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Abstract:

Structured aviation datasets increasingly enable empirical analysis of airline
behavior at the route level. While prior research on European aviation has
addressed pricing, network topology, and connectivity, the temporal dimen-
sion of route operation, specifically how flights are distributed across the days
of the week, remains underexplored as a measurable feature. This research
presents a data science framework for quantifying scheduling asymmetry in
European air routes, applied to a publicly available dataset of 18,111 routes,
which was reduced to 16,094 after preprocessing. A normalized scheduling
asymmetry score is determined for routes from binary weekly availability
vectors and compared across low-cost carriers (LCC) and full-service carriers
(FSC) using exploratory analysis, descriptive statistics, and non-parametric
hypothesis testing. Only 39.2% of LCC routes operate on all seven days, com-
pared to 55.4% of FSC routes, and the difference in scheduling asymmetry
between the two groups is statistically significant under a Mann-Whitney
U test. LCC routes exhibit higher scheduling asymmetry and more limited
weekly coverage than FSC routes. A strong negative Spearman correlation
between asymmetry and weekly frequency further confirms that routes served
on fewer days tend to be much more uneven. The analysis also identifies a
price paradox in which routes operating fewer days per week carry higher
median fares, consistent with market concentration effects. These findings
are especially useful for airlines, airport management, tourism boards, and
regulators seeking to optimize route planning and regional connectivity.
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INTRODUCTION

Recent work at the intersection of data science and transportation
research has produced comprehensive analyses of airline behavior, route
structure, and pricing dynamics. Within this sector, European aviation
is a particularly complex object of study, as the network encompasses
a heterogeneous mix of legacy (full-service) carriers, budget operators,
regional airlines, and hybrid models, operating across diverse markets
with varying levels of competition and demand [1]. The temporal
organization of these routes, whether a connection operates daily, on
selected weekdays, or only on weekends, reflects strategic decisions about
resource allocation, market targeting, and demand anticipation that are
rarely captured in aggregate analyses [2].
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Seasonality and temporal variation in aviation have
been reported at the aggregate level, with global studies
identifying monthly and seasonal rhythms in passenger
air services [3]. However, the weekly temporal structure
of individual routes, specifically the weekday pattern of
scheduled operations, has received considerably less
direct attention as a primary analytical variable. Most
studies of individual routes focus on pricing, network
centrality, or connectivity metrics, treating temporal
structure as a secondary attribute rather than a key
property of the route itself. The present study addresses
this gap by proposing a simple, interpretable framework
grounded in empirical data for measuring weekly sched-
uling asymmetry in individual routes.

The central contribution is the scheduling asymme-
try score A_i, a normalized metric derived from binary
weekly availability vectors that reflects the weekly distri-
bution of service across a route. This score is utilized to
compare low-cost carriers (LCCs) and full-service car-
riers (FSCs), test for statistically significant differences,
and explore how asymmetry relates to pricing and route
frequency across a dataset of 18,111 European routes.
The study addresses three research questions:

1. Do LCC and FSC routes differ significantly in
their weekly scheduling asymmetry?

2. How do weekly service patterns differ between
carrier types, and what do they reveal about business
models?

3. How does scheduling asymmetry relate to ticket
price and weekly flight frequency across indi-
vidual routes?

The remainder of the paper is organized as follows:
Section 2 reviews the relevant literature; Section 3 de-
scribes the dataset, metric design, and statistical ap-
proach; Section 4 presents and interprets the results; and
Section 5 concludes the paper.

2. RELATED WORK

Research on airline operations spans multiple analytical
topics, from carrier strategy and network topology to
temporal structure and flight data analytics. This section
reviews the literature most relevant to the present study,
organized around three thematic areas.

2.1. CARRIER MODELS AND ROUTE STRATEGY

The distinction between low-cost and full-service car-
riers has been foundational to air transport research for
decades, anchoring analyses of pricing behavior, route
entry decisions, and network design. The commercial
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success of the LCC model in Europe and beyond is ex-
tensively discussed, with research highlighting how cost
minimization strategies such as uniform aircraft fleets,
less complicated routing structures, secondary airports,
and minimal service amenities translate into competitive
fare advantages and growing market share [4]. Over the
past few years, the boundaries between carrier models
have shifted since network and legacy carriers undertook
broad capacity adjustments, fleet rightsizing, and selec-
tive route suspension, reshaping what it means to operate
as a full-service carrier in the European market [5]. The
present study acknowledges this ongoing hybridization
while maintaining the LCC and FSC distinction as an
analytically useful way to capture underlying scheduling
philosophies that continue to produce notable behavioral
differences across individual routes.

2.2. TEMPORAL STRUCTURE OF AIRLINE OPERATIONS

The organization of airline operations in time is as
important as their organization in space. At major hub
airports, operations are typically structured into wave
systems, with closely grouped arrivals and departures
designed to maximize indirect connection opportuni-
ties [6]. Beyond hub design, the European aviation mar-
ket has experienced structural reconfigurations in route
availability, carrier mix, and scheduling regularity [7].
Operational adaptations such as schedule condensation,
frequency reductions, and new route introductions have
been examined from an operations research perspective,
yet the weekly structure of these shifts across individual
routes remains less explored [8]. The present work builds
on a recent dataset that captures both established routes
and routes flagged as upcoming, providing a snapshot of
a network in transition and enabling detailed analysis of
the scheduling patterns behind each connection.

2.3. FLIGHT DATA ANALYTICS AND STUDY FOCUS

Airline scheduling is traditionally organized into
fleet assignment, aircraft routing, and crew scheduling,
which remain the three anchor problems reviewed by
[9] and typically addressed through mathematical opti-
mization of cost and profitability. Complementing this
operations research practice, [10] shows that empiri-
cal flight data supports revenue management, demand
forecasting, and passenger behavior patterns, while also
expanding the role of computer science methods in avia-
tion research. However, limits in data availability and
scale still constrain how these sources can be fully ex-
ploited, highlighting the need for stronger preprocessing
and analytical methods.
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The paper also builds on prior work by the authors.
An LSTM sequential behavior analysis framework for
traffic data [11] demonstrated the analytical value of
modeling temporal regularity and deviation in transport
contexts, while an ensemble regression study of airfare
variation from major European airports [12] established
the importance of carrier and route features in explain-
ing pricing outcomes. The preprocessing methodology
adopted here draws on structured data preparation ap-
proaches developed in earlier work on textual review
analytics [13]. The paper extends this line of research by
targeting the temporal dimension of scheduling behav-
ior and proposing an asymmetry metric that is deliber-
ately transparent and reproducible.

3. METHODOLOGY

The methodology combines structured data prepara-
tion, a compact set of derived scheduling metrics, and
non-parametric statistical testing. This section describes
the dataset and preprocessing pipeline, defines the route
representation and asymmetry metrics, and outlines the
statistical approach used to compare carrier groups and
examine relationships with continuous route attributes.

3.1. DATASET AND PREPROCESSING FRAMEWORK

The dataset used in this study is a publicly avail-
able collection of European airport and air route data
sourced from Kaggle [14], comprising 18,111 route re-
cords across 33 variables. Each record represents a di-
rected route between two airports and includes fields
covering origin and destination IATA and ICAO codes,
geographic coordinates, indicative ticket price, daily and
weekly frequency indicators, availability flags during the
week (dayl through day7), first and last flight dates, and
airline metadata embedded in a structured JSON field.

The dataset covers 46 departure and 177 arrival countries,
with Italy, Spain, United Kingdom, Germany, and France
accounting for more than 50% of departing routes.

Before the scheduling metrics were computed, the
dataset was inspected for inconsistencies and anoma-
lous entries. Records with ticket prices of zero, which
often indicate missing or unreported fares rather than
free travel, were reviewed separately, and extreme up-
per outliers above 2,000 EUR were flagged as potentially
unreliable since they deviated sharply from the central
range of fares. A small number of records with missing
geographic coordinates or incomplete airline metadata
were also excluded, as their absence prevented reliable
classification and feature construction. After filtering,
16,094 records remained for further processing.

Carrier type classification was performed by ex-
tracting the primary carrier IATA code from the air-
line JSON field and mapping it against a list of known
budget carriers operating in Europe, including Wizz
Air, Ryanair, easyJet, Pegasus Airlines, Vueling, Transa-
via, Volotea, Jet2, Eurowings, and Sky Express. All re-
maining carriers with valid IATA codes were classified
as FSC. Carrier extraction succeeded for all records,
yielding a clean working sample of 8,568 LCC routes
(53.2%) and 7,526 FSC routes (46.8%). Availability flags
for days were originally encoded as three-valued strings:
'yes' (currently operating), 'no' (not operating), and ‘up-
coming' (scheduled but not yet active). Since upcoming
flags reflect confirmed scheduling decisions about which
days a route is intended to operate, they were treated as
equivalent to 'yes'. Table 1 summarizes the main vari-
ables used in the analysis.

Table 1. Main variables used in the scheduling asymmetry analysis

Variable Description Type Role in analysis
iata_from, iata_to  Departure and arrival IATA codes Categorical Route identification
price Indicative ticket price (EUR) Continuous Link to asymmetry
dayl1 to day7 Weekly availability flags (yes, no, upcoming) Binary (encoded) Weekly vector, Ai input
flights_per_week  Scheduled flights per week Discrete Link to asymmetry
carrier_iata Primary carrier IATA code Categorical Carrier classification
carrier_type Derived label (LCC or FSC) Binary Group comparison
ni Active days per week (Eq. 1) Discrete [0 to 7] Input to Ai
Ai Normalized asymmetry score (Eq. 2) Continuous [0, 1+] Primary outcome
Wi Weekend concentration ratio (Eq. 3) Continuous [0, 1] Supplementary indicator
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3.2. ROUTE REPRESENTATION AND ASYMMETRY METRIC
DESIGN

Each route ‘is represented by a binary weekly avail-
ability vector with seven elements, d, = (d1,d2,...,d7),
where d, = 1 if route i operates on day k of the week
(Monday = 1 through Sunday = 7), and d, = 0 otherwise.
The binary vector captures the weekly scheduling pattern
of each route. The three derived metrics that form the
analytical core of this study are defined as follows:

o Active days per week

7
n=>»  di (1)

o Normalized asymmetry score

7— n;
A= —1 (2)
6
« Weekend concentration ratio
d; dy
W, = % (3)

Equation (1) defines n, as the number of active op-
erating days for route i, obtained by summing the seven
binary day flags. That means the result #, ranges from
0 to 7, where 0 indicates no active day and 7 indicates
daily operation. Equation (2) defines A, as a normalized
asymmetry score, where A = 0 corresponds to a route
operating on all seven days and larger values indicate in-
creasingly limited weekly coverage. This representation
aligns with airline planning frameworks that operate on
structured schedules, where flight data informs routing
and timing decisions [15]. Equation (3) defines W, as the
weekend concentration ratio for routes with n, > 0, meas-
uring the share of active days that fall on Saturday or Sun-
day. Here, W, = 0 denotes a purely weekday route, while
W. = 1 denotes a route operating only on weekends. Figure
1 summarizes the analytical workflow, showing that raw
flight data are converted into weekly vectors and then into
interpretable metrics for statistical analysis.

3.3. STATISTICAL ANALYSIS

The statistical analysis addressed two questions.
First, we tested whether LCC and FSC routes differ
significantly in scheduling asymmetry, using A. as the
comparison variable. Second, we tested whether route
asymmetry is associated with ticket price and weekly
flight frequency.

Since the distribution of A, was strongly right skewed
in both carrier groups, a non-parametric test was used
instead of a parametric alternative. The Mann-Whitney
U test was applied to compare LCC and FSC routes with
respect to A. The aim was to assess whether the two car-
rier groups differ in scheduling asymmetry and whether
the observed difference is practically meaningful. The
Mann-Whitney U statistic is given by
nroc(nroc +1) (4)

2

where R, . is the sum of ranks assigned to the LCC

group and n, . .is the number of LCC routes. A two-sided

LCC
test was applied with significance assessed at p<0.05. To

U= Rrcc —

complement the p value, effect size r was computed as
2U
Pl ©)
nrce - DFSC
with |r] =0.1, 0.3, and 0.5 interpreted as small, medium,

and large effects, respectively.

Associations between A, and ticket price, and
between A, and weekly flight frequency, were assessed
using Spearman’s rank correlation coefficient. This test
was chosen because the variables were skewed and the
expected relationships followed a consistent direction
rather than a strictly linear relationship. The analysis was
focused on the direction and strength of association, not
only on linear fit. Spearman’s coeflicient is defined as

Raw data
18,111 records

K Preprocessing
16,094 routes

.| Weekly vector |
dy = (dy, —, da)
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65 d?
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Active days n,
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t
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Figure 1. Workflow of the proposed scheduling asymmetry analysis
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where d, represents the difference between paired
ranks and n is the number of observations. Correlations
were reported with two-sided p values, but interpreta-
tion was guided by the sign and magnitude of p, as large
samples can make even weak relationships statistically
significant.

4. EXPERIMENTAL RESULTS

This section presents the empirical results of the
scheduling asymmetry analysis. The results are organ-
ized into three parts, beginning with the overall distribu-
tion of asymmetry scores, followed by the comparison
between low-cost and full-service carriers, and conclud-
ing with the associations between asymmetry, frequency,
price, and geographic route characteristics.

4.1. DATASET PROFILE AND ASYMMETRY DISTRIBUTION

Operating day counts across routes range from 0 to
7 and show a clear bimodal pattern. As shown in Figure
2, 7,528 routes (46.8%) operate on all seven days and
receive a score of A, = 0, while 652 routes (4.1%) operate
on only one day per week and reach A, = 1.0. The over-
all mean asymmetry score is A, = 0.317 (SD = 0.360),
indicating that the average European route deviates
measurably from service across the whole week, while
the distribution remains strongly right skewed with a
long tail toward maximum asymmetry.

More than half of all routes (53.2%) operate on fewer
than seven days per week, and nearly one in five (18.6%)
operates on two days at most. In addition, 51.0% of routes
contain at least one operating day flagged as upcoming,
and these routes show a higher mean asymmetry of 0.395
compared to 0.236 for fully established routes. LCCs
account for 64.7% of upcoming routes, suggesting that
they are associated with new route introductions and tend
to enter markets with schedules focused on fewer days
of the week before scaling up to higher weekly coverage.

4.2. COMPARISON OF CARRIER TYPES

The comparison between LCC and FSC routes dem-
onstrates that only 39.2% of LCC routes operate on
all seven days of the week, compared to 55.4% of FSC
routes. In contrast, 42.1% of LCC routes show high
asymmetry (A, > 0.5), compared to 32.1% of FSC routes.
The mean asymmetry score is 0.355 (SD = 0.356) for
LCC routes and 0.275 (SD = 0.360) for FSC routes. The
Mann-Whitney U test further confirms that this difference
is statistically significant (U=36,898,406; p = 4.93 x 10°?,
indicating that the observed contrast between LCC and
FSC routes is highly unlikely to be random. The corre-
sponding effect size (r = -0.144) suggests a modest but
still very informative difference between the two carrier
groups. Table 2 presents summary statistics by carrier

group.
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Figure 2. (a) Distribution of operating day counts, (b) scheduling asymmetry scores across all routes

Table 2. Summary statistics by carrier group

Carrier N routes Mean Ai Median Ai  Daily routes Median price  Median frequency per week
LCC 8,568 0.355 0.333 39.2% EUR 50 3.0
EFSC 7,526 0.275 0.000 55.4% EUR 140 6.0
All routes 16,094 0.317 0.167 46.8% EUR 80 4.0
271
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4.3. FREQUENCY, PRICE, AND GEOGRAPHIC
INTERPRETATION

As weekly frequency increases, mean scheduling
asymmetry drops sharply, from 0.668 in the 0 to 2
scheduled flights per week to just 0.002 in the 15+ flights
per week, while the LCC share declines from 62.8% to
29.7%. The Spearman correlation across all routes is
p =-0.805 (p < 0.001), confirming that routes operating
fewer days per week tend to operate with lower overall
frequency. Table 3 presents mean asymmetry scores and
LCC shares across four weekly frequency bands, show-
ing that asymmetry falls rapidly from sparse routes
dominated by LCCs to very frequent routes led by FSCs.
The lowest frequency band includes 29 routes with zero
currently scheduled weekly flights that were retained
because their day flags were marked as upcoming.

The pattern follows a tiered structure rather than a
smooth progression. Routes with 15 or more weekly
flights are effectively symmetric (A, = 0.002), while routes
with at most 2 weekly flights cluster near the opposite ex-
treme (A, = 0.668). The LCC share falls from 62.8% in the
sparsest tier to 29.7% in the densest, confirming that FSCs
dominate services with higher frequency, while LCCs
are concentrated on routes with lower frequency. The
sharpest transition appears between the 3 to 5 and 6 to
14 flights per week bands, where mean asymmetry drops
from 0.309 to 0.029, indicating that service becomes near-
ly fully balanced above this threshold.

The relationship between asymmetry and ticket price
is also positive (p = +0.200, p < 0.001), and stronger
within carrier types (LCC: p = + 0.322; FSC: p = +0.269).
Figure 3 shows that the two groups occupy clearly dis-
tinct price ranges, which helps explain the joint pattern.

Daily routes (A, = 0) have a median fare of EUR
70, while routes with at most two operating days reach
EUR 130, about 86% higher. This gap is consistent with
market concentration effects, since reduced scheduling
lowers effective competition and allows higher fares on
the remaining departures. The direction of the effect is
notable as it runs against the common intuition that
less frequent routes should be cheaper due to weaker
demand, instead suggesting that the limited number of
departures places a stronger upward pressure on fares.

Inspection of the most asymmetric country-pair cor-
ridors, such as Romania to Greece (A,= 0.700), Austria
to Greece (0.647), Germany to Tunisia (0.633), Spain
to Norway (0.626), and Italy to Norway (0.604), further
supports the usefulness of the proposed metrics. These
corridors are mainly linked to seasonal tourism or travel
related to family, migration, and community ties, each
associated with uneven weekly service. Although the
metric uses only binary day of week flags, it captures
these patterns effectively, suggesting that the asymmetry
score can serve as an unsupervised indicator of route
function, distinguishing tourism and diaspora corri-
dors from commercial connections without any direct
demand insights, tourism flows, or population data.

Table 3. Mean scheduling asymmetry score and LCC share by weekly frequency band

Frequency band N routes Mean Ai LCC share Interpretation
0 to 2 scheduled flights/week 5,665 0.668 62.8% Thin, LCC-dominated, highly asymmetric
3 to 5 scheduled flights/week 3,916 0.309 61.2% Moderate frequency, mixed carriers
6 to 14 scheduled flights/week 3,692 0.029 48.1% Near-daily, balanced carrier mix
15+ scheduled flights/week 2,821 0.002 29.7% Ultra-high frequency, FSC-dominated
(a) LCC price distribution (b) FSC price distribution
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Figure 3. Ticket price distributions for LCC (a) and FSC (b), truncated at the 95" percentile for readability.
Dashed lines indicate medians (EUR 50 and EUR 140), dotted lines show means (EUR 74 and EUR 215)
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This also provides a useful foundation for future machine
learning models aimed at route classification and market
segmentation.

5. CONCLUSION

This study introduced a data science framework for
quantifying weekly scheduling asymmetry in European
air routes, applied to a cleaned sample of 16,094 directed
connections across 46 departure countries. The pro-
posed asymmetry score A, derived from binary weekly
availability vectors, is transparent and reproducible,
but powerful enough to denote important structural
differences. The analysis showed a significant differ-
ence between LCC and FSC routes, with LCC services
exhibiting higher asymmetry and more limited weekly
coverage overall. A strong negative association between
asymmetry and weekly frequency was also confirmed,
alongside a price paradox in which sparser routes carry
higher fares. Furthermore, the metric separates tourism
and diaspora corridors from commercial connections
without relying on any external demand or population
data.

From a business and managerial perspective, these
findings are useful for several stakeholders. Airlines can
use the asymmetry score to identify underperforming
weekday slots or overlooked demand during the week-
end, airport authorities can align slot allocation with
the temporal character of incoming routes, managers
in tourism can identify seasonal connections to target
promotion efforts, and regulators can monitor regional
connectivity imbalances that aggregate indicators typi-
cally conceal.

Several limitations should be acknowledged. The car-
rier classification relies on a manually curated budget
carrier list that may not fully capture smaller or hybrid
operators, and the dataset reflects only one point in time,
which prevents longitudinal analysis of how scheduling
patterns change across seasons or years. The ticket price
used is also an indicative market fare instead of a booked
transactional price. These constraints motivate potential
extensions based on dynamically scraped datasets, live
fare feeds, and repeated scheduling snapshots.

Future work should extend the framework with ma-
chine learning methods, such as unsupervised cluster-
ing on weekly availability vectors to discover scheduling
archetypes, supervised classification to predict carrier
type or route purpose from temporal signatures, and
sequence models applied to longitudinal panel data to
capture scheduling evolution. Integrating the asym-
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metry score into explainable ensemble regressors for
airfare prediction is another promising direction, along
with graph neural networks that can model scheduling
asymmetry and airport network topology to capture
how temporal and structural factors interact in the
European aviation system.
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