
Developed & Revised : 
Dr Yang Dai (Coventry) 
Kimman Lui & Rossella Lau (Scope)
Presented: Kinki Leung

396EM Airline Operations and Scheduling/
6075MAA Airline Scheduling and Operations

Lecture 4a
Airline Irregular Operations



396EM/6075MAA  p.2

Learning Outcome

the impact of airline irregular operationsIdentify

the principles how airlines handle their irregular operations and 
their response strategiesUnderstand

the airline irregular operations strategy and theories to propose 
the solutions for various airline irregular operationsApply
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What is airline irregular operation?

 Describes and measures flight delays, missed connections, and 

cancellations.

 Be viewed as the journey disruptions if they result in any 

change to a booked element of passengers’ original journeys.
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Reasons

 Nature forces e.g. weather or environmental events

 Air traffic delays

 Aircraft mechanical problems

 Employee actions e.g. strikes by airlines, airports and ATCs.

 Passengers

 Lack of capacity

 Crew sickness

 Airport curfews

 Security

Delay

mechanic
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The impact of the Volcanic Ash Cloud
 The eruption of Eyjafjallajökull in Iceland (2010) and the resulting ash 

cloud, caused the cancellation of 90% of all flights in Northern Europe 

over a six-day period.

 The loss in airline revenues from this event is estimated at $1.7 billion.

http://news.bbc.co.uk/2/hi/business/8634147.stm
http://news.bbc.co.uk/2/hi/business/8634147.stm
http://news.bbc.co.uk/2/hi/uk_news/8633892.stm
http://news.bbc.co.uk/2/hi/uk_news/8633892.stm
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The impact of Hurricane Sandy

 Hurricane Sandy (2012) resulted in a total of 20,245 flight 

cancellations in North America between October 27 and 

November 1, 2012, as well as a significant loss of revenue and 

profits for the major US carriers.
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Impact of Typhoon Mangkhut in 2018 (HK)

 Two runways at HKIA need to remain open overnight to handled 2,000 

rescheduled flights within 48 hours after Typhoon Mangkhut

2018 
News

2017 
News
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Impact of heavy fog in 2018 (HK)

 At least 7 flights diverted to Macau and Shenzhen between 6am 

and 8 am due to thick fog and poor visibility around HKIA.

2018 
News
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Impacts of irregular operations

 Passenger’s Journey disruptions due to the delay and cancellation

 Hidden revenue impact

 Impact load factors

 Government actions – introduce consumer protection measures, e.g. 

EU air Passenger rights legislation

 Cross-carrier re-accommodation

 Regional differences

• 74% Chinese travellers experienced at least one moderate delay over the 
last 12 months (Surveyed in Feb. 2013)

• UK Travellers has the lowest incidence of journey disruptions (44%)

 Passenger dissatisfaction

 Impact on GDP e.g. air transportation delays reduced US GDP by $4 

billion in 2007

EU 261
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Passenger experiences & attitudes in regard 
to irregular operations

HX
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A standard service approach to
irregular operations management

 Robust Scheduling

 Empowering the passenger with intelligent re-accommodation

 Implement a pax centric solution

 Transparent communication and compensation

 Offer soft compensation e.g. club room access, mileage credit or meal vouchers

 Managing the social media impact of journey disruptions
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Direct operational costs of delays and 
cancellations

 US airlines direct costs of delays and cancellations in 2012

 Direct operational costs per minute for the US ($78.17) and Europe (€81)
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Indirect Costs

 Monetary cost of passenger re-accommodation borne by both 

the airline and the passenger.

 Impact on the brand image and loyalty
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Objectives of irregular operations

 Minimise total passenger delay

 Minimise cancellation

(Midnight arrival/departure curfew)

 Minimise total cost

 Communication and compensation to customers
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Strategies
 Airlines can adopt a combination of the following tactics to deal with the 

irregular operations:

 Flight delays

 Flight cancellations

 Aircraft substitutions

 Ferry flights

 Aircraft diversions to return to their published scheduled flights ASAP

 Diversion costs from $15,000 (narrow-body domestic flight) to $200,000 (wide-

body international flight)
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United Airline: Flight delays and
cancellations

 Notification of delays and cancellations

 Getting rebooked

 Lengthy tarmac delays

 Amenities for meals and overnight stays

 Children travelling alone and customers with special needs

 Checked bags

 Refunds

 Other helpful tips

CX
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Case study

 This case involves 3 aircraft, 12 flights, and 4 cities. 

 Assume one of the aircraft becomes unavailable owing to some 

mechanical problem at an airport.
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Time-band Approximation Model

 Objective: handle all the remaining 

flights in the network through a 

series of delays and/or cancellations 

so that the total cost to the airline is 

minimized.

 The flight numbers are shown on the 

flight arcs and nodes represent an 

arrival and departure at a specific 

time.

 The cities and times are represented 

horizontally and vertically 

respectively. 
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Assumptions on this case study

 Each station requires a minimum of 40 minutes turnaround time;

 Midnight arrival/departure curfew (no arrival or departure after midnight);

 Each minute of delay on any flight costs the airline $20;

 The cancellation cost for each flight leg is shown below
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Time band approximation network

 Any flight arc from any 

airport (node) can be 

available to other feasible 

airports (nodes) during the 

recovery period
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Time band approximation network (Con’t)

 Transshipment nodes (station-time nodes): the nodes that the 

aircraft arrives into and leaves.

 Sink nodes (station sink nodes): represent the nodes that 

aircraft arrives into but does not leave until the end of recovery 

time. 

 They are similar to the starting nodes for wrap-around arcs 

taught before.
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Scenario A

 Aircraft 2 in airport ORF becomes grounded due to some mechanical 

failure at 14:00 and is unavailable for the rest of the day.

 The obvious solution without permitting any rerouting of other aircraft 

is to cancel flights 21, 22, 23 and 24 which are conducted by this 

grounded aircraft for the day.

 The total cost of these cancellations is $45,246

 Another option – solve this problem through a series of aircraft 

rerouting and cancellations to minimise the total cost to the airline
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Non-zero delay costs
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Non-zero delay costs
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Decision variables

 zi = Number of aircraft (integer) terminated at station node i

(node i being a station sink node)

 Objective function:

need include delayed costs & the cancellation costs
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Constraints Set 1- Flight Coverage

 Each flight must either be flown or be cancelled.

 For example: flight 11 with 4 possible flights plus 1 cancellation

 Similar equations for every available flight could be written, and 

total 12 constraints for this set.
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Constraints Set 2 - Station Time-Node Flow

 Need to list out the flow of aircraft at each node

 Supply nodes are those have aircraft available to start the flow within the 

network (such as node 1,6 & 12)

 Transshipment nodes signifying the net flow is zero 

 The number of aircraft in a node 

 = number of outgoing aircraft from the node – incoming aircraft into 

the node + the number of aircraft carried over from this node to sink 

node (same city) for the next day.

 Node 1:                                         Node 2:

 Z: represents the number of aircraft at any specific cities for the next 

day’s operation

 Total 20 Station-Time Nodes resulting in 20 Constraints. 
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Set 3 – Station Sink-Node Flow

 Without this set of constraints, the aircraft may end up at the 

wrong airports at the end of day.

 Required number of aircraft at any sink node = Total incoming 

flight terminating at this sink node + number of carried over 

aircraft from previous transshipment notes at this airport. 

 In this case, we must have one aircraft available in DAB, ORF and 

IAD each for the next day.

 For DAB station sink node 5:

 Four sink nodes result in four constraints. 
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Solution 1
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Solution 1 (Con’t)

 Total 64 arcs (x variables), 12 flight cancellation (y variables) and 

20 termination nodes (z variables)  => Total of 96 binary/integer 

variables. 

 The minimum cost solution for this scenario is 2 cancellations and 

1 delayed flight at a total cost of $21,865 (= $4,200+$17,665)

 Compare with the cost with the trivial solution of $45,246 

resulting from cancelling all flights operated by aircraft 2.
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The detailed and final solution 2
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Note:

 The departure and arrival times in the final solution 

accommodate for 40-minute aircraft turnaround times.

 The actual cost is $23,265.

 The cost for the final solution schedule is higher than the 

previous one with 30-minute aggregation in a single node.
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Maths Formulation
 This approach is based on the time-band approximation model 

by Arguello et al 1998
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Maths Formulation (Con’t)
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Maths Formulation (Con’t)
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Key Reference

Bazargan, M. (2010) Airline Operations and Scheduling. 2nd 

edition, Ashgate

• Chapter 10  Airline Irregular Operations

HKIA Business Continuity

https://www.youtube.com/watch?v=xwolrzE4dJs
• Typhoon Contingency Plans(0:36-3:48)

• Lightning Warnings (3:50-4:50)

• Airport System Contingency Plans (4:51- 7:18)

• Quarantine Measures for Inbound Pandemic Infection (7:19-
8:34)

• Land Transport Disruption Contingency Plans (8:35- 10:20)

• Aircraft Accident Response Plans (10:21-12:53)

https://www.youtube.com/watch?v=xwolrzE4dJs

