20 93.553 740
ruj-20 65.963 823
lis-20 55.289 847
stu-20 42.715 856
pro-20 41.498 913
sij-21 38.063 761
vij-21 31.534 776
R {X 43.731 1.007
tra-21 54.092 839
svi2l 69.019 908
lip-21 100.933 919
srp-21 154.323 848
kok21 194.993 740
ruj-21 191.092 880
lis-21 182.838 926
stw21 164.278 1.104
pro-21 179.582 1.126
sij-22 140.176 921
vij-22 148.830 791

Source Auhor accordingto )UDQMR 7XiPDQ $LUSRUW

Figure39 showstUHQG SURMHFWLRQV RI SDVVHQJHU WUDIILF DQG
Airport Column on the lefta) in the Figure shows four forms of trend curves of indicator

el XPEHU Rl SDVVHQJHUVr L H OLQH Iytbmidl[BlR @BQvddD O ORJ
criterion, the best fit is recorded for polynonaad linear trend. Column on the righ} in the

Figure shows four forms of trend curves of indicadR QQHYV RI FDUJRr L H OLQHI
logarithmic, angbolynomial. Due to-Bquared criterion, the best fit is recorded for polynomial

and exponential trend.
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(a) (b)
Figure39 7UHQG SURMHFWLRQV RI SDVVHQJHU WUDIILRirgrt DQG FDUJR V
Source: Aithoraccordingto )JUDQMR 7XiPDQ $LUSRUW

4.4.4.2 Example of forecasting using the decomposition method

In this part, the example of forecasting ustlegomposition methad(exponential smoothing,
seasonal component) is shown. Tableshows forecasted values of indicatodstumber of
SDVVHQJHUR/Q@ @M\GRI FDU JRistical Da¥aleid) R Q WR AipomimAagreb
(Tablel0), for period20222025.

Tablel1 Forecasts of indicators aj U D Q M R AiXbR BbQeriod 202205

- o o - o o
175} 2> 2 > 7] 2> =2 >
° 9 < £ £ == 3 < E = E =
£ 3 3 =13 =13 3 ] =39 =13
T g 5 o8 8‘_2 g 5 o8 82
E L % o a2 L % o a2

| ) | )

Number of passengers Tonnes of cargo
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Decl7
Janl8
Feb18
Mar18
Apr18
May-18
Jun-18
Juk18

Aug18
Sepl8
Oct18
Now18
Dec18
Janl19
Feb19
Mar19
Apr19
May-19
Jun19
Juk19

Augl9
Sepl9
Oct19
Now19
Dec19
Jan20
Feb20
Mar-20
Apr-20
May-20
Jun-20
Juk20

Aug20
Sep20
Oct20

Now20
Dec20
Jan2l
Feb21
Mar21
Apr21
May-21
Jun21
Juk21

Aug21
Sep21
Oct21

205682
191276
170658
223642
253843
300676
331533
379308
372590
345770
318074
234075
214865
191197
181154
232978
280790
311368
336618
366242
376026
350138
330598
247277
231145
203035
184236
97063
5118
13881
44402
78070
93553
65963
55289
42715
41498
38063
31534
43731
54092
69019
100933
154323
194993
191092
182838

1169
946
993

1109

1150

1081

1111

1272

1077

1281

1234

1171

1250
871
805
957

1091

1389

1129

1159

1022

1050

1205

1017
989
910
772
829
999
661
659
839
740
823
847
856
913
761
776

1007
839
908
919
848
740
880
926
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Now21 164278 1104

Dec21 179582 1126

Jan22 140176 921

Feb22 148830 148830 148830 148830 791 791 791 791
Mar-22 140598 76471 204724 779 531 1027
Apr22 120742 34426 207059 938 689 1188
May-22 132123 28218 236029 869 617 1121
Jun-22 159681 40729 278632 791 538 1045
Jul22 198825 66500 331150 911 655 1167
Aug22 238723 94231 383215 819 561 1077
Sep22 234168 78433 389903 934 674 1194
Oct22 216220 49978 382462 991 728 1253
Now22 142408 -33737 318552 879 614 1143
Dec22 113655 -71884 299194 912 646 1178
Jan23 92629 -101870 287129 693 424 961
Feb23 91984 -111099 295067 598 328 869
Mar-23 83752 -129429 296933 710 437 983
Apr23 63897 -157178 284971 870 595 1145
May-23 75278 -153434 303990 801 523 1078
Jun-23 102835 -133284 338953 723 444 1002
Jul23 141979 -101336 385295 842 561 1124
Aug23 181877 -68443 432198 750 466 1034
Sep23 177322 -79827 434471 865 579 1151
Oct23 159374 -104442 423190 922 634 1210
Now23 85562 -184770 355894 810 519 1100
Dec23 56809 -219899 333518 843 551 1136
Jan24 35784 -247171 318738 624 329 919
Feb24 35138 -253941 324217 530 232 827
Mar-24 26906 -269523 323335 641 342 941
Apr24 7051 -295255 309356 801 499 1103
May-24 18432 -289651 326514 732 427 1036
Jun24 45989 -267776 359754 654 347 961
Jul24 85133 -234225 404492 774 465 1083
Aug24 125031 -199836 449899 681 370 993
Sep24 120476 -209820 450773 797 483 1110
Oct24 102529 -233120 438177 853 537 1169
Now24 28716 -312212 369644 741 422 1060
Dec24 -36 -346175 346102 775 454 1096
Jan25 -21062 -372344 330220 555 232 879
Feb25 -21707 -378070 334655 461 135 787
Mar-25 -29940 -392430 332550 573 244 901

Source: AuthousingMicrosoft Excedccordingto )UDQMR 7XiPDQ $LUSRUW

Figure40 showsexample RUHFDVW RI SDVVHQJHU WUDIAthE ppritdd ) UD Q M F
from March 2022 to February 2025, using Microsoft Excel Forecasting Tools and time series
decomposition forecasting methods.
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Figure40 Forecast of passenger traffic gtU D Q M R Ao D Q
Source:Authoraccordingto )JUDQMR 7XiPDQ $LUSRUW

Figure41 showsexample drecast ocargo WUDIILF DW )UD Q M e peided Badpn $LUSR L
March 2022 to February 2025, using Microsoft Excel Forecasting Tools and time series
decomposition forecasting methods.

Figure41 Forecast otargotrafficat ) UD Q MR ADR D Q
Source: Authoaccordingto )UDQMR 7XiPDQ $LUSRUW
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4.4.5 Unconstrainingnethods in airline operations

Accurate demand forecasting is essential with airline capacity management syByems
forecasting potential demand basedhistorical sales data and projected future events, airlines
can predict: the size of targeted market segments and the price each segment will be willing to
pay for a product or servicH the airline has data on demand on certain routes in the previous
period, thenit is possible toestimate the demand for future flightsynsideringthe market
situation, the economic situation in the country or the world and the projected increase in
demand(Belobaba, et al., 20Q9)

Unconstraimg methods analyse the movements of a phenomenon in the past and the factors
that influenced its movemerttempts are being made to quantify the dependencies between
them, and the very predictions of future trends and phenomena are based on the tiontinua
of the current trend.

Aircraft capacity management systems, despite the development of forecasting methods, mainly
use variations of standard, i.e., simpler methaodsiconstraining method®ue to the use of
censored historical datapecificmethodsare used to forecast real demand tlaaialysethe

trends of past phenomena and the causes of these pheno(Bethababa, et al., 2009} is
extremely important to accurately predict traffic demand for the efficient operatiba o
available aircraft seat management system, which is tasked with assigning available seats to
different price ranges.

Demand data is the input parameter of all avaitatdeaftseatmanagemergystems. Historical
data,.e, data on demand on flights operated in the past, on which the forecast of future demand
is based, usually do not represent actuat comprehensivelemand. This is one of the main
problems in forecasting the demand for air transport services in the coffit@reraft capacity
management systems. When an airline stops selling seats in a certain price range, valuable
demand dataollectings stoppedand therejected requests are not recorded anywhere. In this
case, data on actual demand is censored, armth siemand is called censored, truncated, or
incomplete demand.

When actual demand datauisknown there are three options:

f retention of truncated datage., data that do not contamequests forcapacity after the
reservation limit has been reached,

f direct recording of hiddemffulfilled demand,

f estimating the actual demandingstatistical methods,e., @pgradingrcensored data
(Belobaba, et al., 20Q9)

In this dapter, the aim is to present the calculation of demand parametard | after the
application of simple and statistical methods of estimating actual demand.

Simple methods of estimating actual demand include methods that use only available data and
methods that replace censored data with new values. For methods that use only available data,
there are two methods: a method that ignores the existence of censorship (I1 method) and a

method that rejects censored valu& method). For methods that replaznsored data with
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new values, there are three methods: the method of replacing censored data with the arithmetic
mean or average of uncensored dé®WA method), the method of replacing censored data
with the median of uncensored data (RWMthod) and the method of replacing censored data
with the percentile of uncensored dé®RWVP75method).

Statistical methods of estimating actual demand include¢tieod of upgrading threservation
curve (BP method), the method of maximizing expectations®(Eethod), the method of
projecting actual demand (Pethod).

Tablel2 showsexample othe data on recorded demand for price class Q on 30 similasfligh
The number of requests (reservations) in closed classes is marked in red (censored data).

Table12 Example of dta (fictional) on recorded demand
1/2(3|4|5|6|7|8|9(10({11|12|13|14|15|16|17|18|19|20(21(22|23|24|25|26|27|28|29|30

5

12]13|15(12|17{20|18|18|16|22|20|19|20|29|20|24|23|22{18|15|14|15|17|17|18|16|16|17|17|22

Number of demands|

Asan example he calculations of the demand parameteasd | (using the demand data from
Tablel?), for all eight methods of estimating the actual demand are presintiee following
sub-chapters as well as graphical representations of the probabdihsity function and the
probability distribution function when applying the EM and PD method.

2 Replace With Average
3 Replace With Median
4 Replace With Percentile
5 Booking Profile
6 Expectation Maximization
7 Projection Detrunction
94



4.4.5.1 Method that ignores the existence of censorship (11 method)

The 11 method simply ignores the fact that some of the available data on recorded demand does not represent actuidlugeatidavailable data, including those archived in the system afteldbmggof a
particular price range. The Microsoft &xoftware tool was used to calculate the demand parameters using the 11 method3Fables the results of demand parameters obtained using the 11 method.

The following formula was used to calculate the parameter

=AVERAGH#Id of uncensored and censored data

(1)
The following formula was used to calculate the paramnieter
=STDEVield of uncensored and censored data
(2)
Table13 Calculation of demand parameters using 11 method
STEPS$ X (demand U |
ITERAIONS| 12 | 13| 15 | 12| 17| 20 | 18| 18 | 16 [ 22 | 20| 19| 20 | 29 | 20 | 24 | 23 | 22| 18| 15| 14 | 15| 17| 17| 18| 16| 16 | 17| 17| 22 | yo | 18066667 | | | 3,731814

Source: Authousing Microsoft Excel

4.4.5.2 Method that rejects censored values (12 method)

The 12 method rejects censored values and limits the set of available recorded demand data to those that are not cemdoredofttExcel software tool was used to calculate the demand parameters using the 12
method. Tabld4 shows the results of demand parameters obtained using the 12 method.

The following formula was used to calculate the parameter

=AVERAGH#Id of uncensored daja

3)
The following formula was used to calculate the paramieter
=STDEVield of uncensord datg
(4)
Table14 Calculation of demand parameters usirignhethod
STEPS X (demand vl |
ITERAIONS | 12 | 13| 15| 12| 17| - | 18| 18| 16| 22| 20| 19| 20| 29| 20| - | 23| 22| 18| 15| 14| 15| 17| 17| 18| - | 16| 17| 17| 22| po| 17851852 | | | 3717978

Source: Authousing Microsoft Excel
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4.4.5.3Replace With AverageWA method

The method of replacing censored data with the arithmetic meathe average of uncensored data, is a common and frequently used method in the case of supplementing missing datarddhealens higher
than the average calculated in thisthod, it is taken as data on actual demand, and if it is lower, it is replaced by the average of uncensored values. Th&Mierssdtivare tool was used to calculate the demand
parameters using the RWA method. Tablshows the results of the demandrnameters obtained using the RWA method.

The following formula was used to calculategammetenf uncensorediataaveragguNQ:

=AVERAGH#|d of uncensored daja

)
The following formula was used to calculate the pararpeter
=AVERAGH#Id with replaced censored data
(6)
The following formula was used to calculate the paramnieter
=STDEVieldwith replaced censored data
(7)
Tablel5 Calculation of demand parameters usiRyVAmethod
KNC
X (demand 11
12| 13| 15| 12| 17| - | 18| 18| 16| 22| 20| 19| 20| 29 | 20| - | 23 | 22| 18| 15| 14 | 15| 17 |17 | 18| - |16 | 17 | 17 | 22
STEPSITERAIONS
12| 13| 15| 12| 17|20 | 18 | 18 | 16 | 22 | 20 | 19| 20 | 29 | 20 | 24 | 23 | 22 | 18 | 15| 14 | 15| 17 | 17 | 18 | 16 | 16 | 17 | 17 | 22
12| 13| 15| 12| 17|20 | 18 | 18 | 16 | 22 | 20 | 19| 20 | 29 | 20 | 24 | 23 | 22 | 18 | 15| 14 | 15| 17 | 17 | 18 16 | 17 | 17 | 22 | po | 18,128395 | | 3,711712

Source: Authousing Microsoft Excel

4.4.5.4Replace WitMedian(RWN method

The method of replacing censored data with the median of uncensored data is similar to the method of replacing cengitindtielarthmetic mean of uncensored data, but instead of the arithmetic mean, censored
data is replaced by the median of unceesiodata. If the censored value is higher than the median, it is taken as the data on actual demand, and if it is teplacatliby the median. The Microsoft Excel software
tool was used to calculate the demand parameters using the RWM method.6T&imers the results of demand parameters obtained using the RWM method.

The following formula was used to calculate the paramétercensoredlata mediafimed\C)
=MEDIANield of uncensored daja
(8)

The following formula was used to calculate thapateri:
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=AVERAGH#Id with replaced censored data

9)
The following formula was used to calculate the paramieter
=STDEVieldwith replaced censored data
(10)
Table16 Calculation of demand parameters usiR§v¥Mmethod
medNC
X (demand Ul
12 (13|15 |12 | 17| - | 18| 18| 16|22 | 20|19 (20 |29 | 20| - | 23| 22| 18| 15| 14 |15 |17 | 17| 18| - | 16 | 17 | 17 | 22
STEPSITERAIONS
12 | 13| 15|12 | 17|20 | 18| 18 | 16 | 22 | 20| 19 |20 | 29 | 20 | 24 | 23 | 22 | 18 | 15| 14 | 15| 17 | 17| 18 | 16 | 16 | 17 | 17 | 22
12 |13 | 15|12 | 17| 20| 18 | 18 | 16 | 22 | 20 | 19 [ 20 | 29 | 20 | 24 | 23| 22 | 18 | 15| 14 | 15 | 17 | 17 | 18 16 | 17 | 17 | 22 | o 18,100000 | 3,717155

Source: Authousing Microsoft Excel

4.4.5.5Replace WitPercentilgRWP7pmethod

The RWP75 method is similar to the method of replacing censored data with the arithmetic mean or median of uncensdrdeedhtal br upper quartile is used instead. If the censored value is higher than the upper
guartile (percentile), it is takes data on actual demand, and if it is lower, it is replaced by the upper quartile (percentile). The Microsoft Exceébsbitaanesed to calculate the demand parameters using the RWP75
method. Tabld7 shows the results of the demand parameters obthimsing the RWP75 method.

The following formula was used to calculateghmmetenf uncensorediatapercentile gerdNC):

=PERCENTILi#e({d of uncensored datg, wherek is a value betwee@ and1l, i.e., in this case it is equal @75

(11)
T