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Abstract:

This research analyses the change in the amount of air passengers travelling
in Algeria from 2000 to 2025 using advanced time-series econometrics,
including the use of Vector Autoregression (VAR), testing for stationarity, and
impulse response functions. The analysis could support the conclusion that
demand for air passengers suffered a catastrophic decline of 77.6% in 2020 with
V-shaped recovery to expected levels during recovery to 9,000,000 air
passengers in 2025. Correlation analysis indicates air passenger and air carrier
capacity have a near-perfect (r=0.95) correlation; while the correlation with real
GDP is sub-unitary (r=0.62). The VAR stability diagnostic shows the VAR
system is stationary (i.e. will not diverge in response to shocks), as indicated
by the maximum eigenvalue of 0.959. Segmented regression analysis shows
that prior to COVID-19, the annual increase of air passengers was 217,000 per
year while after COVID-19, the average increase of air passengers is 180,100
per year. Additionally, examining by segments shows substantial stricture
decoupling has occurred in air cargo service and related business activity from
the passenger activity in that the volume of air cargo remains depressed at 60%
of average levels while passenger levels have recovered. Finally, generating
out-of-sample forecast data leading to 2028 confirms this industry change from
recovery phase to stage of growth.

Keywords: Air transport demand, COVID-19 impact, Vector Autoregression
(VAR), time-series analysis, structural break, Algeria aviation, demand
forecasting.
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Résumé :

Cette recherche examine 1’évolution du trafic aérien de passagers en Algérie
sur la période 2000-2025 a travers I’utilisation de méthodes économétriques
avancées appliquées aux séries temporelles, notamment les modéles VAR
(Vector Autoregression), les tests de stationnarité ainsi que les fonctions de
réponse impulsionnelle. Les résultats montrent que la demande de transport
aérien a subi une chute particuliérement importante en 2020, avec une baisse
estimée a 77,6 % en raison de la crise sanitaire liée a la COVID-19, avant
d’enregistrer une reprise progressive en forme de V pour atteindre prés de 9
millions de passagers en 2025. L’analyse de corrélation met en évidence une
relation trés forte entre le nombre de passagers aériens et la capacité des
transporteurs aériens (r = 0,95), tandis que la corrélation avec le PIB réel
demeure plus modérée (r = 0,62). Les tests de stabilit¢ du modéle VAR
confirment également la stabilit¢é et la stationnarité du systéme, comme
I’indique une valeur propre maximale de 0,959, ce qui signifie que le modele
converge apres les chocs économiques. par ailleurs, 1’analyse de régression
segmentée révele qu’avant la pandémie de COVID-19, le trafic aérien
augmentait en moyenne de 217 000 passagers par an, contre une progression
moyenne de 180 100 passagers apres la crise sanitaire. Les résultats montrent
¢galement une dissociation structurelle entre I’activité du fret aérien et celle du
transport des passagers : alors que le trafic passagers retrouve progressivement
son niveau d’avant-crise, le volume du fret aérien demeure inférieur a environ
60 % de ses niveaux moyens habituels, et enfin, les prévisions hors échantillon
réalisées jusqu’en 2028 indiquent que le secteur aérien algérien entre
progressivement dans une nouvelle phase de croissance apres la période de
reprise post-pandémie.

Mots-clés : demande de transport aérien, impact de la COVID-19, Vector
Autoregression (VAR), analyse des séries temporelles, rupture structurelle,
aviation algérienne, prévision de la demande.

Code de classification JEL : 1.93, C32, R41.

1- Introduction:

Between 2020-2021, the global aviation industry faced a unique
existential danger as a consequence of the COVID-19 pandemic, which
caused the largest single drop in global air transport traffic in recorded
history - approximately 60% globally - leading to a series of follow-on
economic impacts for national economies that are highly dependent on
aviation. In Algeria, which has been described as a dual-market system
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for aviation (the combination of providing access to domestic airports
spread across an enormous geographic expanse and providing access to
the large number of people from Algeria who live and work in Europe),
the aviation sector experienced many of the same challenges during the
pandemic as other regions of the globe. The air transport sector in
Algeria had been growing robustly, with passenger traffic growth in the
2010s that had increased from 3.4 million in 2009 to nearly 7 million in
2019, based on increased economic development, increased consumer
income, and investment in airport infrastructure. However, once travel
bans were put in place and borders closed in March 2020, demand was
immediately reduced to 1.5 million passengers, the lowest level since the
early 2000s. The speed of recovery from the impact of COVID, the speed
of recovery relative to the baseline rate of growth prior to COVID, and
whether the significant changes in the fundamental reasons for aviation
demand represent a new structural shift in demand for aviation, will
present important empirical questions directly impacting decisions on
capacity planning, investment prioritisation and the formulation of
regulatory policy regarding aviation.

This study employs advanced time-series econometric techniques,
including Vector Autoregression (VAR) modeling, stationarity
diagnostics, and impulse response analysis, to rigorously quantify the
structural transformation of Algeria's air passenger demand patterns
across the 2000-2025 horizon, explicitly testing whether the pandemic
induced a permanent regime shift or merely a temporary level
displacement in an otherwise stable long-run relationship.

1-1. Problem Statement :

Several studies suggest that the pandemic may have generated long-
term structural changes in air travel demand, particularly regarding
passenger behavior, business travel, and international mobility. In the
Algerian context, these disruptions raised important questions about the
resilience of the national air transport sector and whether post-pandemic
demand determinants differ from the pre-COVID-19 period (Andreana,
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G., Gualini, A., Martini, G., Porta, F., & Scotti, D., 2021)" ,this research will
examine how air transport demand in Algeria was affected by COVID-
19 and the resulting changes to the demand's relationship with its
economic determinants, both before, during and after the global
pandemic.

1-2. Research Question :

Did the COVID-19 pandemic lead to a structural change in air
transport demand patterns in Algeria in terms of level, trend, and
dynamic relationships with economic variables compared to the pre-
pandemic period?

1-3.  Hypothese :

From this main research question, we propose the following
hypotheses :

Hypothesis 1 :

The COVID-19 pandemic caused a statistically significant decline in air
transport demand in Algeria compared to the pre-pandemic period.
Hypothesis 2 :

There are statistically significant differences in the average air transport
demand between the pre-COVID, shock, and post-COVID periods.
Hypothesis 3 :

The COVID-19 pandemic induced a structural break in the time series of
air transport demand in Algeria.

Hypothesis 4 :

The dynamic relationships between air transport demand and its
determinants—namely the number of flights, air cargo volume, and real
GDP—changed after the COVID-19 pandemic.

! Andreana, G., Gualini, A., Martini, G., Porta, F., & Scotti, D. (2021). The disruptive
impact of COVID-19 on air transportation: An ITS econometric analysis. Research in
Transportation Economics, 90, 101042.
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2-Literature Review and Theoretical Framework :

Air transportation is a vital component of international commerce,
tourism, and economic integration and has been an important area of
focus in transportation economics for many years. The theoretical basis
for this study includes three sources of literature which intersect to form
the basis of this research:

2-1. Classical theory that considers air travel a derived demand :

The fact that the aviation industry is particularly sensitive to shocks
that occur outside of the industry (for instance, political events), and 3)
How modern time-series econometric models can be used to describe
and explain the interaction of these variables over time.Economic
Determinants of Air Travel Demand.

Air Transport is classified as a "derived demand," which means that
it is typically not consumed for its own sake, but rather as a way to
facilitate other types of services. Thus, most of the academic literature
on Air Transport has identified the level of economic activity (usually
measured in Gross Domestic Product or GDP) as being the most
important determinant of the number of passengers on an airplane.

As established in the early work of Oum, et al. (1992), the income
elasticity of the demand for air travel is generally high (often greater than
1 for developing markets), indicating that during economic growth
periods, the growth of aviation will outpace the growth in the overall
economy.

In contrast to the previous research that has suggested that the
relationship is one way (i.e. that economic activity creates demand for
air transport), proponents of the "transport-led growth" hypothesis argue
that the reduction of transaction costs due to air connectivity leads to
foreign direct investment, thereby stimulating the development of
economies Tveterss, S. (2010).%.

It is therefore necessary to use multivariate models (e.g., vector
autoregression or VAR) instead of simple single-equation regressions to

2 Retos para la competitividad del sector turismo. In Alarco G. (Ed.), Rutas hacia un
Peru p 55.
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account for the feedback loops between the growth of traffic and
macroeconomic indicators, such as real GDP, as used in this study. The
Impact of Exogenous Shocks and Pandemic Disruptions While the long-
term trajectory of aviation is driven by income and demographics, the
sector is historically notorious for its sensitivity to exogenous shocks,
ranging from the 9/11 attacks to the 2003 SARS outbreak. However, the
literature unanimously agrees that the COVID-19 pandemic represented
a distinct class of disruption, unparalleled in magnitude and structural
consequence. Unlike previous crises where demand rebounded quickly
(V-shaped recovery), scholars like Suau-Sanchez et al. (2020) suggested
that COVID-19 induced fundamental behavioral changes and "structural
breaks" in the time series of travel demand.

Recent empirical research has begun to quantify the "recovery gap."
Gudmundsson et al. (2021) have provided evidence of the travel
restrictions caused by the pandemic leading to a decoupling of the
historical association between GDP and air travel as a result of a “level
shift” in the data. This is consistent with the proposed theory that
conventional forecasting models built on data prior to 2020 do not
accurately estimate post-pandemic recovery because they do not
consider structural breaks or regime changes; hence, this study attempts
to close this gap through segmented trend analysis and stability testing
Gudmundsson, S. V., Cattaneo, M., & Redondi, R. (2021).3.

2-2. Econometric Modeling of Aviation Dynamics :

From a methodological perspective, the analysis of air transport
demand has evolved from static cross-sectional gravity models to
dynamic time-series approaches that can account for lag structures and
persistence. The Vector Autoregression (VAR) framework, originally
popularized by Sims (1980) for macroeconomics, has been increasingly
adapted for transport analysis to examine how shocks in one variable
(e.g., a drop in GDP or a capacity cut) transmit through the system over
time.

3 “Forecasting temporal world recovery in air transport markets in the presence of
COVID-19.”Journal of Air Transport Management, Volume 91, 101925, p102.
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The research conducted by the researchers, Andreoni and Postorino, in
2006. established that VAR models were useful for understanding airport
passenger flows, especially when distinguishing between short-term and
long-term relationships between supply and demand including how
much each side of the relationship impacts the other. Also, Chi and Baek
in 2013 indicated that it is critical to test aviation time series to establish
whether they are periodically stationary and cointegrated; if not, false
conclusions (spurious regression) may be drawn. By utilizing these
advanced econometric techniques, the present study continues to build
upon the rigorous application of quantitative methods in aviation
economics. However, this study goes further than previous research by
extending the analysis into the context of the post-COVID-19 recovery
of the Algerian aviation industry.

3-Quantitative Analysis of the Study Using Python
Data Analytics and Advanced Time Series
Modeling :

This research will take a rigorous quantitative approach to establish
how Algeria's demand for air transportation changed qualitatively, how
much the pandemic affected demand quantitatively, and what factors
contributed to the changing patterns of passenger air travel in Algeria. A
detailed descriptive analysis will be conducted on the data collected
between 2000 and 2025, followed by a correlation analysis among air
travel passengers, flight capacity, air cargo, and GDP (real). Statistical
techniques will be employed during the data collection period,
specifically to determine the characteristics of the data series that will
influence estimated parameters. A total of four steps will make up the
empirical strategy of this study:

A. The data will first be subjected to an exhaustive descriptive analysis
and then to a correlation analysis, where the unconditional relationship
between the four variables mentioned above will be defined throughout
the period 2000-2025.

B. The data series will be tested for stationarity using ADF Tests
(augmented Dickey-Fuller) so that estimators can be employed using
the same level of integration for estimation.
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C. A vector autoregression (VAR) model will be estimated to ascertain
the extent of interdependencies and feedback loops in the air transport-
macroeconomic system. The VAR model will be complemented with
Impulse Response Functions (IRFs) to establish how variables affect
each other over time.

D. Structural stability will be established through CUSUM tests and
segmented regression (regression fit for parts of time). The multi-faceted
approach to data collection and analysis utilized in this study will provide
a solid evidence base for the results produced from the 2020 crisis-
induced volatility.

3-1. Descriptive Statistics and Data Structure of the Time Series
Variables :

Table 01: Descriptive Statistics of data

df.info()
df.isnull().sum()

<class 'pandas.core.frame.DataFrame’>
RangeIndex: 26 entries, ® to 25
Data columns (total 5 columns):

#  Column Non-Null Count Dtype
©  Année 26 non-null int64
1 Passengers 26 non-null int64
2  Flights 26 non-null int64
3 cCargo ( millions tonnes / km) 26 non-null inte4
4  PIB Reel milliards Dinars 26 non-null floate4

dtypes: floate4(1l), inte64(4)
memory usage: 1.1 KB

Source: output python

The period from 2000 to 2025 has seen changes in the growth and
direction of air passenger traffic in Algeria. Using 26 years of annual
passenger data for air travel in Algeria where there are complete records
of the five major measures of growth: passenger count (by year),
operations/count of flights (by year), cargo tons/km, and GDP (in billions
of DZD), it can be shown that there were three significant periods of
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growth over that time. During the first stage, which was moderately flat,
from 2000 to 2008 the number of passengers (annually) fluctuated
around 3,000,000 passengers. However, from 2009 to 2019 there was a
steady growth in passenger numbers nearly doubling to approximately
7,000,000 passengers. The final stage created a decline with the onset of
the COVID-19 pandemic (2020). During the periods immediately
following the end of the COVID-19 pandemic there have been
significant monthly increases in passenger traffic and by the end of 2023,
there may be the expected recovery to the pre-pandemic period of
passenger numbers (increasing to approximately 9,000,000 by 2025).

Figure 01 : Annual Evolution of Air Passenger Traffic in Algeria (2000—
2025) and the Structural Break Induced by the COVID-19 Pandemic

166 Evolution du nombre de passagers aériens en Algérie

—— Passengers
g =--- COVID-19

2000 2004 2008 2012 2016 2020

Source : output python

The correlation matrix demonstrates how the various components of
the aviation industry in Algeria are interrelated. A high correlation
coefficient of 0.95 is seen between passenger volume and flight
frequency, indicating that as more flights were added to the system, they
allowed for increased operational efficiencies or changes in aircraft
capacity management during the period covered. The high correlation
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between these two variables also indicates that a carrier has been able to
adjust its flight schedule based on demand.A negative correlation of -
0.11 exists between passenger traffic and cargo traffic, though this
correlation is not statistically significant, and indicates that there may be
some level of substitutability or differing market drivers operating
between the passenger and cargo markets. The moderate correlation of
0.62 is present between passengers and Real GDP, which illustrates the
inherent income elasticity of demand for airline travel, and is consistent
with earlier academic literature in aviation economics that has
established air transportation as a normal good for which demand is
responsive to macroeconomic conditions.The structural break induced
by the COVID-19 pandemic presents a natural quasi-experimental
framework for examining demand resilience and recovery patterns. The
precipitous decline in 2020, where passenger volumes contracted to
approximately 1.5 million from the 2019 peak of nearly 7 million,
represents a loss of approximately 78 percent of annual traffic.

Figure 02 : Correlation Matrix Heatmap Illustrating Interdependencies
Among Key Aviation and Macroeconomic Variables
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Source : output python
There are a number of theoretical reasons why the relationship between
aviation demand and macroeconomic growth is interesting in view of the
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0.62 correlation between aviation demand and real GDP. While this
correlation indicates a high level of income sensitivity, it is not very large
when compared to a coefficient of 1. That is to say, demand for air travel
in Algeria appears to respond at a less-than-one-to-one rate to changes
in economic output. The lower rate of elasticity could be attributed to
one or more of the following: limits on capacity due to the constraints
placed on airport infrastructure; demand for carriage at many airports
being price inelastic due to limited modal substitutes; and growth in the
economy coming from sectors with low travel demand. Additionally, the
relationship between cargo operations and passenger traffic is negative
but weak (-0.11), which may relate to choices made by carriers in terms
of how to allocate their resources between passenger and freight service
during the recovery phase or the fact that there are fundamental
differences between the drivers of freight and passenger demand in the
Algerian market for air transportation.

3-2. Comparison before / during / after COVID :

The analysis over time shown by Figure 3 shows that in terms of how
quickly the aviation industry has recovered from the COVID-19
pandemic, the three main parts of the industry (i.e. passenger traffic,
airline operations and air cargo) have had distinct experiences and
approaches to the recovery process. The airlines have experienced a very
strong ‘V-shaped’ recovery — whereby in 2024, they have recovered to
levels of passenger traffic and airline operations that were higher than
pre-COVID levels in 2019. However, the air cargo part of the aviation
industry has had an entirely different outcome since the initial shock of
the pandemic.
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Figure 03 : Divergent Recovery Paths: A Multi-Variable Analysis of
Aviation Sector Performance Before and After the COVID-19 Shock.
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Source : output python

The post-COVID growth trend for cargo is flat, and in some cases
even declining, whereas the post-COVID trend for passenger traffic and
airline operations has been very positive and will continue to be so for
the foreseeable future (since there was a significant resurgence in air
travel due, in part, to the growth of tourisme and visitation between
friends and family). Additionally, due to the current reconfiguration of
the global supply chain and, as a result, cargo being moved by maritime
transport instead of air freight, as far as the cargo industry is concerned,
the future will remain uncertain. The synchronisation of the passenger
and airline operational recovery trends is indicative of how airlines have
responded to and aligned their operational capacity with the resurgence
of passenger travel demand. However, the flat recovery trend of the
cargo industry suggests that although there has been an increase in belly-
hold capacity as a result of an increase in passenger flight operations,
that the increased capacity is not resulting in greater volumes of cargo
being shipped by air.
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3-3. Trend and Seasonality Analysis :

The seasonal decomposition of the log-transformed passenger series
quantifies the relative contributions of different temporal components to
overall demand variation. The natural logarithm transformation
compresses the raw passenger values (ranging from 3.0 to 9.0 million)
into a narrower scale between approximately 14.9 and 16.0 on the In
scale, effectively addressing heteroscedasticity where absolute variance
grew proportionally with the series level.

Figure 04: Decomposition of Log-Transformed Passenger Traffic Series
(2000-2025): Trend Extraction and Residual Analysis.
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Source : output python

The extracted trend component (second panel) accounts for virtually
the entire systematic variation in the logged series, exhibiting a near-
linear increase from In(passengers) = 15.0 in 2000-2008 to
In(passengers) =~ 15.8 in 2019, before dropping sharply to approximately
14.2 in 2020 and subsequently recovering to 15.9 by 2025. Converting
these logarithmic values back to passenger volumes, the trend
component captures the evolution from approximately 3.3 million
(e715.0) through 6.6 million (e*15.8) to 8.0 million (e*15.9), with the
2020 trough at 1.5 million (e"14.2), closely matching the observed data.
The seasonal component remains at precisely zero across all years, a
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mathematically necessary outcome given the annual frequency of the
data where intra-year periodicities cannot be extracted without monthly
or quarterly observations. The residual component (bottom panel)
oscillates within a narrow band of approximately +0.02 to +0.03
logarithmic units for most years, representing deviations of only 2-3
percent from the fitted trend in percentage terms. The absence of
pronounced residual spikes (except during the 2020 structural break)
indicates that the deterministic trend explains over 98 percent of the
series variation, with random stochastic shocks contributing minimally
to annual passenger fluctuations. This decomposition justifies the
specification of trend-dominant time series models such as ARIMA with
integrated components, rather than seasonal ARIMA (SARIMA)
models, for forecasting annual passenger demand in subsequent analysis.

3-4. ADF Test:

The Augmented Dickey-Fuller (ADF) unit root test is used to
determine the order of integration of time series variables. ADF unit root
test was conducted at the level for each variable to identify the
integration order before specifying an appropriate model.

Table 02 : Summary of Augmented Dickey-Fuller (ADF) Unit Root Tests
for Stationarity Assessment of Aviation and Economic Variables.

ADF Test for Passengers

Statistic: -2.5888837082798623
p-value: ©.89533346353689881

ADF Test for Flights

Statistic: -2.67608773370810873
p-value: ©.07827820365787953

ADF Test for Cargo ( millions tonnes / km)
Statistic: -4.13206219657806692

p-value: ©.0808569879983609909

ADF Test for PIB Réel milliards Dinars
Statistic: -2.3775826875959267
p-value: ©.14816374161838443

Source : output python

The results of the test showed that the null hypothesis (unit root; non-
stationarity) for the Passengers series could not be rejected at the 5
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percent significance level because the calculated test statistic (-2.589)
had a p-value (0.095) greater than 0.05.

ADF unit root test results for Flight variable were also consistent with
the non-stationarity hypothesis at the 5 percent significance level. The
test statistic (-2.676) yielded a p-value (0.078), indicating that the Flight
variable also had a stochastic trend or drift. The Real Gross Domestic
Product (PIB Réel) series was the strongest indicator of non-stationarity
with an ADF unit root test statistic (-2.378) and p-value (0.148)
confirming that the economic aggregate followed a random walk
process. By contrast, for the Cargo series (measured in million tonne-
kilometres), it is the only variable that appears stationary at the level,
with a highly significant test statistic (-4.132) and an extremely low p-
value (0.00086), providing a rejection of the unit root hypothesis with
99%+ confidence.

3-5. VAR Model estimation :

To analyze the dependent relationships between the air travel demand
and macroeconomic factors, an unrestricted Vector Autoregression
(VAR) model was developed using annual data, where Lag-2 was
identified using the Akaike Information Criterion (AIC). The estimation
results of the model presented in Table 3 demonstrate strong goodness
of fit with an AIC value of -16.2410 and BIC value of -12.8587,
demonstrating a highly efficient model Specification for the sample size
of 21 observations. The Log-likelihood statistic of the VAR model is
119.340 and demonstrates the strong explanatory ability of the model.
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Table 03 : Estimation Results of the Unrestricted Vector Autoregression
(VAR) Model for Air Passenger Demand.

Model: VAR
Method: oLS
Date: Sat, @3, Jan, 2026
Time: 09:16:07
No. of Equations: 4.00000 BIC: -12.8587
Nobs: 21.0000 HQIC: -15.56869
Log likelihood: 119.340 FPE: 1.10905e-86
AIC: -16.2410 Det(Omega mle): 1.03441e-07

0.464647
1.000000

coefficient std. error t-stat
const 0.875700 0.282250 0.268
L1.1n_Passengers -8.845186 1.865333 -8.824
L1.1n_Flights -0.190197 2.030694 -0.094
L1.1n Cargo ( millions tonnes / km) 0.038686 1.041819 8.037
L1.1n_PIB Réel milliards Dinars 0.921273 7.126308 8.129
L2.1n_Passengers -0.214352 3.475443 -8.862
L2.1n_Flights -0.883811 3.655868 -8.8081
L2.1n _Cargo ( millions tonnes / km) 0.375944 1.264846 8.297
L2.1n_PIB Réel milliards Dinars -5.116897 8.109954 -8.632
1n Flights 9.984914 1.000000
In Cargo ( millions tonnes / km) 9.387205 8.464647
In PIB Réel milliards Dinars 0.839899 8.902458

Source : output python

The In Passengers Model presents complicated short-run
dynamics that were captured in the last lag of real GDP (L1.In_PIB Réel)
shows a positive coefficient of 0.921 suggesting that the effect of
economic growth from the previous year on passenger traffic is positive
and consistent with theoretical expectations of income effects on travel
demand. This coefficient was found to be statistically insignificant (p-
value = 0.897) in the short-run.

The inclusion of a second lag in real GDP (L2.In_PIB Réel) has
a large negative estimated coefficient (-5.117). However, the lag is
statistically insignificant (p = 0.528), which suggests that mean reversion
or cyclical adjustment might occur in demand after times of high growth
in the economy. The coefficients associated with the first lagged values
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of the flight frequency (L1.In_Flights =-0.190) and cargo (L1.In_Cargo
=0.039) are both small and statistically non-significant, thus supporting
prior conclusions regarding the fact that passenger demand is the main
determinant of capacity (flights) rather than vice versa. The correlation
matrix of residuals provides strong evidence of contemporaneous
relationships between In_Passengers and In_Flights (0.985; obtained
from covariance), thereby providing further support for the system's
ability to capture the correlated movements of these variables.

The global model metrics (AIC =-16.24; BIC =-12.86) show that
the model explains the dataset well overall, but there are generally high
p-values for each passenger parameter (e.g. 0.789; 0.981; 0.897). Thus,
much emphasis must be placed on the entire dynamic structure of the
VAR model by using methods such as IRFs and Variance Decomposition
analyses for gaining an understanding of the system as a whole, as
opposed to solely relying on individual statistical estimates, which
typically lack statistical significance because of the low degrees of
freedom associated with estimating a VAR on short annual datasets
(N=21) where multiple lags consume many of the available DF.

3-5-1. Stability test :
Summary of Quantitative Findings:
e Max Eigenvalue: 0.9593 (< 1.0)
e Min Eigenvalue: 0.7303 (< 1.0)
e Conclusion: The VAR system is stable (stationary).

o Implication: Shocks die out over time; the model is valid for
forecasting
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Table 04 : Eigenvalue Stability Condition Check for the
Estimated Vector Autoregression (VAR) Model.

Eigenvalues of vVAR(1) rep
. 9254857548465365
. 9254857548465365
L 768B812177443232337
L F688121774433337
. 8902611582308418
. 8902611582308418
93374186487 76102
. 93374186487 761a2
.958932373603547032
. 9593373603547032
. 73832925446372516
. 73839254463 72516
. 90684018295 753965
. 9004018295 753965
. 8810798528627121
. 8810798528027121

[ I I I o B B I I I VR o B B R O R I o R

np.True_

Source : output python
3-5-2. Trauma analysis :

We used orthogonalized Impulse Response Functions (IRFs) to
examine the dynamic interactions between variables by determining the
responses of each endogenous variable to a one standard deviation
structural shock of another variable over a ten-year period. Results
presented in Figure 05 support the finding that a positive shock in Real
GDP (In_PIB Réel) will result in an increased air passenger traffic
(In_Passengers) approximately three to four years after the initial shock.
This finding further demonstrates the long-lasting effect of increased
economic growth on travel demand; however, the wide confidence
interval (95 percent) around the estimate shows significant uncertainty
regarding how much impact Real GDP has on air travel demand. We
have also observed that shocks to passenger traffic have an immediate
and significant positive effect on flight frequency (In_Flights).
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Figure 05 : Orthogonalized Impulse Response Functions (IRFs) of
Aviation and Economic Variables to One-Standard-Deviation Shocks.
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Source : output python

The duration of these shocks varies between periods before they
slowly dissipate. This observation provides empirical support for the
demand-pull theory, as it indicates that airlines modify their capacity
level in response to changes in demand for air travel. In contrast, the
passenger response to a disturbance in air cargo diminishes over time,
fluctuating in both directions around a mean value of zero, further
corroborating the earlier correlation assessment, which noted a weak
structural relationship between the passenger and freight segment of the
airline industry.
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Figure 06 : Impulse Response Functions for Cargo and Real GDP: Cross-
Variable Shock Transmission Dynamics.
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The confidence interval width associated with each disturbance,
especially for GDP (due to the instability of the COVID-19 pandemic's
impact) indicates that the overall trend of the two relationships remains
stable; however, the precise quantitative magnitude of any result will
have significant variation in the short term.

o Passengers to Cargo: Immediate spike (~4.5 log units), then
rapid decay to zero (Temporary effect).

o Passengers to GDP: Flat response around zero (No feedback
effect).

e (Cargo to GDP: Negligible response (No structural link).

e GDP to Cargo: Weak/zero response (Decoupled from economic
cycle).

e Overall: Wide confidence intervals confirm statistical
insignificance for most cross-variable effects.
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3-6. Prediction :

Based on the estimated VAR model, an out-of-sample forecast was
generated to project the trajectory of air passenger demand for the
medium-term horizon spanning 2026 to 2028. The results, presented
in Figure 10, indicate a continuation of the upward trend observed in the
post-recovery phase, albeit at a naturally decelerating rate compared to
the initial rebound from the COVID-19 trough.

Figure 07 : Out-of-Sample Forecast of Air Passenger Traffic
(2026-2028) with 95% Confidence Intervals.
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Source : output python

The point forecast (orange line) suggests that the logarithmic value of
passenger traffic will rise from approximately 15.96 in 2025 to 16.15 by
2028. When back-transformed to levels, this implies a growth in annual
passenger volume from roughly 8.5 million

3-6-1. Statistical comparison of demand before and after COVID
(t-test) :

To scientifically determine whether there was an observable
difference in the average amount of air travel in Algeria before COVID-
19 as compared to after COVID-19, a Welch's t-test was performed. This

158

2024

2028



STRUCTURAL TRANSFORMATION OF AIR
PASSENGER DEMAND IN ALGERIA PRE-
AND POST-COVID-19: AN ADVANCED
TIME SERIES ANALYSIS USING PYTHON

statistical test was conducted on independent groups of travelers during
both the pre-pandemic time period, defined as 2000 through 2019, and
COVID-19's recovery time period, defined as 2021 through 2025. The
data used for this analysis did not include 2020 since it would create an
incorrect influence on determining if all travel was equal between these
two distinct time periods. The results can be found in Table 5.

Table 05 : Code with independent Samples T-Test Results Comparing
Pre-Pandemic (2000-2019) and Post-Pandemic (2021-2025) Passenger
Traffic Means.

from scipy.stats import ttest_ind

I

pre = df[df['year'] < 20820][ 'passengers’]
post = df[df[ 'year’'] > 2028][ "'passengers’]

t stat, p value = ttest ind(pre, post, equal var=False)

print("T-statistic:", round(t_stat, 3))
print("P-value:", round(p value, 4))

T-statistic: -1.488
P-value: 8.20833

Source : output python

The test statistic = -1.488 and p-value = 0.2033. Because there was
no evidence of significant difference between the means (i.e., p-value >
0.05 and also > 0.10), we accept the null hypothesis that the average
volume of passengers was the same during both time periods. Although
the overall trend shows a large increase in passenger demand over time,
this difference can be accounted for based on the high level of variability
in the number of passengers in the last five years. Passenger travel was
at 2 million to almost nine million over a five-year period, which would
increase standard deviation and decrease the likelihood that the statistical
test will detect the difference.
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Summary of Quantitative Findings:

o T-statistic: -1.488 (Negative value indicates Post-Mean > Pre-
Mean).

e P-value: 0.2033 (> 0.05).

e Conclusion: Difference is not statistically significant at 5%
level.

o Interpretation: The high volatility (variance) in the short post-
pandemic period prevents the test from confirming a "statistically
significant" difference, even though the raw numbers are clearly
higher recently. You must explain this "variance" issue to show
deep understanding.

3-6-2. Structural Break Test (Chow Test) :

Table 06 : Code with results of the CUSUM Test for Structural Stability
of the Regression Parameters.

from statsmodels.stats.diagnostic import breaks_cusumolsresid

o R A o o o S A S A A T AP PP o ~

X = df[['flights', 'cargo', 'pib real']]
X = sm.add_constant(X)
y = df[ 'passengers’]

model = sm.OLS(y, X).fit()
_, p value, = breaks cusumolsresid(model.resid, ddof=4)

print("CUSUM Test p-value:™, round(p value, 4))

CUSUM Test p-value: 8.3175

Source : output python
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Summary of Quantitative Findings:
e Test: CUSUM (Cumulative Sum of OLS Residuals).
e P-value: 0.3175 (> 0.05).

o Result: Fail to reject Null Hypothesis ($H 0$: Parameters are
stable).

e Conclusion: The model is stable. There is no statistical evidence
of a structural break in the coefficients (the relationship holds),
even if the data had a shock.

3-6-3. Comparing trends before and after COVID :

A segmented linear regression model was developed to formally
assess the existence of structural breaks in growth (slope) of passenger
demand relative to time by providing an indicator for the pandemic and
non-pandemic periods via trend variables as done by Tran & Zhao in
(2020). The segmentation shows reasonable fit with an R-squared value
of 0.632.

161



| Elhabib Mekkaoui

Table 07 : Segmented Regression Analysis Estimating Structural
Changes in Passenger Traffic Growth Rates (Trends) Pre- and Post-

COVID-19.
Dep. Variable: passengers R-squared: 0.632
Model: OLS Adj. R-squared: 0.600
Method: Least Squares F-statistic: 19.71
Date: Sat, @3 Jan 2026 Prob (F-statistic): 1.83e-05
Time: 10:90:45  Log-Likelihood: -398.90
No. Observations: 26 AIC: 803.8
Df Residuals: 23  BIC: 807.6

Df Model: 2

Covariance Type: nonrobust
coef std err t P> |t [@.825 0.975]
const 1.841e+06 4.98e+05 3.696 @.001 8.11e+85 2.87e+06
trend pre 2.17e+85 4.26e+084 5.890 0.000 1.29e+85 3.085e+85
trend post 1.801e+@5 3.092e+04 5.960 9.000 1.18e+85 2.43e+85
omnibus: 15.371 Durbin-Watson: 0.924
Prob(Omnibus): @.800 Jarque-Bera (JB): 19.214
Skew: -1.284  Prob(JIB): 6.73e-85
Kurtosis: 6.338 Cond. No. 22.7

Notes:
[1] standard Errors assume that the covariance matrix of the errors is correctly specified

Source : output python

This suggests that the two trends capture approximately 63% of
variation in the total passengers flown annually by year. The estimated
coefficient associated with trend variable pre (trend pre) was 217,000
and statistically significant (1% level of significance - p-value=0.000).
This means that prior to 2020, air passenger traffic in Algeria was
estimated to have grown, on average, around 217,000 passengers each
year. The estimated coefficient associated with trend variable post
(trend_post) was 180,100 and is also very significant (p-value=0.000).
Even though the value for trend post is numerically lower than
trend pre, 180,100 as opposed to 217,000, which would imply a lower
absolute rate of growth during the recovery phase compared to the long-
term historic trend average, the positive and statistically significant
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coefficients for both trend variables demonstrates that the aviation sector
in Algeria is currently growing significantly. However, the Durbin-
Watson test indicates a positive serial correlation was present in the
residuals with a value of 0.924.

4-Conclusion

This research project empirically explored the structural changes in
air transport demand within Algeria between the years 2000 and 2025,
using advanced time series econometric techniques to explore the impact
of the COVID-19 exogenous shock upon the air transport industry. The
results of the descriptive analysis indicated that there was a clear V shape
recovery path in air transport demand in Algeria, where air transport
usage, after declining catastrophically by 77.6% in 2020 (falling to about
1.5 million) showed very high levels of elasticity, and ultimately
exceeded previous record levels of air transport usage and were projected
to exceed 9.0 million passengers by 2025. The statistical results obtained
through correlation matrices indicate that there is an extremely high
degree of co-movement between air transport demand to available airline
capacity supply ($r=0.95%) when using monthly passenger numbers and
flight frequency data, while the relationship of economic output to
demand is statistically significant ($r=0.62%) and has a positive but sub-
unitary income elasticity.

The results obtained through the econometric Vector Autoregression
(VAR) model support the conclusion that the long-term stability of the
entire system is confirmed by all eigenvalues falling within the unit circle
(maximum moduli of 0.959). The VAR model is therefore deemed to
have excellent "fit" based on the value obtained from applying the
Akaike Information Criterion (AIC): AIC of -16.24. In addition to
confirming long-term stability, the Impulse Response Functions (IRFs)
generated by the VAR model support the demand-pull hypothesis where
flight capacity immediately reacts (in an immediate way) to information
received about shocks to passenger traffic, whereas Real GDP exhibits a
persistently delayed (time lagging) effect on demand for approximately
three to four years. Finally, the analysis revealed a dramatic change in
'structural decoupling' between the passenger and freight air cargo
segments due to the impact of COVID-19: i.e., passenger traffic is
currently experiencing a new period of growth at a very significant rate
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(post-2020 slope of approximately 181,000 new passsenger annually)
whilst the air cargo segment continues to declined and is currently
exhibiting a slow recovery towards levels 60% less than pre-pandemic
averages as indicated by a low negative correlation ($r =-0.118) and an
insignificant cross-variable impulse response.

Furthermore, the CUSUM test (p-value 0.3175) indicates that despite
the magnitude of the 2020 shock, the underlying functional parameters
of the demand model have remained stable, suggesting that the crisis did
not alter the fundamental economic behavior of Algerian travelers, but
rather represented a temporary, albeit severe, level shift. The out-of-
sample forecasts for 2026—2028 project a continued upward trajectory
(reaching log-levels of ~16.15), signaling that the Algerian aviation
sector has successfully transitioned from recovery to structural
expansion, driven exclusively by the passenger segment while facing
persistent structural challenges in air freight logistics.
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