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KLM’s Disruption Management Tool (DMT)
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▪ To recover from unforeseen events:

▪ Delays

▪ Aircraft on Ground (AOG) events

▪ Cancellations

▪ Missed connections (Passenger & Crew)

▪ On the day of operation

▪ Focus on medium-haul network 

(passenger connections to long-haul flights are 

considered)



How the DMT works
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Real time data

Delays

Cancellations

Passenger bookings

Missed connections

Predictive and 
Deterministic Models

Calculate cost 
consequences

For every minute delay of 
every flight

For every cancellation

Optimizer: 
solve the disruption

Mixed-integer programming 
(MIP) problem 



How the DMT works – Optimizer
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▪ Solves disruption at minimum cost:

▪ Swapping aircrafts including up-gauging and 

down-gauging within type

▪ Delaying and cancelling

▪ Using reserve aircraft and crew

▪ Moving movable maintenances

▪ Using predicted delay costs and artificial penalties 

▪ Subject to business rules, such as:

▪ Aircraft-Airport compatibility

▪ Airport hours

▪ Crew & passenger connection time

▪ and a lot more…

Focus of the presented use case 

fleet reserve strategy



Motivation for simulating flight disruptions: 
Enhance disruption robustness in the DMT
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Problem statement Modeling Approach

Currently, the DMT optimizes under the 

assumption that everything will go 

according to plan after the optimization

• Strong assumption given that different 

kinds of disruptions can occur during the 

Day of Operation (DoO)

• Robust or stochastic optimization are not 

an option because of computational 

complexity and the runtime requirements 

for the DMT (approx. 5 min per run)

Enhance disruption robustness by 

incorporating knowledge about potential 

upcoming disruptions into the recovery 

strategies of the DMT

Two key steps:

1. Use historic disruption data to simulate 

realistic DoO scenarios

2. Evaluate the performance of different 

recovery strategies by running the DMT 

for the simulated DoO scenarios



1. Use historic disruption data to simulate 

realistic DoO scenarios

Simulation setup: modeling AOG events using historic 
disruption data
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AOG probability during DoO

Subtype Probability

73J A %

73H B %

73W C %

295 X %

E90 Y %

E7W Z %

Proof of concept: focus on AOG events

• Probabilities of registration becoming AOG 

and distributions of AOG durations based 

on historic operations

• No data available for AOG event start time

→ Assumption: uniform distribution 

between 8:00 and 22:00



1. Use historic disruption data to simulate 

realistic DoO scenarios

2. Evaluate the performance of different 

recovery strategies by running the DMT 

for the simulated DoO scenarios

Simulation setup: run the DMT for every simulated AOG 
event during the course of the day
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• DMT is run at the beginning of the 

scenario (usually in the morning) and 

then sequentially for every AOG event 

during DoO (course of day simulation)

• Assumption: Time of knowing about 

upcoming AOG is assumed to be the 

earlier point in time from 

(1) 45 minutes before AOG and 

(2) 15 minutes before beginning of  

ground process of tour, if AOG 

event overlaps with a planned tour 

on affected registration

Proof of concept: focus on AOG events

• Probabilities of registration becoming AOG 

and distributions of AOG durations based 

on historic operations

• No data available for AOG event start time

→ Assumption: uniform distribution 

between 8:00 and 22:00



Example of a course of day simulation (1/6)
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EOD: End of day

Base (AOGs upfront) … 3rd AOG 4th AOG 5th AOG … EOD

Non-performance 

costs
100



Example of a course of day simulation (2/6)
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Base (AOGs upfront) … 3rd AOG 4th AOG 5th AOG … EOD

Non-performance 

costs
100 138

EOD: End of day



Example of a course of day simulation (3/6)
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Base (AOGs upfront) … 3rd AOG 4th AOG 5th AOG … EOD

Non-performance 

costs
100 138 … 131

EOD: End of day



Example of a course of day simulation (4/6)
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Base (AOGs upfront) … 3rd AOG 4th AOG 5th AOG … EOD

Non-performance 

costs
100 138 … 131 134

EOD: End of day



Example of a course of day simulation (5/6)
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Base (AOGs upfront) … 3rd AOG 4th AOG 5th AOG … EOD

Non-performance 

costs
100 138 … 131 134 145

EOD: End of day



Example of a course of day simulation (6/6)
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Base (AOGs upfront) … 3rd AOG 4th AOG 5th AOG … EOD

Non-performance 

costs
100 138 … 131 134 145 … 169

EOD: End of day



Use case fleet reserve strategy: how to value fleet reserves 
to efficiently deal with potential future disruptions?

▪ Fleet reserve: block of continuous unscheduled time on aircraft during DoO

▪ Value of fleet reserve for solving disruptions depends, among others, on aircraft subtype, 

length of reserve block, ...

▪ Fleet reserve strategy describes how fleet reserve blocks are valued within the optimization 

of the DMT (how are fleet reserve blocks created, protected, consumed, …)
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Use case fleet reserve strategy: comparing four different 
fleet reserve strategies on ten different scenarios

▪ 4 different fleet reserve strategies analyzed

1. No fleet reserve value (mult_0)

2. Regular fleet reserve strategy (mult_1)

3. Doubling the values of the regular fleet reserve strategy (mult_2)

4. Fleet reserves during evening keep regular value until it is evening, 

other blocks have no value (mult0Evening_1)

▪ 10 different DoO scenarios 

(different start times, different initial disruptions, different initial fleet reserves) 

▪ 5–20 random generated sets of AOG events per scenario

▪ approx. 400 data points (course of day simulations), 3000 DMT runs, 

150 h of computation (avg. 3 min per DMT run)

▪ Possible metrics for performance comparison are all DMT-KPIs (total cost, non-performance 

costs, number swaps, number delayed PAX, …)
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Simulation results for non-performance cost depend on 
randomly generated AOG events
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• Base < AOGs upfront < 
Course of day 
(as expected)
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Simulation results for non-performance cost are sensitive to 
different fleet reserve strategies
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• Base < AOGs upfront < 
Course of day 
(as expected)

• Impact of AOG-
randomness is larger 
than impact from fleet 
reserve strategies 
→ a lot of data points 
are required to get 
meaningful results
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• Non-performance 
costs of different 
strategies are 
comparable 
(in most cases ±3%) 
with some outliers 
(±10%)

• Doubling the fleet 
reserve value tends to 
lead to higher non-
performance costs

 leet reserve strategy
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Having no value for fleet reserves leads to similar results 
as the current fleet reserve strategy
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No obvious correlation between non-performance costs of 
fleet reserve strategies and schedule busyness 
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 chedule busyness
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• Variation in results 
highlights need for 
more datapoints to 
reduce impact of 
simulation randomness



No obvious correlation between non-performance costs of 
fleet reserve strategies and schedule busyness 
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• Variation in results 
highlights need for 
more datapoints to 
reduce impact of 
simulation randomness
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Protecting and creating fleet reserve blocks increases the 
number of swaps required during the course of the day

23

• Increasing schedule 
busyness tends to 
reduce the impact of 
the fleet reserve 
strategy on the number 
of swaps
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With the current fleet reserve strategy, aircraft reserves 
regularly stay unused

24

• Unused fleet reserve 
blocks reduce 
utilization and revenue 
without reducing non-
performance cost 
(waste of resources)
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KLC: Subfleet of KLM Cityhopper; includes aircraft types of Embraer E-Jet family (E90, E7W, 295)



Lower values for fleet reserve blocks lead to greedy use of 
fleet reserves 
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• Previous results 
showed that fleet 
reserve strategy that 
runs out of reserves 
(mult_0) does not 
necessarily lead to 
higher 
non-performance costs 

• Probably because 
there is enough slack 
in the schedule even 
without dedicated 
reserve blockers
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KLC: Subfleet of KLM Cityhopper; includes aircraft types of Embraer E-Jet family (E90, E7W, 295)



Conclusions

▪ KLM is continuing its research on fleet reserve strategies 

▪ Alongside AOG events, delays are incorporated into the simulation 

▪ Ultimately, we are finding the right price of a fleet reserve (compared to a delay/cancellation) 

at a given time such that the DMT uses the fleet reserves more appropriately
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Way forward

Summary

▪ Demonstrated simulation of disruptions for evaluating fleet reserve strategies

▪ Results indicate that assigning no value to the fleet reserve leads to better results, with 

comparable non-performance costs but fewer swaps

▪ Results are based on several assumptions and limited data points; further investigation is 

required
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