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Abstract

The following paper presents a simulation-based methodology for analysing the potential operational capacity of a multi-
airport system. The case presented is the one of the region of Mexico City composed by Santa Lucia Airport and Mexico City.
The study is composed of several modules that compose the multi-airport system: airport(s) and airspace. Together they
form an integrated model in which the different elements interact for revealing the capacity potential of the region of Mexico
city. Then an experimental design is developed under different time horizons which allow identifying the problems that will
arise once the traffic increases in the coming years.

It will allow us to identify the limitations, problems and potential of the region of Mexico city.

This research is original research in which for the first time proposes a methodology for identifying the capacity of a system
composed of different airports which have the common objective of serving a geographical region.
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Methodology for analysing Multi-Airport System Capacity: SBPL-
MMMX System Case

Introduction

Mexico City airport is the main gateway to the country since years ago. However, its growth
has been hampered by the saturation of the airport which in most slots of the day it is impossible
to accommodate more traffic. The latter can be only achieved by performing three activities:
infrastructure expansion, optimization of the current resources or by managing the system
under a different paradigm such as the multi-airport system approach.

The previous government in Mexico decided for the first choice by constructing a new
infrastructure in an old lake which made the project a risky business with uncertain outcomes.
For the previous reasons and other consequences mainly environmental [1] the new government
(by late 2018) decided to cancel the project and betted for a less risky approach by expanding
an old military facility and changing the approach to a multi-airport system which will be
composed by Santa Lucia Airport, Mexico City Airport and eventually Toluca which is also in the
vicinity of Mexico City.

The opposition to this solution claim that the multi-airport system approach will not be able to
solve the original problem of saturation in Mexico city airport while at the same time
maintaining a steady traffic growth and also that the multi-airport system will not be equivalent
in capacity to the previous option of a completely new airport.

The present study aims at answering some of the questions raised by the critics to the project,
in particular, it will answer the questions of whether this proposal is able to cope with the
expected demand in the coming years and if it is also able to solve the congestion problems in
the current airport of Mexico city. In addition, this study will provide some light in the expected
performance indicators of the new facilities and the limitations that will be faced once the
expected traffic becomes a reality.

The present analysis involves the following aircraft fields

« Benito Juarez International Airport of Mexico City (MEX) which is the main airport for
Mexico City

« Military Base "General Alfredo Lezama Alvarez" of Santa Lucia (NLU) which is currently a
military base, but it will be upgraded to attract commercial traffic.

STATE OF THE ART IN MULTI-AIRPORT SYSTEMS

The topic of Multi-Airport Systems (MAS) has been gaining some attention the last few years as
many issues regarding complex airport systems have been studied. The concept of a MAS is
defined as one main airport with another or more secondary airports that together serve a
metropolitan region and it has diverse issues that require attention, such as capacity,
coordination, selection, sustainability and feasibility among others.

Regarding the definition and feasibility, the seminal paper of de Neufville [2] introduced the
analysis of the viability of MAS by defining that the air traffic of a metropolitan area should
exceed 10 million originating passengers per year so that a MAS could be economically and
operationally viable, however this number has increased up to 15 million in some cases.

On the other hand, the paper of Martin and Voltes-Dorta [3] provides some caution for the
development and use of MAS. They suggest, considering a financial approach, that some MAS
worldwide are operating inefficiently and that the consolidation of air traffic of the whole MAS
into one airport could provide a better performance regarding operating costs. However, their
conclusions did not consider that, as the utilization of any capacity-constrained resource
increases in a stochastic environment, the service levels of the system rapidly deteriorate with
a non-linear function [4].
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Furthermore, Fasone et al. [5] and Yang et al. [6] suggested that the viability of a MAS is
intertwined with the development of other transport infrastructure, such as, railways, roads
and bus services, that connects customers and cargo with the various airports in the system so
that customers of the MAS could have accessible options to use any of the airports in the system
and change their initial preference regarding the principal airport.
As mentioned, de Neufville and Odoni [7] state the viability threshold, which in 2013 they
calculated was 15 million passengers per year for originating passengers, discarding the transfer
ones.
Regarding the issue of airport selection, the subject of the main factors involved influencing
selection among customers has been extensively studied using statistical methods ([8], [9],
[10]1, [11], [12], [13], [14]. These papers found that air fare, access time, flight frequency, the
number of airlines and the availability of particular airport-airline combinations were
statistically significant factors in customer choice of airport. Interestingly, airport access time
was found to be more important for business travellers than for leisure travellers. In contrast,
leisure travellers were found to be more sensitive to price changes than business travellers.
The specific issue of multi-airport capacity has only been studied by Ramanujam and
Balakrishnan [15]. The study by Ramanujam and Balakrishnan [15] focuses on the definition of
capacity envelopes for the MAS of NYC, based on Gilbo [16] proposal. Using quantile regression
and historical data, they modelled the relation between arrival and departure rates at singular
airports considering the arrival rate as the independent variable, as arrivals are given priority
over departures at singular airports. In addition, they also modelled the relation between
arrival and departure rates of different airports, because the (airspace) approach and departure
paths of different airports in MAS could interfere with each other. They found that the visibility
factor is significant for arrivals but not for departures and that the capacity envelope area is
increased when using one runway for arrivals and a different runway for departures, instead of
a mixed use of runway for arrivals and departures. They also found that airside capacity is more
significant for defining airport capacity than airspace as approach path overlap factor was not
found to be statistically significant for capacity envelope definition.
Regarding Operational capacity of an airport, there are diverse studies attempting to estimate
it for a singular airport resource, such as, runway capacity ([16], [17], [18], [19], [20]), and
terminal capacity ([21], [22], [23]). In addition, there are few attempts to model the actual
capacity of the whole airside operations of a singular airport, i.e., runways, taxiways and apron
operations. Modelling the complete set of capacity-constrained resources of an airport could
provide practitioners and researchers with better decision tools for design and management of
the complete airside facilities of an airport as the interactions among different serialized
queues could create different behaviour patterns than singular resources. In literature, only
the work of Mujica et al. [24] present this approach. The paper by Mujica et al. [24] analyses,
using Discrete Simulation, the capacity and performance of Lelystad Airport assuming that
some traffic will be diverted from the highly utilized Schiphol Airport in Amsterdam. They
modelled the capacity of Lelystad Airport considering historic data of wind visibility and airport
traffic and considering various operative restrictions, such as, the separation criteria between
aircraft operations, weather conditions, mix of aircrafts and type of taxiways. They found that
the use of rapid exit taxiways could increase the throughput of a singular airport.
Thus, this literature review shows that regarding airport systems some studies have covered
different aspects of single airports and by using some mathematical techniques some aspects
of the MAS, but no authors have modelled a Multi-Airport System considering an integral
approach (two or three airport operations together with airspace and/or different elements of
the airport). This type of study could provide great insight in understanding the consequences
and potential problems that might appear once the system of airports is operational.
Consequently, the objective of the paper is to address this gap as it will be focused on studying
a twin system that will be operational in the near future in Mexico considering the current
Mexico City International Airport and the future Santa Lucia Airport.

METHODOLOGY

The study considers the two airports in their current phase and the expected developments
for the short, medium and long term horizons.
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Figure 1. Aerial view of system NLU-MEX
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Figure 2. Methodology of the n-model virtual cycle approach for airport capacity
Source: [25]

Boundary Conditions and Analysis Criteria

The analysis is carried out considering the following operational assumptions:

« Current MEX airport layout.

» Sequential configuration of runways, taxiways and platforms for NLU.

« Current traffic mix for MEX airport.

« Current airspace based on Mexico AIP will be considered for the base case scenario.

« A feasible redesign of airspace to allow operation of NLU and MEX together is proposed.

The analysis is also made based on the following general considerations:

» The mix indexes% (C + 3D) of the AICM are maintained.

» 44,320,000 Pax / year is adopted as the current passenger level in Mexico City.

» 414,000 Movements / year is adopted. Starting with 590 arrivals/day.

« 18 hours of operation and 120 Pax / Average aircraft for both airports is assumed

» An annual operation is assumed for both airports

 The slot management model is maintained.

» The parking spaces available at MEX are maintained at 103

33 Parking places available in NLU are assumed from scenario 0 to 5a

» The considerations for the aeronautical capacity and associated airspace are conceptual.
All the simulations carried out consisted of simulations of 30 hours of operation and for each
scenario 30 replications were made for obtaining the statistical indicators.

SCENARIO ANALYSIS AND RESULTS

The following section presents the different scenarios evaluated for the current study,
starting with a base-case scenario and progressively modifying it for evaluating different
situations.
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Figure 4. Airside model of Mexico City Airport
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Figure 5. ATM evolution during the day
Table 1. Performance indicators of MEX
MEX
Avg Value Max_ Value
ATM/Hr 38.6 62
Gate Occupancy 55% 78%
Aircraft Waiting Runway 6 15
Aircraft Waiting Gate 0 6
Total Annual Passengers 30.4 MILL 48 MILL
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Figure 6. Air routes re-design for the system NLU-MEX

Table 2. Description of the landing routes for the MEX and NLU airports

Destination airport Route Waypoint Altitude Speed
[ft] [kts]
MEX DATUL/AVSAR/TUMAL/KOBEK/ LUCIA 12.000 220
DOS ALFA MATEO (IAF) 12.000 220
PLAZA (FAF) 8.800 130
MEX MEX TRES ALFA MEX FL 240* 250
D23-MEX 18.000 250
MATEO (IAF) 12.000 220
PLAZA (FAF) 8.800 130
MEX VIVER CUATRO VIVER 12.000 250
MEX 12.000 220
MATEO (IAF) 12.000 220
PLAZA (FAF) 8.800 130
NLU Route LUCIA 1 LUCIA2 12.000 220
LUCIA3 12.000 220
LUCIA4 (FAF) 8.800 130
NLU Route LUCIA 2 MEX FL 240* 250
D23-MEX 18.000 250
LUCIA3 12.000 220
LUCIA4 (FAF) 8.800 130

VII RIDITA — International Congress of the Iberoamerican Air Transportation Research Society

“Air Transportation S inability: Technologi

1, Operational, E

064

ic, Social and Environmental Strategies”




Table 3. Performance indicators for Scenario 1

MEX NLU
AVG Value [ MAX Value. AVG Value [ MAX Value
Traffic Share 57% 43%
ATM/Hr 23 44 17 41
Gate Occupancy 47% 59% 48% 100%
Aircraft Waiting 1 6 0 0
Runway
Aircraft Waiting Gate 0 0 0 8
Total Annual 18 MILL 34.7 MILL 13.4 MILL 30.7 MILL
Passengers

Scenario 2

This scenario would correspond to the time-horizon when two runways have been completed in
NLU, and the HUB operation of FSC would move to NLU while the LCCs would move to MEX. In
this scenario, a simultaneous operation of landings and takeoffs in NLU will be possible (due to
the two runways), and MEX would have enough room to absorb the growth of low-cost airlines
as it is seen in the results of the simulations.

In this scenario, MEX remains as an airport for low cost airlines (LCCs); Table 4 shows the main
performance indicators, as it can be seen that MEX is totally decongested, since the maximum
number of movements would be 37 ATM / Hr or 60% of its capacity. On the other hand, NLU
would have two tracks and operate at the time of maximum demand at 47 ATM / hr which
suggests that it would not be even close to the current situation of MEX. 67 million passengers
could be moved annually between the two airports with very reasonable operational indicators
as Table 4 suggests.

Table 4. Performance indicators for Scenario 2

MEX NLU
AVG Value [ MAX Value. AVG Value [ MAX Value
Traffic Share 43% 57%
ATM/Hr 14 37 25 47
Gate Occupancy 19% 44% 70% 100%
Aircraft Waiting 0 4 0 1
Runway
Aircraft Waiting Gate 0 0 5 23
Total Annual 11 MILL 29 MILL 19.7 MILL 37 MILL
Passengers

It is important to note that it is perceived that the first bottleneck for NLU will be the aircraft
parking spaces, since it is observed that there would be an average value of 5 cases of aircraft
that do not have a gate when landing. Furthermore, in times of high demand this number can
go up to 23 aircraft.

Scenario 3 and the following ones are designed to determine the growth limits and the elements
that would restrict growth due to operational and capacity constraints.

Scenario 3

In this scenario, the same proportion of traffic mix between FSCs and LCCs is maintained, the
variation of traffic consists of an increase of 10% in the demand for LCCs and FSC for both MEX
and NLU. This scenario would correspond to a mid-term scenario assuming the current traffic
growth trend.

In the case of NLU, the number of operations increases to a max of 50 ATM / hr at times of
maximum demand, although on the other hand to avoid problems of reactive or induced delays
it will be necessary to implement remote stands or add more gates to the infrastructure since
the problems of aircraft without gate is evident (Table 5). 70 million passengers could be
expected under this scenario(60% more than what MEX alone is currently receiving).

In this situation the problem of lacking gates for NLU is evident as the results illustrate. During
peak hour, the problems could be severe (45 Aircraft waiting) which might be translated in
delays for the flights at certain moments of the day.
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Table 5. Performance indicators for Scenario 3

MEX NLU
AVG Value | MAX Value. AVG Value [ MAX Value
Traffic Share 43% 57%
ATM/Hr 15.5 40 27.5 49.6
Gate Occupancy 19% 44% 75.8% 100%
Aircraft Waiting 0 3 0 1
Runway
Aircraft Waiting Gate 1 1 14.4 45
Total Annual 12.2 MILL 31.5 MILL 21.7 MILL 39 MILL
Passengers

Scenario 4

The increase in air traffic corresponds to 30% of LCCs and 30% of FSCs in MEX and NLU
respectively. As previously mentioned, LCCs traffic can grow in MEX and FSC in NLU with a Hub-
Spoke business model. This scenario would correspond to a medium-term horizon as well.

It can be realized that MEX does not present major problems, since it would be operating at a
daily average of 18 ATM / Hr with peaks of 45 ATM/hr. However, in the case of NLU, it is already
clear that in terms of runways there would be no problems, but it would be necessary to find
a solution to the lack of Gates as Table 6 illustrates.

Table 6. Performance indicators for Scenario 4

MEX NLU
AVG Value [ MAX Value. AVG Value [ MAX Value
Traffic Share 43% 57%
ATM/Hr 17.7 45 31 65
Gate Occupancy 25% 49% 83% 100%
Aircraft Waiting 0 3.6 0 2
Runway
Aircraft Waiting Gate 0 1 44 119
Total Annual 14 MILL 35.5 MILL 24.4 MILL 51 MILL
Passengers

Scenario 5a and 5b

In scenario 5a and 5b air traffic increases by 70% in MEX and NLU respectively. This scenario
would correspond to the assumption that traffic would grow as predicted in the next 50 years.
This would be a long-term scenario, and would allow to evaluate the operation and limitations
to absorb the expected traffic.

Scenario 5a

MEX reveals that under this configuration, it could grow without major problems for the next
50 years, however, NLU would have severe problems in case no gates expansion is performed
as Table 7 illustrates.

Under the expected traffic, NLU gate infrastructure would be severely limited, for this reason,
an alternative scenario (5b) is proposed which contemplates an expansion of the parking
positions for aircraft and terminal building. In 5b, the number of parking spaces is doubled (66

Gates).

Table 7. Performance indicators for Scenario 5a

MEX NLU
AVG Value [ MAXValue. AVG Value [ MAX Value
Traffic Share 43% 57%
ATM/Hr 24 49.5 36 89
Gate Occupancy 28% 70% 85% 100%
Aircraft Waiting 0.7 8 0 2.8
Runway
Aircraft Waiting Gate 0 1 112 256
Total Annual 19 MILL 39 MILL 28.4 MILL 70 MILL
Passengers

VII RIDITA - International Congress of the Iberoamerican Air Transportation Research Society

“Air Transportation Sustainability: Technological, Operational, Economic, Social and Environmental Strategies”

066




Scenario 5b

The problem of lack of gates is partially solved but not completely. From Table 8 it can be
noticed that there are still some problems during some days, as still some aircraft do not find
a gate. The latter suggests that the double of gates is not enough for the operation, instead it
is necessary to invest in more than 33 gates.

Table 8 presents the complementary indicators for the long-term scenario. As it can be seen,
MEX reveals the limitation of the Runway as some aircraft will be limited by the runway,
however, with a proper management of the sequence of the expected traffic mix, this can be
minimized. In the case of NLU, the gates are the limiting factor for growth. The complete
system would be expected to absorb a maximum of 120 mill of passengers.

Table 8. Performance indicators for Scenario 5b

MEX NLU
AVG Value | MAX Value. AVG Value MAX Value
Traffic Share 43% 57%
ATM/Hr 24 50 47 105
Gate Occupancy 8% 70% 57% T100%
Aircrait Waiting 0.7 8 0 4
Runway
Aircraft Waiting Gate 0 1 8 50
Total Annual 19 MILL 39.5 MILL 33 MILL 82.7 MILL
Passengers

DISCUSSION AND CONCLUSION

The study presented for the first time a methodology for performing a simulation-based analysis
of a Multi-airport system. We presented the case of Santa Lucia and Mexico City Airport which
has become a key development for the country. The study consisted in different scenarios based
on public information and governmental plans using three models: one for Mexico City airport,
another for Santa Lucia and another one for the airspace that connects both airports. The
experiments with the different scenarios gave light to some important issues regarding the
development of the facilities such as the capacities of the system and the limitations that will
appear when the growth in traffic takes place in the airport system. Some important results
about the scenarios are discussed.

Regarding Scenario 0, we could identify that the main bottleneck is the runway, which coincides
with what has been discussed publicly in the media. Depending on the time of the day, the
effect of the runway is more or less severe. In addition, we could also identify that the limit of
the capacity of 61ATM/hr can be reached sometimes. Assuming these operating levels, it can
be estimated that this airport could absorb a capacity of 48 million passengers assuming the
average aircraft type with an occupancy of 120 passengers, maintaining continuously 61 ATM /
Hr, which is currently unfeasible.

Scenario 1 gives light on the operational levels of the system NLU-MEX system with one runway
in NLU. Under the assumptions presented, NLU can operate with values of 41 ATM / Hr without
major problem (using only one runway). In the case of MEX, it can be seen that the congestion
problem is solved as it operates with an average of 40 ATM / hr, or what is the same at 65% of
its current capacity. With the release of capacity, it would be expected that the problems of
flight delays would be drastically reduced, and in addition to that, it would also be expected
that the Mexican national airport network would operate without major setbacks with the
consequence of deactivating the Ground Delay Program (GDP) which is currently active due to
congestion [28] (Mujica and Romero, 2018).

With the following scenario where the traffic is increased (Scenario 3 to 5) they reveal that NLU
will suffer from a lack of gate capacity, with the consequence of flights waiting for a parking
position, inducing delays to the airlines and the national network. Scenario 5b reveals that the
investment in the medium term in more gate capacity would alleviate partially the limitation,
but it would suggest that the double of gates would not be sufficient for solving the problem.
The different scenarios reveal that by implementing the system NLU-MEX and with the proper
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timely investments, the growth in the metropolitan region of Mexico City is unleashed and it
has potential to grow up to a three digit level in terms of passengers.

The study presented, revealed the different capacities the system will have at different time
horizons; the short term that consists of the current situation and some 5 years more, medium
term for approximately 30 yrs and a long term scenario of 50+ years in which we can identify
the amount of passengers, number of movements and potential problems that will arise during
the operational life of the system. The analysis provides enough information for giving light
about the potential areas of improvement and requirements of expansion in the coming years.
This could not be achieved without the use of simulation technology; for this reason, the
authors strongly encourage the use of this methods and technology during the planning phase
of any critical infrastructure.
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