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Abstract

Delay is a key point in the air transportation activity. It is considered a performance metric and a multidimensional
issue. Delay is directly responsible for increased costs to airlines and passengers, airline loss of demand and
profitability, and indirectly impact the economy of a country. Although the air traffic flow management (ATFM)
literature indicates that most congestion problems are fixed on the day of operations tactically there is a lack in the
literature that verifies the difference between delay averages. The objective of the present study is to investigate
the existence of variability among air delay. We examined the yearly, monthly, daily, hourly and weekly air delay
median differences using statistical tests. We conducted three statistical tests in the present study. Initially, we
used the Kruskal-Wallis equality of populations rank test. We adopt it to establish if there are statistically
significant differences between two or more delay groups. Since it is an omnibus statistic test, to determine which
groups are different, we conducted two post hoc test: the Dunn’s Multiple Comparison test and The Conover-Iman
Pairwise test. Results showed that the yearly and weekly intragroup median delay presented singularity, indicating
that each time is unique. For the monthly, daily, and hourly median delay displayed intragroup similarities, as the
demand intensity can be translated into the level of delay faced by the system. The present study contributes to the
air delay literature showing that each operational period displays a characteristic behavior. For this reason, all the
planned solutions to decrease air delay must be adapted according to the presented situation in the day of
operation. Our study emphasizes the importance of local, determined and adjustable measures with a huge
emphasis on the concrete problem to decrease the air delay.
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INTRODUCTION

Delay is a key point in air transportation activity. It is a performance metric. For the aviation industry, it is a complicated and
multidimensional issue. Delay impacts on passenger satisfaction and imposes costs. Delayed flight consumed about 740 million
additional gallons of jet fuel in 2007. Planes arrived later than their scheduled arrival by over 2.8 million total hours in 2007
(Schumer and Maloney, 2008). Due to capacity constraints, there is a growing necessity for changes in the air traffic system to
accommodate the increasing traffic demand. New technologies are being designed to mitigate air delay (Pamplona and Alves,
2019).

To enable the air traffic management (ATM) efficiency and effectiveness air traffic flow management (ATFM) measures are
implemented. ATFM contributes to the safety, environmental sustainability, cost-effectiveness, and efficiency of an ATM system
(Kistan et al., 2017). ATFM execution consists of three phases: strategic, pre-tactical, and tactical. These measures are taken in
advance: two or more months prior to operations (strategic), one day prior to activities (pre-tactical), and on the day of the
operation (tactical) (ICAO, 2014).

Delay is responsible for direct costs and severely affect airline profitability, including cost to airlines, cost to passengers, cost
of lost demand and the indirect impact of delay on the economy of a country (Ball et al., 2010). It is incurred both on the day of
operations (tactical cost) and at the planning stage (strategic cost). On the day of operations, original delays caused by one aircraft,
considered as a primary delay, cause a domino effect on the whole network, which is known as “secondary” or “reactionary”
delay (Cook et al., 2012). It can even impact the airport's choice by an airline where low-cost airlines tend the use of secondary,
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less-congested airports, allowing the airlines to schedule more flights since there is less delay in the schedule (Vasigh and
Fleming, 2016).

Most congestion problems are fixed on the day of operations in a tactical manner using operational enhancements measures.
One of the most common measures applied in the ATFM is to delay the flights on the ground to temporally spread the demand
(Ilvanov et al., 2017). When the aircraft is airborne, another measure used are flow sequencing programs to decrease the number of
holding procedures and delay.

The objective of the present study is to investigate the variability among air delay. We examined the yearly, monthly, daily,
hourly and weekly air delay median differences using statistical tests. We conducted three statistical tests in the present study.
Initially, we conducted the Kruskal-Wallis equality of populations rank test. We adopt it to establish if there are statistically
significant differences between two or more delay groups. Since it is an omnibus statistic test to determine which groups are
different we conducted two post hoc test: the Dunn’s Multiple Comparison Test, and The Conover-Iman Pairwise test. Our study
emphasizes the importance of local, determined and adjustable measures with a huge emphasis on the concrete problem to
decrease the air delay.

2. LITERATURE REVIEW

Mueller and Chatterji (2002) analyze departure and arrival data for ten major airports in the United States that experience
large volumes of traffic and significant delays. To model the air delay behavior, they use probabilistic delay techniques with the
data collected in a 21-day period. The authors modelled delay-time probability density functions using Normal and Poisson
distributions with the mean and standard deviations derived from the raw data.

Tu et al. (2008) develop a model for estimating flight departure delay distributions. The model uses nonparametric method for
daily and seasonal trends and uses flight data from United Airlines and Denver International Airport from the years 2000 and
2001. Among the factors that influence departure delay, they divided into the seasonal trend, daily propagation pattern and
random residuals.

Pamplona et al. (2018) applied artificial intelligence to predict delays for a busy domestic route in Brazil. The authors used an
artificial neural network model and could present a correct predictive capacity of 90%.

Pérez—Rodriguez et al. (2017) present an asymmetric logit probability model to estimate and predict the daily probabilities of
delay in aircraft arrivals. The results showed a better performance of the model when compared with frequent logit and symmetric
Bayesian logit models.

Abdel-Aty et al. (2007) use a mathematical frequency analysis and statistical analysis techniques to identify the periodic
patterns of arrival delay for non-stop domestic flights at the Orlando International Airport during 2002 and 2003. The results of
the frequency analysis showed that arrival delay displayed daily, weekly and seasonal patterns of variation.

Our research distinguishes for using inputs of a 3240-day period and different statistical techniques to verify the delay
behavior.

3. MATERIALS AND METHODS

3.1 Statistical analysis

We implemented Big Data techniques in our research using the following software: Python, Apache Hadoop, and SQLite.
Statistical analysis was performed using Stata version 13.1.

We conducted three statistical tests: the Kruskal-Wallis equality of populations rank test, the Dunn’s Multiple Comparison
Test, and The Conover-Iman Pairwise test.

The Kruskal-Wallis H test is a rank-based nonparametric test. A nonparametric test is a hypothesis test where it is
unnecessary to assume a specific form for each of the distributions (parametric form) referred to the determined populations. We
adopt it to establish if there are statistically significant differences between two or more groups of an independent variable on a
continuous or ordinal dependent variable. The purpose is to establish if all k populations are identical or if at least one population
gives observations different from those of other populations. K must be equal or greater than two from k samples that come from
k populations (Dodge, 2008). It is an alternative to the One-way ANOVA test (parametric form), does not assume normality, and
is less sensitive to outliers (Vargha and Delaney, 1998).

The Kruskal-Wallis test assumes that: (1) all the samples must be random samples selected from their respective populations,
(2) there must be reciprocal independence among the specific samples, and (3) the scale of measure must be at least ordinal
(Dodge, 2008). The null hypothesis (Ho) stipulates that there is no difference among samples and the alternative hypothesis (H;)
establishes that at least one of the populations differs from the other populations (Chan and Walmsley, 1997).

The Kruskal-Wallis test highlights a difference among groups and do not specify which one is different from each other. To
determine which groups are different, we conducted two post hoc test: the Dunn’s Multiple Comparison Test and The Conover-
Iman Pairwise test (Dinno, 2015).

The Dunn’s test is like the Bonferroni T-test. It is a multiple comparison test employed to establish which of three or more
means differ significantly from one another in an analysis of variance. To manage the probability of performing a Type | error, a
0,05-significance level (alpha) must be used. The test can use groups of equal or unequal size (Cramer and Howitt, 2004). The
null hypothesis (Hy) stipulates that there is no difference between the groups and the alternative hypothesis (H,) sets that there is a
difference among groups (lIsrael, 2009). The Conover-Iman Pairwise test is like Dunn’s test, but is strictly more powerful. It
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considers the same null and alternative hypothesis of the Dunn’s test. Both tests were conducted with no method of adjustment. In
both tests, we will reject Hy if the p-value is equal or less than alpha divided by two.
3.2 Database and scope

We adopted the Active Scheduled Flight Report (VRA) database presented by the Brazilian National Civil Aviation Agency
(ANAC). This database consists of: flight level data of carrier, airport-pair, flight number, scheduled and actual departure and
landing times and the justification code reported for each delayed and cancelled flight. Our dataset initially contained almost 10.5
million (10,478,919) flights from January 2009 and December 2017.

Since our research focuses on high demand airport, we analyze the air transportation system in two different perspectives:
systematic and individually. In this period, 212 airports received commercial flights. Our analysis showed that 15 Brazilian
airports make up 75% of the entire arrivals. These airfields will be identified by “ALL” in this study and comprise the following
airports: Sdo Paulo-Guarulhos Airport (SBGR), Sdo Paulo-Congonhas Airport (SBSP), Brasilia Airport, Rio de Janeiro-Galedo
Airport, Campinas Airport (SBKP), Belo Horizonte-Confins Airport (SBCF), Rio de Janeiro-Santos Dumont Airport (SBRJ),
Salvador Airport (SBSV), Curitiba Airport (SBCT), Porto Alegre Airport (SBPA), Recife Airport (SBRF), Manaus-Eduardo
Gomes Airport (SBEG), Belem Airport (SBBE), and Florianopolis Airport (SBFL). It comprehends 6,636,389 flights.
Individually, we considered the top two airfields: S8o Paulo-Guarulhos Airport (SBGR) with 1,049,276 flights, and S&o Paulo-
Congonhas Airport (SBSP) with 705,169 flights. SBSP only operates domestic flights and SBGR operates domestic and
international flights and is the busiest international airport in Brazil.

3.3 Delay definition

The delay metric considered in the present study is the arrival delay that measures the difference between the actual and
scheduled arrival time. Mathematically, let ti,, denote the actual arrival time and let t. , be the scheduled arrival time for flight
i. The arrival delay for a flight i in a determined space and time (y; (s,t)) is defined as:

Yi (S:t) = tcilrr - téch (l)

The airlines provided the VRA database adopted in this inquiry. Our initial task was to establish non-standard results, that
would represent outliers for central tendency (median) evaluation. Results showed outliers. For outlier extraction, we carried out
the threshold of +/-360 minutes of delay.

Since there is no standard method of delay, in our study we used three measures of delay: Negative delay, Normal Positive
delay, and Conservative Positive delay. The Negative delay recognizes the negative delays, when an aircraft arrives before the
scheduled arrival time, for calculation. Normal Positive delay sets all negative delays are considered as zero. Conservative
Positive delay considers that all delay below 15 minutes are zero.

Our study pointed out the variability of annual movement and median arrival delay. To verify the similarity at year, month,
day of the week and hourly arrival delay, we conducted the Kruskal-Wallis equality of populations rank test. We chose to use a
nonparametric test because there is no normality distribution in our sample, as shown in Figure 1.
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Negative delay presents a similarity with normal distribution but 80% of the data is concentrated at 0-minute delay. Positive
Normal and Conservative delay do not have a negative value and not fitting like a normal distribution.
In the next section, we will present and discuss the results of our study.

4. RESULTS AND DISCUSSION

4.1 Kruskal-Wallis H test

Table 1 to Table 3 present the Kruskal-Wallis H test chi-squared and p-value with and without ties results for the hourly,
daily, weekly, monthly, and yearly median delay. To reject the null hypotheses, the p-value must be equal or less than 0.05. The
results are shown for p-value that is not corrected for ties and for p-value that is corrected for ties. A tie takes place when the same
value is present in more than one sample. When no ties occur in the cases, the two p-values are equal. If there is a tie, the adjusted
p-value is more accurate. The unadjusted p-value is a more conservative estimate since is regularly greater.

Table 1: All airports hourly, daily, weekly, monthly, and yearly median delay chi-squared and p-value with and without ties
results for the Kruskal-Wallis H test

chi-squared | p-value | chi-squared* | p-value*

Negative delay 1.10E+05 | 1.00E-04 | 1.73E+05 | 1.00E-04
Normal Positive delay 3.08E+04 | 1.00E-04 | 6.31E+04 | 1.00E-04
Conservative Positive delay | 3.39E+04 | 1.00E-04 | 7.73E+04 | 1.00E-04

Negative delay 1.84E+04 | 1.00E-04 | 2.89E+04 | 1.00E-04
Normal Positive delay 1.75E+04 | 1.00E-04 | 3.58E+04 | 1.00E-04
Conservative Positive delay | 1.36E+04 | 1.00E-04 | 3.09E+04 | 1.00E-04

Negative delay 6.74E+03 | 1.00E-04 | 1.06E+04 | 1.00E-04
Normal Positive delay 5.96E+03 | 1.00E-04 | 1.22E+04 | 1.00E-04
Conservative Positive delay | 5.13E+03 | 1.00E-04 | 1.17E+04 | 1.00E-04

Negative delay 1.41E+03 | 1.00E-04 | 2.22E+03 | 1.00E-04
Normal Positive delay 1.13E+03 | 1.00E-04 | 2.31E+03 | 1.00E-04
Conservative Positive delay | 9.60E+02 | 1.00E-04 | 2.19E+03 | 1.00E-04

Negative delay 7.53E+04 | 1.00E-04 | 1.19E+05 | 1.00E-04
Normal Positive delay 6.32E+04 | 1.00E-04 | 1.29E+05 | 1.00E-04
Conservative Positive delay | 5.29E+04 | 1.00E-04 | 1.21E+05 | 1.00E-04

hourly | daily |weekly [monthly| yearly

*

with ties

Table 2: S&o Paulo-Guarulhos airport hourly, daily, weekly, monthly, and yearly median delay chi-squared and p-value with and
without ties results for the Kruskal-Wallis H test

chi-squared | p-value | chi-squared* | p-value*

Negative delay 8.70E+03 0.0001 1.45E+04 0.0001
Normal Positive delay 4.21E+03 0.0001 8.67E+03 0.0001
Conservative Positive delay | 4.73E+03 0.0001 1.08E+04 0.0001

Negative delay 3.91E+03 0.0001 6.53E+03 0.0001
Normal Positive delay 3.34E+03 0.0001 6.87E+03 0.0001
Conservative Positive delay | 2.82E+03 0.0001 6.41E+03 0.0001

Negative delay 6.75E+02 0.0001 1.13E+03 0.0001
Normal Positive delay 5.36E+02 0.0001 1.10E+03 0.0001
Conservative Positive delay | 4.75E+02 0.0001 1.08E+03 0.0001

weekly | monthly | yearly

Negative delay 1.42E+02 0.0001 2.36E+02 0.0001
Normal Positive delay 1.26E+02 0.0001 2.59E+02 0.0001
Conservative Positive delay | 1.13E+02 0.0001 2.58E+02 0.0001

daily

Negative delay 8.75E+03 | 1.00E-04 | 1.46E+04 | 1.00E-04
Normal Positive delay 9.00E+03 | 1.00E-04 | 1.85E+04 | 1.00E-04
Conservative Positive delay | 7.77E+03 | 1.00E-04 | 1.77E+04 | 1.00E-04

hourly

*

with ties

Table 3: Sdo Paulo-Congonhas airport hourly, daily, weekly, monthly, and yearly median delay chi-squared and p-value with and
without ties results for the Kruskal-Wallis H test

chi-squared | p-value | chi-squared* | p-value*

Negative delay 8.78E+03 0.0001 1.57E+04 0.0001
Normal Positive delay 5.19E+03 0.0001 1.05E+04 0.0001

yearl
)
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Conservative Positive delay | 5.71E+03 0.0001 1.24E+04 0.0001

Negative delay 1.32E+03 0.0001 2.35E+03 0.0001
Normal Positive delay 1.27E+03 0.0001 2.58E+03 0.0001
Conservative Positive delay | 1.06E+03 0.0001 2.29E+03 0.0001

Negative delay 3.03E+03 0.0001 5.41E+03 0.0001
Normal Positive delay 2.60E+03 0.0001 5.26E+03 0.0001
Conservative Positive delay | 2.46E+03 0.0001 5.32E+03 0.0001

Negative delay 3.02E+02 0.0001 5.39E+02 0.0001
Normal Positive delay 2.52E+02 0.0001 5.10E+02 0.0001
Conservative Positive delay | 2.21E+02 0.0001 4,78E+02 0.0001

Negative delay 1.71E+04 | 1.00E-04 | 3.06E+04 | 1.00E-04
Normal Positive delay 1.72E+04 | 1.00E-04 | 3.48E+04 | 1.00E-04
Conservative Positive delay | 1.59E+04 | 1.00E-04 | 3.44E+04 | 1.00E-04

hourly | daily |weekly |[monthly

*

with ties

The results showed that at any level, hourly, daily, weekly, monthly, and yearly, for the three analyzed groups, the Kruskal-
Wallis H test presented statistically a p-value of less than 0.0001. Results indicated that there are statistically significant
differences among groups. With these results, we can partially prove our research hypothesis that the differences between the
medians intragroup are statistically different. The next step in our investigation is to specify which delay median present
differences.

4.2 Dunn’s Multiple Comparison Test and The Conover-Iman Pairwise test

In our statistical analysis, it is possible to conclude that there are differences in the medians at all levels for arrival delays. The
Dunn’s Multiple Comparison Test and The Conover-Iman Pairwise test were conducted to determine which intragroup are
different. Our results revealed that the exception was the failure to reject the null hypothesis (Hg) that shows no difference
between the groups. Most cases rejected Hy and accepted H; where there is a difference in the median delay in the studied period.
For simplicity reasons, we only presented, from Figure 2 to Figure 6, the results that it was not possible to reject the null
hypothesis. At each box between parentheses are the p-values results for the Dunn’s Multiple Comparison Test and The Conover-
Iman Pairwise test respectively. The boxes that presented “Null” refer to the cases were all Hy were rejected, meaning that all
medians were pairwise different. Since both are a two-sided test, the threshold level presented is p-value equals to 0.025.
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Fig. 2: Yearly median delay comparison

The yearly delay comparison showed that except for SBGR in the Conservative Positive delay, the yearly delay comparison
showed a maximum similarity in averages of two years. The other years presented statically difference highlighting the singularity
of every year.
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Fig. 5: Hourly median delay comparison

In the monthly, daily and hourly delay comparison demonstrated the same characteristics. Inferences suggest that some
months, days and hours shows the same behavior. For instance, vacation months in Brazil, December, January and July display
the same median of delays due to the high demand in the air system.
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Fig. 6: Day of the week delay comparison

On the day of the week basis, there were a few correlations indicating that each day of the week is unique although it
displayed similarities on an hourly basis. The results showed in the Dunn’s Multiple Comparison test and in the Conover-Iman
Pairwise test revealed that the yearly and weekly median delay presented intragroup singularity. It suggests that each year and day
of the week presented a system's behavior measured by the median delay. For the monthly, daily, and hourly median delay
displayed intragroup similarities. This fact confirms the knowledge that certain periods of the day, for instance, in the begin and
end of the day, or in vacation months there is a higher demand of the air transportation system and subsequent increase in the
presented levels of delay. In the opposite intensity, the same phenomenon is observed in times of less demand, with a slower level
of delay.

The results presented in this study add to the existing air traffic flow management literature acknowledge, thorough the use of
statistical methods, the variability of delays in the air transportation mode and highlight that each period presents a specific
behavior. Although strategic ATFM measures are important, it is on the day of the operation, at a tactical level, that most
congestion problems will be fixed applying operational enhancements measures. For this reason, all the proposed solutions
to diminish air delay must be adapted according to the presented situation.

5. CONCLUSION
Delay is responsible for direct and indirect costs and severely affect airline profitability. The aim of the present study is to
investigate the variability among air delay. By employing statistical techniques, the present article sought to investigate the
variability and consequent difference in the median delay. Our study emphasizes the importance of local, determined and
adjustable measures with a huge emphasis on the concrete problem to decrease the air delay. All the applicable solutions will
depend upon the available level of resources.
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