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EXECUTIV E SUMMARY

Collaborative Decision Making (CDM) is a major contributor to efficient operations at
airports worldwide. In Europe, the implementation of CDM processes is mainly driven by the
Airport CDM programme. However, current focus is on airside processesh are directly

related to Air Traffic Control (ATC) and Aircraft Operations. Terminal processes and
passenger satisfaction benefits from these recent improvements, but are not always directly
addressed.

The META-CDM (Multimodal, Efficient Transportan in Airportsi Collaborative Decision

Making) project aims to define the future oDM™ i a futurewhere CDM techniques can
much more than today be used to support resilience from crisis situationgharel the

needs of th@assengearethe centre oattention.

Although resilience is already supported by the current CDM programs due to collaboration
between Airport Operators, ATC and Airlines, main focus is on most efficient use of available
airside resources (in particular runways and airspace) angptimization of the turaround.

The passenger is not yet adequately integrated in the CDM process. As an exemplary
consequence, opportunities and advantages of multimodality concepts are not used in case of
flight cancellations and delays, which are wmoto the stakeholders in advance, are usually

not know to all passengers.

This report belongs to work package XfiGhe METACDM. It concentrates on information
gatheringon the state of the art in CDM, disruptive events and passenger regmmse
literature and other publicly available information sourdess shown thatconcepts and
prototype solutions exists, which aim to better integrate landside processes and passengers
into the CDM and to take care about passenger satisfaction based on skigble
Performance Indicators (KPI). For instance, the TAMtal Airport Management) concept
addresses these aspects and lead in the recent years to prototype developments for the better
indication of key flight information to airport stakeholders and pagesn Within the project

ASSET @eronautic Study on Seamless Transpoancepts for better integration of landside

and airside processes were assessed.

The report summarizdessons that can be learnt from historical disruptive events. Based on a
literature review it is described how they were dealt WRecommendations for dealing with
future disruption are madé&he accessibility of passenger informatisnhighlighted as a
particular problem duringrisis events:When faced with inadequate informati@bout
whether their flight was operating, many passengers chose to travel to the airport in search of
better information causing major congestion in the terminaied another major problem
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with regard to multimodality was identified: Mgn aviation is disipted often the same event

is disrupting the other modes tooevi&ral examplexsan be foundof passengers being
transferred to other modes only to experience disruption a secondriorenation sharing
andcollaborativedecision makings highlightedthe prerequisite for crisis managemesest
practice airportsareconsidered to be those where the crisis command and control structures
had given priority to information sharingyith coordinationthrough a single point (the
airport)andfaceto-face meangs.

Passenger behaviour in case of delay situations and the impacts of disruption from the
passenger s ois spudiad Bxisting literature strasses tledperiencing flight delays
affecs p as s e n g e cheids anduthe wquabty of crisis magement affects air traffic
demand at the respective airpoitsorder to be able to fulfill the passenger needs, the report
identifies performance indicators for passenger satisfaction, comimaagures ofubjective
customer satisfactioandobjective production of servicéhe report ends with an outlook on

the next METACDM project phases, including interviews wihakeholders to get a more
detailed look into practical experiences and current procedures at airports.
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Abbreviations

| Abbreviation  Description
ACARE Advisory Council for Aviation Research and Innovation in Europe
ACCES Airport Control Centre Simulator
A-CDM Airport Collaborative Decision Making
ACSI American Customer Satisfaction Index
AEA Association of European Airlines
AMAN Arrival Manager
ANSP Air Navigation Service Provider
AODB Airport Operations Database
AOP Airport Operations Plan
APM Airport Performance Mnager
APOC Airport Operations Ceng¢
A-SWIM Airport ¢ System Widenfformation Management
ATIS Advanced Transpothformation System
ATC Air Traffic Control
ATFCM Air Traffic Flow and Capacity Management
ATFM Air Traffic Flow Management
ATM Air Traffic Management
ATUC Air Transport Users Council
ATWP Airside Tactical Working Position
BAA British Airports Authdty
CAA Civil Aviation Authority
CANSO Civil Air Navigation services Organisation
CDM Collaborative Decision Making
CFMU Central Flow management Unit
CLouU Cooperative Local Resource Planner
CODA Central Office for Delay Analysis
DMAN Departure Manger
EC European Commission
ECC Emergency Control Centre
EOBT Estimated OfBlock Time
EOC Emergency Operations Centre
FAA Federal Aviation Authority
FIDS Flight Information Display System
GDP Ground Delay Program
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IATA International Air Transport Asciation

ICAO International Civil Aviation Authority

IROPS Irregular Operations

KPI Key Performance Indicator

LCC Low Cost Carrier

LOS Level Of Service

Meta-CDM Multimodal, Efficient Transportation in Airports and Collaborative Decision Making
NATS National Air Traffic Services

NOP Network Operations Plan

NOR Network Operations Report

NPC Negotiation Process Control

ODP Operations Delivery Plan

RBC Reference Business Trajectory

SCATANA Security Control of Air Traffic and Air Navigation Aids
SGMAN Stand and Gate Manager

SMAN Surface Manager

SRIA Strategic Research and Innovation Agenda
TAM Total Airport Management

TMA Terminal Maneuvering Airspace

TMAN Turnaround Manager

TOC Train Operating Company

TOMICS Traffic Oriented MICroscopic Sitator

TOP Total Operations Planner

TSAT Target Starup Approval Time
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1 Introduction

Airport Collaborative Decision Making (CDM) has been adopted by multiple airports across
Europe and elsewhere and has proved highly valuable in reducing delaystard eatines

and airports. As it is currently implemented, CDM focuses onto@ay airport operation

and the needs of airports and airlines.

However, the regular occurrence of significant perturbations that propagate through aviation
networks and sontines even paralyze them highlights the need for further research on
system resilience and agility and for adequate coordination, both within individual airports
and at the network levelAs it is passengers who most often bear the brunt of system
disruptons, it is vital to put passenger needs at the centre of this andtysiddition, &
transportation is intrinsically tied with other modes of transportation, such as rail, roads and
water. The objective of making each passenger or cargo item$oddoor journey seamless
cannot be achieved without a better understanding of the-mattal transportation network.

In its vision for Europe in 2050, the European Commis$thj sets the goal: "90% of
travelerswithin Europe are able to complete their journey, eoedoor within 4 hours.
Passengers and freight are able to transfer seamlessly between transport modes to reach the
final destination smoothly, predictably and-ime."

The META-CDM (Multimodal, Efficient Transportation in Airporfis Collaborative Decision
Making) project aims to define the future of AirpoDM i a futurewhere CDM techniques

can be used to address major disruptive eventswaede theneeds of thgpassengearethe

centre of attenion. This project examines the coherence anerdmation of the many
systems that are part of delivering thevellerthrough an airport, both in everyday operation
and during disruptive eventairside, landside and total airport CDM are consideredyels

as the possibility of including other transportation modes within the CDM process to address
passenger travel needs when flights are cancelled under crisis conditiennal result of

the project will be an extended CDM concept incorporatinggrags needs under disruption

into existing frameworks.

META-CDM has three main work packages. In work package 100, the existing literature on
aviation system disruption and CDM is reviewed. In work package 200, this research is
complemented by a series fokcussed interviews of stakeholders at key airports which have
experienced disruption. Work package 300 brings together the information gathered to create
an extended CDM concept which better allows the handling of disruptive events and focuses
more stronty on the passenger.
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This report belongs to work package 10/ concentrates on information gatheriag the

state of the art in CDM, disruptive events and passenger resfgonsditerature and other
publicly available information sourceSeveral diffeent areas of literature are important to
inform the interview and conceplevelopment stages META-CDM. In order to develop
techniques to deal with disruption, it is important to know how the aviation system behaves
under normal and disrupted conditiom$ence, this reporpresentsa literature reviewon
current research into how disruption affects the air transportation syist¢imin theoretical

and practical termshow this impacts passengers, and how airlines and other bodies can deal
with this.

As the META-CDM concept aims to extend existing CDM scheng&sgtion2 presentsa
review of currentairport CDM initiatives and of existing projects aimed at extending and
further integrating CDM at airports.

Important lessons can also be learnt from historical disruptive events and how they were dealt
with. This is part ofinforming the focus of the interview stage of MET@DM, but there is

also a significant amount of availabliterature on these eventSection 3 reviews the
frequency and impact of historical disruptive events, how these events were dealt with, and
recommendations made for dealing with future disruption.

Finally, any concept developed needs to be evaluated against suitable metrics. The passenger
focus of the project means that more passeoeetric impact metrics are required than those

in current widespread us8ection4 reviews studies on passenger behaviour and how best to
measure the impacts of delay and disruption

In the second stage META-CDM, the practical experiences of stakeholdenso may be
involved in any extended CDMobacept are gathered via a series of focussed interviews and
guestionnairesThis allows for gaps in the literature to be filled in and potential logistical
hurdles to be identifiedsection5 concludes this rapt by briefly discussinghe selection of
airports for the second stage of the project.
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2 Collaborative Decision Making at Airports
2.1 Status Quo and Network Management Context

A number of European airports have, over the past decade, taken majothatepsn at
collaborative decision making (CDM) between all stakeholders at airgdris process is
initiated and guided by th&irport CDM (A-CDM) program which hasresulted from many
years ofconcept work andmplementation efforts. The objectives AfCDM are to reduce
delays and improve system predictability, while optimizing the utilization of resources and
reducing environmental impacthis is achieved by redgime information sharing between
key stakeholders, including airports, airlines and Mdavigation Service Providers (ANSPSs).
Current CDM efforts focus primarily on airside operations, with landside CDM usually
considered separatelf.-CDM is one of the five priority measures in the Flight Efficiency
Plan published by IATA, CANSO anBUROCONTROL. In Europe, ACDM has been
implemented successfully at several airports. Details abdLiDM in Europe can be found in
the Airport CDM Implementation Manugg4].

In the US, the CDMased ground delay prognaplanning and control appeared in 1998.
Nowadays, more elaborate CDibhsed tools are used for the control and planning of airspace
flow programs. Collaborative Air Traffic Management is now a key component in both
SESAR and NextGen.

One major motivatiorior CDM at airports is to provide the Air Traffic Flow Management
(ATFM) system, in Europe provided by the Network Manager EUROCONTROL, with more
precise predictions of stanp and takeoff times.In [16], theauthors develop and analyze two
approaches to incorporate stochastic optimization models in a-li@Metting. In their
scenarios, the ANSP allocates certain resources to the flight operators and the flight operators
then optimize the use of resourcesytlae given. IN[71], the authors seek to answer the
following question: How should proposed enhancemen&T®eM be evaluated in a CDM
environment? They build a sequential evaluation procedure including adfigmeption
responses and a quasimpression operation, to mimic the three stages of the CDM process.
One of the first efforts to evaluate the potential of CDM at the network level is undertaken by
Bertsimas and GuptfB0]. They propose an Air Traffic Flow Management model with a
CDM framework from an airport setting to an airspace context incorporating fairness and
airline collaboration. Their empirical results of the proposed model on naticala, real

world datasets, show promising computational times and a proof of the strength of the
formulation.
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A number of recentmpjecthave aimed at enhancing, extending and further integrating airside
and landside CDM to reduce passenger disruption (both of the ayesgd and from major
disruptive events)Two of the most important recent projects in the context of MetaCDM are
the TAMS project, which looked at integrating landside and airside CDM, and the ASSET
project, which looked at the efficiency of landsideqassesThe rest ofhis section discusses

the findings of these projects on how CDM can be used to address disruption in practice.

2.2 The Next Step: Total Airport Management

2.2.1 Concept

As noted above, current efforts tend to consider landside and airside Giakétedy.Total
Airport Management (TAM)aims at bringing together both landside and airside C&aM
airports The operational concept TAIM@CD [45] was defined in 2006 as a joint initiative by
EUROCONTROL andheGerman Aerospace Cent&LR).

The major enabler for the TAM concept iseAirport Operations CentreéAPOC), asolution

for busy airports to enable performaszsed Air Traffic Management (ATM) system
through performanebased aport operations. ThATM system benefits from a good and
predictable performance of airports, while the airports themselves benefit from better and
more accurate arrival information. Furthermore, a perémcebased ATM system allows the
improvement of the capacity utilizatia the ATC resources through betteegictability and
avoidance of unused slots. This should lead to a more flexible and &#HEM slot handling

for departures.

The enablers for an APOC are an AirporiSystem Wide riformation Management (A
SWIM) and & operational ACDM system Within the APOC, agents from the stakeholders
that are willing to participate in the collaborative decisiorkimg process elaborate and
maintain a joint plan for airport operations, calkbeé Airport Operation Plan (AOP). The
AOP is consistently aligned with the Network Operation Plan (NOP) of the Air Traffic Flow
and Capacity Management (ATFCM) providing all users of the ATM system accessing the
NOP with a common gsiational awareness.

The TAM concept waslargely derived fromthe projecs FAMOUS (Future Airport
Management Operating Utility System) and EPISODEAMVOUS already concretsl many

of the ideas of the TAMOCD and implemewd some of the needed tools for enabling
performance based airport operations, like the prpestyCooperative Local Resourceriplar
(CLOU, later TOPi Total Operation Planer) and Negotiation Process Control (NPC). The
TOP already included many airport resources in its planning and optimisation process, while



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

the NPC was builto manag the CDMprocesses defined in the operational concept of
FAMOUS [46]. EPISODE 3 defined many new procedyrasch ashe introduction of the
Reference Business Trajectory (RBT) and described scenarios and use caselatier tise
within SESAR.

2.2.2 TAMS i A Total Airport Management Prototype

Based on the conceptual work in the TAM domadn,prototype for a Total Airport
Management infrastructure, consisting of several coupled decision support tools, was
developed within th&kesearch & Development project TAMS, Total Airport Management
Suite[118][116]. The projectuntime of TAMS was from 2009 until 2012

The gate of the art analysis waarried ouaind agjoint vision was developedlso alreadyat
an early project stagbe project partnerstarted the integration of their todsrival Manager
(AMAN), Surface Manager (SMAN), Turnaround ManadgevAN ) andDeparture Manager
(DMAN), enconpassing aHto-air process planning with the best available target times.

The major focusof TAMS was to setthe concepts and implementation of the Airport
Operational Database (AODB} a key component of both theGDM as well aghe TAM

concept The fufilment of A-CDM compliancewas very important in TAM®s this was seen
asanenabl er for TAM. Whil e most manasgohase nt t
AMAN, SMAN, TMAN and DMAN already existed, the information exchange of the
available planning tis on processes and their communication to the outside was missing,

e.g. feedback of airport operational data into the network. Thus a plan had to be developed
regardinghow the missing data exchange could be implemented in TAMS.-EBDKN GAP-

Analysis wasaccomplished in the second iteration to identify gaps to be addressed during the
integration for provision of the needed@DM functionality for TAMS.

As a first step towards TAM, the TAMS concept envisioned the realization-SWAMV,

Airport i System Widdnformation Management, supported by the integration of all available
management tools from the partners to enhance accuracy and timeliness of available data for
collaborative decision making. The first integration of all identified tools for realizafiam

APOC took place in iteration three. The Airport Control Centre Simulator (ACCES) of the
DLR, Institute of flight guidance was used as simulation environment of the implemented
APOC. Besideswriting the concept for simulation, the DLR was responsitde the
validation according to their TAMS Validation Concept Document, TAYASD [47].

The final integration tests with all tools were conducted by the TAMS partners in the first
quarter of 2012, followed by extsive simulation trials using some of the predefined
scenarios in the TAM®S/BUC([115]. The validation took two monstand the results were
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presented at the closing event in May 2012. The mobile demonstrakdbrilo TAMS was
first presented at the Passenger Terminal Expo 2012 in Vienna.

Integrated Systems in TAMS are:

1 The tactical systems AMAN, DMAN and SMAN to sequence arriviagjing and
departing aircrafts and for calculation of the variable-teme

1 The tactical systems Turnaround Managermanage the turnaround process and
Stand and Gate Manager (SGMAN) ttoahte aircrafts to stands

1 An Airside Tactical Working Position (ATWP3nd an Airport Performance Monitor
(APM) for creating common situationalvarenesscalculating rough flow estimation
during the preactical phase and displaying key performance indicators (KPI)
regarding the airport performancand offering a common interface to the
aforementioned tactical systems

1 The integration platformtorpovi de an i ntegration fAbackbo
for flight related operational data

1 The simulation environment for simulation of aircraft movements during arrival, taxi
in, taxitout and departure (NARSIMvhich also provides an airport sched\flght
plans) and the simulation environment for simulation of the turnaround process
(TAMODES)

1 The simulation environment for simulation of passenger movements within the
terminal section of an airport (TOMICS3tand2gate to couple the stands allochied
the SGMAN with the TOMICS gate allocation and, as an optional extension (not
realized), the FIDS for displaying key flight information to operator and passengers

TAMS looked at the entire airport in a holistic way, including lamhd airside process@s

its scenarios and use cases. This included the developmemowhtive management tools

for better prediction of the landside processes. One example is that the boarding process was
supported by a Passenger Manager (PaxMAN), which interacted witlutharound Manger
(TMAN) from Inform. In TAMS following definitions were used:

1 A Ai r svasddefined within TAMS as all processes related to the movement and
handling aircraft on the airports surface

1 ABndsideé was defined wit hi rateditdATd&inad Gperatibns pr o0 ¢
to handle passengers arriving/departing the airport terminal building and moving
through the terminal building to board the aircrafts
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Note that this differs from other definitions, where airside and landside is related-to non
public and public areas at an airport.

The Key Performance Indicators were defined in the TAMGD [118] to assesghe
performance of airport operations. Further, the roles and responsibilities of the Ageath of e
stakeholder in the APOC were concretized. This included a description of their working
position within the APOC, its functionality and interfaces. Business Use Cases for describing
the interaction of the working positions for a given scenario werelajga and listed in
[115].

To supportthe CDMprocess itself, new working positions for the agents in the APOC were
designed, see TANDCD [45] for details on agentsnd their duties. One example is the
Airside Tactical Working Position (ATWH18]) that supports the AT®@gent in its task
within the APOC. It is designed to enhance the common situational awareness of the ATC
Agent and provides a direct interface to AfdOIs like AMAN and DMAN. To better
maintain the Airport Operations Plan (AOP), a dynamic joint plan for operating the airport
based on the adherence to selected KPIs, the ATWP supports thep@bdss through éh
possibility of joint whatif probing with the working environment / tools (e.g. TMAN) of
other agents in the APOC.

For providing the agents within the APOC with a common situational awareness a concept for
the HMI was developed that took care especiafijthe video wall, a large screen in the
middle of the APOC that displays commonly needed information to everybody in the APOC.
This concept foresaw a trisection of the video wall:

1 A static section presenting aggregated information suitabéd éimeslike weather
and airport performance parameter,

1 A dynamic section presenting the actual situation including forecasts and
1 A dynamic section presenting planning, e.g. the vifi@tobing results.

To enable a common monitoring and planning of the overall pedoce of the airparthe

Airport Performance Manager (APMjas developedThe APM has a lockhead horizon of
several hours and thus enables atpotical planning of the AOP, while most of tecision

supporttools (AMAN, DMAN, SMAN etc.) work withina tactical time horizonThe

following definitionsregarding different planning phase®re agreedin TAMS (although

some overlapping of these phases res)ain

The Long Term Phaseencompasses the time horizon of several years until approximately 6
month béore the dayof-ops. The Medium Term phase starts around 6 months prior the



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

flight event and ends d&stimated OffBlock Time EOBT) -24 hrs. ThePre-tactical Short
Term Phasebegins with EOBT-24hrs and ends with filing of the ATC flight plan (around
EOBT 1 3h) for each particular flightThe Tactical Short Term Phasefor a particular flight
begins with filing of its ATC flight plan (around EOBBhrs) and ends with issuing of TSAT
for this flight (A-CDM milestone 10, at TOBT45min). The Trajectory Execution Phase
starts at the end of the Tactical Short Term Phase (T@Bmin) and ends if the flight
finished his flight trajectory with the ibhlock at the destination airporthe Post Flight
Phasestarts at the day after the dafrops and contasanalyss of the processed flight.

The TAMS system provided information on following performance indicators:

1 Delay (Arrival, Departure, Total),
1 Punctuality according to IATA definition,
CFMU slot adherence,

Passenger missing rate (connectivity),

= =2 =

Waiting time at unway and
1 Engine running time.

Some of these performance indicators were calculated by the APM and displayed at the large
display wall in the APOC to enhance the common situation awareness of the Agents (see
TAM-OCD [45] for definition of Agents). Additionally some of the working positions, e.g.

the ATWP[18], enabled monitoring of resources on a flow basis. Further the tactical airside
assistance tools (AMAN, SMAN, TN and DMAN) enabled joint whaf probing of the

whole air to air process planning to evaluate decisions before they are taken.

The results of TAMS, beginning with the concepts and definitions and ending with the
validation, are summarized in the followi documents:

1 Operational Concept Documditl 8],

1 Operational Scenarios and Business Use ChHEgls
1 Glossary117]and

1 Simulation Concept Documefit19].

The functionality and benefits were accessed during two mafigimulation and validation.
The reference scenario consisted out of 120 flights with around 12500 passengeres and
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four hours long. Different setups/variations of the reference scenario were, tstbdas
arrival and departure peaks which exceeded the available runway capacity, landside

bottlenecks and random variations of flight data (e.g. delehyd. autcome @ the validation
wasthat TAMS

1 Reduces average departure dddgy2 minutes per flight (without negative effects onto

arrival delays)
1 Decreaseaumber of flightsdelayed by more than 15 minutes by 47%

1 Reducegaxi-out time by 12%

1 63% of the passengersathmissed their flights without TAMS reached their flights

[120].

Relevance to METACDM

Threeaspect®f TAMS are relevant to METACDM:

First, TAMS is the first project that implemented, simulated and validated a whole A
Operation Centre. This can be taken as reference for what can be done to ¢
collaboration with more information becoming available the landside, see integration
Passenger Management (PaxMan) into the Turnaround Manager of an Airline or (
Handler.Of particular interest tMETA-CDM arethe gaps left or simplifications made in t

irport
enhance
of
5round
he

TAMS-OCD. They give a hint here a more passger focused project can provide benefit to

the overall process optimisation.

Second, the developed operational scenarios and business use cases can be used
development, e.g. enhancing them to describe the involvement of the passengédran e
concretizing them with defined critical events that are of interest for MEDM.

Third, it can be deduced from TAMS atinformation can be made available in an enhan
A-CDM environment: when, from whom and in which quality will the infornratioe
available what information will help the process planniagd what has to be providetiow
and when to be of benefiFurthermore, the defined KPA and KPI are applicable for fur

for further
ta

ced

ther

projects in this domain, such as METGDM.
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2.3 ASSETT Focussing on Lamiside Processes at Airports

Landside CDM operations aim to reduce passenger traffic delay and congestion within
airports, including passenger and baggage handling processes and aircraft turnaround. Whilst
landside CDM has a shorter history than airside CdMIso has an important role to play in

the efficient airports concept.

The project ASSET, Aeronautic Study on Seamless Transport, was supported by the
European Community within the Seventh European Framework Pragradaress this topic

[6], [9] and[7]. The aim of ASSET was to develop and assess solutions for airport process
improvements in terms of punctuality rediswg passenger, baggage handling and aircraft
turnaround processes in an integrated appro@hbk. intendedresult was to be improved
predictability and punctuality of the efflock time of departures should increase, enabling a
higher punctuality and penfimance of the whole air transport network in Europe.

To achieve an integrated approach to improve processes at airports, representatives of directly
or indirectly involved stakeholders (users, supply deliverers etc.) were chosen to work
together on this pject. Based on a study of the state of the[hB] and an assessment of the

most promising processes to be improved, first single improvement solutions and, in a later
phase, integrated solution scenarios waeeloped. One aspect for judging these solutions
was their technological readiness for the ACARE vision 2620.evaluation of the chosen /
developed solutions and for usage within future projects, two generic airport reference models
representing a huand a medium sized airport were developed. With those models different
scenarios were simulated which served as standard of comparison for the developed
integrated solution scenarios.

Four main outcomes of ASSET were planned:

1 a list of solutions to enhaacpunctuality at airports which includes technical,
operational and strategic approaches,

1 a ranking ofthe above mentioned measures according to their level of target
contribution towards a more time efficient and thus economically viable air transport,

1 anobjective and comparable scheme to assess future technological and/or procedural
changes in typical airport environments,

1 a financial approach that will clearly indicate what are the benefits for the various
stakeholders.
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At an early stage (already withithe planning phase) of the project, TOMICS (Traffic

Oriented MICroscopic Simulator) was chosen for conducting simulations to analyse the
impact of the improvement solutioBesides evaluating the impact of developed solutions and
integrated solution scenas on time performance, the results were completed by an
assessment of the solutionsé economic | mpact
included a cost appraisal I n particul ar, but
systems andhe possible time of implementatiomhe analysis was split into medium size

airports and hub airports which are dealt with separately, because of major differences in the
airport processes of po#d-point and connecting flights. The two different ampmodels

allowed the assessing of long haul and short haul flight processes as well as transfer
processes.

Description of the state of the art

To get an overview on the state of the art of integrated system approaches at airports, the
ARDEP Database of Eacontrol and EU programmes on air transport related projects were
inspectedlt was foundthat research activities in Eurgd®ut also in US are more advanced

on airside aspects, as noted in the report on state of figJart

Based on the literature reviewhet projectsand conceptdhat incorporate landside topics
found in this survey were:

1 A-CDM (Airport - Collaborative Decision Making) improving the way Air Traffic
Management, airlines and airports wookiéther at an operational level.

1 SPADE (Supporting Platform for Airport Decisidtaking and Efficiency Analysis)
focused on specification and design of decisopport systes for airport
stakeholders to support them in policy and political decisiontecketa airport (airside
and landside) development, planning and operations.

1 TAM-OCD (Total Airport Managemeni Operational Concept Documengs
proposed in 2008 by EUROCONTROL and DLR.

1 TITAN (Turnaround Integration in Trajectory and Network) describediteahal
CDM milestones triggered by landside processes and encouraged a change to SWIM
principles drawing from a common data repository.

1 AIRNET was a project focused on the surveillance, control and management of airport
vehicles.
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1 AVITRACK focused on a dcisiorraid tool for airport actors concerned by turnover
operations. Of interest is the development of an intelligent survey system on the apron,
addressing aircraft, vehicles and peopl e
checking the sequence anthitng of movements on the airport apron.

1 SPTIG (Simplifying Passenger Travél Interest Group) was an aviation program
launched in 1999 and driven by IATA. It focused on the passenger and aimed to
streamline the airport control procedures based on smdraind biometrics.

Assessment of requirements and bottlenecks

ASSET collected requirements from all stakeholders to contribute to-@depth analysis of

relevant airport processes regarding passengaggageand aircraft handling on the ground.

Critica elements were identified that constitute the bottlenecks of operation and whose
criticalities dependon t he stakehol dersdéd vi ew. These ¢
certain points within the airport operation process chain (passengers, baggageanodind)

but can also be immaterial like laws and regulations.

Identified bottlenecks regarding the relevant airport processes are:
way finding

checkin process

security check process

boarder control process

implementation of new technology/autatioa, delay thereof
information system/data interfaces

transfer baggage handling system

== =2 =A =4 4 -4 A -2

general turnaround time

9 security regulations and necessity/ban of new equipment thereof

Definition of objectives

Derived from the assessed requirements are obgsctovbe achieved. General objectives are:

1 speed up the passenger process across the various airport steps,
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demonstrate financial benefits to all parties,

I mprove the airportodos infrastructure,
facilitate average aircraft turnaround times,

increase the sigfaction of passengers,

reduce the security risks,

= =2 =4 =4 -4 -2

minimize security delays,
91 decrease the cost of baggage lost.

Connected to these objectives are parameters that are necessary for measuring changes and
improvements to processes made by the implementbadiosgs). The two paramount
parameters for measurement are predictability and duration. The general objectives were
broken down by ASSET onto the interests of each stakeholder. This was discussed and
confirmed by the ASSET Advisory Group, §&gchapter 1.3.1.4 for details.

Definition of guantifiable performance parameters

Time and Financials were defined as global assessment parameters by ASSET. These two
parameters were broken down to meet process specificaabristics. The resulting
parameters were categorized as simulation based and analytical parameters. Simulation
compatible parameters are:

9 Times (duration and variances) for single processes, walking/transportation times and
overall process, distinguied after waiting time and service time,

1 Costs including fixed costs, variable costs, investments and revenue,

1 Supporting parameters including space consumption, robustness, level of service,
security level, safety level, privacy constraints, compatybiland effort of
implementation.

Simulations

Two different generic models were built by ASSET to cover the specific needs of medium
sized airports and hudirports. To keep the models close to real airports the mesized
reference airport modevas basd on Hamburg (HAM) airport and the hub reference airport
modelwas based on Paris Chardde-Gaulle (CDG) airport. Both airports were judged to fit
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project criteriawell, to berepresentative antb havedata availabilitythat was comparably
high for the ASSET consortiunmeeds To ensure the generic characteridtioth models were
not 1-to-1 implementations of the two airports, but were streamlioedvoid distortion by
airportspecific peculiarities. These two abstract models were transferred intontlwason
environment thus defining the infrastructure and location of POAs in the terminal building.

Scenarios representing both pety traffic and average day traffic were produced for both
airport type models. Lovevel details including passengénked distributions of process

times were included in the models correspngdo normal operations and peak traffic. The
corresponding parameters were evaluated and inserted into the models. The required number
of passengers is taken from the flight schedailas calculated from the aircraft type and the

load factor. The destination group defined the split between business travelers and tourists.

Each passenger was modeled individually in the simulation.ah®nabler a list of
passengers including thaittributes and derived process times was compiled. The arrival flow

of passengers is used to derive the schedules for gates and counters. Because of limited
calculation power, only security controlagbroken down into different steps (e.g. placing
luggageand body check) whereas all other process stations were modeled with a single
interaction point (i.e. cheek counter or selervice boarding gate). Furthermore, the hub
model was simplified by replacing the detailed security control by a single iterpoint,

based on the results obtained from the detailed simulation in the metdiechmodel.

Analysis of simulation results

Outpus of the simulation using TOMICS with the generic models were values for key
performance indicators (KPIs) such as wajtiime, level of service etc. These values were
used asa baseline for evaluation of the advantages of the single and combined solutions.
Further, bottlenecks suitable to be addressed by single solution developmeidiewtiied

In order to compare theimulation results an indicator capturing the overall positive or
negative effects of a simulation run was defined. The comparison was made between the
value in the reference scenario and the value in the single solution scérisionost
important singlesolutions were:

Reduction of Security Checks through Common Rules,
Skip Checkin,

Award SelfService,

= =2 =4 =4

Information exchange (stakeholder) and Coordinated Operations.
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Relevance to METACDM

Two aspects of ASSET are relevant to METDM:

First, the methodolog used within the project to identify the bottlenecks and to assess

possible solutions for them. The way bottlenecks were identified can be adapted forn use in
META-CDM, because the first steps for their assessment (literature study, questionnaire for
involved airports, studying of processes for improvement) is similar. But there is a break after
identifying the processes that have potential for improvement, because KBVAdoes not
aim to improve a single process or the implementation of solutions. Nelesgh the
methodology the identification of bottlenecks and the quantification of advantages (e.g.

measures) of new procedures/solutions for later fostering through funded projects should be
consideed for use in METACDM.

Second the results of the assesent of single and integrated solutiamdl be considered in
META-CDM. ASSET has already applied significant effort into identifying solutions that it

deemed to influence the overall performance of the monitored processes in a positive way.
META-CDM shoud build upon this assessment and pay attention to processes that were
undocumented by ASSET and to (new) procedures that positively influence the pverall
performance of passenger transport. Furthiee measures used to rate the solutions is

interesting r META-CDM and should be recognized for the questionnaire.
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3 Disruptive Events affecting Airport Operations

In order to formulate an extended CDM concept to deal with disruption, it is important to
understand both how disruption affects aviation netwarkgeneral, and to look at specific
examples of historical disruption and lessons learnt from their handlg section reviews

the literature in these two areas.

3.1 Air Transportation Networks and Delay Propagation

The world transportation industry iscatical infrastructure with a significant impact on local,
national and international economies. The worldwide air transportation network is a small
world network, for which the number of n@top connections from a given city and the
number of shortestgths going through a given city have distributions that are-§esd§78].
Guimera et al. find that the cities with the most connections are not always the most central in
the network though. Most cities, oodles, are peripheral, meaning that the majority of their
connections are within their own community. The nodes that connect different communities
are usually hubs, but not necessarily global hubs.

Many complex systems, such as networks, can display sthoctgations at various time
scales. To understand such complex networks, it is necessary to study the dynamics of the
processes taking advantage of these networl35Inthe authors take the example of he

airport network between 1990 and 2000. Even if the statistical distributions of most indicators
are stationary, the microscopic level is dynamic, with the appearance and disappearance of
several connections between airports. These connections havg bread distribution of
lifetimes. Moreover, the links that disappear have essentially the same properties as the ones
that appear, and links which connect airports with very different traffic are very volatile.

In [75], the authors aim to determine which network between China, Europe and the US is the
most beneficial to passengers in terms of travel time and accessibilityaratygsethe
associated network features. To account for travel times and schedubirjnation, they
calculate departure tirrdependent minimum paths between each airport pair in the network.
They evaluate the quality of indirect connections in terms of circuitry times and routing
factors. The European network has the highest percentatgsinations. Waiting times for
indirect connections account for between 30% and 50% of the overall travel times. The
European network has the highest number of direct flights per airport, but connections
requiring intermediate airports require largeitiag times than in the American and Chinese
networks. There is evidence for a traaf€ between the "openness" of the network and the
average waiting time spent at intermediate airports. In Europe, there is a high percentage of
airports accessible withia single day, probably because each country favors connectivity
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towards its own local airports. Such policies reduce the efficiency of coordination between
countries, resulting in higher waiting times. On the contrary, the US network shows better
coordinaion although its routes to secondary airports have gradually been marginalized.

Current air traffic forecast methods employed by the FAA assume that the structure of the
network of routes operated by airlines does not change. Because of the dynamiofature
connections, this creates a gap between the forecasted and actual state of the US Air
Transportation System in the long term, providing insufficient situational awareness to major
stakeholders and decisiomakers in their consideration of major techmgloand policy
changesResearch is undertaken by Zhang et al[1i83] that shows that airports in close
vicinity tend to have collaborative rather than competing effect on air passenger demand.
Airports within a 550km radius have strong interactions in terms of attracting long distance
international air passengers. Travel generation seems dissimilar for the studied hub airports
and their connected spoke airports.

In [79], experts from the FAA and Eurocontrol provide a comparison of A&lsked
performance on both sides of the Atlantic Ocean. They record similar arrival punctuality
levels in Europe and the US, but higher variability in delays and related costs i8.thetbe

US, departure punctuality is better but taxi out delays are longer and associated with higher
unit fuel burn. Direct route extension, i.e. the difference between the actual trajectory and the
direct path between origin and destination, is appnakely 1% lower in the US than in
Europe, providing the corresponding fuel burn benefits. There is no superior performance in
terms of arrival transit time in the Terminal Maneuvering Airspace (TMA), except for London
Heathrow.

Significant effort has gonénto trying to better understand delay propagation in the air
transportation network over the past few years. Indeed the cost of congestion in such a tightly
interconnected network of airports and aircraft is h@gé,billion in the US in 2008.

Pyrgiotiset al. design an analytical queuing and network decomposition model that computes
the delays due to local congestion at individual airports and captures the "ripple effect"
causing the propagation of such delfy36], both in the US and in Europe.

AhmadBeygi et al. study the relationship between the scheduling of aircraft and crew
members, and the operational performance of such schddiiles order to develop mer
robust airline planning tools. They make the following observations:

1 Propagated delays create significantly more impact than the original root delays
themselves,
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1 A single delay can "snowball" through the entire network,
1 Keeping aircraft and crews togetlean help to mitigate the impact of disruptions,

1 Delays that occur early in the day can cause greater propagation than delays later in
the day,

1 Itis most important to prevent delay propagation early in the day.

From a more theoretic point of view, Kondshows that the propagated delays are
exponentially distributed by fitting the Weibull or Gamma probability density func{@®ris
Seelhorst et al[112] investigatethe relationship between flight cancellations and delays.
They identify the factors inducing flight cancellations, using the characteristics of the routes,
airports, aircrafts, passenger traffic and delay for domestic flights.

In [43], De Neufville points out that airport traffic used to be dependent on regional
population and economic activity is becoming more dependent on airline and airport
management. The development of -fnds" airlines and lowcost cariers, and the expansion

of secondary airports in metropolitan regions have led to the emergence of a parallel airport
system.This parallel network can be distinguished from the traditional airlines network by the
following characteristics: a distinct lefare, nofrills product; an almost total lack of
connectivity with the traditional fuléervice airlines; operations focused on uncongested, low
cost airports; distinct geographical networks with links that traditionakérlice airlines do

not duplicaé. The growth of this parallel network could lead to the shift of passenger traffic
from congested airports to legost secondary airports, the growth of suburban regions with
low-cost airports and the decrease of traffic growth rates at major airports.

The multrairport system is defined as a system with a set of airports that serve the air traffic
of a metropolitan area. NayaklOO] provides valuable insight on quantifying the
interdependencies between airpoimsa multiairport system and investigates the delay
propagation from the system to the rest of diretraffic systemand viceversa. They show

that queuing delay and adverse weather are major causal factors of delay in most of the
studied regions. IfL29], the authors challenge traditional network theory and its applications
to airline networks. They propose network rewiring schemes that increase resilience to
different level of perturbations while maintaiginthe total number of flight and gate
requirements. Although other studies have shown the optimality of theartdgpoke
networks for nominal operating conditions, their findings suggest that{ogpdint networks

can be more resilient to perturbatioh$ubs located in the core of the network increase
efficient connectivity but are critical targets. Hubs in the periphery offer smaller benefits with
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respect to efficiency but their failures do not destroy the connectivity of the rest of the
network.

In Europe, reactionary delays, or "kneok" effects, add up to nearly half of the delay
minutes. Cook et a[36] evaluate the costs of reactionary delays as alinear function of
primary delay duration. They ctrast flightcentric and passengeentric delay propagation,

and highlight the need for tactical delay models, taking into account marginal costs,
reactionary csts and norlinearities.

3.2 Historical disruptive events

3.2.1 Delay and disruption data sources

For Europe, a summary of all major disruptive events is included in the Eurocontrol Network
Operations Reports (NOR; Eurocontrol, 201@0]) - and the CODA delay digest
(Eurocontrol, 201361]). These review network activities and disruptive events across
Europe by month and season. A summary of individual events over the2@0R2%eriod is

given in Annex 1 to this report. The most common disruptive events noted inCtReake
weather (mainly snow, low visibility, high winds and thunderstorms), strikes and disruption
caused by the implementation of new infrastructure. Eurocontrol also gathers detailed delay
data for the CODA database (Eurocontrol, 2006&]) and publishes reports about specific
disruptive events as well as about its data collection, KPI calculation and delay cost
estimation processes (e.g. Eurocontrol 2[HR; Codk & Tanner 201139]; see Annex }

The Association of European Airlines (AEA) publishes regular Consumer Reports which also
list major disruptive events affecting AEA member airlines (e.g. AEA, 28))8

For the US, detailed delay data is available from 1988 via the BTS RITAIGa
Performance database (OTP; BTS 2(338]). As with the European delay database, delay

data coverage is not completé around 70% coverage is typicah summary of major

disruptive events extracted from the OTP database is given in Annex 2. Similarly to the
situation in Europe, weathdr particularly winter weathefr is a major cause of airport
disruption. This tallies with the survey responses gathered at thM&EA-CDM workshop

(Marzuoli et al., 201399]). Other US government data sources do not go into detail about
disruption but do establishlzaseline for delay levels and passenger impacts. These include
the FAAGs yearly Net wor[g9]) &d the ®alsAir (Traveligr. FAA
Consumer Reports (e.g. US DoT 2(125]) establish a baseline.

For other world regiondessdata isavailable Many disruptive events have similar impacts to
those in the US and Europe, and are a potential source of further data about how to handle
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these events. For exampla,recent major disruptive event in South America (and other
regions of the Southern Hemisphere) was the Puy@uudon Caulle eruption ash cloud in
Chile in June 2011. Other types of disruption, such as sandstorms or tsunamis, are more
common in other wod regions but may represent rare but highly damaging hazards for the
US and Europe, or may become more common in future due to the impacts of climate change.

3.2.2 Types of Disruption

In many respects, the exact source of airport disruption is relatively uanpar dealing

with that disruption. What is key is its impact on airport functioning, the amount of lead time
that the airport has to prepare a response and the geographic and temporal scale of its impacts.
For example, various types of disruption mead to runway closure, but the impacts in terms

of passenger disruption may be the same.

Tablel below includes all major sources of disruption covered irMB& A-CDM workshop
guestionnaire responses, the EurocdMtiOR reports, CODA delay digests and the US OTP
database. Estimated warning lead times and scales are also given. More detail is given on
specific NOR disruptive events Annex 1 to this report, and on the OTP data in Annex 2.

Table 1: Major sources of disruption by type and impact

Warning

. Scale of Impact
time

Source of Disruption Type of Impact

FUTEL ElOEIE: Multiple airports,

Snow disrupted ground Hoursi days hoursdays
transport
Reduced . Multiple airports,
Fog throughput Hoursi days hours
Convective Closed airspace| Hoursi days Multlpr:(e)uarl;ports,

Closed airspace,
disrupted ground Days

Weather

Strong winds/ Multiple airports,

hurricanes transport hoursdays
FUTEL ClOEITE. Single airport, hours
Flooding disrupted ground Hoursi days 9 dp ’
ays
transport

Runway closure,
Sandstorms | disrupted ground, Hoursdays
transport

Multiple airports,
hoursdays
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upgrades

upgrades, etc.

. : Warni
Source of Disruption Type of Impact z:rr:leng Scale of Impact
Volcanic Ash | Closed airspace| Hoursi days AIITENE SO,
daysweeks
Runway closure, Single airport, hours
Earthquakes | disrupted grond None 9 port,
weeks
transport
Runway closure, Sinalemultiole
Tsunami disrupted ground Nonei hours| _. 9 P
airports, hoursveeks
transport
Crashes Runway closure None Single airport, hours
days
AL Taxiwayrunwa
Maneuvering y None Single airport, hours
i closure
Incidents
Accident Blocked access Absent/late staff, None Sinale airoort. hours
SEEREE  road to airport | passengers etc. 9 bort,
Ground
transport Absent/late staff, None Single airport, hours
disruption near| passengers etc. weeks
airport
Safety-re_lated Lack of aircraft None Multiple airports,
groundings daysmonths
2L Single airport
Security Alerts | passenger/bagga None global, hoursmonths
e checks
Terrorist Various None Single airport
=ty attacks/bombing global, hoursongoing
Cyber Attack HOsS ©F 1 None Single airport, hours
systems
Airspace/airport Countrvlevel
Wars/unrest | closure, disrupte¢ Noneweeks ¥ '
monthsyears
ground transport
. Systems Failure HoSs @ 1 None Single airport, hours
Systems y systems g port,
Disease Pandanics Extra passenger, Days Global, weeks
| checks months
Infrastruc . .
New runways, . Single airport or
ture . Yearsi ;
systems Various months regional, hours

months
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Warning

Source of Disruption Type of Impact fime

Scale of Impact

. . Singleairporti
Strike (Airport Absent staff None countrylevel, hours
Staff) months d
ays
Indus?trlal Strike (ATC) Absent staff Nonemonths NEEEl U]
Action level, hoursdays
Strike (Airline Absent staff Nonemonths Regionalcountry
staff) level, hoursdays
Strike (Ground | Absent/late staff, Regionalcountry
None-months
transport) passengers level, hoursdays
Major Olympics, Hajj,
Events Thanksgiving, | Increased deman Years Regional, daysveeks
World Cup, etc.
. . Airline or Tour :
Financial Operator Abandoned Noneweeks Regionalcountry
collapse passengers level, days

META-CDM questionnaire respondents also mentioned mechanicals, late arrival of aircraft,
high runway utilisation, lost passengers and diversions. However, as these are common
occurrences and form part of normal airport operation we do not address tkieen ifuthis

report.

In Annex 3, we compare the rate of occurrence and impact of the different types of disruption

to gain a more qualitative (but still approximate) idea of which are the most important types to
investigate further. Of the types of diption specified above, the most important on an

6i mpact x frequencyd metric are snow and vo
events most discussed in the literature (Se@&i8n

3.2.3 Specific examples by type of disruption

The second stage of tiMETA-CDM project involves carrying out a series of surveys and
interviews at airports affected by major disruptive events, both to find out how past events
were handled and to investigate what methods would help in the handling of future events. To
facilitate the selection of airports for this process, it is useful to identify specific,
representative examples for major types of disruption. In many cases these specific events
have been widely reported on and discussed in the literature; a literature cévibese
reports is given in Sectio®.3 below for key disruptive events. A selection of representative
eventairport pairs for different types of disruption is giverliable2 below. If not otherwise
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stated, the event information was retrieved from Eurocontrol (2013a) and Eurocontrol (2013b)
for airports within Europe and from press releases and news websites for airports outside
Europe.

Table 2: Example events by type of disruption

Source of Disruption Event | Example affected airport
177 23° London Heathrow (Begg, 20125];
Snow December 2010 CAA, 2011[32]; Quarmby, 2010
snow event [107])
Fog 20" October 2012 Zurich airport (Heathrow and Munic
also affected)
Convective | 20" May 2012 Geneva airport
W Strong winds/ 28"-30" October, New Y_ork JFK; disrupti(_)n was also
eather Hurri . experienced at the main Europeatr
urricanes | Hurricane Sandy hubs
9" September
Flooding 20009, flash Istanbul Atatirk
flooding in Turkey
8" February 2012,
Sandstorms Harmattan Boa Vista Airport, Cape Verde Islan
sandstorms
21°%7 25" April Frankfurt airport; disruption across
Volcanic Ash 2010, Europe so many other possible choi
Eyjafjallajokul (Eurocontrol, 201(58]; Falconer &
_ eruption O6Mear d70])) 201C
Earthquakes Z\S;ar?ggrtt)ﬁaggl}j Van Ferit Melen Airport, Turkey
11" March 2011,
Tsunami | T@hoku e3é Sendai Airport, Japan
and tsunami
25" February 2009
Crashes Turkish Airlines Amsterdam Schiphol
Flight 1951
Aircraft h
Maneuvering 17 March 2.009’ Maastricht airport
: Incidents Cargolux incident
Accidents
Blocked
accessoad Heathrow airport access tunnel
to airport
Ground 8" January 1989,
transport Kegworth M1 East Midlands Airport
disruption | Embankment crasl
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Source of Disruption
near airport

Event

Example affected airport

Satety | 9-20" April 2008,
aircraft FAA MD-80 Chicago OO6Ha
di grounding
groundings
August 2006,
Securit transatlantic
Alertsy aircraft bombing London Heathrow
plot/hand luggage
ban
Terrorist 30" June 2007, . .
. : Glasgow International Airport
attacks/bomb  airport terminal .
: . . (Crichton, 200742])
Secuity ing bombing
29" June 2011,
Cvber Attack possible airport Delhi Indira Gandhi International
y cyber attack in Airport
Delhi
Wars/unrest Libyan airspace Malta International Airport
closure, 2011
29" September
IT Systems S|:)§|t3rr28 2012, radar féire Athens Airport
in Greece
Disease Pandemics 2009 Swm_e flu Beijing Capital airport
pandemic
Infrastruct ruwv?/\g S September 2010,
ure s ster)r/1s’ runway Warsaw airport
upgrades Y maintenance
upgrades, etg
Strike 16-19" February
. 2012, apron and .
(Airport hall p Frankfurt airport
Staff) marshalling sta
strike
. 29" February 2012 . .
e Strike (ATC) Erench ATC strike Paris Charles de Gaulle Airport
; . 31°' August 2012,
Action Strike : -
(Airline staff) Lufthansa cabin Frankfurt Airport
crew strike
. 14™ November
e 2012, European . .
(Ground ld f Lisbon airport
transport) general day o

industrial action
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Source of Disruption | Example affected airport

O'ﬂgﬁ'cs’ 27" Junei 1%
Thanksgiving October 2012.’ London Heathrow (BAA, 201P14])
London Olympics
, World Cup, )
period
etc.
A'[rl'gﬁror 16™ December
Financial o 2006, Air Madrid Madrid Barajas Airport
perator
collapse
collapse

Leviakangas et al. (201B3]) discuss the geographic location of disruptevents by type,

for a review of 25 disruptive weather events affecting aviation. They find that high winds,
thunderstorms and low visibility cause problems for aviation across Europe; ice affects
primarily Northern and Central Europe, and sandstorfiestabnly the Mediterranean region.
However, the frequency of disruption is also a function of how common the extreme weather
is in each region. As snow is common in Scandinavia, airports are-égti@ped to cope

with it and a snow event which would cauextreme disruption in Athens or Istanbul will
have only minor impact. The frequency of neaather events is less predictable and depends

on a number of factor s.

For exampl e,

Europe

disruption because they tigally operate close to capacity, leaving little room to recover from

unexpected events.

In addition, the frequency of disruptive events is likely to change in the future. Respondents to
the first META-CDM workshop questionnaire (Marzuoli et al. 2083)]) identified several
factors which will likely be important. As the aviation system grows, more airports will be
operating close to capacity, leading to decreased ability to recover from or mitigate disruption.
However, progress on technologies will likely facilitate increased warning times of disruptive

events, recovery from disruption, increased safety (hence fewer accident/mmeldésd

disruptions) and increased systems robustness. Climate change wiplajsa part. For
example, by 2050, we might expect fewer snow and icing events and more extreme heat,
convective weather events and sandstorms, depending on the region of Europe in question.
This is discussed further in Vajda et al. (20126]). They note that low visibility conditions

may become significantly rarer in future, as will individual snow events, but heavy snowfalls
may become marginally more common. Convective weather is more difficult to progect an
may show no overall change in frequency, but the intensity of individual convective weather
events may increase. These projections suggest that, in aggregate, aviation disruptive events
will probably occur at a similar rate to those seen in the pressntbdit the distribution of
different types of event may change, as may the ability of airports to cope with and/or recover
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from potentially disruptive occurrences. Blasche et al. (d@¥)) projecs that the ack of
spare capacity at airports means that the frequency and severity of aviation disruption related
to weather will increase.

3.2.4 Recovery from Disruptions

When a disruption occurs, airline schedule recovery tries to maintain operations and get back
to schelule as quickly as possible while minimizing additional costs. The different
mechanisms they rely on are aircraft swaps, flight cancellations, crew swaps, reserve crews
and passenger rebooking. Usually airlines react by solving the problem in a sequential
manner. First, infeasibility of the aircraft schedule is examined, then crewing problems,
ground problems and finally the impact on passengers. In this process, the passengers' issues
are the last accommodated. [B8], Marla et al. introduce flight planning, to enable flight
speed changes, to trade off flying time and fuel burn, in combination with the available
mechanisms. Their computational model for integrated aircraft and passenger recovery with
flight plaming could bring up to an 83% reduction in passenger disruptions, as well as a 5%
cost savings to airlines.

From a more theoretical standpoint, Lacasa efl] study the diffusion of aircraft as
dynamic agerstin the European air transport network, comprised of 858 airports and 11,170
flight routes. They distinguish between a free phase, i.e. an efficient regime with no airport
gueues and high diffusivity, and a congested phase, where there exist bottlemkpkora
diffusivity, separated by a jamming transition. This behavior does not depend on the network
topology. They suggest that this could be the basis for testing cooperative behaviors aiming at
optimizing the dynamics of the system.

Balakrishnar{15] examine the design of slot reallocation mechanisms for the Ground Delay
Programs adopted at airports during adverse weather disruptions. A range of airline strategies
in the prioritization of flights is offeredoenpared to the existing techniques in use. Yet
transfers between airlines during slot reallocation need further analysis to determine its
acceptability from the policy and stakeholder standpointf@1ha contol theory approach is
adopted to address disruptions due to weather in the air traffic system. Their work covers the
management of airport arrivals and departures constrained by runway capacity, which are
sensitive to weather.

Vaze[127] find that at the current level of passenger demand, delays are avoidable to a large
extent by controlling the negative effects of competitive airline scheduling practices. The
level of congestion in a system of competing agdims shown to be an increasing function of
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the number of competing airlines, a measure of the gross profit margin and the frequency
sensitivity of passenger demand.

3.2.5 Contribution of Multi -modal Transportation

The Eyjafjallajokull volcanic eruption in 201tad such an impact on aviation that it also had

a series of knockn effects on other modes of transportation. These can be explained by the
rigidity and complex nature of transport networks, as well as by the lack of appropriate
preparation. Steele et glose the problem of predicting the changes in passenger demand
between different modes of transports during a disturbance of one or more of its systems
[113]. Their research develops a simplified domalde UK tansport model using system
dynamics and recent data, to test responses to disturbances.

Similarly, Lewe et al. tackle the problem of forecasting mmitidal transportation demand.
They combine a Systems Dynamics Approach with an dugsed model, and usdstorical
data to calibrate predictions.

The partial substitution of some shbdul flights with High Speed Rail transport, either
through modal competition or complementarity, is already in place in four European hubs
(Frankfurt Main, Paris CDG, MadriBarajas, Amsterdam Schipol). Jaf86] assesses the
potential savings in the quantities and related costs of social and environmental impacts, such
as airport air side delays, noise and emissions of greengaass. The results show that the
High Speed Rail substitutive capacity does not act as a barrier to developing air/rail
substitutions at the airport. Even a modest substitution may produce substantial savings in
airline costs and passenger delays.

The reent growth of Low Cost Carriers and their use of secondary airports imply that air
traffic is further scattered across several airports in the same metropolitan area. This has
multimodal implications for airport access planning, and explains the cooperéttween

some LCCs and bus or coach companies (such as Terravision with Ryar{88], Dastillc

Manzano studies the transport mode to reach the airport of more than 20,000 passengers at
seven Spanish airpis, none of whichhad efficient raitbased public transportation at the

time. He shows thatCC passengers are less likely to use a taxi to go to the airport and more
likely to choose a rented car or a public mode of transportation.

In her dissertation Zang[132] develops a framework to reduce passenger "disutility” due to
delay and missed connections, to help airlines reduce operating cost and recover schedule
more promptly, and to assist traffic flow managés utilize and distribute scarce resources
more efficiently and equitably. The study suggests that when there is a significant capacity
shortfall, airlines with hulandspoke networks could incorporate ground transport modes into



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

their operations. Redime intermodalism includes the substitution of flights by surface
vehicle trips and, when the hub is part of a regional airport system, the use -@iirjper
ground transport to enable diversion of flights to alternate hubs. It recommends that the
current CDM system be enhanced to realize a regional Ground Delay Program (GDP) by
including regional transport agencies, regional airport authorities, airlines serving regional
airports and others. These enhancements cannot be realized without collabotate®n be
FAA, airlines, airports, passengers, and consensus on the importance of integrating
underutilized regional airports into disruption recovery strategies.

For the passengers, traveling across several modes of transportation to complete their journey
can be difficult, especially when it comes to planning travel times. To improve the passenger's
experience, more and more advanced transport information systems (ATIS) provide services
such as route planning, navigation, updates on disruptions, real tionmation alerts and
replanning tools. Zhang et 4lL31] build a supernetwork, where the networks for different
modalities are integrated. They distinguish road, rail, air, and water transportation as well as
private (e.g. foot, bike, car) or public modes (e.g. bus, train, tram, metro). While routing in
this supernetwork, the switch between modes occurs only when the transfer is possible. Some
links are time independent, others time dependent or stochastic ¢jpeadint. The travel

time and monetary cost may also be computed. The authors tested their tool for the Eindhoven
region with success and are working on improving the computation time of their model.

Reliability of the schedule in a muitnodal trip is esantial. Also, the traveling time in each

mode and the waiting times in between should be balanced to improve passengers' experience.
Hsu [84] develops a simple model to represent the transfer waiting time ¢onmecting

service at multmodal stations, where waiting time takes into account the characteristics of
both the connecting service and its feeder service. The results show that transfer waiting time
is mostly affected by the capacities and headwayseofdinnecting and feeder services. They
suggest that transfer waiting time cannot be improved without operational coordination with
the feeder service.

The Strategic Research and Innovation Agenda (SRIA) is the new strategic roadmap for
aviation researchldevelopment and innovation developed by ACARE. In the custoerdric
mobility topic, "planning, payment and single ticketing support for intermodal journey
selection” is expected to have started by 2020. By 2050, -tdewor integrated journey
planning payment and single ticketing &countability, and automatic journey monitoring
and disruption management for over 90% of journeys" are to be in place.
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3.3 Historical Disruptive Eventsi Literature Review

Over the past few years, severe weather perturbalians paralyzed the air transportation
system. On the European side, the eruption of the Icelandic volcano in 2010 had the longest
and biggest economic impact on aviatj@g], with more than 100,000 flights czgled. Bolic

et al. offer recommendations to better address such large disruptions, stressing the need for
harmonization of volcanic ash risk thresholds and better information exchanges between all
the stakeholders, with for instance a central repositballanformation related to a given

crisis. The response by airports, governments and aviation authorities to major airport
disruption events is often to commission reports looking in to what happened and whether
disruption could have been handledtéet The recommendations made as part of these
investigations give an insight into current best practice, and share a number of common
themes even where the events differ significantly. For example, the importance of good
relationships and communication tiviother stakeholders; the need for early action when
disruption is forecast; for a proactive approach to cancellations and airport closures; regularly
updated contingency plans with clearly defined roles and responsibilities; and the importance
of providing timely and correct passenger information. In fastionwe look at both more
general recommendations on how airport could perform better, and specific investigations of
individual events.

3.3.1 General recommendations

The most comprehensive set of recomdaions for airports dealing with disruption is made

by ACRP (2012[1]). This report discusses in a US context how airports can best develop,
evaluate and update contingency plans for the occurrence of irregelations (IROPS) as a
result of disruptive events. Following major weathelated disruption at US airports in 2007

and 2008 (see Annex 2) a number of workshops were held to identify best practice in dealing
with disruption. The recommendations of taagorkshops were:

1 That airlinesairports, government agencies, and other system partners should update
contingency plans and that these plans should include sufficient collaboration.

1 That communication among these parties should be collaborative, cdedlinad
ongoing.

1 That service providers (e.g., concessionaires, ground transportation) should
continually evaluate the level of services provided in meeting customer needs during
IROPS.

ACRP (20121]) is a esponse to these recommendations providing a more formal framework
which airports can adopt. It focuses on situations affecting the passenger in the wake of



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

disruptive event$ for example, terminal passenger capacity, passenger surges in terminals
and searity areas, and conditions for passengers during extended stays in the terminals or off
site. The report stresses that communication is key to successful IROPS response. It is
recommended that airport appoint an ool ROPS
communication between aviation service providers (here comprising the airport, airlines,
government agencies such as the FAA, immigration and security agencies, concessionaires,
ground transportation agencies, fixed base operators, overnight acconamodatergency

response providers, the military and diversion airports). A culture of collaboration and
communication between these bodies is vital, as is a firm commitment to work on the joint
IROPS plan.

Four types of IROPS impact situations are idegdifi surge in which extra aircraft and
passengers flow into an airpodapacity in which the airport terminal becomes full of
passengers or ramp space/gates become full of airaft@ithours in which aircraft land and
passengers need to deplaneretgular hours; anéxtended stgyin which passengers and
aircraft may be stuck at the airport for an extended period of time.

Specific steps in the IROPS response process identified by the report include:

T That the airportos | dnDReR regievrexisting greergengy r e s p
response plans from all service providers, evaluates them for adequacy during
different types of IROPS events, and ensures that communication and coordination
occurs between them. Passenger needs for information, foodvated, safe and
secure facilities (including clean toilet facilities) and lodging should be provided for,
as should services for special needs passengers, ground transportation, and the needs
of live cargo. Existing FAA, immigration and security agencgcgdures should be
taken into account.

1 That clear procedures are established for cooperation with local service providers.
Existing technologies should be used for cooperation before developing any new
unique systems.

1 Existing IROPS plans should be imprdwehere necessary, and-cadinated training
exercises held based on the new plans. The plans should be tested against the four
identified types of IROPS impact situations. A schedule of biannual IROPS
coordination workshops is recommended for developimd) @pdating IROPS plans,
providing information to stakeholders on the necessity of IROPS planning, and
providing training.

1 That an airport create a 24/7 contact list of major airport stakeholders using the most
appropriate contact method for their situat{e.g. phone/email/text message).
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1 That hub airports host a conference call with key service providers at least 24 to 48
hours before a predicted severe weather event, including National Weather Service
representatives.

1 That airport IROPS contingency resps@ committees ensure the capability exists for
coordinating shared information on aircraft status and airport capacity during an
IROPS event between aviation service providers. This includes the monitoring of
likely indicators of an upcoming IROPS eveatd. weather reports, aircraft status) so
that a developing event can be identified as early as possible. A communication plan
should be made which also includes external communication with customers and
passengers.

1 Following the return to normal operat®mfter an IROPS event, the airport should
host a meeting to debrief and review performance during the event.

ACRP (2012 [1]) also discusses vailable technology solutiongo facilitate these
recommendationat different cost level{Resource C, Tool 10). For example, at low cost
($5K) flight tracking may be carried out via internet applications; at high cost ($500K) a
dedicated flight tracking management system may be utilised.

On a more global scope, Tanger@ayton (2011[121]) review resilience capabilities and
practices at nearly 30 of the worl ddés major
airports have clearly defined command and control; collabetstpian for disruption with
stakeholders; have weatbordinated management of passenger welfare; and have dedicated
operational equipment and resources for dealing with disruption. They provide a number of
examples of airports which display best practicdifferent areas of crisis management:

1 Command and Control
o Hong Kong (HKG) has a single integrated Airport Centre handling real time
management of airport operations, and an adjacent Airport Emergency Centre
for major incidents. More than 90 seminarsl anills are conducted each year.
Consolidated airpontvide information is available from a single airport
operations database.
o DallasFort Worth (DFW) has a single integrated Airport Operations Center
co-located with an Emergency Operations Center.
1 Collaborative Planning
0 MinneapolisSt. Paul (MSP) has a tradition of joint planning between the
airport and base carrier Delta Airlines. Capacity and cancellation decisions are
carried out proactively to avoid terminal congestion and aid rapid recovery. An
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anrual cost/benefit analysis is carried out on emergency response preparation
and deployment.

o Amsterdam Schiphol (AMS)nakes use of a strong relationship with base
carrier KLM. Roles and responsibilities and timelines for emergency response
are clearly defing.

1 Passenger Welfare Management

0 London Heathrow (LHR) led the joint development of a passenger welfare
charter articulating the common ambitions of all airport stakeholders to support
the passenger during disruption, following the 2011 Winter Resilience
Program. Roles and responsibilities for passenger support are clearly defined,
and over 900 ncoperational airport staff act as reservists who can be
deployed in terminals during disruption.

o Hong Kong (HKG) has worked together with airlines to establidedicated
area for stranded passengers, including separate rebooking facilities. The
airport has its own stock of provisions for stranded passengers, and proactively
communicates with embassies on matter such as visa requirements.

1 Operational Equipment drResources

o Chicago O6Hare (ORD) Cc admairpdrircantingemay an e
force as part of the City of Chicago, including emergency response staff and
transport resources (e.g. city buses).

o Frankfurt (FRA) makes effective use of third party contrexcto respond to
events; for example, futime ground operations personnel are complemented
by a | arge pool of contractor staff wh

More general best practice guidelines discusasesl that strong collaborative wamg
relationships with stakeholders are maintained (particularly base carriers, ATC, emergency
response, security and immigration); that proactive rather than reactive approaches should be
used to manage disruptipnthat the airport has a single infortieam platform bringing
together all airport data in one place; that airport performance is quantified (for example with
KPIs); that command and control are as integrated as possible (for example with a single
control centre for normal airport functioninimphked to a single crisis response centre); that
innovative technologies are used (for example, CCTV with automatic incident detection); that
scenario planning, training and testing is carried out; that the airport has a passenger welfare
plan; and that cdimgency plans should be subject to regular review.

! This approach is also highlighted by Quarmby (2010), who note that there is some evidence that earlier, more decisive
cancellations and rescheduling are helpful in managing snow disruption.
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CAA (2011[32]) also addresses airport best practice in the event of disruption, in the context
of the severe snow disruption experienced by the UK in 201@arkicular, an online survey

of passengers was carried out to assess how passenger welfare could be improved during
disruption. Considerable room for improvement was found; 74% of respondents were
dissatisfied with the quality of information they wereeagiy 75% were not informed of their

rights, and 60% received no care or assistance from their airline. The following areas of good
practice were identified:

1 Accurate and accessible information available on airline websites.

1 Rebooking available by website a®ll as telephone helpline; rebooking should be
free of charge, smartphowecessible and flexible (e.g. allowing passengers to rebook
via a different airport) and websites should be able to cope with high demand.

1 The ability to reroute telephone quertesoverseas call centres so that core-catitre
operations could be focused on rebooking.

1 Passenger rerouting, and making additional flights and/or capacity available, to
minimise the number of passengers unable to travel.

1 Learning from past experience.g. investing in additional snow clearing equipment
after earlier snow experiences)

 Airports providing care and assistance to stranded passérigehsding free wifi for
rebooking.

1 Airlines and airports redeploying backfice staff to help passengtacing staff.

The accessibility of passenger information was highlighted as a particular problem during the
snow crisis; when faced with inadequate information about whether their flight was operating,
many passengers chose to travel to the airport inlse&twetter information; and, when they

were at the airport, many passengers were reluctant to leave for similar reasons. In some cases
passengers visited the airport daily to see if there was any news of their flight being
rescheduled. Some passengersditad to the airport unnecessarily because they had been
told they needed to check in before the airline could give them assistance. The need for clarity
on information about what costs airlines would refund if passengers organised hotels, food or
onwardjourneys themselves was also noted.

As well as accessible information, information sharing and decision making between different
stakeholders was highlighted as a problem; for example, one airport told the enquiry that
although they updated cancellatiorffarmation on their website in real time, it could take

some time for correct information from the airlines about cancellations to reach it. Best

% As noted below, under EU regulations it is the legal responsibility of the airline and not the airport to care for passengers, so
airport-provided assistance is not mandatory.



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

practice airports were considered to be those where the crisis command and control structures
had given priotly to information sharing, where the information sharing included a wide
range of stakeholders but was-@alinated through a single point (the airport), where crisis
structures were initiated early, and which carried out-tadace meetings. Input frorall
stakeholders into decision making is also important. For example, the airports interviewed
tended to favour pausing airport operations for unspecified periods when faced with
disruption, whereas many airlines preferred clear decisions about airmuntegleven if for a

longer period, due to the long lead times associated withHangflights.

The report concludes that the passenger experience can be improved in three main areas. The
first is increased coordination and communication between airpairt;ies and ground
handlers to maintain operations, thereby reducing the number of passengers affected by
disruption. The second is to provide better information to passengers at an earlier stage. The
third is that airlines should adhere to EU regulati@about passenger care and assistarce. T
achieve these aims a number of measures are suggdsts] airports should have a major
disruption plan clearly setting out the roles and responsibilities of all stakeholders,
information sharing between theamd the timing of airport closure andapening decisions.

The plan should include processes for determining slot allocation in the case of reduced
capacity and processes for handling diverted aircraft. Such plans should have redress
mechanisms in casd stakeholders failing to meet their obligations, and should be reviewed
at | east annual |l y. Second, airlinesod plans
discussed with other relevant stakeholders. These plans should include the roles and
responsibities of all stakeholders in passenger communication, the procedures for passenger
communication and mass media strategiEhey should consider website and call centre
resilience under high demand conditions, rebooking flexibility and the speed with which
cancellations and delays can be communicated to passengers. Third, a welfare capability
assessment should be carried out by all airlines investigating their likely obligations under EU
regulations in a severe disruption event, and whether the resouatlablavto that airline are
sufficient to meet them; following this, a passenger welfare plan should be created to specify
how the airlines plans to meet its obligations to passengers.

Quarmby (201J107]), notes that rail passengers have access to comprehensive historical
performance indicators. This facility does not currently exist for air passengers in the UK,
although there have been some past initiatives by ATUC, the EC and AEA.

3.3.2 London Heathrow, 17th-23rd December 2010 Snow Event

In December 2010, airports around Europe experienced severe weather disruption following
unusually heavy snow and cold weather. London Heathrow was particularly badly affected,
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with over 4,000 flights cancelled. In the wake of tleient, a number of reports were
compiled about how the snow disruption was handled, and what improvements could be
made. These include Begg (20[2b]), focusing specifically on events at Heathrow; CAA
(2011 [32]), focusing on the passenger experience; and Quarmby (2010), focusing more
generally on winter weather resilience across modes. The Heathrow Winter Resilience
Enquiry (Begg, 2011) was set up to investigate BA®\ per f or mace during
recommendations as to how future events sh
role in handling the snow disruption and did not examine the actions of other stakeholders in
detail.

The weather experiencéd December 2010 was unusually seygrevious weather events at
Heathrow had been dealt with wellowever, many other airports in Europe were also
affected by the severe weather and had comparatively lower levels of disruption. Weather
forecasts had crectly projected heavy snow four days before the main snow event, and a
warning was made available to passengers two days beforehand via the heathrow.com
website. A number of individual factors were identified as having contributed to the
disruption expgenced:

1 The severity of the weather was not fully anticipated beforehand, so sufficient
preparation had not been made.

1 Aircraft stand clearance was slower than required; there was no agreed protocol
between BAA and airlines for handling this, and BAA diat have specialised stand
clearance equipment. As noted by CAA (2032]), some UK airports and airlines did
not agree on whose job it was to clear snow which had accumulated under parked
aircraft.

1 There werefailures in communication and coordination within BAA and between
BAA and airlines, leading to delays in response. Confused and conflicting messages
l ed to airlines and passengers receivVvi
terminal congestion wasthyed and resulted in passenger distress.

T Some airlines did not comply with EC regulatidnsquiring passenger compensation
and assistance in the event of cancellations/long delays/denied boarding. Many
passengers refused to leave the airport as they determined to fly and worried they
would lose their place in a queue.

1 However, once response was mobilized it was effective

® Regulation EC 261/04. It is the responsibility of the airline rather than the airport to provide this assistance. However, in
common with other major airports, Heathrow also has a plan to respond to mass congestion in the airport involving the
provisions of emergency welfare items (water, blankets etc.) when disruption is projected to exceed 6-8 hours.

t h
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1 The weekend of 189"December was expected to be Hea
with full schedules and close to 100% loadtbrs. This lead to problems in rebooking
passengers from cancelled flights.

1 Local roads were also severely affected by the snow. This affected airport access,
including for lorries bringing supplies for stranded passengers. Many passengers

soughtrefuge n t he subways | eading to the airpc
train difficult. Further congestion was caused by passengers exiting vehicles in
Heat hrow6s road access tunnel and continu

A number of specific areasane identified where practice at other airports differed from each
other and from that at Heathrow at the time:

1 Some airports have minimum performance standards for airfield clearance (e.g. as set
by the FAA in the United States).

1 De-icing facilities diffa; some airports diece on stand, some have sharedidieg
pads and some airports with moheobtgkqude
icing facilities.

1 Some airports have specialist facilities for snow clearance from stands (e.g. under
stand heating

91 Airports vary widely in the amount and capabilities of sred@aring equipment
available.

1 Airports also vary widely in the level of detail in their snow plans, and the amount of
training and rehearsals carried out to prepare for snow events.

These obswations are complemented by the review of CAA (20332]). They note that
responsibilities for snow clearance differ between airports, with thepleesirming airports
taking responsibility for snow clearanf the entire airfield as opposed to just the taxiways
and runways; this allows for economies of scale with clearance equipment. Airports also
differ in how long crisis command and control centres are left in operation after the immediate
crisis has easedHere best practice was felt to be a period of continued operation of the crisis
centre, in recognition of the possibility of unforeseen knaeleffects of the disruption at that
airport or elsewhere.

A number of recommendations are made by Begg (2[2H)) regarding increased
cooperation between shareholders, the establishment of a single physical control centre for
crisis events, and passenger welfare plans. In respect of the airport itself, the report notes:
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AThe panel recommends t hat Heat hrow Airp
resilience target that the airport never closes as a result of circumstances under its

control, except for immediate safety or other emergency thréat3he panel

recommends thafstakeholders] actively work together to implement improved

snow plans, improve command and control processes, and establish approaches to
passenger welfare that are focused on the

The specific recommendations made by the piaciide

1 That BAA work with airlines, NATS and the CAA on an enhanced snow plan which
recognises the constraints of Heathrow and which defines clearly the sequence of
actions required, equipment needed, logistical requirements, roles of different parties
and deicing standards to be used for different levels of snow event.

1 That BAA work with airlines, NATS and other stakeholders to reviewicitg
procedures and infrastructure, including potentially the provision of remeignde
facilities.

T Heat hr o wobnsshosldbe subjgct taaregular review.

1 When a forecast indicates a possible snow event, BAA should hold a snow
contingency meeting with the airlines, their ground handlers, NATS and the AOC to
plan an effective response and contingencies.

1 BAA should dynarncally maintain stock of décing media and other emergency
supplies at levels driven by forecast weather, expected rate of use and reliability of
supply.

T BAAOGsS emer genc gseshauld bensimplified to ¢he gtamdard thiiss
(Gold, Silver and Bonze) structure used by other UK bodies (see boxed discussion on
the next page). Key stakeholders should be involved in these teams, including the
Metropolitan Police and representatives dedicated to passenger welfare, and a formal,
disciplined communicains structure with clear interfaces should be established
between stakeholders.

1 Clear triggers for escalation of crisis response should be defined which ensure early
deployment of the higher level command and control structures.

1 BAA and airlines should e steps to ensure that all crisis response teams have
enough orcall resources available to them to function 24/7 for a sustained period.

1 A review is needed of the process by which airport status changes are converted into
updated flight schedules, andvihdhese schedules are communicated to passengers,
media, government and the public.
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1 A single physical control centre should be established for the management of major
incidents.

1 Systems should be updated to make more-tm@& airport status data avdla,
including realtime digital CCTV at telemetry; a secure wedised system for making
this data available to stakeholders; and a-tiea# incident management system,
available to all stakeholders, that tracks and supports decision making.

1 The enforcemeat of EC regulations on airline responsibilities for passengers in the
event of disruption should be investigated.

1 BAA, airlines and retailers should work together to establish a sustainable passenger
welfare plan for emergency events. This includes pmgideasy and clear
communications to passengers in terminals on airport status, in a number of languages.

In terms of increasing intermodality in times of crisis, the review of Quarmby (AMIA)

into how otler modes coped with the snow disruption is also useful. In particular, this and the
previous prolonged period of cold weather in 2009 also had strongly disruptive effects on
alternative modes. Eurostar rail services to France suffered wiglsbyted breakowns and

were cancelled entirely for three days in 2009, leaving many passengers stranded at stations.
Similarly, delays, congestion and closures affected the UK road network in both years. Local
road congestion may also result in the regions aroundrtsripohe airport disruption leads to
increased traffic to or from the airport on roads that may be cagamistrained by the
weather.

UK Emergency Services Crisis Response

The UK emergency services use a hierarchical framework for the command and co
crisis response. Three levels (goldysil and bronze, corresponding to strategic, tac
and operational levels of response) are defined. Following the December 2010 sno
at Heathrow, Begg (201[25]) recommended that Heathrow adopt a similar structurg
crisis response. More details on this type of crisis response plan and its implementg
the UK emergency services is given in LESLP (2042]). The Gold level of respons|
looks at strategic planning and is in overall i of each service. It determines
strategy at the beginning of an incident, and monitors and reviews that strategy
incident progresses. Tactical decisions are delegated to the Silver level of response
responders attend the scene, takegdhand are responsible for formulating the tac
required to achieve the strategic goals set by Gold. Bronze responders control and
the resources available to them to implement the tactics formulated by Silver.

* The panel noted that they considered this best practice from their review of how crises are dealt with at other large global
airports; for example, LAX and MAD both follow this practice.
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3.3.3 April 2010 Volcanic Ash Crisis

The eruption of the Icelandic volcano Eyjafjallajokul in 2010 and subsequent ash cloud
caused Ebwide disruption to flights. According to Eurocontrol (20B8]), approximately

10 million passengers were unable to board their flights. Around 100,000 flights were
cancelled; in addition, 5,000 eatflights were flown to reposition aircraft or crews or to
accelerate the repatriation of stranded passengers.

On the 14 of April 2010, Eurocontrol Central Flow Management Unit (CFMU) received the
first messages relating to the volcanic eruption iratoé from the London Volcanic Ash
Advisory Centre. Two teleconferences were held, chaired by London, discussing preparations
for the worst case scenario. Norway, the UK, Sweden and Finland imposed airspace
restrictions and these restrictions spread pregrely across Europe on the following days.
Eurocontrol began issuing twidkily press updates as well as public communication via
Twitter. Airspace closures remained widespread until tHe &0April, with flights almost

back to normal by the 22 However, a further ash event occurred in May. This led primarily

to rerouting delays rather than cancellations. Eurocontrol (288]) notes that lowcost
carriers were disproportionately affectedoth because me low-cost carriers operated in

the mosthit regions, and because the business model ottt/ carriers is bettesuited to an
all-or-nothing approach to operations in extreme circumstances.

As a disruptive event affecting the whole European aviatigtesy, two levels of response
are interesting in the context META-CDM,; first, the response of individual airports (and
the lessons learned from this) and second, the wdysiEm response (and lessons learned
there). These areas are discussed indivigielow.

Individual airports and passenger experience

A brief summary of some of the actions taken by individual airports in response to the
volcanic ash crisis i s 70}y Bany drports previded bede r &
blankets, water and medical support, and some airports (for example, Amsterdam Schiphol
and Frankfurt) provided further facilities to stranded passengers such as entertainment, free
internet and showers. The scale of the crisis indzat there were many unanticipated
consequence$ for example, shortages of hotel rooms, rental cars and rail tickets, and
interactions with ground transport problems such as a French rail strike at the same time. The
situation of transit passengers wparticularly difficult, as many were unable to leave
terminals due to customs restrictions.
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Jain & Guiver (201185]) discuss the results of a survey of passengers affected by the crisis.
They found 20% of affded passengers due to depart on #Ewaopean flights chose not to

travel, and 43% delayed travel (12% and 62% respectively for intercontinental trips). 39% of
intrac.European stranded passengers chose to return via surface travel (8% of intercontinental
passengers), with 19% returning by rail and 11% by ferry. The communications made by
passengers were also analysed. Airlines were contacted by over 80% of passengers, followed
by friends and family, employers, travel agents, accommodation providers aretsndi0%

or fewer of passengers contacted tour operators, embassies, train operators, tour guides or
coach operators. Of these bodies, airlines were the most difficult to cant3@% of
respondents had difficulty in contacting their airline (mainly tu®verloaded call centres

and websites; in particular, many stranded passengers had no access to the internet).
Embassies and insurers were the next most difficult bodies to contact, and around 25% and
20% respectively. Airlines were also the most likelyo be judged o6unwil |l i
respondents. The needs of passengers with internet access, fully charged mobile phones,
credit cards and local language knowledge were different to those without these advantages.
Most passengers, however, expected thay would pay the majority of the costs they
incurred.

Whole-system response

EC (2011[51]) gives an update on the steps that have been taken to improve crisis
preparedness at an EU and global level sincedleanic ash crisis. These include reviews of
the safety guidelines in place at the time of the crisis, work on increasing-trdication
within EU air traffic management systems, and work towards increastogdomation with

other modes of transport.

Existing ICAO guidelines were based on a very strict precautionary principle and these
proved to be unsuitable, preventing many flights from operating even when conditions were
safe. As a result, ICAO guidelines for operating in volcanic ash conditioresregsed and
allowed for different degrees of ash contamination. Standardised procedures were put in place
for the alerting of aircraft and the closure of airspace. A significant amount of work was
carried out into identifying and codifying safe threslsdidr volcanic ash exposdreand into
improving meteorological models. Leviakangas et al. (498]) note that rapid data sharing
between volcanologists, atmospheric scientists and aircraft engineers igadlfar the first

stage of response to an eruption, where projections of likely disruption are made.

® This was entirely new work as a threshold model for flying with ash contamination is not used even in areas such as South
America or Southeast Asia which have more experience of dealing with volcanic ash clouds.
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EC(2011451]) notes that the crisis was exacerbated by the existing national fragmentation of
air traffic control. As a result, the European Council gave high priority to accelerating the
Single European Sky (SES) initiative to provide greateprcination in the European air
traffic management system. Two notable features of this acceleration are:

1 The estabBhment of the European Aviation Crisis Coordination Cell (EACCC),
chaired by the EC and Eurocontrol and including participation from the EU
presidency, ANSPs, airspace users, airports and other stakeholders depending on the
nature of the crisis.

1 Acceleratd technology deployment for SESAR, the technological arm of SES.

A further hazard identified in the original ash crisis response was the uneven application
and/ or interpretation of passenger rights | €
of arlines took their responsibilities seriously during the ash crisis; in the weeks following the
crisis the EC cenrdinated national authorities to agree on a common interpretative guidance.
Following a review, EC communication 2011/174 (EC 20138]) gives more detailed
guidance on passenger rights in the event of disruption; one of its main suggestions is that
more data be made available to facilitate improved passenger information. Consultation is
currently umerway about legislative changes. EC (20[83]) gives further information on

the rights passengers have by mode of transport; this includes the right to information in the
case of disruption. Notably, rail, and waterborne transport regulations include a provision
that information on disruption be provided within a specified timeframe (for example, 30
minutes after scheduled departure time for bus transport). This provision does not exist in the
air transparlegislation.

Even with airlines providing assistance, many passengers were still stranded for lengthy
periods of time. As a result, EC work on gaanropean mobility plans was also accelerated.
As noted by EC (2011&1]):

6l't was <clear in both the volcanic crisis
when one mode of transport is severely affected, other modes were not easily

able to step in and fill the gap. At the Transport Council of 2/3 December 2010

the mmission provided a detailed brief to ministers on its initiative to

strengthen the resilience of the European transport system by ensuring the
uninterrupted mobility of passengers and goods in the event of a sudden
transport crisis.

EC (2010[50]) suggests this mobility plan should focus on national and regional (including
crossborder) emergency plans; the possibility of rescheduling ground traffic and mobilising
all available rolling stock and personnel; irmpement of intermodality (particularly rail/air
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intermodality) and rebooking systems which allow exchange of tickets and schedule
information between modes. However, switching to alternative modes is still dependent on
capacity existing in those modesr fexample, Eurostar tickets for the™&nd 18' of April

sold out within 3 ¥ hours of the closure of British airspace. By putting on 33 extra trains,
Eurostar was able to carry 50,000 extra passengers betweer"thadL28" April, against a
scheduledaseline of around 115,000.

The risk of such an event occurring again is discussed by Sammonds et al. (2010). They note
that volcanic eruptions are fundamentally unpredictable; however, given the number of
volcanoes in or near Europe there is the potembialother highly disruptive events, and
similar widespread disruption to the air transport system may also occur for other reasons (e.g.
terrorist attacks). They recommend contingency plans be made for such large disruptive
events, including potential rafation to manage the actions of airlines. This could include, for
example, emergency approval of night operations, removal of seat class restrictions, or fixing
fares. A further recommendation is that a single communications centre be set up to advise the
public in cases of disruption, supported by aviation stakeholders. This would then avoid
individual airlines and airports having to maintain excess call centre capacity for cases of
disruption.

3.3.4 Olympic Games, 2004 and 2012

Major sporting, religious and ttural events differ from other sources of disruption in that

long lead times are normal and extensive preparation beforehand is possible. In consequence,
these events are usually handled without major problems and in some cases overall delays can
decreasdrom baseline levels (e.g. the London Olympics; Eurocontrol 26QB. The main
challenge for airports dealing with major events is handling the temporary increase in
demand. Individual events may have theincspecific challenges; for example, the Olympics

sees an increase in unusual cargo and state or general aviation VIP flights, and the
Paralympics an increase in passengers with special mobility requirements.

Odoni et al. (2009101]) discuss the successful preparations for Athens airport to deal with
Olympic traffic in 2004. Athens International Airport opened in 2001, leaving three years for
Olympic preparations. The main concerns for the airport were harttiénkarge increase in
demand over normal levels and providing security. The security concerns were partly
addressed by handling Olymgtamily traffic (athletes, sponsors, media etc.) separately from
regular traffic. An overlay organisational structure weed, in which normal dap-day
airport operations were unaffected by the extra layer of functions for the Olympics. This was
considered to have worked well, but a high degree of cooperation from institutions involved
in welcoming, processing and trangjiagy Olympic Family members was needed, as well as
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additional infrastructure. A small new terminal for express processing was constructed to
alleviate the pressure on chaokdesks.Checkin for departure was also handled at the
Olympic Village ratherhan the airport.

At hens integrated the detailed operating pl e
Delivery Plan (ODP), which continually evolved during the period before the Games with
review from all relevant stakeholders. Similarly, demaiodecasts evolved as more
information became available in the frup to the Games. These forecasts were used to
estimate needs for facilities, personnel and equipment. In general, preparations erred on the
conservative/risk averse side, assuming maximumade levels and creating extensive
contingency plans for adverse events. This was recommended for future similarievents
Odoni et al. (2009101]) note that the cost of failure in such cases is very high ame tinan

justifies the costs of a risk averse approach. Training was carried out to enable the airport to
temporarily operate at a higher number of movements per hour than the previous declared
capacity, and restrictions were put in place on slot requastsaft stay time on the ground

and the use of Athens as a diversion airport in flight plans. In the -easst envisaged
scenario, the forecast suggested a shortage of stands due to the large number of state VIP
aircraft expected. Temporary extra stamase created by redesign of some apron areas and

the closure of some taxiway segments. On the busiest days, passenger flows were managed by
directing coaches, taxis, cars and arriving rail passengers to appropriate airport entrances with
the shortest walkg distance to their flight, and directing early arrivals to a special waiting
area outside the terminal.

Information about the preparation of London Heathrow for the 2012 Olympic Games are
given in BAA (2012[14]). Planning teams consulted extensively with previous Olympic host
airports, who were invited to provide peer review. An Olympadinessvorking group was

set up involving all stakeholder#ncluding the Olympic organising comittee LOCOG.
Security arangements were based on existing security at Heathrow, reflecting the idea that
under conditions in 2012 hosting the Olympics did not represent a significant increase in
Heat hrowds security risk |level. Howevasr , as
constructed for the Olympic family and cheackand baggage collection were offered at the
Olympic village. As with the rest of the London Olympics, extensive use was made of
volunteers to assist passengers. This applied particularly to language sservid@port
forecourts were reconfigured to cope with increased coach traffic and a spedaigenamnd

fleet service was set up in the terminal short stay car parks for Olympic family members,
operated by LOCOG. As Heathrow already operates close toitggapacreases in demand

can be difficult to accommodate. However, as London is a {aftort system, charter
flights and private jets were able to avoid Heathrow and were directed to other London
airports instead.
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As with Athens, H eavaré bonsaleved S0 bp effeqiive,r and delays $n
August 2012 actually decreased compared to those seen in August 2011 (Eurocontrol 2013
[60]). This pattern is relatively common for disruptive events that cannbeipated and
planned for with long lead times.

3.3.5 Glasgow Airport, 30th June 2007 Terrorist Attack

At 15:11 on Saturdaythe8d une 2007, a car bomb attack was

main terminal building. The response to this event was relatstetgessful, and is detailed

by Crichton (200742]). The attack resulted in a small firghich wasextinguished within 30
minutes. However, the terminal forecourt area was now a crime scene and hence access wa
limited whilst police investigation took place. Similarly, police investigations required the
interview of travellers in the airport at the time, leading to around 1,000 passengers being held
on board aircraft for several hours and the evacuation thabllers to a central location (the
Scottish Exhibition and Conference Centre in Glasgow). Although smoke damage within the
terminal was minor, flooding resulting from the airport sprinkler system required extensive
cleanup. Flights resumed 16 %2 hour®iathe incident using alternative areas of the terminal,
although some airlines cancelled flights beyond this as they were not prepared for an early
resumption of operations. The crime scene was handed back to airport authorities 54 hours
after the incidat. Thereafter only minor layout changes while repairs were carried out were
needed for full functioning of the terminal.

Gl asgow airportdés emergency plans include
support front line staff if necessary. Aigis management team exists to look after tactical
command in the event of a crisis, and a business recovery team look after strategic command
on behalf of the airport. The crisis team was initiated and operational within 45 minutes and
the business recome team operational an hour later. Alsis wasa complex incident
involving many stakeholders an individual recovery plan did not %xisstead, recovery
plans for short term loss of the terminal building and loss of road infrastructure were
combined. Tl recovery team drew on existing relationships with the local police force to
negotiate terminal building access via alternative routes so that the overflowicheelas

could be readied for use when the terminal was handed back. Crichton[420)07otes that

the key to dealing with this event was having robust, workable plans in place; these plans
were tested regularly and all members of the responding teams fully participated in those
tests.

®As noted by Crichton (2007), the majority of-relateddrsidentmvoringmport 6 s
single airline.
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A further notale feature of this event was the media attention it attracted. Pictures and video
of the event were rapidly distributed globally via camera phones. As the bombing was a
globally-reported news event, the airport crisis teams also had to deal extensivethavit
media (in particular to make sure that the public were given correct information about the
continuing operation of the airport). Information was disseminated via politicians, the BAA
website, screens in Glasgow city centréguletins and an ad carajgn on local radio.

3.3.6 September 11, 2001 terrorist attacks

On September 1" 2001, a series of coordinated terrorist attacks were carried out in the US
using hijacked aircraft to crash into major buildings. As a result of this, the US Plan for the
Securiy Control of Air Traffic and Air Navigation Aids (SCATANA) was implemented,
closing all US and some other airspace to-aorergency civilian aircraft. Many incoming
flights were diverted to Canadian airports, and large numbers of passengers were stranded.

The response of Gander Airport in Canada is discussed by Scanlon[{2Q()3 . Gander 0 s
location in relation to the North Atlantic flight tracks on Septembé&tragant that it received
a high number of diverteflights i 38, and 6,600 passengers, in total. This corresponded to a

63% increase in Ganderds popul ation. Pl anni
situation in which large numbers of diversions were received, in the context of concerns about
howthe o6mil |l ennium bugé might affect aircraft.

accepting diversions, a number of Emergency Operations Centres (EOCs) were set up
according to existing plans. These included a town EOC, a hospital EOC and the airpo
Emergency Control Centre (ECC). With police and military assistance, the airport ECC dealt
with flight unloading, passenger screening and immigration issues. The Red Cross, assisted by
Salvation Army volunteers, registered the arriving passengers.othkefire and school bus
departments organised transportation. The town EOC organised shelters, and the provision of
food and supplies was run by the Salvation Army. Other bodies provided services as required.
The hospital EOC organised medical and relatedtment (for example, insulin for diabetic
patients, nicorette for smokers). Other requirements, including providing Kosher food, were
dealt with on a casbky-case basis by volunteers. Communications were set up in each shelter;
a new cellphone tower waalso installed after existing networks became overloaded. By
agreement, shops remained open 24 hours.

A small number of passengers tried to organise their own onward journeys from Gander,
either by booking taxis or purchasing cars. One group of pagssetggl to charter a bus.
However, the majority of passengers waited for flights to resume.
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Because of the nature of the emergency, security rules were constantly being updated. This
led to considerable uncertainty in when departing flights would be reathke passengers
home. This in turn led to problems anticipating supply stocking for the shelters. However, in
the most part the emergency response in Gander was extremely successful. As noted by
Scanlon (2003111]), it is not unusual for multiple existing emergency agencies to each
establish their own command post in the event of an emergency, and for conflict to then arise
between those posts. Several reasons were put forward as to why this was not the case
Gander, some of which are relevanM&TA-CDM. A mongst these was t he
experience in airport emergency response (due to its location, Gander often deals with North
Atlantic flight emergencies). Another was that extensive plans existettéding with such a
situation. Staff were weihformed of these plans and the airport ECC had been activated
numerous times before. Lessons from previous emergency events were applied about mutual
communication and collaboration between the differentergency centres, and each
emergency centre dealt with a separate aspect of the crisis with minimal overlap in
responsibility. The overall response was effectively led by the airport ECC as actions by the
other agencies were triggered by its decisions dbading and unloading aircraft.

Many passengers stranded at airports closer to US land borders attempted to journey onwards
via alternative modes. A review of the actions taken by US rail companies is given by APTA
(2002 [5]). This includes both actions taken to deal with disruption in those modes (for
example, PATH trains in New York, where two major stations were disabled by the attack),
and actions taken to provide assistance to stranded air passengers.

3.3.7 February 2010 and December 2004, US Snowstorms and Systems
Failure

Severe snowstorms in several regions of the United States led to 20,000 flights being
cancelled (4.2% of the total scheduled) in February 2010. Guarino and Firestind 12010
discuss this event and its impacts. Over the entire month, weather cancellations are estimated
to have cost $8Q00 million. The peak day, February 10, saw the complete or near closure of
several large Northeastern hub airpasihd 23% of system flights cancelled. The storms in
February 2010 were not individually more severe than those seen in previous years (for
example, 2007). Rather, the sequence of storms in 2010 created a stressed system which each
additional storm addedti resulting in increasing disruption. Data related to this event is
discussed further in Annex 2.

In December 2004, a combination of severe winter weather and the failure of a scheduling
system led to severe delays in flights to and from the US East.Qaabt(2005[124])
investigates this event, including a discussion of how passenger needs were dealt with (a
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particular feature of this event was a large number of misdirected bags). The main system
problems weg : severe weather, i n particular i ce &
failure of Comairds crew scheduling system,
handle the severe weather; and staffing shortages at US Airways. This resultedren sev
disruption. For example, 87% (3,900) of Comair flights between theag8 28' December

were delayed or cancel |l ed. Comair 6s backup
involved a highly laboumtensive manual scheduling process which could saoiyport a

small number of flights, necessitating the cancellation of nearly all Comair flights. The
scheduling software was restored by the end of tHe @& flight crews and aircraft were out

of position and so several days were required to retuurltoperations.

Although Comair had committed to a voluntary Customer Service Plan which included
procedures for notifying customers about delay, baggage delivery, dealing with bumped
passengers and ticket refunds, the extent of the disruption compaataiaeility to adhere to

this plan. Around 200,000 itineraries were affected by cancellations; approximately half of
these passengers were informed before reaching the airport. 50,000 of these passengers were
notified via an automated system for rebogkiwhich contacts passengers via email or pager.
Another 48,000 were called by a Comair or Delta representative. The remaining passengers
were informed at the airport, with many not finding out until they reached the head of long
checkin queues, or foundut by other means. Comair reserved around 2,000 hotel rooms
near Cincinnati airport to provide to stranded passengers at a reduced rate fof tred 22

239, Around 900 customers stayed overnight at Cincinnati airport on the nights of"the 22

23% and 2™ and were provided with food, bedding and telephone vouchers. However the US
DoT received a number of complaints about the inadequacy of these supplies. 11,000 bags
were mishandled. Comairdéds stated goa%ofi s to
bags met this goal. 90% of baggage was redelivered within 5 days.

In the case of US Airways, an ongoing restructure program (involving wage reductions and
mandatory overtime for baggage handlers) together with ineffective plans to offset staff
shorages with overtime resulted in severe baggage handling problems at its hub,
Philadelphia, during the same time period. A similar problem affected the number of flight
attendants available. 72,000 claims for mishandled baggage during the severe weaither peri
were received. Flight cancellations were made as staff realised that capacity was inadequate
for the initial schedule. Due to a high volume of calls, US Airways call centres were
overwhelmedwith only around 55% of calls answered. Customer notificatias carried out

via US Airwaysd automated telephone system
customers were allowed to change or cancel flights without penalty and some were provided
with vouchers for future travel and/or reimbursed for rented, deotels, train tickets and costs
incurred as a result of mishandled bags. However, a high level of customer complaints were
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still received (200% above those in the comparable period for 2003) including many
customers complaining that they had not reegigromised refunds.

3.3.8 Air Madrid Collapse, December 2006

Airline insolvencies present a different set of passenger problems to other sorts of disruption.
As the airline (which is usually obligated to help stranded passengers) is not available to help,
manypassengers are obligated to arrange their own accommodation and/or transport home at
their own cost.

EC (2011d[54]) identify 96 airline insolvencies of European airlines operating scheduled
services between PO and 2010. Whilst most of these were of small airlines, insolvencies

such as those of Air Madrid, SkyEurope and Stirling created significant issues for passengers,
with more than 10,000 passengers stranded in each case. Protection available to pa&ssengers
limited in such cases and large numbers of stranded passengers may result. EC@P11d
estimate average <costs incurred by strandec
replacement flights for the journey home. In some cases, but not all, assistance was provided

by national authorities or by other airlines (e.g. by the provision di figs at o&ér escue
and in some cases the traveller can be reimbursed by travel or credit card agencies. However,
currently there is no body which is obliged to help passengers stranded in this way.

Typically, the impact of airline insolvencies ongarts is small compared to other disruptive
events, although this depends on the specific event (EC 284])dStranded passengers are
distributed between airports served by the airline, with each airporifaodly a proportion

of the total. However, if the airport is small or if it is the home base for the insolvent carrier,
the impact may be greater. In some cases (e.g. the Air Comet and Air Madrid failures) airports
have offered limited assistance to g&sgers (e.g. providing refreshments) but in general
there is no obligation to provide help. However EC (20134]) notes that information
provided by airports has been very useful to passengers, particuleatg the airline cannot
provide information and national authorities have no staff at airports.

3.3.9 Lessons learned from disruption in other modes

Quarmby (2010107]) discusses how other modes coped with the sdisvwption which
affected Britain in 2009 and 2010. Rail and road transport were both seriously disrupted. In
particular, Eurostar services suffered serious problems which have some useful parallels to the
incidents of airport disruption discussed in tl@port. They also highlight potential hurdles in
organising transportation via alternative modes when those modes may themselves be
disrupted. The 2009 breakdown of multiple trains in the channel tunnel, and subsequent
suspension of the service for thrdays, is discussed in Garnett & Gressier (2024)).
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Around 90,000 passengers were affected by the disruption. Of these, only a small number
were able to travel on the day they intended to; most suffered sisleses or opted not to

travel. Around 15,000 passengers made their journey by ferry instead. Many of the problems
suffered by delayed passengers were similar to those experienced by air passengers; for
example, lack of information, difficulties in gettinlgrough to call centres to rebook tickets,
confusion over what expenses would be refunded by Eurostar, and high demand leading to a
shortage of taxis at stations and hotel rooms near stations.

Plans to book coaches to take passengers to their destnatererry crossings of the
Channel were made. However, roads on both sides of the Channel were also affected by the
weather conditions. For example, no lorries were able to leave the Port of Calais after it
opened on Saturday the "™L®f December. Snownal tailbacks of traffic waiting to board
Eurostar at Dover meant that the UKG6s M20

available coaches was also experienced, and in some cases passengers were stranded again

when coach drivers reached the limittloéir available working hours. Eurostar also arranged

a number of charter flights to carry passengers to their destinations. However, Charles de
Gaulle airport was also operating under capacity restrictions due to the snow. Charter flights
were of low prority to the airport, so three of the five planned flights on tHéd@ecember

were not operated. An additional charter flight on th& ®4s delayed for a day after the
weatherrelated closure of Stansted Airport. A number of passengers optedeabhtyasar to
crossChannel ferries, leading to further congestion there and problems with a lack of co
ordination of bus and taxi services at the destination ports.

A number of recommendations were made regarding passenger welfare which are also
relevant ® META-CDM. These include the recommendation that Eurostar make advance
plans with other transport operators about accepting Eurostar tickets in cases of disruption;
that plans for transport by alternative modes be made, specifically a coach servic&amand
crossChannel ferries; that a Zbur call centre with sufficient staffing for emergency
situations be set up; that the Eurostar website be updatdidruption in real time and that
passenger contact via email or text be considered; that therle $feomore visible staff at
stations in crisis situations, and clear, regular and proactive information given over the
loudspeaker system; that there is information available on alternative modes of transport and
on which expenses Eurostar will refund; @hd Eurostar reviews its systems for providing
delay information to other train companies.

Quarmby (201¢107]) notes that many rail companies dealt with the 2010 snow disruption by
introducing prep |l annewd tdsmea abl esd concentrating on
Train Operating Companies (TOCs) are required to produce such timetables in agreement
with the track operator Network Rail. However, not all rail companies decided to use these

m
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timetables when fad with the December 2010 snow disruption. The evidence gathered by
Quarmby (201Q107]) suggested that early implementation of reduced timetables was key to
providing a resilient service against snow disruptidhe report suggests communication
mechanisms be strengthened between Network Rail and TOCs to facilitate rapid decision
making about reduced schedules and that TOCs relax ticket restrictions in times of disruption.
The rail industry also faced problens do with deicing and salt provision; similarly to
problems faced at airports, mention was made of the need for a clear division of
responsibilities for décing and salting ambiguous areas (for example, are station forecourts
the responsibility of the ldghways Agency or the rail industry?). The report noted, however,
that the rail industry was generally successful at providing passenger information. For
example, the National Rail website coped well with the increase in demand; a project on
Passenger Infamation During Disruption is in place; and TOCs have taken steps to
communicate with passengers via a range of channels including email, texting and social
media.
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4 Passenger perspective
4.1 Shifting the focus of transport operations towards the passenger

Flight delays do not accurately reflect thassenger experience or even deéays imposed
upon passengers' full mulhodal itinerary. The growing interest to measure ATM
performance calls for metrics that reflect the passenger's experience. Cook/anddaisign
propagatiorcentric and passengeentric performance metrics, and compare them with
existing classical metrics, with regard to intelligibility, sensitivity and consistency. Their list
of propagation oented metrics comprises: departure and arrival delays, canceled flights,
extra flight time, extra gate time, reactionary minutes, folagation, reactionary
disruptions and their depth. The passenger oriented metrics cover: departure and arrival
delays the ratio of scheduled trip time to final arrival delay, canceled flights, missed
connections, reoutes, extra flights, extra flight time, weighted load factor, aborted trips and
extra wait time. The authors also identify the top ten critical airporisurope according to
three different network classifications.

In [29], Bratu et al. calculate passenger delay using monthly data from a major airline
operating a hufandspoke network. They show that disruppbsengers, whose journey was
interrupted by a capacity reduction, are only 3% of the total passengers, but suffer 39% of the
total passenger delay.

The objectives of Wan[f28] are to estimate Air Transportati Systeravide passenger trip

delay using publicly accessible flight data, and investigate passenger trip dynamics out of the
range of historical data by building a passenger flow simulation model to predict the impact
on passenger trip time given antidgé changes in the future. The author did not have access
to airline proprietary data. Airline data is also protected bytamdi collusion concerns and

civil liberty privacy restrictions. This is an obstacle to a straightforward way of evaluating
passegercentric metrics. The major findings from this research are as follows:

1 High passenger trip delays are disproportionately generated by canceled flights and
missed connections.

1 Trend analysis for passenger trip delays from 2000 to 2006 shows the incritigbe
operations slowed down and level off in 2006, while enplanements kept increasing,
due to a continuous increase in load factor. Passenger performance is very sensitive to
changes in flight operations, with an increase in annual total passepgeel&ry in
2006, while flight operations barely grew.



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

1 Route delay is shown to have an asymmetric performance on passenger trip delay in
terms of routes and airports. 17% of routes generate 50% of total passenger trip
delays. 9 of the busiest 35 airporengrate 50 % of the total passenger trip delays.

1 Congestion flight delay, load factor, flight cancellation time and airline cooperation
policy are the most significant factors affecting total passenger trip delay.

1 New system performance measurements fthm passenger's view are developed,
based on the Estimated Passenger Trip Delay.

Understanding the passengers' preferences is essential in a period edinpaoiti regions'
growth and intense competition between airlines, whether legacy airlines-oodowr his is
especially the case in regions where the increase in air traffic is most important. Four major
competing airports are now located in the Hong kBearl River Delta region. Loo et al.

[95] model thechoices of air travelers for international and domestic flights, and describe
scenarios of regional airport competition and airport coordination. Their continuum approach
offers good results to understand the geography of air transportation, with possible
simultaneous changes in variables. These variables comprise average propensity to travel,
spatial distribution of air travelers, regional inflows and outflows of passengers, ground
transportation infrastructure capacities, number and physical locatioirpofts, ground
transportation cost, congestion effect, crossder cost, airport Level Of Service (LOS) and
government's aviation policy. Later, L¢94] identifies the determinants conditioning why
passengershoose an airport over another within the same rairort region. Using stated
preference data, the most important airport LOS attributes are air fare, access time, flight
frequency and the number of airlines. In comparison, the number of airpors awodss,
access cost, airport shopping area and queue time at-ichecknters were not significant.
Slight differences are noted between long, medium and short haul, business or leisure
passengers.

The needs and priorities of passengers once insideni@al are hard to quantify. Correia et

al. [40][41] study LOS measures for airport passenger terminals. They combine user
perceptions and regression analysis teivée quantitative relationships and provide an
illustration at Sao Paula Guarulhos International Airport. 119 passengers were interviewed.
The following components are evaluated: emplaning curbside, ticket counter and baggage
deposit, security screeningemhrture lounge, circulation areas and concessions. A similar
effort regarding transfer passengers was carried at Banadaranaike International Airport in Sri
Lanka, an international hub from Europe to South Asia and India. This research identified the
factars that most mattered to improve the transfer passengers' experience.
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Airports provide aeronautical and naeronautical services. Commercial activities are
essential to the sustainability of many airports. Torres eflaR] show that passengers'
waiting times to board influence their possibilities for consumption. They also distinguish
patterns specific to business and leisure travelers. Popovid E0%]l examinehow activities
influence people's experiences in the airport, as part of a larger project to investigate
passenger experiences and interactions with information, services, processes, equipment and
technology at the airport. The madewvel encompasses theverall passenger flow at
departure, including entering the terminal, chetksecurity, customs and boarding. The
micro-level focuses on passenger interactions at the domain level, such as theéncheck
counter, currency exchange, security check andetisoary activities.

Ma et al.[96] tackle the problem of simulating and understanding passenger flows to predict
future capacity constraints and level of services. Their work uses-lased models to
simulae advanced passenger traits to enable detailed modeling behaviors in terminal
buildings, particularly the cheedk areas. Their scenarios demonstrate the progression of
adding seHservice checkn use, use of cafe, information and phone booth, based on
passenger' comfort with technology, hunger, travel frequency. The simulations show a spread
of passengers in the space and the peak dheglieuing times, which can be reduced by
spreading passengers amongst the full range of facilities. Passengersh@isamere
instantaneous utilization of the departure hall area than when only-ichisckimulated.

4.2 Impacts of flight delays on passengers behaviour

Flight delays have a direct impacts on airlines operating costs; with an average additional cost
of 7eninutpeCook, Tann e r[38]); tey inayvasm mweindmegligible
indirect impacts on a longer term on their passenger demand for travel.

When studying the behavioral consequences of repeatedsftighdys on airlines, Ferrer and
Al.[72lanal yze the effects of flight delays on
model, applied to flight data from a major international company on a 20 speibd,

shows the following results:

1 Passengers who experienced delays tend to travel less atitlirtime than passengers
who didndt experience any del ay,

1 The impact on the passenger future demand of travel is more impuatftantthe
passenger experiencesultiple delays: passengers who experience multiple delays
travel less by air than passengers experiencing only one delay,

1 The negative impact of delays on passenger demand persists during the entire period
studied: passengers do not forgive cbenpany fo theirdelay exgrience.
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However, if the bad experienad# a passenger when experiencing flight delays can affect
his/her future demand of air travel, another reason mainly explains this effect: the increase in
airline fares. Brittoet a. [30] demonstrate that flight delays lead airlines to increase their

fares (in order to cover their operating cost increaseghwes a negative impact on their
passengersd demand. To s umméaran airkne, pasdengers exnp
combine adecreased willingnes® pay for air travel with increased dares[134], which

lead them to reduce their air travel demand to this airline.

If these findings tend to show ah experiencing delays affacthe passenger demand to
airlines, it is also important to note that it also may affect the airport choice. Gelj@a@gen
analyses the effects of limited airport capacity ortrairv e | agpors ahoice. By taking the
region of Stuttgart in Germany as case study, Gelhausen shows that the airport accessibility,
the number of destinations as well as the weekly flight frequencies play an important role in
the airport attractivenesd)d level of airport capacity constraints (impacting the passengers in
terms of flight delays) is also an important factor considered by air passengelis airpiost

choice. This study indeed shows that an airport B initially less attractive in the thgiman

airport A (because of its location, its accessibility or because of its flight schedule), increases
its attractiveness and as a consequence its traffic level if the airport A is congested. Capacity
constraints therefore impact the air travel dechaerved at other airports of the region and
consequently may potentially lead to new capacity constraints in these airports.

If all these studies highlight the change in travellipaviorof air passengers resulting from

flight delays, they do noaddessthe particular impact of flight delays due to disruptive
events. Such events are not related tdo#teaviorof one airlineat one airport. In other words

these studies do not study the potential impact that disruptive events can have on future air
tra v e | behavso® The iteratureon this subject is not very developed yet.

4.3 Performance Indicators for Passenger Satisfaction

4.3.1 Satisfaction performance parameters used in praxis

The current methods used for assessing aviation system performance tyfoicaflyon
metrics more relevant to airports and airlines than to passengers (for example, number of
aircraft delayed rather than number of passengers delayed)s@ssed abovéhe META-

CDM project tales a passengeentric approach and slee concept evelopment stage of the
project needs to be assessed via more passeegeic metrics. However, passengentric

quality criteria do exist, particularly in other modes of transport. This section discusses
metrics which are in use currently and coulddopted for use withiMETA-CDM. The
European norm EN 13816:20056] defines quality criteria connected to passenger
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satisfaction and a quality assessment procedure for assurance of these criteria. Eight crite
for quality are defined:

1 Availability,
Accessibility,
Information,

Time,

Customer Support,

Comfort

= =2 =2 =4 4 -2

Safety and
1 Environmental Impact.

Directly connected with the norm EN 13816:2068] i s t he pr &§<ENAIBEt i on |
and its Implementation by DB Regi@&erman Railways, Regionalg3] form Dipl.-Ing.

Hi nrich Br ¢immer . | t deal s with #Alnstruments
rail-bound passengertmrmp ort 06 and how it i's I mplemented
provides an overview on the implementation of the constant quality assessment procedure
which includes measuring the subjective customer satisfaction as well as the objective
production of sernee. The customer satisfaction is measured by interviewing passengers and
provides together with the monitoring of the objective quality an assumption on the actions

for improvement.

A similar approach for quality assurance is described in chapter 2 abtial Traffic Plan

2008 of the region Hannov§t02]. Like DB Regio, the local traffic companies OPNV and
SPNV of the region Hannoveuse the quality assessment procedure defined by EN
13816:2002.The performance of the provided service and the satisfaction of customers is
constantly measured and weighed up against the costs for improverttergerivice.

The Gallup Organization wused slightly differ
satisfacton with rail serviceg73], which are mostly a suket of the quality criteria defined

by the EN 13816:2002. The survey was conducted in June 201fie request of the
DirectorateGeneral Mobility and Transpation. The fllowing criteria for measuring the
satisfaction with various features of railway stations were used:

M Access toitkets
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Provision of information about train schedules / platforms

Security in the station

Connections with other modes of publiarisport

Cleanness / good maintenance of station facilities

Quality of the facilities and services (epyiblic lavatoriesshops, cafes, etc.)
Facilities for car parking

Easy and accessible complaint handling mechanism

The criteria for measuring the sa#istion with various features of trains and train services
used in the survey were:

l

= =_ =2 4 4 A

T

Security on board

Journeytime

Comfort of the seating areand sifficient capacity for passengers

Punctuality / Reliability

Availability of staff

Connections with other traservices

Cleanliness and good maintenance

The provision of information during the journey, in particular in case of delay

Assistance and information for disabled or elderly people in station and in rail cars

Another source of information is the Natiordil Passenger Survey that is conducted in the
UK. Over 50,000 passengers are consulted each[3@R21], [22] [23] [24]. The Western
Australian Department of Transport conducts an annual survey concerning satisfaction with

bus

transfer simply cal[lldJd APassenger Sat.i

Criteria observed are;

T

Overall satisfaction

s f
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=

Access to ticket purchasing facilities

=

Staffexperience and kindness
Journey duration

1 Punctuality

For the American Customer Satisfaction Index (ACSI),ge®v.theacsi.orgregular surveys

are undertaken on customer satisfaction. Because the results that are publically available are
of a more general nature, e.g. a certain area is expected to grow by a certain perbewytage, t
are not deemed to be useful for MEEDOM WP100 and WP200, but they may be interesting

for weighing proposed investigations in WP300.

4.3.2 Satisfaction performance parameters used in R&D

Passengecentric quality criteria are also subject of a number of R&llies.Some of them

relate directlyto the norm EN 13816:200[66], like [123], [48] and [2]. The integrated

project CityMobil[34] within the sixth framework programme of the European Commission
performed a study that aimed at the efigerdent i f
and Operator Satisfaction with the Heathrow Pilot PRT Scheme, and the Key Benefits
Anticipatedo. It included three demonstrati
Airport in London, UK. Success of a demonstration was determined by follaangets:

better quality of service than the alternative shuttle buses,
more reliable operations,

more safe and secure operations,

= == =4 =4

environmental friendliness, in terms of minimum emissions of pollutants, greenhouse
gases and noise (deemed as very impQrtant

higher preference by passengers compared to the alternative bus system,
operates at the predicted operating cost,

extendable at the projected infrastructure costs,

= =2 =4 A

flexible in the way that it can be extended with minimum disruption to operations
duringconstruction and


http://www.theacsi.org/
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1 provision of an exciting and technically advanced image for the airport.

For standardizing the evaluation of their results the study referred to the two projects
CONVERGE[35] and MAESTR(97] within the fourth framework programme (FP4) of the
European Commission and to the project HEAT@&1] within the sixth framework
programme (FP6).

In his workiiCustomelrSatisfaction in local transport considering safety sensafiit8], Ulf
SchulzeBramey refers to the quality criteria defined by the DIN EN 13816:200%ith

focus on the safety aspect. He points out thatiridevidual safety sensation of customers
becomes more relevant due to mega events leading to large crowds of people and criminal
acts that diminish the perceived safety even if the person is not directly affected by the
criminal act (e.g. seeing the crinail act in the newsAt some airports long distances have to

be travelledby the customer to reach the train and/or bus connections, which will affect the
customer satisfaction. Additionally, some train and/or bus stations do not appear comely
compared tdahe terminal(s) of the airpgrivhich may affect the willingness of passengers to

use them as alternative transport modes

Yannis Tyrinopoulos and Georgia Aifadopoulou from the Hellenic Institute of Transport /
Centre for Research and Technology HelleasoT hes s al oni ki i n Greece |
met hodol ogy for the quality control of pass
[130]. The methodology is based on 39 indicators classified in sevem caéggories. These

seven major categories are:

1 Safetyi Comforti Cleanliness,

Informationi Communication with the passengers,
Accessibility,

Terminals and stop points performance,

Lines performance,

General elements of the public transport system and

== = =2 =4 -4 -2

Compound indicators consisting of customer satisfaction, vehicle scheduling
performance and easiness in the tickets purchase and validation.

I n her work AApplication of the cust@mer saf
Adela Poliakova demonstrates how the customer satisfaction index as described in the norm
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EN 13816:200266] can be used to measure the quality of serticéer work Dr. Angelika

Klein [48] deals with the problerof how the quality of service can be improved or at least
kept at the same level while at the same time the budget is shortened. The author points out
that incentivanust be installechia way that improving quality becomes a rewarding goal. Dr.
Angelika Klein investigates on the balancing of improving quality and the costs for doing it.
She favors the KAN©nodel, as discussed if26] for exanple, to collect feedback from
customers in surveys.

The company DKMA, Airport focused research & advisory services, gives as example
following KPIs for measuring current satisfaction of passenddis

=

Availahbility of parking
Baggage carts

Waiting at checkn
Courtesy of checin staff
Waiting at security

Ease of finding your way
Flight information screens
Helpfulness of staff
Shopping

Restaurants

Internet access / wi
Business lounges
Availability of washroans
Cleanliness of washrooms
Comfort of gate areas

Cleanliness of airport

- =2 =4 =4 4 -4 -4 -4 -4 -4 -4 -4 A A -2

Speed of baggage delivery
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In [108] Quartapelle and Larsestate thatn a market, where the range of products or services
becomes more anahore similar, differentiation can and should be done through improving
customer satisfaction. This will improve the customer loyality which is an important target for
each airline¢ . g iles & Wbred program).It is stated thathe customer has twelvesiees:

Reputation,
Credibility,
Communication,
Reactivity,
Courtesy,
Accessibility,
Reliability,
Safety,
Appearance,

Cleanliness,

= = =4 =4 4 A4 -4 -4 A A -2

Comfort and
1 Ability to solve problems.

There are many more studies concerned with customer satisfaction that were inspésied fo
survey. Not all studies were included, because many are not deemed to be fitting for META
CDM.
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5 Concluding remarks: Preliminary selection of airports
for the second stage dMETA -CDM

In the second stage of thRIETA-CDM project, a targeted series dafiterviews and
guestionnaires will be carried out at airports and airport stakeholders affected by disruption to
assess how CDM techniques can help address the passenger exjjasianeasured by the
KPIs discussed in Section Gipder disrupted conditiongppropriate airports are those which
have experience of at least one type of major disruption, and preferably multiple types; which
have implemented or may be considering implementing CDM; and for whicMETeA-

CDM team have existing contacts, facilitef the interview organisation process. It is also
instructive to gather information from airports with a wide range of conditidos example,

hub and spoke airports; capadiityited airports and those with room to accommodate extra
flights; different airports serving the same city; airports with different levels of ground
transport connections; and airports in different geographic regions.

Importantly, he emphasis afvP200 will be upon the passenger experience and the potential
to extend ACDM beyondthe normal aviation participants in CDMs will be seen from this
report, understanding and analysis of conventional CDM amongst airports, airlines and
ANSPs is reasonably mature so the main issue to explore is how the wider network operates
in crisis sitiations. As a result, the role and experience ggbund transport operators,
authorities, emergency services and providers of support services to airports will be key to the
next stage. Additionally, the way that all of these interface with airports anihalved in

the planning and decisiemaking processes will be important. The airports selected above
represent have significant operational dependency and connectivity with wider communities
and between each other. It is intended to understand bettecrisis events spread through
the airport system and the extent of wider
network functionsThis applies both in the case of planning and contingency arrangements as
well crisis management and mitigation.

The essence of WP200 is upguestionnaires and interviews. An electronic survey submitted
to a wider airport audience than those noted above will draw out views from across the world
and this will be supplemented and extended through medtepth work copentrating on the
airports listed aboverlhis work package wilalsoreport upon and extend the initial survey
guestions that werg@ut to attendees participating in the first META _CDM workshop in
January 2013More details on the interview process andfthal selection of airports will be
given in theMETA-CDM final report for Work Package0P.

With the benefit of accumulated knowledge from the literature survey and survey/interviews,
Work Package 300 will set about the design of a new concept of opsréioCDM that



Meta N A
CDM CODPERATION

Multimodal, Efficient Transportation in Airports

and Collaborative Decision Making Deliverable
1.2

WP1 report

July/2013, V1.0

embraces a wider network of stakeholders and provides for greater resilience in crisis
situations from the passenger perspective. Key to this work will be working out what could be
changed from an airport operational, multimodality andslagive perspective to improve
resilience and how to improve the passenger experience in terms of communication, delay
time and contingency offerings for journey connectivity and achievement. Ways will be
sought in which to bring together better airsidd &mdside operations in multimodal CDM.

This will include looking at technologies that would facilitate this transition but accounting
for risks, barriers and costs of broadening the field of CDM operation.
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Annex 1: Individual disruptive events from the
Eurocontrol NOR reports (20082012)

Eurocontrol NOR reports are publically available from 2008 (Eurocontrol, 2013a), and

CODA delay digests are available from 1998 (Eurocontrol, 2013b). These list important
disruptive events affecting the European awratsystem.These events are interestifrgm

the META-CDM perspective both as a way of assessing the relative frequency and impact of
different types of disruption (see Annex 3) and to allow a set of representative airport/event
combinations to be definddr further investigation in the interview stageMETA-CDM.

Eurocontrol NOR 2012

The major disruptive events of 2012 were:

1 Widespread strong winds and low visibility on tH& &nd widespread snow from the
27" January. This affected Istanbul, Amstergd_ondon Heathrow, Zurich, Munich
and Oslo amongst others.

1 Enroute delays at Malmo due to the implementation of the COOPANS ATC system
(January)

9 Apron and marshalling personnel strike at Frankfurt between the1B8 February,
and norRATC personnel stke on the 29 March.

1 ATC Strikes in France on the 2&nd 29" February (responsible for 60% of system
delay on the 29)

1 ATC strikes at Nicosia on thé®3and &' March (Nicosia also had ongoing capacity
problems, potentially exacerbating the impaictisruption there, until a fourth sector
was implemented in September 2012).

1 Low visibility conditions at London Heathrow, Munich, Paris (Orly and CDG),
Amsterdam and Brussels on théahd 2% March.

1 French industrial action between th¥ 2 4™ April. This led to 400,000 extra delay
minutes and around 5,000 cancellations.

1 Long delays at Tirana on th&' B\pril due to a new ACC implementation.

§ Thunderstorms on the $OMay affecting various ACCs and airports in France,
Germany and surrounding regioren the 2% June affecting London, Zurich and
Paris, and on the #Qune affecting various German airports. There were also ten days
in July and three in August with average delay per flight above 2 minutes, primarily
due to thunderstorms .
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Weekends in une and July, particularly the ®Qlune, were affected by ATC and
airport capacity and staffing delays. Oslo ATCC was particularly affected. These
capacity issues meant that other sources of disruption (e.g. thunderstorms) had a
greater effect than theyrerwise would have.

Systems failure at Langen and Munich ACCs on thauy.

Disposal of a World War Il bomb at Amsterdam Schiphol on tfeAgyust.

Lufthansa cabin crew strike on the®3August, affecting mainly Frankfurt; also on the

4" and 7" September, leading to around 1000 flight cancellations.

The London 2012 Olympics didot cause disruption; in fact, delays at London ACC

in August were lower than in the previous year even though traffic in London TMA
was increased by 3.5%. This was duedodypreparation, e.g. full staffing at London
ACC and Maastricht UAC.

Power failure leading to loss of secondary radar coverage in Greece on'the 29
September, leading to 36000 extra delay minutes, around 300 flight cancellations and
a further 200 flightserouting around Greek airspace.

Industrial action in Greece affecting ATC staff on th& S&ptember (20@50 flights
cancelled, 4700 minutes of extra delay) and tH& @8tober (no cancellations, 1403
minutes of extra delay).

Industrial action in Fraze on the 2%-24" October, leading to 70000 extra delay
minutes.

Indirect impacts of Hurricane Sandy on theé"Z®" October; around 1000 North
Atlantic flights were cancelled.

Low visibility in the London area and at Munich, Zurich and Frankfurt on2tfe
October, with high weather delays at major airports continuing to tA@2®ber.

The European general day of industrial action on ttfeNi@vember. This resulted in
around 1500 cancellations in Spain, Portugal and France.

Industrial action at Maeille ACC on the 1B November (around 49000 delay minutes
and 250 cancellations), combined with fog in London, Geneva and Amsterdam.

Flight rerouting at Tel Aviv/Ben Gurion airport from the™® the 28 November to
reduce flight risks from rocketsréid from Gaza, leading to capacity restrictions.
Widespread snow on the"7December. Affected airports included Amsterdam,
Geneva, Dusseldorf and Frankfurt. On tH® Mecember snow affected Frankfurt,
Munich and Copenhagen and strong winds affected Adwte and London
Heathrow.

There were also several planned disruptions in December to trials of new ATM
systems, e.g. VOLMUK at Karlsruhe and Munich ACCs , reducing capacity in-the 7
10" December by 25%.
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Eurocontrol NOR 2011

Here the main problems at theost affected airports were weather and infrastructure
upgrading works (particularly at Frankfurt) and capacity issues at holiday destinations during
the summer (particularly at Kos and Zakinthos).

Specific disruptive events noted in the 2011 NOR inetad

T

= =4 4 A A

=

Social difficulties in Greece (staff availability, social unrest, rerouting of flights to
avoid Greek airspace particularly July, August, September, October) . As a result,
traffic was pushed into Turkey and Bulgaria, leading to capacity problerssifi§p
strikes occurred on the 1May, 2829" June, 2% September and™5October, with

340, 700, 227 and 825 flights cancelled respectively. Increased delay totals were 2336,
37065, 7000 and 9600 minutes respectively and for the second strike 48850 ext
minutes of delay in Albania and Croatia also resulted.

Adverse winter weather, particularly at Frankfurt, Amsterdam, London Heathrow
VAFORIT implementation in Karlsruhe UAC (Janudfgbruary)

New paperless strip system in Munich ACC (Ma#qbril)

Reconfguration of airspace (Langen ACC, March)

Closed airspace due to the Libyan conflict. This also led to travellers changing their
holiday destinations from North Africa to other areas (e.g. Spain) leading to greater
thanexpected demand and delays there.

Implementation of new ATC system at Oslo airport (April)

Industrial action in Italy (8 May, partially cancelled6” September, and 17
November). This led to 400 fewer flights in Italy and 2114 extra minutes of delay in
the first case, 1100 fewer flightsxd 7300 extra minutes of delay in the second case,
and 160 fewer flights and 1600 minutes of delay in the third.

Industrial action in France (31May and 1612" October). No flights were cancelled
but 18000 and 51300 extra minutes of delay resukspectively. For the second
strike 810 extra minutes of delay also affected Spain.

Eruption of Grimsvétn volcano (224 May), leading to 1200 fewer flights in Scotland
and Germany. Due to flight planning restrictions there was no increase in delays.
Belgrade ACC implementation of FAMUS system (May)

New tower and runway at Frankfurt Airport (Junes! 2ictober)

Demand exceeding agreed airport capacity limits (particularly Greek island airport
during the summer; new systems were implemented in 2012 redbisragtay)

Two-day closure of Warsaw airport (November). This led to the cancellation of 650
flights, but no extra delay.
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Portugese strikes on the-28" November. These led to 892 fewer flights in Portugal,
400 fewer in Madrid, but 200 extra flights ire\8lle. No extra delays occurred in
Portugal, but delay was increased by 6360 minutes in Spain.

Technical failure at Lisbon ACC with OLDI links to Morocco (December)

Capacity limitations imposed on Ankara ACC by Baghdad FIR (December, continuing
into Januay 2012)

Eurocontrol NOR 2010

2010 was a year of significant disruption. Although less detail was given in the NOR than for
later years, the major disruptive events included:

l

= =4 4 A
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Numerous ATC strikes, affecting Madrid, Barcelona, Paris and Brussels amongst
other airports.

Technical radar failure in Lyon (May).

Greek industrial action in July.

Storms in early summer, particularly affecting Spain.

The eruption of Eyjafjallajokul from the T4April, leading to the grounding of most
flights in Western Europe beter the 28 and 2f' April with an estimated 101127
cancellations. This was the most significant disruption to European airspace ever. A
second eruption from thé®®f May caused further disruption to Irish, UK, Spanish,
Portuguese and Moroccan airspace.

Closure of Warsaw airport for three consecutive weekends in September for runway
maintenance. Flights were diverted to other Polish airports.

Significant snowfall in December, leading to an estimated 46856 flight cancellations.

CODA delay digests 2009

The NOR is not directly downloadable for 2009, but CODA delay digests per month are
available.

T

January saw weatheelated delays affecting London, Paris, Frankfurt, Munich,
Brussels, Vienna, Geneva, Milan, Madrid and Istanbul. There were aircraft incidents
at Pisa and Charleroi airports, a strike of security staff in Budapest and industrial
action in France, Greece and at Milan airport.

February saw heavy snowfall affecting Paris, Munich, London, Frankfurt, Istanbul,
Zurich and Berlin. Turkish Airlines flight951 crashed in Amsterdam, there was an
accident on the runway at London City and oil on the runway at London Gatwick.
There was industrial action in Greece.
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1 In March there was a national strike in France. Strong winds caused single runway
operations in Brssels, Rome and Istanbul, there were security alerts at Aberdeen and
London Gatwick and an aircraft incident on the runway at Maastricht.

1 April saw the failure of the cheek system at London City and the implementation of
a paperless strip system at Bien ACC.

1 May saw ATC industrial action at Athens, Stuttgart, Paris Orly and Marseille, an
aircraft incident at Catania, and construction work at Athens and Palma de Mallorca.

1 In June there was construction work at Pisa and Paris Orly (continuing to aluly),
WWII bomb alert at Dusseldorf, and emergency landing at Stockholm Arlanda and
radar failure at Stockholm.

1 In July there was a computer failure at Vienna ACC; security alerts at Madrid Barajas
and Palma de Mallorca; and an aircraft incident at Berlin iSefletd.

1 In August there was runway damage at Manchester, disruption from a firework display
in Ibiza, a power failure at Goteborg ACC and ATC equipment problems at Pisa,
Ankara and Charles de Gaulle ACCs.

1 In September there was severe flooding at Istamaima severe weather delays at
Frankfurt, as well as more minor weather delays elsewhere. German airports were
affected by an airline IT failure, and there was an aircraft incident at Naples.

91 In October there was a public sector strike at Bordeaux and B€Ss, industrial
action at Basle/Mulhouse and various technical issues, including radar failure at
Shanwick OACC.

1 In November adverse weather affected various airports; a new paperless system was
introduced at Bremen ACC; there was a tower evacuation agufy and aircraft
accidents at Pisa and Cannes Mandelieu.

1 In December there were extreme cold weather conditions across Europe, resulting in
widespread disruption. Radar failure affected Zakinthos, there was a power failure at
Stavanger ACC and runway ligng failure at London Luton.

Eurocontrol NOR 2008

Weather delays were significant in 2008, with London, Amsterdam, Karlsruhe and Munich
being mostaffected. Delays related to special events were also higher than in previous years.
Although less detail weagiven in the NOR than for later years, the major disruptive events
included:

q B777 incident at Heathrow on the™L.January. This led to the cancellation of over 400
flights over the following four days and 70000 extra minutes of system deayhe
17" the average delay per arrival at Heathrow was 80 minutes.
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1 System maintenance delays following the implementation of a new ATC system in
Copenhagen ACC during Janudpril.

1 Strong winds in Amsterdam, Frankfurt, Munich combined with capacity problems on
the £'March; system delay was 152056 minutes.

T The upgrading of Turkeyds ATC system in t

9 Euro 2008 in Switzerland and Austria in June. The 2008 NOR gives details of how
this event was planned for; its handling was considered viagtiet.

1 Thunderstorms in Frankfurt and Munich and radar problems in Dublin on 'fh]sull;ﬂ,
leading to 183338 system delay minutes.

1 Transition to new ATC system/systems failure in Istanbul on tfleJ@fe (combined
with capacity issues and bad weathésewhere, leading to 153547 system delay
minutes)

1 Two ATC equipment problems in July at Heathroven the 28 system delay was
180963 minutes but there were also capacity and staffing problems elsewhere.

1 The crash of Spanair Flight JK5022 at Madrid Baraja the 26 August 2008.

1 Introduction of the new FDPS system at Maastricht in December. Special event
measures were introduced during the transition resulting in a total extra delay of less
than 100000 minutes (considered o6relative

Other delay eents were primarily related to demand exceeding capacity rather than
disruption from outside the aviation system.
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Annex 2: Individual disruptive events in US OTP data, 2002012

The US ortime performance (OTP) database is freely downloadable (BTS 2D&&).on

delay causes is also available from 2003. Days with high disruption can be identified
primarily by high numbers of cancellatiosgurel -Figure6 show OTP data for 2063012,

with days on which over 1000 cancellations took place highlighted. As well as the years
examined in detail there are two events of interest in earlier years. These are the North
Eastern US/Canada electricity blackout of 2003, affecting flights ffeml4” August; and

flight disruptions from the 2%-27" December 2004, which were caused by a combination of
weather and the failure of a scheduling system (a full report is given in DoT, 2005).

OTP 2012

Delays, cancellations and diversions by date2@i?2 are plotted below.
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Figure 1. Delays and cancellations in US OTP data for 2012, identifying major
disruptive events.

The labelled events in the figure above are as follows:

1 a: 20" January 2012; Snow/ice storm in WashingBiate.
1 b: 29-30" October 2012, Hurricane Sandy.
T ¢ 7" November 2012, storms/low visibility in NorfBast.
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1 d: 20" December 2012, winter storm in central US.
1 e: 26" December 2012, winter storms in Southern/Midwest/Eastern US.
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Figure 2. As for Figure 1, but showing the cause of delays and cancellations.

The corresponding breakdown into delays and cancellations by cause is given above; this
shows that weather is the primary reason fostmud the specific disruptive events causing

cancellations in the OTP data. Delay causes are attributed at arrival rather than departure (note
Eurocontr ol
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Delays, candtations and diversions by date for 2011 are plotted below.
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Figure 3. Delays and cancellations from the OTP database for 2011,with major
disruptive events highlighted.

Major labelled events in the figure above are as follows:

1 a: 10-12"January 2011; Ice storm in SotHast.

1 b:2627™January 2011, Nor b6easter/ winter storrt
9 cc 4"February 2011, AGroundhog day blizzar
T f 27-29" August 2011, Hurricane Irene (East Coast).

Other events are weatheslated
OTP 2010

Delays, cancellations and diversions by date for 2010 are plotted below. The major labelled
events in the figure below are as follows:

1 a: 7"January 2010, snow and low visibility in the MidWest.

1 c, d, e 57" 912" and 2526" February 20@, major snowstorms; 4.2% of all flights
for February were cancelled (Guarino & Firestone, 2010)

1 h: 25"7 28" December 2010, snow and strong winds, East Coast.

Other events are weathezlated.

































