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The uninterrupted growth of air fraffic in Colombia has been
reinforced since the 1990s by a public policy of liberalization of
airspace, and by redirecting public and private investment towards
the modernization of airport infrastructures [1] [2]. The public policies
of the air sector led 1o the fact that in the last two and a half
decades passenger transport in Colombia grew by 863% [3]. This
Important growth rate has been driven and led by the counftry's main
airport, the Bogota-El Dorado Airport (hereinafter BOG).
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Some technical reports estimate that the airport will reach its
maximum capacity in the short term mainly because of its inability to
expand its flight field (currently two runways) [4]. Due to this
circumstance, the aeronautical public authority of Colombia gave
direction to the planning, design and construction of a new airport
(complementary) to the outskirts of the city of Bogotd, which is
estimated to enter info operations in 2025/2026 [5].
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The development of a traffic forecast for BOG in the short term
and to evaluate the impact of future demand on the runway
capacity of the airport was proposed.

Due 1o the complexity of the forecast of air transport, the use of
the System Dynamics (hereinafter SD) approach is founded
appropriate for the investigation

With SD it is possible to develop a model to forecast the demand
of operations on runway and evaluate its iImpact over the
capacity of the BOG runway.

Inraccordance with the principles of SD, a better understanding
of the behavior of the system is achieved.

~ - The da’ro for the investigation are obtained from the
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The use of Systems Dynamics, in the modeling and simulatfion of complex systems,
Implies the execution of a set of tasks that are synthesized here:

Activity Method Product

Definition and It focuses on the definition and elaboration of a system Conceptual mapping
structuring of the mapping that involves the following elements:
dynamic behavior |-Limifs of the model

of the system -Subsystems

-Causality structures

-Flows and levels

Quantification of The quantification implies: Quantified model
N the model -Definition of decision rules that govern the system.
-Estimation of parameters, correlations and initial
conditions. 5

-Execution of consistency tests

e

%

o Simulation Simulation and analysis of the behavior of response Results of the simulation
= variables | and its analysis
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SD incorporates a set of tools that allow the understanding of
complex environments; tools such as causality diagrams, that
encourage systemic thinking among managers of processes,
capture the dynamic complexity of a given system and provide the
considerable advantage of simulating the model to evaluate the
Inferaction results and thus anticipate the effects long-term
collateral policies before its implementation [7].

The use of the runway depends on the demand of flights that are
affected by external and internal factors. The demand for air
fransport tends to evolve based on changes in prices and

economic conditions. There are several factors that affect th
ﬁdemcmd for air ’rravel which are bosm:olly socio-economic and
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Definitio

The analysis was focused on the impact of demand forecasts
on the management of the runway capacity of the ferminal
areaq, so It was decided to work the forecast directly in terms
of demand for landings and take-offs (flights), for which data
and statistics were taken from the Aerocivil [10], the socio-
economic data was obtained from the Bank of the Republic
of Colombia [11] and DANE [12].

Initially, we started with a set of variables (both response and
input), which are considered to be typically relevant for air
traffic forecast, tThus, a preliminary analysis consisted in
pr dgjgmnmg the correlation between these variables,
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between preliminary variables

GDP per population IPI Total Total CPI Exchange

Flights  Year Month GDP capita exports imports rate

Flights
Year 0,93

Month 0,09 0,00

GDP 0,91 0,00

GDP per capita 0,91 0,00

population 0,92 0,00

Pl 0,85 0,93 0,00

0,91 0,92 0,94

Total exports 0,82 0,76 0,00 0,70 0,72 0,76 0,78

Total imports 0,91 0,88 0,00 0,84 0,85 0,88 0,86

Exchange rate
(USD to cop) |06 017 20,00 0,25 0,22 0,17 -0,01
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Methodology:
Definition and structuring of the @

e

Socio-economic indicators to be included in the model

Indicators
GDP per capita
population

Total exports

Total imports

Consumer price index (CPI)
Exchange rate
| (USD to COP)
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Variables and parameters of the model

Variable / Parameter Type Observations / source
Runway capacity Parameter Historical data
Year Auxiliary Counts the years of operation that are being simulated
Flights/month Auxiliary Equation of the model, built from historical data
Runway capacity utilization (%) Auxiliary Equation of the model
GDP per capita Auxiliary Equation of the model, built from historical data
Total exports Auxiliary Equation of the model, built from historical data
Total imports Auxiliary Equation of the model, built from historical data
Consumer price index (CPI) Auxiliary Equation of the model, built from historical data
Exchange rate Auxiliary Equation of the model, built from historical data
(USD to COP)
| Average capacity per runway Parameter Historical data
| Existing runways Parameter Historical data
| Required runways factor Auxiliary Equation of the model
~ | Increase in required runways Flow Equation of the model
.| Additional runways required Level Equation of the model
Total required runways Auxilia E uo’non of the model
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Conceptual mapping of the model

some relationships and model feedback cycles
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Type of relationship Graphicrepresentation

This fraction of the model indicates that as the Rur{‘j«'ﬂ&’_ﬂﬂpﬂﬂif}f
number of flightsincreases, the runway utilization utilization (%) \
increase. And an increase in runway capacity would - -
means a decrease in runway utilization. \
Flights/month Runway capacity
GDP per capita
o Here theinfluence of the passage of time (year), on /‘l"
variablessuch as the CPl, GDP per capitaand the L i .
demand for operations is represented; which is Year CG.“Z““EEE;ICE
s incremental for all these cases index (CPI)
;_ \—L
Flights/month
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Conceptual mapping of the model

relationships and model feedback cycles

Type of relationship

This fraction of the conceptualmap emphasizes on CDP per capita

the variables thatimpact the flights per month. It is

shown that anincrease in any of the related variables

would lead to anincrease in the number of flights +

Total mports M- Flights /month

T+
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Total exports

Consumer price

mdex (CPI)

Graphicrepresentation
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some relationships and model feedback cycles
Type of relationship Graphicrepresentation
/-/—Average capacity
_ _ _ _ r perrunway
Finally are shown causality relationships such as: I
If current the existing runwaysincreases, the amount Required N
of additionalrunwaysrequired will decrease. mnways factor Runwav capacity
- | If the average capacity per runway increases, the ,’_T_ {4- Y ePRe
required runways factor will decrease. Otherrelations IHEIEESE o ) +
can be observed in the graphic. required Total required
) mnways Tunwavys
p—i
Flichts/month Exis ‘rmg runways i
- ‘i_.'—

Additional -
N way s requu&d
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The data taken as the main input to quantify the
model are between the first of January of 2000,
which In the simulation corresponds to period 1;
and December 31th of 2017, which in the simulation
corresponds to period 216. The flights, both arrivals
and departures, that involved the El Dorado Airport
~ in Bogota, were contemplated, as well as
~parameters like the capacity of its runways.
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The runway capacity data comes from Aerocivil
[13], and corresponds to the operating capacity
averages given in annual ferms and taken for
convenience of the model to their monthly
equivalences. In order to forecast the behavior
of the demand for operations, monthly data is
available from January 2000 to December 2017.

 The behavior of the total execution of monthly

~ operations for the referenced year is reflected
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Quantification of the model
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Total number of flights per year
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By using data analysis and in several cases linear
regressions, the relationships between variables and
the equations that described them were established.
The quantified model was simulated by using Vensim,
software for SD. The flows and levels diagram related
with the quanftified model is shown in the next

lustration
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Quantification of the model

evels diagram
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Consumer price
index (CPI)

GDP per
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Total imports l"-Fh s/month per runway
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Required
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Exchange rate capacity utilization (%)
Additional runwa
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> of the model with respect to the historical data

or the period between January 2000 and December 2017, was
monthly flights per year for both, the historical available data and
hown in next figure.

Average monthy flights per year. Simulation Vs. Real historical data
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B -

per month. Simulation between 2000 and 2023
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B -

per month. Simulation between 2000 and 2023
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ay utilization (%). Simulation between 2000 and 2023

Runway capacity utilization (%)
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of total required runways from 2000 to 2030
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Through the use of a Systems Dynamics model it has
pbeen possible fo analyze the behavior of the demand for
runway operations (flights), associated with air transport
INn a high growth liberalized market.

The simulation gives evidence of a need to expand the
airport case study after mid-2019, where the current
capacity utilization factor is around 100% and two to
~three runways will be required for the normal operation;
after October 2022, the number runways required is set
fo three until the last period simulated, which
%4% Q,,L’__ands ’ro December 2023
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