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TITLE OF THE SLIDEPAPER SCOPE

• The scope of this paper is to explain the bidirectional
relationship of causality between economic development and
air transport activity
– taking into account the various geographical regions

– calibrating regression models for prediction purposes and further
analysis of this relationship
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TITLE OF THE SLIDEFACTORS INFLUENCING AIRTRANSPORT EVOLUTION

Factors
influencing
air transport

evolution

Institutional & legal framework
• Governance
• Regulation
• Liability
• Supervisory authorities
• Airport authorities
• State
• Justice

Environment
• Oil consumption
• Gaseous emission
• Noise
• Regulation
• Instruments
• Waste

Risks
• Accidents
• Terrorism
• Health and pandemics
• Perception and image
• Regulation
• Cost

Technology
• Engines
• Air frame
• Cockpit
• Airports
• Air traffic management
• Communication
• Navigation, Surveillance

Financing
• Fiscal burden
• Private-public partnership

on infrastructure
• Alliances

Economy
• Globalization
• Oil prices
• Tourism
• Demand evolution
• Market evolution

Society
• Mobility needs
• Political influences
• Infrastructure investors
• Transport & land-use planning
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TITLE OF THE SLIDEGDP-AIR TRIPS EVOLUTION

• Despite the fact that there is a variety of factors influencing air
transport evolution it is established that the passenger demand
of air transport activity worldwide, as a whole, presents a very
close relation to the evolution of the Gross Domestic Product
(GDP)
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TITLE OF THE SLIDEEMPLOYED METHODOLOGY

• The methodology employed is the analysis of time-series cross-
sectional data (panel data) because:
– suggest individual heterogeneity. Panel data method suggests that

individuals, firms, states or countries have some aspects that differ
between them. Omission of variables that describe these aspects may
lead to bias

– give more informative data, more variability, less collinearity among the
variables, more degrees of freedom and more efficiency

– are better able to study the dynamics of adjustment

– are better able to identify and measure effects that are simply not
detectable in pure cross-section or pure time-series data

– can allow to construct and test more complicated behavioral models
than purely cross-section or time-series data



7

TITLE OF THE SLIDE
THE RELATIONSHIP BETWEEN AIR PASSENGER
TRANSPORT AND ECONOMIC ACTIVITY

• Air transport demand was correlated with economic activity by
many researchers for more than four decades.

• Taneja (1971) proposed forecasting econometric models taking
into consideration economic welfare, which was expressed by
the National Domestic Product or by the personal disposable
income, either solely or among other variables

• Chin and Tay (2001) showed with the use of regression analysis
that air traffic growth rates are positively associated with GDP
growth rates
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TITLE OF THE SLIDE
THE RELATIONSHIP BETWEEN AIR PASSENGER
TRANSPORT AND ECONOMIC ACTIVITY

• Ishutkina and Hansman (2009) explored the relationship
between air transport passengers and GDP in 139 countries
worldwide (1975–2005 time period)

• Marazzo et al. (2010) concluded that PAX (air passenger-
kilometres) and GDP are co-integrated and found a strong
positive reaction of air passenger demand as a result to a
positive change in GDP

• Chi and Baek (2013) suggested that air passenger tend to
increase with economic growth.



9

TITLE OF THE SLIDE
THE RELATIONSHIP BETWEEN AIR PASSENGER
TRANSPORT AND ECONOMIC ACTIVITY

• Economic growth (GDP or per capita GDP) has been also used
as an independent variable for the modeling of air passenger
demand, and is recognized as a significant economic factor,
which influences air transport activity (Vedantham and
Oppenheimer 1988; Jorge-Calderón, 1997; Suryani et al., 2010;
Chèze et al., 2011; Chang, 2012; Profillidis and Botzoris, 2015).

• In the present analysis, what is investigated is the degree of
correlation between air passenger transport demand and GDP
at both world level and at each of the various geographical
areas of the world (according to the classification of the World
Bank)
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TITLE OF THE SLIDEGDP AND AIR PASSENGER DEMAND

• The figure  illustrates the correlation of the number of air trips
per inhabitant with GDP per capita for the year 2013.
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TITLE OF THE SLIDEGDP AND AIR PASSENGER DEMAND

• The growth in air transport could be modeled as a sigmoid
curve

• Modeled in this manner, the system of air transport has three
stages:
– The first stage is the stage of introduction and development

– second the stage of growth

– finally the stage of maturity and gradual saturation
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TITLE OF THE SLIDEAN AGGREGATE MODEL
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ln(AT) = 1.404 ln(GDP) - 7.718 , R2 = 0.951
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TITLE OF THE SLIDETHE PANEL DATA APPROACH

• The form of the panel is the first difference of a panel data
regression from a regular time series or cross section
regression because of the double subscript, both the time
and individual dimension of the variable , (Baltagi, 2005):

• The fixed effects model is an appropriate specification if we
are focusing on a specific set of N European Union countries
or N geographical regions (as in our case)

where i denotes the panel member and t the time, while  is a vector K 1 and itX  is the it-
th value on K explanatory variables

it it ity a X u
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THE DISAGGREGATE APPROACH \ THE USE OF PANEL
DATA

• The first model derived will have the intercept vary
according to geographical region of examination

where:
– c0, c1, …, c6: dummy variables which represents the geographical area under study. c0=1 for South

Asia, c1=1 for East Asia & Pacific, c2=1 for Europe & Central Asia, c3=1 for Latin America & Caribbean,
c4=1 for Middle East & North Africa, c5=1 for North America and c6=1 for Sub-Saharan Africa.

0 1 2 3

5 6

ln( ) 1.405 ln( ) 7.837 0.473 0.177 0.072 0.173 4
0.476 0.259

AT GDP c c c c c
c c

(Residual standard error: 0.179 on 230 degrees of freedom, multiple R-squared: 0.9851, adjusted R-squared: 0.9846,
F-statistic: 2171 on 7 and 230 degrees of freedom, p-value: < 2.2 10-16).
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THE DISAGGREGATE APPROACH \ THE USE OF PANEL
DATA

• The second model derived will have both the intercept and
the coefficients (the growth rate) vary for each territory

where:
– c0, c1, …, c6: dummy variables which represents the geographical area under study. c0=1 for South

Asia, c1=1 for East Asia & Pacific, c2=1 for Europe & Central Asia, c3=1 for Latin America & Caribbean,
c4=1 for Middle East & North Africa, c5=1 for North America and c6=1 for Sub-Saharan Africa.

0 1 2 3

5 6 1 2 3

4

ln( ) 1.071 ln( ) 5.243 1.817 20.170 9.481 6.093 4
1.186 2.601 10.299 ln( ) 2.083 ln( ) 1.065

ln( ) 0.685 ln( ) 0.022 c5 ln( ) 0.3

AT GDP c c c c c
c c c GDP c GDP c

GDP c GDP GDP 68 6 ln( )c GDP

(Residual standard error: 0.131 on 224 degrees of freedom, multiple R2: 0.9923, adjusted R2: 0.9918,
F-statistic: 2218 on 13 and 224 degrees of freedom, p-value: < 2.2 10-16).
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THE DISAGGREGATE APPROACH \ THE USE OF PANEL
DATA
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COMPARISON BETWEEN TIME-SERIES AND PANEL
DATA MODELS

• Table 1: Improvement of the forecasting ability by using
time-series cross-sectional data (panel data)

Statistics Pure time-
series model

Panel model
with individual

intercept

Panel model
with individual

intercept and slope
Root Mean

Square Error (RMSE) 0.319 0.176 0.127

Mean Absolute
Error (MAE) 0.275 0.124 0.094

Mean Absolute
Percentage Error (MAPE) 0.056 0.027 0.021

Coefficient of
determination, R2 0.951 0.985 0.992
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TITLE OF THE SLIDE
COMPARISON BETWEEN TIME-SERIES AND PANEL
DATA MODELS

• Table 2: Theil's U and bias, variance and covariance
proportions for the proposed pure time-series and

time-series cross-sectional (panel) data models

Model
Theil’s

Inequality
Coefficient

Theil’s Inequality Coefficient
decomposition (UM+US+UC=1)

Bias
proportion UM

Variance
proportion US

Covariance
proportion UC

Pure time-series model 0.0304 1.564 10-16 0.0125 0.9875

Panel model with individual
intercept 0.0168 7.915 10-9 0.0038 0.9962

Panel model with individual
intercept and slope 0.0120 5.382 10-10 0.0019 0.9981
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TITLE OF THE SLIDECONCLUDING REMARKS

• We can conclude that the panel model with variable
intercept and variable effect of GDP per region describes
better the phenomenon under study and permits the
forecast of its possible evolution in the future.
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