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Abstract. This paper presents the study on the contributing factors of airport delay based on the parameters
decided during flight scheduling process. It is believed that the timing of the scheduled departure will have a
significant impact on the level of airport delays that could be anticipated for the flight. Three major airports
in the United States: Atlanta’s Hartsfield-Jackson (ATL), New York’s John F. Kennedy (JFK) and also San
Francisco International Airport (SFO) have been selected as the example case studies. Overall, the ANOVA
results show that scheduling parameters: “day”, “month” and “departure time” significantly affect the airport
delay and should be included in the prediction model.
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1. Introduction
Due to the significant increase in air transportation demands, the issues of flight delay have become more
prominent. One of the main contributing factors to this problem is the airport capacity, which is constrained
by the capacity limits of its terminal airspace, runway system, taxiway system, gate and terminal building [1].
During rush hours especially, many airports are operating at their full capacity. It is impossible to expect the
airlines to back down on their flight scheduling just to avoid delay. Unlike other industries, unfilled seats on
any commercial transport flight are unrecoverable losses. As observed on one particular morning, though the
departure capacity at New York’s John F. Kennedy Airport (JFK) can cope with a maximum of 52 flights per
hour, 59 flights were scheduled to depart the airport between 9am to 9.59am [2]. Automatically, this means
at least seven flights would be delayed. It is not that airlines do not realize the possibility of such drawback
but they do not want to lose passengers to their competitors or allow any seat demands left unsatisfied. Back
in 1990, over 20,000 hours of delay were reportedly incurred at each of 21 airports in the United States [3]. It
should be highlighted however that flight delay is not caused only by airport capacity limits. Among others,
airline management, weather, aircraft mechanical problem, aviation control and passenger problems can also
play a big role in delaying a flight [4].
Regardless of the cause, departure delay prolongs the amount of time required to fly the aircraft from one
airport to the other and it negatively affects the aircraft utilization rate. With their fleet of operational aircraft,
it is essential for airlines to have proper scheduling to ensure that adequate utilization is achieved and profits
are maximized. In current practice, flight scheduling is normally done once every two or three months and
the process involves deciding on service route pairs, departure time and arrival time for flights that the airline
wishes to offer [5]. Since it can be presumed that airlines tend to prioritize their flight scheduling to cater for
the timing of peak passenger demands over avoiding delays, the latter is readily anticipated for many flights.
By estimating potential delays to be endured for each flight segment, a better fleet management can be made
possible during flight scheduling process. For instance, airlines can weigh in several scheduling alternatives
and select the one that brings the largest profits to their operation with their limited available resources.
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This research paper is focused on analyzing delay that is anticipated for airport departure, particularly by
linking it to decisions made during flight scheduling process. It is part of a much bigger initiative to develop
a decision-making aid tool to facilitate airlines in managing their available resources during flight scheduling.
Results from this analysis are useful in modeling of the estimated airport delay since it identifies significant
factors to be included into the model. Data for three major US airports are used as example case studies to
demonstrate the findings.

2. Airport Delay Data
To address the issues related to flight delay, all major airlines operating within US domestic markets are
regulated by US Department of Transportation (DOT) to report on their monthly service quality performance.
This data is made available online at http://www.transtats.bts.gov. In general, there is no standard definition
for delay that is widely used within the industry [6]. The Bureau of Transportation Statistics (BTS) in DOT,
which is responsible to collect and publish the airlines’ service quality data, considers a flight to be delayed
only if it leaves the gate more than 15 minutes from the originally scheduled departure time. However, in the
context of this research study, the interest is on the total expected additional time that should be included for
departing flights from the airport during flight scheduling process. This will reduce the amount of available
time of the aircraft for operational utilization. Hence airport delay is defined here as the extra time for taking
off at the airport in comparison to the expected ideal when no delay is incurred. In other words, it covers the
duration of delay from leaving its departure gate up to when the aircraft finally takes off from the airport
runway. The analysis does not differentiate the actual causes of the airport delay since the primary focus is to
capture the modelling of total predicted amount of time delay for a flight that has been scheduled to depart
from the airport at a particular departure time.
Fig. 1 shows the monthly average airport delay for all afternoon flights at the San Francisco International
Airport (SFO) based on day of departure throughout 2010. The classification of flights follows the departure
time groupings as defined in Table 1 [7]. From the visual assessment of Fig. 1, the recorded airport delay for
each day seems to approximately follow similar quadratic trend within the yearly cycle. While this probably
hints that the scheduling effects of “day” parameter may be rather insignificant, the variation of airport delay
between them is still substantial to be ignored. To support this notion, the monthly average airport delay for
afternoon flights departing John F. Kennedy Airport (JFK) is plotted in Fig. 2. It can be observed that while
the overall trend appears different than that seen for SFO (potentially due to a different departure airport), the
negative quadratic trend seems to be shared by the different lines corresponding to the departure days. In fact,
the variation of values between the lines is much more significant than those for SFO.

Fig. 1: Airport Delays for Afternoon Flights at SFO Airport in 2010
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Table 1 : Departure Time Groups

Category
1
2
3
4

Time Group
Morning
Day
Afternoon/Early Evening
Evening/Night

Time Period
06.00 – 09.59
10.00 – 15.59
16.00 – 19.59
20.00 – 23.59

Fig. 2: Airport Delays for Afternoon Flights at JFK Airport in 2010

Another scheduling parameter that is believed to have an effect on airport delay is the departure time. As
defined in Table 1, there are four departure time categories. To show potential effects of scheduled departure
time, Fig. 3 is plotted for Monday flights departing Hartsfield-Jackson Atlanta International Airport (ATL).
The sudden sharp increase in airport delay for the month of July, as can be seen in Fig. 3 for the morning and
afternoon flights, is perceived to be just an anomaly, perhaps due to a bad weather condition by chance rather
than a departure congestion due to scheduling by the different airlines. Airport delay for different selection of
departure time generally appears to follows a similar trend to each other with different months. However, the
level of difference in airport delay, especially throughout the summer season between the months of May and
August, is still substantial enough to be ignored.

Fig. 3: Airport Delays for Departing Flights at ATL Airport in 2010

3. Factorial Analysis

182

It is hard to confidently conclude the significance level for day, month and departure time on the airport
delay just by looking the above plots. In order to confirm these observations, a factorial ANOVA is done to
study their effects to the anticipated airport delay. Apart from the individual effects of these factors, ANOVA
also gives some information regarding the effects from their interaction or combination. Available data for
three major airports (SFO, JFK and ATL) are used as sample case study, which are done separately analyzed
to separate the effects of different departure airport. A full factorial analysis covering each airport will have a
total of 336 data points with the levels of the considered factor as tabulated in Table 2. The analysis is done
using MINITAB software and the result is presented in Table 3, Table 4 and Table 5. It should be noted that
the processing of raw data obtained from the BTS website is done with following convention:
• Gate delay is the extra time taken to leave the gate after the scheduled departure time has passed
• Early gate departures are designated as zero instead of their negative time value
• Taxi delay is the extra time taken to finally take off after leaving the departure gate in comparison to
that in the ideal case scenario
• Ideal taxiing time for takeoff at a particular airport is assumed to be the minimum recorded taxi out
time in the raw data
• Airport delay is the summation of gate delay and taxi delay
• Some of the raw data that are considered to be “outliers” due to their extreme or irregular values are
excluded from the calculation of the monthly average airport delay
Table 2 : Factors Level for ANOVA

Factor
Day
Month
Departure Time Group

Levels
Mon, Tues, Wed, Thurs, Fri, Sat, Sun
Jan, Feb, Mac, April, May, June, July, Aug,
Sept, Oct, Nov, Dec
Morning, Day, Afternoon, Evening

No. of Levels
7
12
4

Table 3 : Factorial ANOVA Results for ATL

SOURCE
Day
Month
Departure Time
Day*Month
Day*Departure Time
Month*Departure Time
Error

DF
6
11
3
66
18
33
198

SS
2465.80
2912.59
3066.89
8198.20
1401.86
3886.25
7901.73

MS
410.97
264.78
1022.30
124.22
77.88
117.77
39.91

F
10.30
6.63
25.62
3.11
1.95
2.95

P
0.00
0.00
0.00
0.00
0.014
0.00

F
12.90
32.18
148.70
5.40
1.96
2.07

P
0.00
0.00
0.00
0.00
0.013
0.001

F
16.44
35.23
191.24
4.05
2.85
11.77

P
0.00
0.00
0.00
0.00
0.00
0.00

Table 4 : Factorial ANOVA Results for SFO

SOURCE
Day
Month
Departure Time
Day*Month
Day*Departure Time
Month*Departure Time
Error

DF
6
11
3
66
18
33
198

SS
1137.72
5204.29
6559.86
5236.31
519.11
1006.46
2911.49

MS
189.62
473.12
2186.62
79.34
28.84
30.50
14.70

Table 5 : Factorial ANOVA Results for JFK

SOURCE
Day
Month
Departure Time
Day*Month
Day*Departure Time
Month*Departure Time
Error

DF
6
11
3
66
18
33
198

SS
3741.80
14698.77
21761.02
10132.86
1944.79
14731.59
7510.04
183

MS
623.63
1336.25
7253.67
153.53
108.04
446.41
37.93

Based on the ANOVA results, it shows that the parameters “day”, “month” and “departure time” are all
indeed significant to airport delay as indicated by their corresponding high F-values and zero p-values. The
results are consistent for all three airports, indicating the general applicability of this assessment for the other
airports as well. In addition, their interaction effects also appear to be significant although not as high as their
individual effects. Overall, this means that if the airport delay is to be modelled for flight scheduling process,
these parameters should be considered to be in the model due to their significant effects.

4. Conclusion and Future Work
The main objective of this study is to analyze the factorial effects of several flight scheduling parameters
to the amount of airport delay. Based on the ANOVA results, the parameters “day”, “month” and “departure
time” are all significant factors to predict airport delay at any given departure airport. However, it is believed
a better result can be obtained if the delay data is averaged for several years instead of just using data for one
particular year. As such in the case with delay data for ATL shown in Fig. 3, the data abnormalities also can
produce some biased effects in the ANOVA results. The next step forward is to have more airport delay data
before the modelling can be done with respect to the scheduling parameters.
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