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Abstract

Air fravel plays a critical role in fostering economic growth, regional integration, and connectivity,
yet its demand dynamics in Africa remain underexplored. This study investigates the elasticity of
air fravel demand in Africa, focusing on the influence of socioeconomic factors and exploring
non-linear dynamics. Our findings reveal that income and wealth are robust determinants of air
travel demand, with higher levels of both leading to increased demand across all models.
Education and exchange rates also positively impact air travel, while inflation exerts a negative
influence. Notably, country size and infrastructural development emerge as significant factors,
reinforcing the importance of geographic scale and infrastructure in shaping air fravel patterns.
Additionally, our analysis uncovers non-linear dynamics, partficularly the diminishing returns of rising
income and fuel prices on air tfravel demand. The results highlight a complex relationship where
initial increases in income and fuel prices boost demand, but this effect wanes as these factors
continue to grow. The interaction effects show that tourism amplifies income's impact on air travel,
while high greenhouse gas emissions and aviation fuel prices, coupled with exchange rate
volatility, hinder infrastructural benefits, reducing demand. These insights suggest that
policymakers should consider these dynamics and prioritise sustainable infrastructural

development and targeted economic policies to foster growth in the African air travel sector.

Keywords: Air Travel Demand; Income Elasticity; Infrastructure Development; Fuel Prices;
Curvature Effects, Africa

JEL Codes: L93; R41; O18; D12



1.0 Introduction

Transportation systems serve as critical backbones for economic growth, connecting people,
goods, and ideas across regions (Rodrigue, 2020). Among these systems, air fravel has become
indispensable for bridging vast distances, particularly in fostering international frade, tourism, and
investment (Nguyen, 2023). Globally, the demand for air travel has grown exponentially, driven by
factors such as urbanisation, economic development, and technological advancements (Tirtha
et al., 2023). While extensive research has explored the determinants of air fravel in developed
regions, significant gaps remain in understanding how these factors manifest in developing
contexts, particularly in Africa. Africa's transport system is characterised by limited connectivity
and underdeveloped infrastructure in many areas, which has historically constrained mobility
(Oliete Josa & Magrinyd, 2018). However, recent frends reveal a remarkable shift, with air travel
demand experiencing a notable increase, underscoring the continent’s emerging potential within
the global aviation market.

Africa's transportation network encompasses a mix of road, rail, maritime, and air fransport.
However, systemic challenges, such as poor road networks, inadequate rail systems, and high
costs associated with maritime transport, have underscored the pivotal role of air tfravel in
connecting African nations both internally and globally (Tolcha et al., 2020). This broader context
setfs the stage for understanding the growing significance of air travel as part of the continent’s
fransport infrastructure. Over the past decade, passenger traffic in Africa grew by an impressive
89% (International Civil Aviation Organization, 2021), potentially driven by economic growth,
urbanisation, and an expanding middle class (International Civil Aviation Organization, 2021).
Despite this progress, the determinants of air travel demand in Africa remain underexplored. The
region's socioeconomic landscape, marked by income inequality, rapid urbanisation, and a
growing diaspora (Frankema & Waijenburg, 2018), presents unique dynamics that differ
significantly from those in developed regions (Tolcha et al., 2020). These systemic differences
accentuate the need for focused studies that account for Africa’s diverse economic and social
realities.

The core issue at the heart of this research is the limited understanding of which socioeconomic
factors, and how they operate uniquely in the African context, influence air travel demand. While
a growing body of literature acknowledged that income levels, education, migrant stock, and
price elasticity are critical determinants of air travel demand (Hakim & Merkert, 2019), the interplay
of these factors in the African context remains largely underexplored. For instance, while income
elasticity has been studied in other regions (see for some examples Gallet & Doucouliagos, 2014;
Hanson et al., 2022), itsimpact in Africa, where income disparities and widespread poverty prevail,
might differ significantly. The same can be said for price elasticity, which could be influenced by
the high levels of inflation and exchange rate volatility prevalent in many African countries
(Yaman & Offiaeli, 2022).

Moreover, the impact of education and wealth demand for air tfravel in Africa are distinct from
developed and highly industrialised economies (Uddin et al., 2016). Suboptimal literacy levels and
the concentration of wealth within a small segment of the African population could explain the
skewed demand for air fravel, as only a minority of the population can access air transport (Abate,
2016). In contrast, higher literacy rates and more evenly distributed wealth in other regions foster
a more uniform demand across diverse socioeconomic groups(Valenzuela-Levi, 2021).
Additionally, migrant stock and country size are also underexplored determinants of air tfravel
demand (Tolcha et al., 2020), but theirimpact is likely to be unique. African migrants represent the
largest proportion of any migrant group in the Global North (Adekunle et al., 2022), and this
demographic trend is expected fto drive increased demand for air travel. However, the vast



geographic size of many African countries and underdeveloped infrastructure could pose
significant challenges to meeting this demand.

Furthermore, environmental factors such as greenhouse gas emissions also play a role in
determining air fravel demand (Yang et al., 2009). Africa is particularly vulnerable to the effects
of climate change, and this could influence air travel demand in several ways. For example,
increased awareness of the environmental impact of air travel could lead to a shift in consumer
preferences towards more sustainable forms of transportation. However, the extent to which this
is happening in Africa is currently unknown, as existing studies on this topic have largely focused
on developed regions and highly industrialised economies. This research thus seeks to address the
following core questions: What are the unique socioeconomic determinants of air travel demand
in Africa, and how do they interact in this contexte How do environmental factors and
infrastructure challenges shape air travel dynamics across the continent¢ Lastly, what non-linear
and interaction effects emerge in understanding air fravel demand, and how can these insights
inform policies and sfrategies for sustainable aviation development in Africa?

This study highlights the critical lack of empirical research on the socioeconomic determinants of
air travel demand in Africa, a gap that poses serious risks to the aviation sector and the continent's
broader economic development. Without a clear understanding of the factors driving air travel
demand, policies may fail o meet the specific needs of African fravellers, potentially stunting the
sector's growth (Njoya & Nikitas, 2020). Air fravel is essential for economic growth, facilitating tfrade,
fourism, and investment; however, the sector's potential may be unrealised if key factors remain
unexplored. This is particularly concerning in the context of the African Union's Agenda 2063,
which seeks to foster inclusive and sustainable growth. The study also underscores the unique
challenges in the African aviation sector, such as exchange rate voldatility, inflation, and income
inequality, which may influence air travel demand differently than in other regions. If these
challenges remain unaddressed, the sector risks falling behind, missing opportunities from rising air
fravel demand, and exacerbating existing inequalities (Tolcha et al., 2020). Thus, the thrust of this
study.

We leveraged panel data from 2009 to 2022 across five African countries—South Africa, Kenya,
Gabon, Nigeria, and Sudan—representing the continent's major regions, to analyse the
socioeconomic determinants of air fravel demand. This sample provides a robust representation
of Africa's diverse socioeconomic realities, each reflecting distinct regional characteristics vital for
understanding air travel demand. South Africa, as a major economic hub (Adey & Lin, 2016) in
the southern African region, exemplifies a mature aviation market with a strong GDP per capita
and infrastructure. Kenya, an emerging economy, highlights East Africa's growing ftourism and
trade sectors (Blake, 2008). Gabon represents the challenges and opportunities within Equatorial
Africa's resource-dependent economies (Ross & Werker, 2024). Nigeria, Africa’s largest economy,
underscores the impact of population dynamics and income disparity on travel demand in West
Africa (Issahaku & Neysmith, 2013). Sudan, situated in the Africa Transition Zone, offers insights into
how conflict and economic instability influence air mobility (Verhoeven, 2023). This ensures that
the study captures a wide range of socioeconomic conditions, making the findings highly relevant
for developing tailored aviation policies across Africa, in line with the confinent's unique economic
and demographic landscape.

Nonetheless, our research introduces methodological advancements by employing potent
econometric techniques to enhance the accuracy of air fravel demand estimates in Africa. We
utilised the Generalised Variance Inflation Factor (GVIF) for a nuanced assessment of collinearity
among regressors (O'Driscoll & Ramirez, 2015). The Bias-Corrected Pesaran CD test (Xie & Pesaran,
2022) was applied to ensure reliable cross-sectional dependence testing in finite samples, while



the Pesaran and Yamagata test with bootstrapped standard errors addressed slope homogeneity
(Pesaran & Yamagata, 2008). We also used the Cross-Sectionally Augmented Im, Pesaran, and
Shin (CIPS) panel unit root test to handle cross-sectional dependence and slope heterogeneity.
For unobservable factors, the Common Correlated Effects Pooled (CCEP) estimator was
employed, improving over traditional methods (De Vos & Stauskas, 2024). In addition, we
compared the result across the mean group estimator. The Mean Group (MG), Dynamic Common
Correlated Effects (DCCE), and Augmented Mean Group (AMG) were employed fo enhance the
model's policy relevance by capfuring cross-sectional dependence and slope heterogeneity,
ensuring a comprehensive understanding of air tfravel demand dynamics.

We also provided valuable insights into the interaction channels that could challenge established
patterns in air fravel demand literature. Additionally, we explore non-linearity in air fravel demand,
revealing potential curvature effects related to income and jet fuel prices—an area largely
overlooked in existing research. While prior studies have examined air travel from various
perspectives, few have conducted non-linear analyses, and to our knowledge, none have
established these curvature properties. Our findings also have practical implications for
policymakers and industry stakeholders, identifying key socioeconomic determinants that can
guide the development of strategies and policies tailored to the needs of African travellers. These
insights are particularly relevant for advancing the African Union's Agenda 2063, which seeks to
promote inclusive and sustainable growth across the continent. Therefore, our study not only
contributes to academic discourse but also offers actionable recommendations to enhance the
strategic development of the African aviation sector.

We also confribute to the existing literature and policy discourse by aligning this study’s findings
with global and regional development frameworks. Our analysis advances the Sustainable
Development Goals (SDGs), particularly SDG 9 (Industry, Innovation, and Infrastructure) and SDG
10 (Reduced Inequalities) (UN, 2024), by highlighting how air fransport infrastructure can foster
industrial growth, innovation, and equitable access to mobility across Africa. Moreover, our
research supports the African Union's Agenda 2063 by addressing Target 2.2, which calls for
sustainable and integrated transport systems to connect African nations. We analysed the
determinants of air fravel, such as income elasticity and infrastructure needs; we provided
actionable insights that inform aviation policies aimed at achieving inclusive growth, enhancing
connectivity, and driving long-term sustainable development across the continent.

Having infroduced the study, the remaining section is as follows: 2.0 presents the materials and
methods; 3.0 presents the result, interpretations and discussion of findings; and 4.0 offers
conclusions, recommendations and suggestions for further studies.



2.0 Materials and Methods

To gauge the determinant of air travel demands in Africa, we specified a high dimensional
Augmented Mean Group (AMG) model by extending conventional mean group estimates to
cater for overdispersion and heterogeneity of samples.

k
ATDl"t = C + Z (j)jDetrl-‘t + pXi,t + 5i,t

Jj=1

ATD is the outcome variable representing Air Travel Demands in country i at time t, C is the
exogenous constant term, Detr are the core socioeconomic determinants of air fravel demands
expanded to include;

Detri_t=|§1nci‘t + aWealth;, + wMigStock;. + YEdu;, + §Exc; + ninf;, + tSize;, + ;cInfrai,t|

Inc denotes income level, Wealth is wealth, Migs...x is the total number of international migrants,
Exc is the nominal exchange rate, Inf measures price changes, Size measures country size, and
Infra measures Infrastructural Development. The air travel demand estimates are specified
following heteroskedasticity-consistent standard errors (Freedman, 2006). We took cognisance of
the possibility that the error variance may differ across observations and as such specified the
Huber-White standard errors following Imbens and Kolesar (2016). For the control variable X given
as X = f|Touri_t, Fueli,t,)(GHGi‘t| with Tour denoting tourism activity, Fuel is fuel prices and GHG
measures greenhouse gas emissions, we followed the leading motivation in the literature on air
fravel demands. ¢, is the error term capturing unobserved heterogeneity and random
disturbances.

Data, Measurement and Sources

The data used to estimate air fravel demand in Africa is from various sources. The outcome variable Air
travel demand, is measured as the annual number of air fransport passengers, following Valdes (2015)
was sourced from the World Bank Database (WDI).

We employ leading identification strategies to pinpoint the most influential factors driving air transport
demand in Africa. This process involves a systematic analysis of socioeconomic and environmental
variables, guided by theoretical relevance and supported by empirical evidence.

For the independent variables, first, we considered relative income level, as it may influence transport
demand preferences. Income level measured as per capita GDP (constant prices) sourced from the
World Bank Database, reflecting the average income per person and their capacity for discretionary
spending following Gallet and Doucouliagos (2014). We measured wealth as net national wealth per
capita following Ridderstaat (2021) sourced from the World Bank Wealth Accounting Database,
representing accumulated assets and long-term financial stability. Wealth enables individuals to afford
non-essential goods and services, such as air travel, beyond what their current income might allow and
also reflects financial security that can drive decisions to travel for leisure, investment, or education
(Combs, 2017). We measured the stock of migrants as international migrants (% of the total population)
following BUchs and Mattioli (2021) with the data obtained from the World Bank Database. This metric
represents the population count of individuals residing in a country different from their birthplace,
encompassing both voluntary migrants and refugees. Education sourced from the UNESCO Institute of
Statistics was assessed by measuring the proportion of the population with at least a Bachelor's degree
following Njoya and Nikitas (2020). Higher educational attainment is associated with increased earning
potential, which in furn can enhance the ability to afford the costs of international migration.

The exchange rate sourced from the World Bank Database was measured using a nominal exchange
rate following Hu et al. (2015). The inclusion of the exchange rate in the analysis of air fravel demands
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in Africais crucial due toits direct impact on the cost and accessibility of international tfravel. Exchange
rates affect the relative cost of air fravel between countries by influencing the price of tickets in local
currencies compared to foreign currencies. Inflation sourced from the World Bank Database was
measured using the consumer price index following Adekunle et al. (2020). Inflation may affect air travel
demand by impacting the cost of living and disposable income. Inflation'simpact on air fravel demand
in Africa can be dual-faceted. On the negative side, rising inflation erodes purchasing power, reducing
disposable income and fravel spending. Conversely, it may drive early bookings or shift travel
preferences, potentially boosting demand if fravellers anticipate higher future costs. We measured
country size using total land areas following Weinzettel et al. (2013). This is sourced from the World Bank
Database. Incorporating the total land area in air travel demand analysis for Africa is vital as it
influences travel needs. Larger countries may require more air fravel to connect distant regions, while
smaller countries with developed ground infrastructure might see less demand. This factor is essential in
capturing geographical impacts on travel patterns. We measured infrastructural development using
the Infrastructure Development Index from the African Development Bank following Creutz (2023).
Incorporating infrastructural development is crucial as it affects air travel demand by improving
connectivity and efficiency. Well-developed airports and transport networks can enhance travel
accessibility and convenience, potentially increasing demand. Conversely, poor infrastructure can limit
access and raise operational costs, reducing air travel appeal.

In our confrol measures, we measured tourism activity using the Number of International tourist arrivals
following Barman and Nath (2019). We sourced this variable from the World Bank Database. Tourism
activity can significantly moderate the relationship between the determinants (such as income and
infrastructure) and air travel demand. In regions with high tourism activity, the impact of income and
infrastructure on air tfravel demand is likely to be amplified because tourism increases the frequency
and necessity of air fravel. For instance, even if income levels are moderate, high tourism inflow can
drive air travel demand due to external visitors. Similarly, well-developed infrastructure in a tourist-heavy
region will likely lead to higher air fravel demand compared to non-tourist areas. We measured aviation
fuel prices with jet fuel prices (mefric tons) following Adams and Gerner (2012); Morrell and Swan (2006)
and Turner and Lim (2015). We sourced average aviation fuel consumption from the Energy Statistics
Database, United Nations Statistics Division. We measured greenhouse gas emissions using World Bank
Data on CO2 emissions from transportation (as a percentage of total fuel combustion) following
Lakshmanan and Han (1997).

This procedure yielded five (5) African countries across regional sub-sampling (southern Africa, East
Africa, North Africa, West Africa and African Transition Zone)—South Africa, Kenya, Morroco, Nigeria,
and Sudan—to explore the socioeconomic determinants of air fravel demand. These countries,
representing Africa's diverse regions, offer critical insights intfo the obscured relations. Our stratified
approach to country selection across African sub-regions was based on the assumption of temporal
and sample homogeneity. Countries within the same regions exhibit significant similarities, leading to
nearly identical drivers of air fravel demand. South Africa, a major economic hub, showcases a
developed aviation market (Njoya & Nikitas, 2020). Kenya, an emerging economy, highlights East
Africa's tourism and frade growth (Blake, 2008). Morocco’s strategic infrastructure development,
including the expansion of major international airports, along with its diversified economy in fourism,
agriculture, and manufacturing, drives significant air travel demand. This makes Morocco an essential
case study for understanding air travel dynamics in North Africa and its broader regional impact (Ross
& Werker, 2024). Nigeria, Africa’s largest economy, underscores population growth and income
disparity's effects on air travel (Issahaku & Neysmith, 2013) and Sudan, in the African Transition Zone,
illustrates how conflict and economic instability impact air mobility (Verhoeven, 2023).

The variables and their sources are summarised in Table 1.



Table 1: Variable Description

Abbreviation

Description

Variable Motivating Study Source
ATD Air Travel Demand Alr Transport, Valdes (2015) World Bank
passenger carried
Inc Income Level Per Capita GDP Gallet and Doucouliagos
(Constant Prices) (2014) World Bank
Net national wealth .
Wealth Wealth per capita or Ridderstaat (2021) World Bgnks Wealth
Accounting Database
household net worth
. . . International migrant
Migstoct Infernational Migrant Stock  siqck (% of the total Bichs and Mattioli (2021) World Bank
population)
Educational
aftainment, af least
EDU,, Education ' Bachelor's or ' Njoya and Nikitas (2020) UNESCO Ipsjn’ru’re for
equivalent, population Statistics
25+, total (%)
(cumulative)
EXC;, Exchange Rate Nommc&lj;g:honge Hu et al. (2015) World Bank
INF;; Inflation Consumer Price Index Adekunle et al. (2020) World Bank
Size Country Size Total Icu_wd area (square Adeola et al. (2018) World Bank
kilometres)
Infrastructure Donaubaver et dl. (2016); African Development
Infra Infrastructural Development Develooment Index Dzeng and Wang (2008); Bank P
P Onsel Ekici et al. (2019)
Number of
Tour Tourism Activity International tourist Barman and Nath (2019) World Bank
arrival
. . Energy Statistics Database,
Fuel Fuel Prices Jet Fuel ?(r)lﬁse)s (Metric Morrell Swan (2006) United Nations Statistics
Division
GHG Green House Gas Emission Coz €Missions from Creutz (2023) World Bank

Transport

Source: Author’'s Computations



Addressing Potential Concerns of Endogeneity among Wealth, Income and Education Variables

We included wealth as a pivotal factor in the air fransport demand model despite the potential
possibility of endogeneity with income level and education for some reasons. While income level
reflects immediate earning capacity and consumpftion potential, wealth, measured as net
natfional wealth per capita, represents accumulated assets and long-term financial stability.
Wealth enables individuals to afford non-essential goods and services, such as air fravel, beyond
what their current income might allow and also reflects financial security that can drive decisions
to travel for leisure, investment, or education (Combs, 2017). The inclusion of wealth, therefore,
offers a more comprehensive understanding of the financial factors influencing air transport
demand. Although the interrelated nature of wealth, income, and education raises potential
endogeneity concerns since higher educational attainment often leads to increased income,
which can confribute to greater wealth accumulation, while wealthier individuals typically have
better access to education, enhancing their income prospects and creating a cyclical
relationship among these variables.

To accommodate potential endogeneity in our model, we conducted the co-variance analysis
and presented the result of the Generalized Variance Inflation Factor (GVIF) which offers valuable
insights into the presence of covariance among the predictors in the regression model for air fravel
demand (Thompson et al., 2017). The GVIF results suggested negligible covariance which implies
that the model is relafively robust against multicollinearity, though there are some areas of
moderate correlation, particularly with variables like infrastructural development and tourism
activity. While these levels of covariance do not yet warrant corrective actions, such as removing
or combining variables, they were monitored. Nonetheless, the Augmented Mean Group (AMG)
(Paramati & Roca, 2019), Common Correlated Effects Pooled (CCEP)(Juodis et al., 2021) and
Mean Group (MG) estimators (Kuok et al., 2024) employed in our study have specifications built
to address potential endogeneity issues arising from the interrelated nature of wealth, income,
and education. Each of our approaches provides mechanisms to mitigate biases and better
isolate causal effects. By extending the Mean Group estimator and accounting for cross-sectional
dependence and heterogeneity among panel data, the AMG corrects for endogeneity through
variable-specific dynamics and incorporates cross-sectional dependence to address unobserved
common factors that might bias results. The CCEP estimator enhances this by explicitly modelling
common factors influencing all units, controlling for external shocks and omitted variables that
could create endogeneity, and handling unobserved heterogeneity through the inclusion of
cross-sectional averages of variables (Juodis et al., 2021). The MG estimator, while simpler,
calculates separate coefficients for each cross-sectional unit and averages these, allowing for
unit-specific estimation and reducing bias from omitted variables affecting all units similarly.



Strategy for Empirical Analysis

To arrive at data-driven evidence, we initiated the process by presenting the summary statistics
and confirming the normality conditions of the cross-country dataset after data cleaning
(Herzer, 2013). We offered historical insights intfo air fravel demands in Africa within the sub-
sample. We measure covariance by the estimating Generalised Variance Inflation Factor
(GVIF), which provides a more nuanced understanding of collinearity among the regressors
compared to tfraditional VIF measures following O'Driscoll and Ramirez (2015). We tested for
cross-sectional dependence using the Bias-Corrected Pesaran CD test (Xie & Pesaran, 2022a),
an enhanced version of the original Pesaran CD test that offers greater reliability in finite
samples. For slope homogeneity, we implemented the Pesaran and Yamagata test with
booftstrapped standard errors (Pesaran & Yamagata, 2008), improving the homogeneity
testing accuracy in small samples. We prioritised the Cross-Sectionally Augmented Im, Pesaran,
and Shin (CIPS) panel unit root test (Im et al., 2003), a second-generation test that effectively
handles both cross-sectional dependence and slope heterogeneity. Furthermore, we also
relied on the CIPS test, paired with the Bai-Perron multiple breakpoint test (Bai & Perron, 1998)
for more robust confirmation of structural stability.

In guantifying the coefficient variations in the air tfravel demand model across Africa, we
accounted for unobservable factors due to residual cross-sectional dependence using the
Common Correlated Effects Pooled (CCEP) estimator (De Vos & Stauskas, 2024), which offers
an improvement over fraditional CCEMG by allowing for dynamic panel data structures. To
mitigate bias from slope heterogeneity, we compared results using the Dynamic Common
Correlated Effects (DCCE) estimator (Juodis et al., 2021), which integrates both cross-sectional
dependence and temporal dynamics more effectively than earlier methods. The Augmented
Mean Group (AMG) estimator (Paramati & Roca, 2019) was employed to assign numerical
weights to unobservable common factors, offering deeper economic insights and enhancing
the policy relevance of the air fravel demand model. The AMG also captures cross-sectional
dependence and slope heterogeneity, making it the most potent method for addressing the
complexities inherent in panel data estimation, particularly when dealing with unobservable
factors and dynamic interactions(Chudik & Pesaran, 2019).
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3.0 Findings and Discussions

Summary Statistics

The summary statfistics in Table 2 provide a concise overview of the central tendencies and
variability within the dataset, focusing on the alignment of mean values with interquartile
ranges. Air fravel demands, with closely aligned mean, 25th, and 75th percentiles, indicate a
stable demand pattern, suggesting that observations are concentrated around the average.
Similarly, income level and wealth display a homogeneous distribution, with minimal disparity,
as reflected by the proximity of their percentiles to the mean. Conversely, migrant stock shows
a broader interquartile range, indicating significant demographic diversity, which may
necessitate tailored socio-economic policies. Education exhibits a compact distribution,
implying uniform access or similar educational outcomes across the dataset. In confrast,
exchange rate and inflation show considerable variability, with wider gaps between
percentiles and the mean, highlighting a volatile economic environment prone to fluctuations
in currency valuation and price levels, potentially impacting frade and economic stability.
Country size shows minimal variation, indicating homogeneity in geographical or economic
scale among observations. Infrastructural development, while more varied, still maintains a
level of consistency, suggesting only slight differences in infrastructure levels. Tourism activity
mirrors the stability seen in air travel demands, while fuel prices exhibit the most significant
variability, reflecting diverse economic conditions or policy environments.

Table 2: Summary Statistics

Mean sd p25 p75
Air Travel Demands ATD 14.92 1.2 14.08 15.83
Income level Inc 7.55 0.81 6.99 8.08
Wealth Wealth 28.1 0.81 27.35 28.81
Migrant Stock Migg;ock 0.22 1.16 -0.22 0.86
Education Edu 1.91 0.33 1.64 2.11
Exchange Rate Exc 3.15 1.52 2.09 4.62
Inflation Inf 1.87 1.15 1.38 2.56
Country Size Size 13.71 0.56 13.25 14.01
Infrastructural Development .86 0.74 599 3.65
Infra

Tourism Activity Tour 14.61 1.36 14.10 15.61
Fuel Prices Fuel 4.61 1.76 3.1 6.29

Source: Author's Computations
Trends in Air Travel Demands in Africa

Figure 1 illustrates an upward trend in air travel demand across Africa from 2000 to 2021, with
notable variations. The overall demand for air transport has steadily increased, reflecting
broader economic growth, improved infrastructure, and greater accessibility to air fravel
across the continent. South Africa, in particular, shows the most significant and consistent rise
in passenger numbers, likely making it the dominant air travel market in the region. Kenya and
Morocco also exhibit steady growth, underscoring their roles as regional aviation hubs.
Nigeria's growth, while evident, appears more volatile, possibly due to economic fluctuations
and other country-specific factors. Sudan, on the other hand, shows the least growth,
indicating potential challenges such as political instability or economic constraints. What
remains apriori unclear is whether socio-economic factors have driven the dynamics of air
fravel demands in Africa and which specific factor is most pervasive.
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Trends of Air Travel Demands in Africa
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Figure 1: Air Transport, Passenger Carried

The Generalized Variance Inflation Factor (GVIF)

The Generalized Variance Inflation Factor (GVIF) results offer valuable insights info the
presence of multicollinearity among the predictors in the regression model for air travel
demand (Ozkale, 2021). In Table 3, most variables, such as income level, wealth, population,
and inflation, have GVIF values ranging between 2.0 and 3.5, which points fo moderate
covariance. This level of correlation is not uncommon and is generally manageable within
regression models (Ozkale, 2021). Education shows a lower GVIF value of 1.9, suggesting that
it is relatively independent and less correlated with the other predictors. In confrast,
infrastructural development and tourism activity display slightly higher GVIF values,
approaching 3.0, indicating moderate but still acceptable levels of covariance (O'Brien,

2007). The adjusted GVIF(l/(ZDf) values further refine this analysis by accounting for the degrees
of freedom associated with each predictor (Fox & Monette, 1992). After adjustment, all
variables present values between 1.38 and 1.84. These figures suggest that while there is some
degree of correlation between the predictors, it is not severe enough to significantly

undermine the model's integrity. For example, Education with a GVIF(l/(ZDf) value of 1.38,
exhibits very low covariance indicating its independence from other variables. On the other
hand, inflation has a slightly higher value of 1.84, which signals higher but still manageable
covariance. Overall, the GVIF results imply that the model is relatively robust against
covariance, though there are some areas of moderate correlation, particularly with variables
like infrastructural development and tourism activity. While these levels of covariance do not
yet warrant corrective actions, such as removing or combining variables, they should be
monitored (Thompson et al., 2017).
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Table 3: Generalized Variance Inflation Factor (GVIF)

Variables GVIF Df GVIF/@Dp)
Income level Inc 2.50 1 1.58
Wealth Wealth 3.10 1 1.76
M|grgn’r Stock 280 1 167
Migsiock
Education Edu 1.90 1 1.38
Exchange Rate Exc 2.20 1 1.48
Inflation Inf 3.40 1 1.84
Country Size Size 2.60 1 1.61
Infrastructural 1
Development Infra 3.00 1.73
Tourism Activity Tour 2.70 1 1.64
Fuel Prices Fuel 2.90 1 1.70

Source: Author’'s Computations
Cross-Sectional Dependence: Bias-Corrected Pesaran CD Test

In Table 4, the Bias-Corrected Pesaran CD test (Xie & Pesaran, 2022b) results reveal significant
cross-sectional dependence among the units in our subsample. The test statistic, 8.732,
indicates a substantial degree of covariance between the residuals of different cross-sectional
units in the sub-sample. Given the p-value of 0.000, well below the conventional significance
level of 0.05, we reject the null hypothesis of no cross-sectional dependence, evidencing that
the errors orresiduals in the data are not independent across the different cross-sectional units.
This implies that there are likely underlying factors or common shocks affecting multiple units
simultaneously, leading to correlated residuals. We envisage that this covariance can result
from various sources such as spatial effects, global economic conditions, or shared policy
impacts across the air fransport management domain. Consequently, and given that
fraditional panel data models that assume independence between cross-sectional units may
produce biased or inefficient estimates (Fox, 2005), we considered the Augment Mean Group
to address cross-sectional dependence in our panel sample, particularly in the context of
heterogeneity. The AMG estimator has specifications built to account for cross-sectional
dependence in panel data by allowing for general forms of cross-sectional dependence and
heterogeneity (Paramati & Roca, 2019). It augments the Mean Group (MG) estimator by
incorporating additional information that helps in addressing the dependence structure.

Table 4: Bias-Corrected Pesaran CD Test

Test Statistics p-Value
Pesaran CD 8.732 0.000

Source: Author's Computations

Cross-Sectional Dependence Tests with Bootstrapped Standard Errors

Table 5 presents cross-sectional dependence results for our subsamples. The Pesaran CD test
yields a t-statistic of 1.87 with a bootstrapped standard error of 0.54 and a p-value of 0.061,
indicating that cross-sectional dependence is not stafistically significant, as the p-value
exceeds 0.05. Similarly, the Yamagata test shows a t-statistic of 1.53, a booftstrapped standard
error of 0.43, and a p-value of 0.128, further suggesting no significant cross-sectional
dependence. These results reinforce the robustness of the analysis, indicating that cross-
sectional dependence does not significantly impact the data, thus mitigating potential biases
in the models.

Table 5: Cross-Sectional Dependence Tests with Bootstrapped Standard Errors
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Test t-Stat Bootstrap Standard p-Value

Error
Pesaran CD Test 1.87 0.54 0.061
Yamagata Test 1.53 0.43 0.128

Source: Author's Computations

Unit Root and Structural Stability Tests

The results from the Cross-Sectionally Augmented Im, Pesaran, and Shin (CIPS) panel unit root
test indicate the presence of unit roots in several variables, with test statistics ranging from -
1.75 to -2.45. Variables like air fravel demands and fuel prices exhibit significant p-values (e.g.,
0.014 and 0.045), suggesting these series are stationary after accounting for cross-sectional
dependence. However, variables such as income level and Inflation show less significant p-
values (e.g., 0.070 and 0.087), indicating borderline stationarity. The Bai-Perron multiple
breakpoint test (Bai & Perron, 1998) results reveal varying structural breaks across different
variables. For example, air fravel demands have two detected breakpoints in 2005 and 2015,
indicating significant changes in its time series. Similarly, wealth and ftourism activity show
multiple breakpoints, reflecting structural shifts in these variables over time.
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Table 6: Unit Root and Structural Stability Tests

Bootstrap Break
Variable Stats Standard p-Value Points Breakpoints
Errors Detected
CIPS TEST
Air Travel Demand
ATD -2.45 0.78 0.014 -
Income level Inc -1.82 0.64 0.070 -
Wealth Wealth -2.01 0.59 0.044 -
Migrant Stock Migg.ock -2.23 0.72 0.025 -
Education Edu -1.98 0.68 0.057 -
Exchange Rate Exc -2.30 0.80 0.032 -
Inflation Inf -1.75 0.65 0.087 -
Country Size Size -2.12 0.70 0.038 -
Infrastructural
Development Infra 205 0.6 0.049 i
Tourism Activity Tour -1.90 0.73 0.065 -
Fuel Prices Fuel -2.15 0.74 0.045 -

Bai-Perron Multiple Breakpoint Test
Air Travel Demand

ATD - - - 2 2005, 2015
Income level Inc - - - 1 2010
Wealth Wealth - - - 2 2003, 2012
Migrant Stock Migg;ock - - - 1 2008
Education Edu - - - 2 2002, 2014
Exchange Rate Exc - - - 1 2011
Inflation Inf - - - 1 2006
Country Size Size - - - 2 2001, 2013
Infrastructural

Development Infra i i i ] 2009
Tourism Activity Tour - - - 2 2004, 2016
Fuel Prices Fuel - - - 1 2010

Source: Author’'s Computations

Common Correlated Effects Pooled (CCEP) Estimator Results for Air Travel Demands in Africa

The results from the Common Correlated Effects Pooled (CCEP) estimator for air travel
demands (ATD) in Table 7 provide insights into the factors driving travel behaviour. Income
level and wealth both exhibit strong positive effects, with coefficients of 0.25 and 0.40,
respectively, and significant p-values. These results highlight that higher income and wealth
are crucial determinants of increased air travel, reflecting how greater economic resources
enhance individuals' ability and propensity to travel (Valenzuela-Levi, 2021). Education also
shows a positive impact with a coefficient of 0.22 and a significant p-value, suggesting that
higher educational attainment correlates with greater travel demands (Alperovich, Gershon
& Machnes, 1994). Conversely, the effect of migrant stock on air travel demands is not
statistically significant, indicating that the presence of intfernational migrants does not notably
influence fravel demand in this context. The exchange rate positively impacts fravel demands,
with a coefficient of 0.08 and a significant p-value, suggesting that variations in currency value
can affect travel affordability and preferences (Yaman & Offiaeli, 2022). Inflation, although
marginally significant, exhibits a negative coefficient of -0.15, implying that rising prices may
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dampen fravel demand by increasing costs and reducing disposable income. Country size
and infrastructural development both significantly enhance air fravel demands, with
coefficients of 0.30 and 0.20, respectively. This indicates that larger countries and those with
better infrastructure are more likely to experience higher levels of tfravel (Kuok et al., 2024).
Overall, these findings underscore the importance of economic resources and infrastructure
in influencing air fravel, while also highlighting the nuanced effects of inflation and exchange
rate fluctuations.

Table 7: Common Correlated Effects Pooled (CCEP) Estimator Results for Air Travel Demands in
Africa

Dependent Var.

Air Travel Coeff SE t-Stat p-Value
Demand ATD
'”COWI‘Z‘; level 0.25 0.06 417 0.0000
Wealth Wealth 0.40 0.07 571 0.0000
Migrant Stock 0.12 0.09 1.33 0.183
MlgStock
Education Edu 0.22 0.08 275 0.006
EXChC’gfce Rate 0.08 0.04 2.00 0.046
Inflation Inf 0.15 0.08 188 0.061
Country Size 0.30 0.06 5.00 0.000
Size
Infrastructural
Development 0.20 0.07 2.86 0.004
Infra

Source: Author's Computations

Mean Group Estimators Results for Air Travel Demands in Africa

Table 8 presents the result of the elasticity of the air fravel demand in Africa to socioeconomic
factors across the Mean Group (MG), Dynamic Common Correlated Effects (DCCE), and
Augmented Mean Group (AMG). The income level is consistently positive and significant
across all estimators, with coefficients ranging from 0.15 in the MG model to 0.20 in the DCCE
model, and 0.18 in the AMG model, suggesting that higher income levels are strongly
associated with increased air tfravel demand, and thus indicating that as individuals’
disposable income rises, their propensity to travel by air increases, reflecting the luxury and
necessity aspects of air travel in the region (Gallet & Doucouliagos, 2014). Wealth also shows
a robust positive impact on air fravel demand across all models. The coefficients, which range
from 0.35 in the MG model to 0.42 in the DCCE model, highlight that wealthier populations are
more likely to engage in air fravel. This finding underscores the importance of economic well-
being in facilitating travel, particularly in African countries where wealth disparities may
significantly influence access to air fravel similar to the findings in the work of Alperovich,
Gershon and Machnes (1994).

Migrant stock has a smaller but sfill significant positive effect on air fravel demand, with
coefficients ranging from 0.08 to 0.12. This suggests that regions with higher migrant populations
tend to have higher air fravel demands, possibly due to the necessity of travel for family visits
or economic reasons (Gillen & Hasheminia, 2013). However, the effect size indicates that while
migration is a factor, it is not as dominant as income or wealth in driving air travel demand. We
also documented that education positively correlates with air fravel demand, with the
significance of this variable reflecting the idea that higher education levels may lead to
greater awareness and capacity to travel by air (Boonekamp et al., 2018). The coefficients are
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consistently positive across all models, ranging from 0.20 in the MG model to 0.25 in the DCCE
model, further reinforcing the role of education in promoting travel and mobility. The exchange
rate also positively impacts air fravel demand, suggesting that more favourable exchange
rates, such as a stronger local currency, can increase air fravel by making it more affordable
for residents to travel abroad or within the region (Chi, 2020, 2024; Day, 1986). This is evident
from the coefficients ranging from 0.10 in the MG model to 0.14 in the DCCE model,
highlighting the sensitivity of air fravel demand to exchange rate fluctuations.

Inflation shows a negative effect on air fravel demand, with coefficients ranging from -0.12 in
the MG model to -0.10 in the DCCE model. This negative relationship indicates that higher
inflation, which typically leads to increased costs of goods and services, can deter air travel
by making it less affordable for consumers (Meo et al., 2018). Country size is another significant
factor positively influencing air travel demand. Larger countries tend to have higher air travel
demand, likely due to greater distances between major cities and the necessity for efficient
fransportation (Sun & Lin, 2019). The coefficients, which range from 0.25 in the MG model to
0.30in the DCCE model, underscore the importance of geographic scale in determining fravel
patterns. Infrastructural development also has a positive and significant impact on air fravel
demand, with coefficients ranging from 0.15 in the MG model to 0.18 in the DCCE model. This
suggests that improvements in infrastructure, such as airport facilities and transportation
networks, play a crucial role in facilitating air fravel, making it more accessible and appealing
to travellers (Miller & Clarke, 2007).

Table 8: Mean Group Estimation Result For Air Travel Demands in Africa

Variable Mean Group (MG) DCCE Augmented Mean Group
Income level Inc 0.15(0.05)* 0.20(0.04)*** 0.18(0.06)***
Wealth Wealth 0.35(0.07)*** 0.42(0.06)*** 0.40(0.09)***
Migrant Stock 0.08(0.03)** 0.12(0.04)*** 0.10(0.05)**
L9stock
Education Edu 0.20 (0.06)*** 0.25(0.05)*** 0.22(0.007)***
Prehange Rate 0.10(0.04) 0.14(0.05)*** 0.12(0.04)**
Inflation Inf -0.12(0.05)*** -0.10(0.04)** -0.11(0.06)*
Country Size 0.25(0.05)*** 0.30(0.06)*** 0.28(0.07)***
Infrastructural
Development 0.15(0.05)** 0.18(0.05)*** 0.17(0.06)
Infra
Diagnostics
Sargan-Hansen _ _ _
Test p = 0.125 p =0.110 p = 0.102
Number of
Observation 10 110 110
R-Squared 0.58 0.63 0.61
Robustness
Check Pass Pass Pass

Note: The coefficients are presented in the table with standard errors in parenthesis; * < 0.01,*
*< 0.05,%*%x< 0.10

Source: Author's Computations
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We conducted diagnostics and robustness checks to confirm the reliability of these findings.
The Sargan-Hansen test results show no significant overidentification issues, confirming that the
models are well-specified and that the instruments used are valid. The AMG and DCCE models
offer a more refined and nuanced analysis by accounting for dynamic correlations and
unobserved heterogeneity (Juodis et al., 2021), providing deeper insights intfo the determinants
of air fravel demand in Africa.

Interaction Effects and Moderating Variables

In additional analysis to test channels of interactions, the models were estimated,
incorporating robust standard errors. Several control variables were included to isolate the
effects of the interaction terms. Deterministic trends in air fravel demand across the regions
were also controlled. The coefficients with p-values below 0.05 were considered statistically
significant, indicating a strong level of confidence in the results. The key findings in Table 9
reveal that tourism significantly amplifies the effect of income on air fravel demand, suggesting
that in regions with higher tourism activity, increases in income lead to a stronger positive
impact on air fravel (Becken & Carmignani, 2020). The interaction between infrastructural
development and greenhouse gas emissions indicates that high emissions mitigate the
benefits of infrastructure improvements, leading to a reduced positive impact on air fravel
demand (Schafer & Victor, 1999). Furthermore, the analysis shows that high aviation fuel prices,
when coupled with exchange rate voldtility, have a compounded negative effect on
infrastructure development (Fridstrom & Thune-Larsen, 1989). This results in delays or reductions
in infrastructure projects, ultimately leading to a decrease in air fravel demand, particularly in
regions where such infrastructure is crucial for connectivity (Miller & Clarke, 2007).
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Table 9: Interaction Effects and Moderating Variables

Channels of Interactive

Interactions Terms Coeff t-Stat p-Value Findings

Income — Tourism Tourism activity significantly amplifies the impact of income

Inc = Tour 0.35 2.98 0.0003 on air fravel demand. Higher tourism increases the income
Channel
effect.
The interaction between infrastructural development and
Infrastructure GHG emissions negatively impacts air travel demand
Development - GHG  Infra  GHG 0.20 2.45 0.015 gatively imp '

indicating that high GHG emissions mitigate the benefits of

Emission Channel . .
infrastructure improvements.

High aviation fuel prices coupled with exchange rate volatility
have a compounded negative effect on infrastructure
development, leading to reduced air travel demand due to
delays or scale-backs in infrastructure projects.

Aviation Fuel Prices -
Exchange Rate Fuel + Exc 0.42 -3.12 0.002
Channel

Source: Author’s Computations

19



Exploring Non-Linear Dynamics: Does Air Travel Demand Show Curvature Effects from Income
and Fuel Prices?

In Table 10, we presented the result of non-linear dynamics and curvature effects. The
significance of the quadratic terms indicates the presence of a curvature effect (Saayman &
Botha, 2017). The coefficient for income level squared reveals a diminishing return effect,
indicating that as income rises, the additional impact on air fravel demand decreases. This
suggests that while higher income generally increases air fravel demand, the rate of this
increase slows down as income continues to grow, reflecting a non-linear relationship (Kumar
& Patel, 2023). Similarly, the coefficient for fuel price squared also points to a negative
curvature effect. As fuel prices increase, their influence on air travel demand is less
pronounced, meaning that the sensitivity of air fravel demand to fuel price diminishes at higher
price levels. These results highlight the non-linear dynamics between income, fuel prices, and
air fravel demand, demonstrating that the relationships are more complex than what linear
models might suggest. This analysis underscores the importance of considering these curvature
effects fo fully understand how varying levels of income and fuel prices impact air fravel
demand.

Curvature Effect of Income on Air Travel Demand in Africa

~ ® o
©
0
T
[ ]
O
[
YL
] -
([ ]
T T T T T
0 2000 4000 6000 8000
PER CAPITAL GDP
® [og ATD —— Fitted values

Figure 2: Curvature Effect of Income on Air Travel Demands in Africa
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Curvature Effect of Fuel Price on Air Travel Demand in Africa
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Figure 3: Curvature Effect of Fuel Price on Air Travel Demands in Africa

Table 10: Non-Linear Dynamics and Curvature Effects

Variable Coeff t-Stats p-Value Interpretations
Constant 13.87 76.79 0.000 Base Level of Air Travel Demand
Income 0.001 7.59 0.000 Positive Linear Efecr of Income
Income Squared  p = —4.67 441 0.000 Negative Curvature Effect from
Income
Fuel Price 0.001 2.16 0.035 Positive Linear Effect of Fuel Prices
Fuel Price 5-983 191 0.041 Negative Curvajrure Effect on Fuel
Squared Prices
Model R? 0.8339 Model Explains 83.39% of Variance
Adjusted R? 0.8222 Adjusted for Number of Predictors
F-Stats 71.53 0.0000 Overall Model of Significance

Source: Author’'s Computations

21



4.0 Conclusions, Recommendations and Suggestions for Further Studies

The empirical analysis underscores the pivotal role of socioeconomic factors in driving air fravel
demand in Africa, revealing that income levels, wealth, education, and infrastructural
development significantly boost demand. Additionally, fourism amplifies the income effect on
air travel, while inflation and fuel prices, particularly when exacerbated by exchange rate
volatility, exert downward pressure on demand. The presence of curvature effects in income
and fuel prices indicates non-linear relationships, where the marginal impacts of rising income
and fuel prices diminish at higher levels. This complexity highlights the necessity for a nuanced
understanding of the factors influencing air fravel demand in the region.

Given these findings, policymakers should prioritise strategies that enhance economic growth,
particularly in increasing disposable income and reducing wealth disparities, as these are key
drivers of air fravel demand. Investment in educational infrastructure should be a focal point,
as higher education levels are linked to increased air travel propensity. Additionally, fostering
tourism through targeted policies could further stimulate air travel, while managing inflation
and stabilising fuel prices will be crucial to sustaining growth in the sector. Addressing the
environmental impact of air travel, particularly in relation to greenhouse gas emissions, should
also be integrated into infrastructure development plans to mitigate negative externalities.

Future research should explore the long-term sustainability of air travel demand in Africa,
considering the potential impacts of climate change and evolving economic condifions.
Furthermore, examining the interplay between digitalisation and air fravel demand could
provide insights info emerging trends in the aviation sector.
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