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Abstract

Air connectivity can broaden access to international tourism markets, yet its association
with tourism development may vary substantially with network maturity and existing
accessibility. Using Brazil as a Global South destination, this study compares inbound
tourism from OECD, BRICS+, and Central and South American markets from 2002-2022.
An unbalanced country-year panel is combined with Principal Component Analysis to con-
struct synthetic indicators of air connectivity and other structural dimensions, followed by
panel-data estimation, specification testing, robust inference and endogeneity diagnostics.
The results show a connectivity gradient across the regional models. The Air Connectivity
Factor shows its strongest association with inbound tourism in Central and South Amer-
ica (p = 0.212; partial R? = 56.8%), remains statistically significant for BRICS+ markets
(p = 0.117; partial R? = 17.0%), and is not retained in the preferred OECD specification.
Digital readiness and visa exemption also display relevant associations in emerging-market
models. These differences indicate that connectivity’s explanatory relevance depends on
existing accessibility conditions, rather than following a uniform pattern across origin
markets. The composite indicators measure accessibility and market conditions, not sustain-
ability outcomes, so the sustainability implications are interpretive. From this perspective,
the findings support selective rather than indiscriminate connectivity expansion. Policy
assessment should consider whether improved accessibility diversifies tourism markets,
strengthens South-South integration, and broadens participation in international tourism,
while accounting for aviation’s environmental costs. The Brazilian case thus contributes to a
broader Global South discussion that considers sustainable transport, tourism governance,
and international cooperation together when evaluating future air-corridor priorities.

Keywords: sustainable tourism; air connectivity; BRICS+; Global South; sustainable
transport; inbound tourism; South-South Connectivity; tourism governance; international
accessibility; Brazil

1. Introduction
1.1. Air Connectivity, Sustainable Tourism and International Integration

Access to mobility networks (i.e., connecting destinations to dispersed origin markets)
is uneven worldwide, but it matters especially for destinations in the Global South, since in-
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ternational access shapes whether and how markets can diversify and engage more broadly
in the global tourism economy. The spatial organisation of aviation thus extends beyond
transport operations to include hub locations, route distribution, and the internal arrange-
ment of international corridors, which shape whether markets can interact directly or use
intermediary gateways [1-4]. International aviation traffic remains highly concentrated
through known hubs and corridors, although many of the world’s emerging economies
are less well-positioned within these networks [1-4]. This relationship creates a sustain-
ability tension. Better accessibility may enlarge the range of feasible tourism exchanges,
whereas additional aviation activity entails environmental costs and may reproduce spa-
tially concentrated development patterns. The relevant policy question is therefore not
simply whether more connectivity coincides with more tourism, but whether the impor-
tance of connectivity varies across markets and where accessibility improvements might
address existing structural gaps. Previous studies link direct services, seat capacity, avail-
able seat kilometres, and flight frequency to inbound tourism flows [5-9]. Research on
direct services, liberalisation and carrier entry likewise links aviation-market conditions
with international mobility [10-12]. These findings justify analysing connectivity as a differ-
entiated policy resource rather than assuming that its expansion has equivalent economic,
spatial or environmental value across markets [13-16].

Brazil offers a relevant case for this comparison. Its developed network of domestic
flights and sizeable tourism assets exist alongside a small number of origin countries that
account for its inbound market. Emerging economies and BRICS+ partners, in particular,
remain relatively underrepresented among international visitor arrivals. Brazil offers a
relevant case for comparing markets that vary substantially in economic size and aviation
development, yet all have access to the destination. The empirical question is whether the
statistical relationship between air connectivity and inbound tourism varies among OECD,
BRICS+ and C&SA origin markets, 2002-2022.

This comparison also connects to the larger Geographies of Global South mobility.
South-South air links are comparatively less developed than most North-South routes,
something Franciscone and Fernandes [17] link to persistent, non-coalesced development
among emerging economies. Franciscone et al. [18] propose the Global South Air Transport
Belt (GSATB) to reconceptualise such connectivity. For this paper, we use the GSATB only
as an empirically grounded conceptual framing device for discussing findings; the data
do not test or affirm the GSATB framework, and we do not assume corridor expansion
is inherently beneficial. Instead, we explore an empirical question that predates corridor
design: Is connectivity more explanatorily relevant in relatively underserved markets than in
developed aviation markets? This distinction matters because sustainable corridor planning
must disentangle accessibility expansions that alleviate structural deficiencies from capacity
expansions, which may simply add traffic without bringing tourism or integration benefits.

1.2. Air Connectivity as a Transport Policy Challenge

International air networks develop through the interaction of commercial demand and
institutional factors. Bilateral and multilateral air-service agreements, airport investments,
regulatory frameworks, competition policies, and international cooperation shape market
access, available routes, and hub growth [1,14,19,20]. As a result, economies of similar size
can have markedly different levels of international accessibility [21].

These disparities are particularly relevant for newer markets where occasional long-
haul connections are not intense; reliance on transfer airports, limited connectivity choices,
and other system barriers can reduce travel willingness even with high demand [3]. Trans-
portation policies have the potential to influence this by means of planning, liberalisation,
harmonisation, and facilitation measures; our antecedents have linked transport inputs
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and aviation capacity to inbound tourism [22,23], while gravity-based analysis has opera-
tionalised these local systems as levels of combined road and air network infrastructure [24];
related measures have also summarised connectivity in Index form, such as the Domestic
Airport Connectivity Index analysed by Liao and Zhang [25]. Our indicator uses similar
dimensional-reduction logic, adapting a suitable indicator for the long-term, multi-market
dimensions of the Brazilian experience.

1.3. Brazil, BRICS + and the Changing Geography of Tourism Demand

Brazil has several features that make the contrast between its market size and its
international accessibility analytically clear. The country boasts a large domestic market,
substantial air-transport infrastructure, and a strategic location bridging North and South
America and connecting to North America, Europe, Africa, and Asia. Its international air
network is nonetheless anchored in a small number of gateways and traditional corridors,
with a relatively more developed set of connections with North America and Europe, while
options for direct services between Brazil and a range of Asian, African and Middle Eastern
markets are fewer, in terms of both frequency and variety of connectivity [2,3,26].

This network pattern coincides with a changing geography of global demand. Pas-
senger growth and tourism activity increasingly involve markets beyond the traditional
North Atlantic system, alongside income growth and expanding middle classes in Asia, the
Middle East, Africa and Latin America [14,27,28]. International network structures have
not necessarily evolved at the same rate, and travel between emerging economies still often
depends on established intermediary hubs [1,3,20]. In Brazil, this mismatch motivates an
examination of market diversification, international accessibility, and Brazil’s possible role
within wider South-South mobility networks.

1.4. Regulatory and Institutional Barriers to International Connectivity

International aviation operates within an institutional structure in which market access
and network formation are partly governed by bilateral and multilateral agreements, traffic
rights, allocation mechanisms and regulatory arrangements [1,14,20]. Slot constraints,
competition rules, airline alliances, and airport capacity further shape carrier network
decisions and how national markets connect with international systems [3,13].

Long-haul services between geographically distant and initially thin markets are espe-
cially sensitive to these conditions. Restrictive traffic rights, limited demand density and
bilateral constraints may weaken route viability and increase reliance on intermediary hubs,
thereby increasing generalised travel costs [21]. For emerging economies, diversification of
international links may therefore depend on combinations of aviation agreements, market
liberalisation, airport development, competition arrangements and travel facilitation rather
than on infrastructure expansion alone [16,29].

Against this background, the empirical design treats connectivity as an observed char-
acteristic of the transport-accessibility environment rather than as an exclusively demand-
generated outcome. Policy, infrastructure, regulation, airline strategy, and market demand
may all shape its evolution [1,14,20]. Brazil’s combination of substantial aviation capacity
and a concentrated inbound-tourism portfolio therefore offers a useful case for testing
whether the statistical relevance of connectivity differs across origin markets occupying
different positions within the international aviation system.

1.5. Analytical Approach and Contribution of the Study

The study’s main contribution is identifying a connectivity gradient: the explanatory
importance of air connectivity for inbound tourism varies systematically across markets
with different levels of aviation maturity and existing accessibility. Rather than assuming
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connectivity is a universally equivalent input for tourism policy, the study investigates
whether its incremental explanatory value is higher where international accessibility is
more limited and lower where aviation networks are already well developed. This cross-
market gradient provides a generalizable analytical proposition for testing in other Global
South destinations: assess the relevance of additional connectivity based on the accessibility
context, rather than relying solely on connectivity growth.

Three related contributions support this central proposition. First, the study constructs
a PCA-based Air Connectivity Factor from departures, passenger traffic and air freight,
providing a longitudinal operational indicator for comparing heterogeneous origin mar-
kets. Second, it links the connectivity gradient to sustainable transport and tourism policy
by distinguishing accessibility gains from the quantitative expansion of aviation activity:
markets where connectivity explains more may warrant closer assessment of accessibility
constraints, whereas mature markets may place greater emphasis on efficiency, resilience,
and environmental performance. Third, it provides an empirical bridge between tourism
policy and the emerging debate on South—South corridors. The GSATB is not tested here; the
analysis instead provides a screening framework to inform decisions about whether, where,
and under what complementary institutional, environmental, and commercial conditions
additional Global South connectivity should be assessed [17].

1.6. Research Propositions

Three propositions guide the analysis. They draw on earlier work on air-service
availability and tourism demand, which suggests that the tourism response to additional
air services weakens once service levels are already high [11,15,20].

P1. Air connectivity is positively associated with inbound tourism to Brazil after
controlling for the economic, technological, institutional and geographical characteristics of
origin markets.

P2. This association is weaker in mature aviation markets (OECD) than in markets
with limited direct access to Brazil (BRICS+) or where air travel is a primary means of
regional mobility (Central and South America).

P3. Visa exemption and technological conditions are associated with inbound tourism
alongside air connectivity, particularly in emerging markets.

P2 describes what this study calls the connectivity gradient. Because the preferred
model for each group was selected separately, the evidence on P2 from those models is
partly exploratory. A common specification estimated in the same way for all groups
(Table A10) is therefore used to check whether the gradient holds when the models are
directly comparable.

2. Methodology
2.1. Research Design and Data Sources

The empirical design considers Brazil as the universal destination and origin country-
year as the observational unit. This approach enables the analysis of the relationship between
inbound tourism and international air transport connectivity between origin markets with
different degrees of economic development, air transport experience, and accessibility.
Brazil is well suited to this analysis, given its balanced, large internal aviation system and
airport infrastructure, as well as its sharply varying international links across regions of
the world.

The study uses a country—year panel covering 2002-2022 to examine the association
between air connectivity and inbound tourism to Brazil. This period includes the COVID-19
shock and the initial recovery through 2022.
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The analysis considers origin markets in three analytically distinct groups: OECD
countries, BRICS+ countries, and Central and South American countries. A fourth, inte-
grated specification combines the available origin markets and assesses whether the regional
patterns remain visible within a heterogeneous global sample.

Table A9 lists the origins represented in each group. The OECD group includes
37 countries; the BRICS+ group includes eight countries (China, Egypt, India, Indone-
sia, Iran, Russia, Saudi Arabia, and South Africa); and the Central and South American
group includes 18 origins other than Brazil. Chile, Colombia and Costa Rica enter both
the OECD and Central/South American regressions, so regional counts are not additive.
The integrated dataset contains 60 distinct origins over 21 years, implying a maximum
of 1260 country-year observations. The panel contains 1048 observations because origin
coverage varies over time and records with missing or non-positive tourist arrivals were
excluded. Table A2 reports the samples actually used in each regression. The Central/South
American regression includes 17 origins, excluding French Guiana because the required
life-expectancy and export controls are unavailable for its 21 observations. Missing export
data also exclude 17 observations for Guyana, 16 for Suriname and eight for Venezuela.
The regional regressions therefore sum to 62 origin memberships and 1049 observations,
including 63 country—year observations counted twice across the OECD and Central/South
American samples. The integrated model retains the 62 observations excluded from the
regional regression, yielding 1049 — 63 + 62 = 1048 observations.

The resulting database is an unbalanced country-year panel assembled from publicly
available secondary sources. The dependent variable is the annual number of interna-
tional tourist arrivals in Brazil by country of residence. The data were obtained from the
World Tourism Organization (UNWTO, now UN Tourism), Yearbook of Tourism Statis-
tics dataset, Brazil Table 112, “Arrivals of non-resident tourists at national borders, by
country of residence”, using observations for 2002-2022 [30]. The variable enters the mod-
els in natural logarithms. Socioeconomic, labour-market, technology, health and trade
variables come from the World Bank’s World Development Indicators (WDI) [31] and
were downloaded for all origin countries for 2002-2022. Table A1 lists each variable with
its WDI code and unit. For example, GDP per capita is measured in current US dollars
(NY.GDP.PCAP.CD), and GNI per capita is measured in current US dollars using the Atlas
method (NY.GNPPCAP.CD). WDI data were downloaded on 29 August 2025. The aviation
variables come from the Air Transport Statistical Database (Dados Estatisticos do Transporte
Aéreo) of the Brazilian National Civil Aviation Agency (ANAC) [32]. This database reports
monthly flight-stage records by airline and by origin and destination airport. Records of
scheduled international flights from airports in each origin country to airports in Brazil
were summed to annual country totals for three fields: departures (number of flights),
paid passengers (number of passengers) and paid cargo (kg). The remaining variables
are: (i) VisaExempt, a dummy equal to 1 when nationals of the origin country could enter
Brazil as tourists without a visa in that year, based on the visa-regime table of the Brazilian
Ministry of Foreign Affairs [33]; (ii) UnescoSites, the number of UNESCO World Heritage
sites in the origin country [34]; (iii) Capital_Distance, the great-circle distance in kilometres
between the capital of the origin country and Brasilia, from the CEPII GeoDist database [35];
(iv) LanguageDistance_PT, an index of the distance between the main official language of
the origin country and Portuguese, ranging from 0 (same language) to 4, based on the
language classification of Fearon [36]; and (v) security, measured by the overall Global
Peace Index score [37], available from 2008, and the intentional homicide rate from the
WDI. Variables were retained when their average data completeness exceeded 80%.
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2.2. Variable Construction and Air Connectivity Measurement

Candidate explanatory variables were organised into seven conceptual blocks: air
connectivity; socioeconomic conditions; trade and finance; health and education; technol-
ogy; labour-market conditions; and institutional, cultural and accessibility characteristics,
including geographical distance, security and travel facilitation. Candidate variables were
organised into the following blocks: air connectivity (departures, paid passengers and paid
cargo); socioeconomic conditions (GDP per capita, GNI per capita, population, population
growth and labour force); trade and finance (exports as a share of GDP, foreign direct
investment inflows in current US dollars, outflows in current US dollars and as a share of
GDP, and the exchange rate); health and education (health expenditure, life expectancy,
infant mortality and education expenditure); technology (internet users and mobile-cellular
subscriptions); labour-market conditions (unemployment rate and GDP growth); and in-
stitutional, cultural and accessibility characteristics (distance between capitals, linguistic
distance from Portuguese, linguistic diversity, visa exemption, UNESCO sites, Global Peace
Index and homicide rate). Table A1l reports the block, definition, unit, source and coverage
of each variable. Principal components were constructed for the origin-country connectivity,
socioeconomic, trade and finance, health, technology, labour-market and institutional blocks.
For Brazil, components were constructed for the socioeconomic, trade and finance, health
and education, and institutional blocks; education expenditure was included only in the
destination block. Additional components combined destination socioeconomic and health
variables and represented distance-related characteristics. UNESCO sites and the homicide
rate were not included in the PCA inputs, and visa exemption was retained as a separate
covariate. The final models included selected components alongside individual covariates
where retained, including health expenditure, life expectancy, exports as a share of GDP
and visa exemption.

Longitudinal measurement of international connectivity is constrained by the uneven
historical availability of detailed route- and network-level indicators. Measures based on
centrality, route density, or direct-connectivity structures can provide richer descriptions of
network topology, but comparable historical coverage across a large, heterogeneous set of
origin markets is not always available. The present study therefore uses operational aviation
measures to construct a longitudinal proxy for the intensity of international air-transport
supply represented in the dataset.

Because several variables within the conceptual blocks are strongly correlated, Prin-
cipal Component Analysis (PCA) was applied separately to each block after z-score
standardisation [38]. Missing values in the variables entering the PCA were handled
through hierarchical median imputation, first at the Region x Year level, then at the regional
level, and finally at the global level when observations remained unavailable. Indicators
with structurally shorter temporal coverage were not extrapolated beyond their observed
period. In particular, the Global Peace Index (GPI), available from 2008 onward, was in-
corporated only into the post-2008 institutional component, while the pre-2008 component
was estimated without the GPI. PCA was estimated on the pooled sample of origin-country
observations before regional models were fitted, providing a common component scale
across groups. Missingness in the non-aviation variables examined in the sensitivity anal-
ysis ranged from 2.0% to 5.9%, excluding the fully observed geographical and linguistic
distance variables. Missing PCA inputs were treated using hierarchical median imputation,
while aviation zeros and missing values were replaced with 1 during panel construction.
Median imputation can reduce variability and alter correlations, potentially affecting com-
ponent scores and regression estimates. Sensitivity was assessed using complete-case
analysis and multiple imputation by chained equations with predictive mean matching
(20 imputed datasets). The pooled connectivity transformation was held fixed across treat-
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ments, while the other required PCA components and panel models were re-estimated.
Multiple-imputation estimates were combined using Rubin’s rules [39]. Table A1l compares
the connectivity coefficients across these approaches.

The ANAC aviation variables were treated separately during panel construction. In
the baseline specification, recorded zeros and missing aviation values after data integration
were replaced with 1 before PCA estimation. This value was adopted as a small positive
baseline constant, rather than as an observed measure of bilateral activity.

Sensitivity to the replacement constant was assessed by reconstructing the indicator
and re-estimating the models under the alternative treatments. To assess whether the
baseline treatment influenced the connectivity estimates, the connectivity component was
reconstructed using two alternative replacement values, 0 and 0.5, instead of 1. The preferred
regional and full-sample models were then re-estimated while holding the remaining model
structure unchanged. The estimated connectivity coefficients remained stable in sign and
statistical significance across the alternative treatments. Coefficient magnitudes changed
little, and the cross-market pattern observed in the baseline specification was preserved.

The first principal component (PC1) from each block was retained as the synthetic
indicator used in subsequent modelling. Retention was based on the proportion of variance
explained by PC1, along with the substantive interpretability of the corresponding loadings.
The factor scores were shifted to positive values where required and subsequently log-
transformed for use in the panel specifications.

The focal measure, ConnectivityComp_Origin, combines international departures,
revenue passenger traffic and air-freight activity. The underlying ANAC variables refer
specifically to direct bilateral international air activity between each origin country and
Brazil, rather than to the origin country’s total international aviation activity. They comprise
scheduled international departures, paid passengers and paid cargo recorded on direct
services from the respective origin country to Brazil. Accordingly, the factor captures
the operational intensity of direct bilateral air services with Brazil and excludes indirect
itineraries through intermediary countries or hubs. Departures represent service frequency
and operational availability, passenger traffic captures the scale of passenger movement,
and air freight provides an additional measure of operational aviation intensity. Cargo
and passenger operations may also share aircraft capacity through belly-freight services, so
freight activity can inform the broader operational depth of international air services. PCA
combines these correlated measures into a single factor while avoiding their simultaneous
introduction as highly collinear regressors. The resulting indicator should therefore be
interpreted as a proxy for operational connectivity, not as a measure of airline-network
topology, centrality, or direct-route structure.

Connectivity and tourism may grow hand in hand. While infrastructure, regulation,
bilateral agreements, airline network strategy, and market-access conditions shape aviation
supply, tourism demand may, in turn, make some (additional) services economically
viable and later drive expansion. Tourism studies have captured this feedback loop before.
Culiuc [40], for example, finds, based on bilateral tourism flows, that direct air services
and tourism demand may have positive feedback, whereby tourism may even drive direct
service provision in the first place. Therefore, ConnectivityComp_Origin enters ex ante
as a proxy for the accessibility environment, and we interpret its estimated coefficient as a
conditional correlation rather than a de facto causal effect on supply.

The models also include derived controls. Total GDP reflects the overall economic scale.
Year-specific indicators for 2020-2022 capture pandemic disruption and recovery, along
with the additional post-2020 and decay specifications listed in the database. The decay
term, defined as 1/(Year — 2020 + 1), represents the decreasing intensity of the pandemic-
related disturbance during the observed recovery years. The dependent variable is the
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natural logarithm of arrivals. Coefficients on logged regressors are therefore elasticities,
and coefficients on dummy variables are read as approximate percentage differences of
100 x (exp(B) — 1). The PCA scores were shifted to positive values before taking logs, so
the connectivity coefficient gives the percentage change in arrivals associated with a 1%
change in the shifted score. Because the shift constant is arbitrary, you cannot convert the
coefficient into a number of flights or passengers. However, you can compare it across
groups because the same transformation is applied in every model.

2.3. Econometric Strategy

Four panel specifications were estimated to compare the connectivity—tourism relation-
ship across market contexts: BRICS+ origin countries, OECD origin countries, Central and
South American origin countries, and an integrated specification combining the available
country groups.

For each specification, pooled ordinary least squares, fixed effects (FEs) and random
effects (REs) were considered. Random-effects estimation used the Swamy—-Arora proce-
dure [41]. The preferred estimator was selected through the conventional sequence of panel
specification tests described by Baltagi [42]: an F-test comparing fixed effects with pooled
estimation, the Breusch-Pagan Lagrange Multiplier test comparing random effects with
pooling [43], and the Hausman test comparing fixed and random effects [44].

The selection rule therefore follows each subsample’s statistical structure rather than
imposing a common estimator across regions. Fixed effects are used where the specification
tests indicate that time-invariant country heterogeneity should be controlled through unit
effects; random effects are retained where their assumptions are not rejected and where they
permit more efficient estimation. The resulting models provide comparable evidence on
how the conditional association between connectivity and inbound tourism differs across
market groups while accommodating the distinct panel structures of those groups.

PCA-based indicators were constructed to reduce multicollinearity among correlated
explanatory variables within the conceptual blocks. Within each group, the resulting
components and remaining controls were introduced into the panel regressions in descend-
ing order of the absolute magnitude of their Pearson correlations with tourist arrivals in
Brazil. When strong correlations remained between candidate regressors, priority was
given to the regressor more strongly correlated with the dependent variable. Regressors
were retained in the final specifications based on statistical significance at the 5% level
(p < 0.05), rather than information criteria, while pandemic controls were maintained.
ConnectivityComp_Origin was excluded from the final OECD model because it was not
statistically significant conditional on the other controls, rather than on theoretical grounds.
Differences in the final control sets therefore partly reflect the variable-selection procedure.
Non-retention of connectivity does not establish the absence of an association, and dif-
ferences in statistical significance across models do not establish statistically significant
differences between group coefficients. To assess the cross-group pattern under comparable
modelling choices, a common specification was estimated for the three regional samples
and the integrated sample, using the same regressors (the five components, visa exemption
and pandemic indicators), the same random-effects estimator and Driscoll-Kraay standard
errors. Table A10 reports the connectivity coefficients and partial R? values obtained under
this common specification.

2.4. Model Diagnostics and Robustness

Diagnostic assessment was undertaken for each preferred panel specification. Het-
eroskedasticity was examined with the Breusch-Pagan test [45], serial correlation with the
Wooldridge procedure [46], and cross-sectional dependence with the Pesaran CD test [47].
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Variance Inflation Factors were additionally examined for multicollinearity, with values
above 10 treated as indicating potentially problematic collinearity.

Inference was adjusted according to the diagnostic profile of each model. Driscoll-
Kraay standard errors were used where heteroskedasticity, serial correlation and cross-
sectional dependence jointly required robust correction [48]. Random-effects models dis-
playing heteroskedasticity across country units used country-clustered White-type robust
standard errors [49,50]. Where temporal heterogeneity was relevant, time effects were
included together with cluster-robust inference. These choices followed the diagnostics in
Table A4. The OECD model showed heteroskedasticity, serial correlation and strong cross-
sectional dependence (Pesaran CD z = 19.07), so Driscoll-Kraay errors [51] were used; they
are robust to all three problems and suit panels with a long time dimension. In the BRICS+
model, cross-sectional dependence was not significant at the 5% level (z = 1.75; p = 0.080),
and country-clustered errors were used. Two limitations follow. First, clustered errors do
not correct for the cross-sectional dependence found in the Central and South American
and integrated models. Second, with only eight clusters in the BRICS+ model, clustered
errors can understate the true standard errors [52]. To check that differences in significance
across groups are not caused by the error structure, all models were re-estimated with
Driscoll-Kraay errors (Table A10).

Table A10 preserves the regional ordering of both connectivity coefficients (0.036, 0.071
and 0.101) and partial R? values (1.50%, 2.32% and 3.85%) across the OECD, BRICS+ and
Central/South America, respectively. Connectivity is positive and statistically significant in
all three samples, supporting the gradient as a descriptive pattern.

Partial R?> was calculated for ConnectivityComp_Origin in order to quantify its
incremental explanatory contribution conditional on the other regressors included in
each specification. The statistic is used here as an explanatory-effect-size measure and
not as evidence of causal attribution. It was computed from nested models as partial
R? = (R*full — R%restricted) /(1 — R®restricted ), where the restricted model drops Connec-
tivityComp_Origin and keeps all other regressors, with the estimator and the transfor-
mations unchanged. For a single regressor, this equals the squared partial correlation,
t2/(t> + df), where t is the t-statistic of the connectivity coefficient, and df is the residual
degrees of freedom, providing a simple check.

A supplementary endogeneity diagnostic was implemented for the BRICS+ and Cen-
tral and South American specifications, in which the connectivity factor is retained. The
one-period lag of ConnectivityComp_Origin was used as an instrument in a Durbin-
Wu-Hausman procedure. The exogeneity null was not rejected in either model. These
results provide no statistical evidence of endogeneity under the adopted test and instrument,
but the test has clear limits. Connectivity is highly persistent, which explains the very large
first-stage F-statistics (623.0 and 4487.9; Table A7). A lagged regressor is a valid instrument
only if it is uncorrelated with the current error term. When unobserved shocks to tourism
demand persist over time, the lag is likely correlated with the error, so the instrument may
be invalid and the test may fail to detect endogeneity [53,54]. The test is therefore treated as
weak evidence, and the coefficients are read as conditional associations, not causal effects.
Stronger identification would require an external source of variation in aviation supply that
does not depend on travel to Brazil, as discussed in the limitations. The specification tests
therefore support retaining the panel estimators as the principal models [42].

A further sensitivity analysis examined whether treating zero values in the ANAC
bilateral aviation series materially affected the principal findings. ConnectivityComp_Origin
was reconstructed using alternative treatments of observations with no recorded direct
bilateral activity, and the preferred regional models were re-estimated using the resulting
factor scores. Robustness was assessed in terms of coefficient direction, statistical relevance
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and, most importantly, preservation of the relative connectivity gradient across OECD,
BRICS+ and Central and South American markets.

Across these alternative specifications, the qualitative ordering of the regional connec-
tivity results remained unchanged, indicating that the connectivity gradient is not driven
by the baseline zero-value treatment.

Data preparation, PCA construction, panel estimation, diagnostic testing and result
export were implemented in R [55] within a common analytical workflow. The same pro-
cessing sequence was applied across model groups to support consistency and traceability
of the analysis.

Figure 1 summarises the analytical sequence used to connect the Brazilian empirical
case to broader questions of tourism accessibility, sustainable transport policy, and South—
South integration.

A. POLICY PROBLEM & ANALYTICAL LENS
+ Global asymmetries in air transport connectivity
« Hierarchical networks and hub concentration
« Limited South—South integration
Analytical lens: Triple Bottom Line (interpretative)
[
B. DATA AND UNIT OF ANALYSIS
Panel data: origin country x year (2002-2022)
Destination fixed: Brazil

+ Inbound tourism (UNWTO)
« Air transport supply (ANAC): intemational departures, paid passengers, paid cargo
+ Controls (WDI & instituti i labor, distance, visa, security

(i C. CONSTRUCTION OF SYNTHETIC INDICATORS 2

+ Standardization (z-scores)
+ Missing data treatment
+ Principal Component Analysis (by blocks)

ConnectivityComp_Origin (PC1)
Effective air transport supply
[
D. ECONOMETRIC STRATEGY

Panel models by country group:
OECD

N
J

+ BRICS Plus
+ South & Central America
+ Global specification
1. Model specification
Pooling OLS / Fixed Effects / Random Effects
L2

2. Model selection tests
F-test, LM (Breusch—Pagan), Hausman
L2

for air

Durbin-Wu-Hausman test }

period lag of
X 2
4. Robust inference

Driscoll-Kraay / White cluster
< J
¥
E. POLICY-RELEVANT METRICS
+ Estimated coefficients
Partial R? of air connectivity
- Regional heterogeneity & interactions

k2

F. POLICY INTERPRETATION & OUTPUTS
« Air connectivity as a policy instrument
« Implications for:
- bilateral air service agreements
- regional coordination
- hub and corridor strategies
Heuristic framework: Global South Air Transport Belt (GSATB)

— Y
»

sy

Figure 1. Analytical framework of the study.

3. Results and Discussion
3.1. Descriptive Evidence

Brazil shows a marked contrast between the scale of domestic aviation and the interna-
tional diversification of its tourism market. The country has extensive airport infrastructure
and a large domestic air-transport system, while international visitor flows remain compar-
atively concentrated [56]. Established services to North America and Europe coexist with
more limited direct access from several markets in Asia, Africa and the Middle East, where
itineraries may depend on intermediary hubs.

The descriptive comparison therefore distinguishes OECD, BRICS+ and Central and
South American origin countries. These groups differ substantially in economic structure,
geographical proximity, network maturity, and institutional accessibility, creating hetero-
geneous market contexts for the subsequent panel analysis. Collectively, they represent
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more than five billion inhabitants and include both established and expanding sources of
international travel demand [31].

Table 1 summarises the observed variables before their transformation into synthetic
components. The distributions show wide cross-country variation in aviation activity, eco-
nomic scale, demographics, digital development, labour-market conditions and institutional
accessibility. This heterogeneity matters analytically because no single observed indicator
can adequately capture the multidimensional differences among the origin markets. The
aviation variables have 1048 observations and no missing values because the ANAC records
cover every country—year in the panel: a year without direct flights is recorded as zero
activity, not as a missing value. The other variables come mainly from the WDI, where
some country—years are not reported, so their counts fall between 986 and 1027.

Table 1. Descriptive statistics of the main variables by thematic block (Brazil, 2002-2022).

Block/Variable Unit Mean Std. Dev. Min. Max. Obs. Missing (%)
Dependent variable

Arrivals tourists per year 97,620.3 232,696.1 1.0 2,622,327.0 1048 0.0
Air connectivity

Departures flights per year 900 2170 1 15,174 1048 0.0
Paid Passengers passengers per year 135,232 320,572 1 2,636,411 1048 0.0
Paid Cargo KG kg per year 5,300,832.2 17,624,711.3 1.0 170,309,165.0 1048 0.0
Socioeconomic conditions

GDP per Capita current US$ 26,634.8 23,225.5 888.2 134,965.8 1019 2.8
GNP per Capita current US$ (Atlas) 25,817.7 21,984.0 870.0 105,070.0 1019 2.8
Population Persons 82,871,550.5 246,692,746.2 496,551.0 1,425,423,212.0 1027 2.0
Pop Growth annual % 0.8 0.8 -3.0 5.2 1027 2.0
Labor Force Persons 40,283,773.0 123,577,465.5 163,639.0 781,187,865.0 1027 2.0
Labour market

Unemployment % of labour force 7.4 45 2.0 34.0 1027 2.0
GDP growth annual % 2.8 4.5 —-17.8 63.3 1019 2.8
Technology

Internet Use % of population 61.8 26.9 1.5 100.0 1018 2.9
Cell Subs per 100 people 106.7 33.0 8.5 183.2 1026 2.1
Health and education

Health Exp. % of GDP 8.0 25 2.2 18.8 1011 3.5
Life Expectancy Years 77.0 5.2 53.9 84.6 1027 2.0
Trade and finance

Exports GDP % of GDP 41.2 25.9 9.0 222.3 986 59
Institutional, cultural and accessibility

Capital Distance Km 8085.0 4067.5 1460.0 17,674.0 1048 0.0
Language .

Distance_PT index (0-4) 2.6 1.2 0.0 4.0 1048 0.0
Visa Exempt dummy (0/1) 0.759 0.428 0 1 1048 0.0

Notes: Statistics refer to the original variables before PCA and before imputation. Obs. is the number
of country—years with data out of the 1048 in the panel. The aviation variables have no missing values
because years without direct services are recorded as zero activity (set to 1 before the PCA).

PCA is consequently used to condense correlated variables into a smaller set of com-
ponents entering the econometric models. The purpose is dimensionality reduction and
improved interpretability, not to create direct measures of sustainability. Sustainability
implications are introduced subsequently when the empirical associations are interpreted
in relation to accessibility, diversification and the environmental implications of additional
aviation activity.

From 2002 to 2022, the dataset records approximately 103.5 million international
arrivals to Brazil. OECD markets account for 53.6% of the total, Central and South America
for 43.4%, BRICS+ countries for 1.8%, and the remaining markets for 1.1%. Figure 2 therefore
documents a highly uneven distribution across the analytical groups, with the overwhelming
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majority of observed arrivals originating in established OECD and neighbouring Latin
American markets.

Others (1.1%
[N
BRICS + (1.8%)
Central and South America (43.4%
OECD (53.6%)

Figure 2. Distribution of international tourist arrivals in Brazil by country group (2002-2022).
Source: Own elaboration based on UNWTO [30] data. Note: Percentages may not sum to 100% due
to rounding.

The relatively small BRICS+ share is notable given the group’s demographic and
economic heft. The share alone cannot prove that connectivity drives the divergence, but
it highlights a possible diversification shortcoming that warrants further scrutiny. Going
forward, diversification matters for sustainable tourism because a market’s underlying struc-
ture shapes its vulnerability to spatially localised shocks and the extent of visitor diversity
in international tourism. The econometrics team will then examine whether the divergence
asymmetry is predictably associated with differences in underlying air connectivity.

The COVID-19 period offers an additional test of persistence. Since international
mobility was disrupted during 2020-2022, the empirical framework distinguishes between
pandemic-year effects and recovery dynamics, rather than treating the entire sample as
structurally homogeneous.

Figure 2 should therefore be viewed descriptively: economic and demographic scale
by themselves do not reflect the actual distribution of visitors. Variations in geographical
proximity, institutions, historical ties, and air accessibility may all influence the pattern.
The concentration of Brazil’s long-haul international flights at a small number of gateway
airports further contextualises the country’s international accessibility, but does not suggest
that airport concentration alone explains the observed tourism distribution.

Figure 3 compares 2019, the last complete pre-pandemic year, to 2022. International
tourism plunged during the disruption, but OECD and Central and South American markets
remained the two dominant origins in the composition we observe.

Figure 4 places this comparison within the longer 2002-2022 trend, showing that
OECD and Central and South American origin markets already dominated arrivals before
the pandemic.

https://doi.org/10.3390/su182111194


https://doi.org/10.3390/su182111194

Sustainability 2026, 18, 11194 13 of 32
2019 2022
2.984M 3M
E: =
= g
2 g
Q a
= 2M 4
c
£ 1.790M o
2,5 — 1.719M =
< @
- ®
S 5]
5 @
™M
3 N
o

-
w

0 0
OECD  Central and South America BRICS + OECD  Central and South America BRICS +
Group
| Population - Inbound
Figure 3. Distribution of international tourist arrivals in Brazil by country group-2019 and 2022.
Source: Own elaboration based on UNWTO (2022) data.
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Figure 4. Comparison of tourist arrivals to Brazil by country group (2002-2022). Source: Elaborated
from UNWTO (2022) data.

Across the full period, OECD countries remain the largest source group and Central
and South America the second. BRICS+ arrivals increase at times but remain a small share
of the total. The descriptive series therefore suggest that the changing weight of emerging
economies in the global economy has not been matched by an equivalent restructuring of
Brazil’s inbound-tourism portfolio.

This difference should not be read as evidence that rising income is irrelevant to tourism
demand. Rather, it indicates that economic scale and income growth alone cannot reproduce
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the observed cross-market distribution of arrivals. Accessibility, institutional conditions,
geographical proximity, and established tourism relationships offer plausible additional
dimensions for joint evaluation.

Figures S1-53 in the Supplementary Materials add country-level detail to this aggregate
picture. OECD origin markets display comparatively established tourism flows across much
of the sample, while Central and South American countries maintain a substantial regional
presence. BRICS+ markets remain smaller in aggregate and display pronounced disruption
around the pandemic years. These figures reinforce heterogeneous origin-market trajectories
but do not provide causal evidence.

Taken together, the descriptive evidence points to persistent concentration and limited
diversification in Brazil’s inbound-tourism portfolio. The next stage of analysis therefore
shifts from visual and aggregate comparison to multivariate estimation. The panel models
test whether the connectivity indicator remains explanatory after accounting for socioe-
conomic, technological, institutional, and geographical characteristics, and whether that
relevance differs among OECD, BRICS+, and Central and South American markets.

3.2. Principal Component Analysis

Table 2 reports the variance represented by the first principal component retained from
each thematic block. PC1 accounts for 56.2% of the variance in SocioComp_Origin and
more than 80% in TechComp_Origin, LaborComp_Origin, ConnectivityComp_Origin and
DistanceComp. The comparatively lower percentage for the socioeconomic block should
be recognised when interpreting that component, while the remaining blocks display a
stronger concentration of variance in PC1.

Table 2. Percentage of Variance Explained by the First Component.

Component Variance Explained by PC1 (%)
SocioComp_Origin 56.2
TechComp_Origin 82.9
LaborComp_Origin 86.5
ConnectivityComp_Origin 89.2
DistanceComp 83.4

Table 3 provides the eigenvector weights and therefore the substantive basis for naming
the components. This interpretation does not treat the components as directly observed
constructs; instead, it identifies the combinations of original variables that dominate each
synthetic score. The table reports the absolute PC1 coefficients (eigenvector weights)
for each min-max-normalised and mean-centred input variable, with their signs shown
separately. These are neither squared coefficients nor percentages; within each block, their
squares sum to one, subject to rounding.

SocioComp_Origin appears to be mostly correlated with GDP per capita and GNI per
capita (both in current US$). Consequently, SocioComp_Origin can be thought of as an
index of the origin market’s socioeconomic capacity; although PC1 explains 56.2% of the
variation in this block, SocioComp_Origin should be regarded as a parsimonious indicator
of socioeconomic conditions.

TechComp_Origin accounts for 82.9% of the variance within its block and is primarily
loaded by internet use and mobile subscriptions. As such, it reflects digital preparedness
and describes the technological domain in which residents seek information, communicate,
make online transactions, and book their journeys.
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Table 3. PC1 coefficients (eigenvector weights) of the variables in the first principal components used in
the econometric models. Only variables and components included in the final regressions are presented.

Original . Absolute PC1 . .
Component Variable Measure (Unit) Weight Sign Interpretation
Income level in
. .. GDPper- GDP per capita, L
SocioComp_Origin Capita_Orig current US$ 0.586 + Z};i I(ﬁ‘;;g}m
GNI per capita, . .
GNl?per— . Atlas method, 0.716 + National income
Capita_Orig current US$ per person
Larger
. . Total population, _ populations
Population_Orig persons 0.284 slightly lower the
score
. Very small
PopGrowth_Orig Ezﬁﬁiti?n growth, 0.025 - negative
’ contribution
Larger
. Labour force, workforces
LaborForce_Orig persons 0.252 B slightly lower the
score
Mobile-cellular
TechComp_Origin CellSubs_Orig subscriptions per 0.482 + Mobile access
100 people
Interne- Internet users, %
{Use_Orig of population 0.876 + Internet access
o Higher
LaborComp_Origin EZ?IT%IEY ] g;ﬁ?{fﬁ?g;i:t’ o 0.999 - unemployment
—-Tg lowers the score
GDP- GDP growth, 0.045 + Small positive
growth_Orig annual % ' contribution
Connectivity- PaidCar- Péld cergo on Air cargo
7 . direct flights, kg 0.417 + . .
Comp_Origin goKG_Orig per year intensity
Departures of Service
Departures_Orig  direct flights, 0.689 + freauenc
number per year q y
. Paid passengers on
Pa1dPas§en- direct flights, 0.594 + Passenger
gers_Orig volume
number per year
LaneuaceDis- Linguistic distance
DistanceComp U8 from Portuguese, 0.787 + Cultural distance
tance_PT index 04
Capital_Distance D1sFance between 0616 + G.eographlcal
capitals, km distance

Notes: Values are absolute PC1 eigenvector weights for min-max-normalised and mean-centred
inputs; their squares sum to one within each block, subject to rounding. Signs are shown separately
and aligned with the orientation of the component scores used in the regressions. Positive (+) and
negative (—) signs indicate positive and negative contributions to the component score, respectively.
Only the first principal component (PC1) from each block was retained for econometric modelling.
Aviation variables refer to scheduled international flight stages from airports in the origin country to
airports in Brazil (ANAC).
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LaborComp_Origin accounts for 86.5% of the block’s variance, with the unemployment
variable carrying a dominant loading while growth loads very lightly. Hence, this element
should be understood as a measure of labour-market conditions rather than a broad indicator
of macroeconomic performance.

ConnectivityComp_Origin explains 89.2% of the variance in its block. The loadings
are largest for departures and revenue passenger traffic, with air cargo offering another
operational dimension. Thus, the component can be seen as an index of aviation connectivity
intensity present in the dataset, not directly capturing route topology, centrality or hub
structure. Empirically, it serves as a parsimonious operational proxy for the accessibility
dimension incorporated into the subsequent panel models.

DistanceComp accounts for 83.4% of the corresponding block and fuses together
geographic and linguistic distance. Since both original measures indicate distance from
Brazil, this factor isolates the geographic and cultural closeness that influence international
migrants’ ease of mobility and travel.

The retained components thus reduce the database’s dimensionality while preserving
interpretable distinctions among socioeconomic capacity, digital readiness, labour-market
conditions, operational air connectivity, and geographical/cultural proximity. In the regres-
sion analysis, coefficients on these components are interpreted as conditional associations
with variation in the underlying synthetic dimensions, not as the causal effects of individual
original variables.

3.3. Heterogeneity in the Connectivity—Tourism Relationship

Table 4 reports the preferred panel specifications for OECD, BRICS+, Central and
South American and integrated origin-market samples. The comparison tests whether
air connectivity’s statistical significance is similar across markets or varies with network
maturity and accessibility.

The distinction between market groups is central to the interpretation. OECD countries
generally represent comparatively mature aviation environments, whereas many BRICS+
and Latin American origin markets exhibit different combinations of geographical distance,
route density, institutional accessibility and network development. The analysis therefore
tests for heterogeneity rather than assuming a universal connectivity coefficient.

ConnectivityComp_Origin is evaluated together with the other structural components
and controls selected for each model. Table 4 reports the estimated coefficients, while
Table A6 reports partial R? for the connectivity factor. The two measures answer different
questions: the coefficient describes the direction and magnitude of the conditional associa-
tion, whereas partial R? indicates the incremental explanatory contribution of connectivity
within each selected specification.

The regional specifications display adjusted R? values of 0.819 for OECD, 0.811 for
BRICS+ and 0.813 for Central and South America; the integrated model has an adjusted R?
of 0.546. The integrated specification’s lower fit reflects the greater heterogeneity introduced
by combining markets that differ substantially in geography, institutions, socioeconomic
characteristics, and aviation structures.

The preferred models show a cross-market gradient. ConnectivityComp_Origin is not
retained in the preferred OECD model, is positive and statistically significant in the BRICS+
model and displays its largest regional coefficient and partial R? in Central and South
America. This pattern supports the interpretation that connectivity’s explanatory relevance
depends on context and is stronger in the two emerging-market specifications than in the
mature OECD specification. Because the preferred models were selected separately for each
group, this pattern is checked against the common specification in Table A10. Table A10
retains this ordering under common modelling assumptions, while also identifying a posi-

https://doi.org/10.3390/su182111194


https://doi.org/10.3390/su182111194

Sustainability 2026, 18, 11194

17 of 32

tive and significant association for the OECD. The results are therefore consistent with the
proposed gradient, but do not establish statistically significant differences between groups.

Table 4. Preferred panel data models by origin-market group: OECD, BRICS+, Central and South
America and integrated (global) specification. Dependent variable: In(international tourist arrivals
in Brazil).

Variables (1) OECD (2) BRICS+ (3) Central and South America (4) Global
- .. 0.115 *** 0.212 *** 0.118 ***
log (ConnectivityComp_Origin) — (0.023) (0.009) (0.018)
log(SocioComp_Origin) O(g 6&5) — — —
- 0.296 *** 0.144 *
log(TechComp_Origin) (0.055) (0.056) — —

L. 0.282 *** 0.182 ***
log(LaborComp_Origin) (0.089) — — (0.045)
log(DistanceComp) — - - z(()) 8?77)
log(HealthExp_Orig) — ?0429;91)- — —

_ *Xk
log (ExportsGDP_Orig) — — (1 6117720) —
log(LifeExpectancy_Orig) — — 2(3 47‘:’3 6) —
VisaExempt . 0.615 *** 1.635 *** 0.710 ***
sabxemp (0.162) (0.139) (0.153)
Covid_Decay — — _(1 6318967) —
. —1.298 *** —1.724 *** —1.592 ***
Covid_2020 (0.046) (0.130) - (0.182)
. —2.194 *** —2.297 *** —2.252 ***
Covid 2021 (0.050) (0.136) - (0.183)
. —0.742 *** —0.692 *** —0.888 ***
Covid_2022 (0.053) (0.135) _ (0.183)
*3%%
OECD_Orig — _ o 1((())21165>
LATAM._ Orig — — — 0('6*41317)
*%
OECD_Orig x log(Connectivity) - - - (()60850)
LATAM_Orig x log(Connectivity) — — — O(é %41 5)

Estimator

FE (country)

RE (time effects)

RE (time effects)

RE (time effects)

Standard errors

Driscoll-Kraay

Clustered (country)

Clustered (country)

Clustered (country)

Partial R? of connectivity — 0.170 0.568 0.366
Adjusted R? 0.819 0.814 0.813 0.546
Countries 37 8 17 60

Observations 668 110 271 1048

Notes: Robust standard errors are given in parentheses below each coefficient. ***p < 0.001,

**p <001, *p<0.05 1 p < 0.10. “—” means the variable is not included in the preferred speci-
fication. Coefficients on logged regressors are elasticities; coefficients on dummies are approximate
percentage differences of 100 x (exp(p) — 1).

The supplementary Durbin-Wu-Hausman tests do not reject exogeneity of Connectiv-
ityComp_Origin in the BRICS+ or Central and South American models (Table A7). This
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finding supports retaining the selected panel specifications but does not establish causal
effects. The results below are therefore discussed as conditional associations.

3.4. Central and South American Markets

Central and South America shows the strongest link between connectivity and tourism
among the regional specifications. ConnectivityComp_Origin has a coefficient of f = 0.212
(p < 0.001), with a partial R? of 56.8%. When accounting for the other regressors, connec-
tivity explains considerably more variation in this regional sample than in the BRICS+ or
OECD specifications.

This coefficient should be interpreted in light of the PCA factor’s composition. Depar-
tures and revenue passenger traffic have the highest connectivity loadings, so the result
mainly reflects differences in operational service intensity rather than network structure.
This view aligns with research linking service availability, flight frequency, and aviation
accessibility to tourism flows [1,3,7,8,11,13,15]. The regional context also matters: long dis-
tances and few alternatives for medium- and long-distance surface transport make aviation
especially important for international mobility within Latin America [22,24].

VisaExempt is also positive and statistically significant (p = 1.635; p < 0.001), showing
that institutional accessibility is associated with higher inbound flows within the selected
specification. The Covid_Decay coefficient is negative (p = —1.386; p < 0.001), consistent
with pandemic-related disruption persisting during the observed recovery period. Because
the dependent variable is in logs, this implies arrivals about four times higher from visa-
exempt countries in this group (exp(1.635) — 1 ~ 4.1), other factors held constant. The
large size may reflect overlap among visa exemption, regional agreements, and proximity
in this group, so it should not be read as the effect of visa policy alone.

Life expectancy and exports as a share of GDP are also retained, indicating that the
regional tourism pattern cannot be reduced to aviation variables alone. Nevertheless, the
partial R? result identifies connectivity as the dimension with the largest incremental ex-
planatory contribution in this regional model. The coefficient on life expectancy (B = 2.843)
is an elasticity: a 1% difference in life expectancy, about 0.8 years at the sample mean, is
associated with about 2.8% more arrivals. Life expectancy varies within a narrow range
(standard deviation 5.2 years), so a large elasticity is expected, and the variable most likely
acts as a broad proxy for development level rather than a direct driver of travel.

Another implication for sustainable tourism policy is that this result seems to vindicate
assessing regional accessibility as part of a broader integration intervention, rather than
treating additional traffic as the ultimate objective. Route networks, service levels, airport
coordination, and travel facilitation may be especially relevant in this market segment,
but corridor policies should also consider emissions, operational efficiency, the territorial
pattern of tourist profitability, and resilience. The empirical result only indicates where
connectivity seems to matter; it does not, on its own, prove that increasing regional airport
capacity will enhance sustainability.

3.5. BRICS+ Markets: Air Connectivity, Digitalisation and Institutional Accessibility

In the BRICS+ specification, ConnectivityComp_Origin has a positive, statistically
significant effect (p = 0.117; p < 0.001), with a partial R? near 17.0%. Its explanatory
contribution is lower than in Central and South America but still clearly differs from the
OECD result, where the preferred model excludes connectivity.

Similarly, the model with the BRICS+ (and interactions) finds a statistically significant
association for TechComp_Origin (B = 0.163; p = 0.014). Because this component is largely
determined by internet use and mobile subscriptions, it suggests that digital context adds
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explanatory power to the access context. The access context is still determined by departures
and number of passengers [1,3,13].

The two dimensions are not meant to be read as independent, causal mechanisms.
Instead, the model indicates that origin markets with varying degrees of digital and aviation
connectivity show similar differences in tourism flow volume once the selected controls are
introduced. These channels—information access, travel planning, digital transactions, and
physical access—plausibly explain this complementarity.

Other positive and statistically significant BRICS+ dimensions are VisaExempt
(B = 0.606; p < 0.001). The BRICS+ indicator combines three dimensions, aviation connec-
tivity, digital readiness, and institutional accessibility, all relevant to the observed tourism
pattern. This matters for policy because aviation supply alone does not capture the full
accessibility environment.

From a sustainable-tourism perspective, the BRICS+ evidence consequently supports
an integrated policy lens. New air services should be evaluated alongside visa arrangements,
digital access, and tourism governance, not solely by projected passenger growth. The
strategic relevance of a South-South connection depends on whether it reduces an existing
accessibility gap, diversifies Brazil’s origin-market portfolio and contributes to broader
economic participation while remaining compatible with environmental constraints. In this
sense, the BRICS+ model provides a stronger basis for coordinated connectivity policy than
for aviation expansion considered in isolation.

3.6. Mature OECD Aviation Markets

The OECD specification provides the principal contrast with the two emerging-market
models. The preferred specification omits ConnectivityComp_Origin, suggesting it adds
little explanatory power for variation in OECD-origin tourism flows once the selected
model structure is accounted for. This result is consistent with, though it does not prove,
a saturation interpretation in which accessibility differentiates less across already mature
aviation markets. Connectivity was dropped because it was not statistically significant in
this group; its absence is therefore a result of the selection rule and should be compared
with the common-specification estimate in Table A10.

This interpretation aligns with previous research suggesting that the tourism relevance
of additional network expansion can diminish after air-service availability reaches relatively
high levels [11,15,20]. The result should nevertheless be stated narrowly: the model does
not imply that air services cease to be necessary for OECD tourism; rather, cross-country
variation in the connectivity factor does not provide sufficient additional explanatory value
to remain in the preferred specification.

Instead, SocioComp_Origin (p = 0.668; p < 0.001), TechComp_Origin (p = 0.296;
p < 0.001) and LaborComp_Origin (p = 0.282; p < 0.001) are retained with statistically
significant coefficients. In this sample, variation in socioeconomic capacity, digital readiness,
and labour-market conditions therefore contributes more directly to the preferred statistical
explanation of tourism flows than operational connectivity.

The negative coefficients for the 2020 and 2021 indicators (p = —1.298 and —2.194,
respectively; p < 0.001) capture the exceptional contraction in international mobility during
the pandemic period. Their magnitude shows that high pre-existing network maturity did
not insulate long-haul tourism from a system-wide mobility shock. In percentage terms,
these coefficients imply arrivals were about 73% lower in 2020 and 89% lower in 2021.

The sustainability implication therefore differs from that for Central and South America
or BRICS+. Where accessibility is already comparatively mature, the results offer little
empirical basis for treating quantitative network expansion as the principal tourism-policy
lever. Instead, greater emphasis can be placed on efficiency, resilience, service quality, ca-
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pacity utilisation, and environmental performance. The cross-market comparison therefore
supports differentiated connectivity strategies, not a general prescription that emerging
markets should simply reproduce the network density of mature OECD corridors.

3.7. Integrated Specification and Cross-Market Heterogeneity

The integrated model complements the regional results by combining heterogeneous
origin markets into a single specification. ConnectivityComp_Origin remains positive
and statistically significant (p = 0.118; p < 0.001), while LaborComp_Origin (p = 0.182;
p < 0.001) and VisaExempt (p = 0.710; p < 0.001) are also retained. The adjusted R? is 0.546,
below the values obtained in each regional model.

The lower explanatory fit is substantively informative because the integrated sample
combines countries with markedly different geographical relationships with Brazil, institu-
tional environments, socioeconomic conditions and aviation-network maturity. The result
therefore reinforces the rationale for regional disaggregation: a single global coefficient
masks substantial heterogeneity in connectivity’s explanatory relevance.

Consequently, the global connectivity coefficient should be treated as an average
conditional association rather than a universal policy parameter. The regional models show
that the same general connectivity dimension has very different explanatory relevance
across market contexts, ranging from non-retention in OECD to a partial R? of 56.8% in
Central and South America. For policy purposes, the heterogeneity itself is therefore more
informative than the integrated coefficient.

Multicollinearity calls for caution when interpreting cross-market differences in the in-
tegrated model. The interaction between OECD membership and log connectivity has a VIF
of 10.73, the only value above the conventional threshold of 10 (Table A5). Multicollinearity
alone does not bias coefficient estimates, but it can increase their standard errors. This
may limit the precision with which the model estimates the difference in the connectivity
coefficient between OECD markets and the reference group. The interaction results should
therefore be considered alongside the regional estimates, which are obtained from separate
samples without group dummies or cross-market interaction terms.

4. Implications for Sustainable Tourism, Transport Policy and
South-South Integration
4.1. Differentiated Connectivity Strategies

The results above concern accessibility and tourism demand. None of the composite in-
dicators measures emissions, environmental pressure or the local distribution of benefits, so
the sustainability points in this section are interpretation, not empirical findings. The central
policy implication is the heterogeneous value of connectivity, rather than a general argu-
ment for network expansion. Equivalent increases in aviation supply should not be assumed
to have equivalent relevance for tourism across origin markets. In sustainability terms, this
supports selective evaluation: markets where accessibility remains strongly associated with
tourism can receive greater analytical attention, while mature corridors can focus more on
efficiency, resilience, utilisation of existing capacity, and environmental performance.

Central and South America and BRICS+ illustrate two different forms of emerging-
market opportunity. Connectivity has its largest explanatory contribution in the Latin
American specification and remains statistically relevant in BRICS+, but the BRICS+ result
also depends on a wider accessibility environment that includes digital readiness and
visa arrangements. Policy assessment should therefore move beyond adding routes alone.
Bilateral and multilateral air-service agreements, travel facilitation and digital integration
can be assessed jointly when considering underserved South-South markets.
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The role of VisaExempt in these new-market models underscores that this integrative
understanding is correct. Cooperation among regions, airline alliances, operational compat-
ibilities and visa facilitation might suppress some of these various travel frictions [57]. The
econometric outcomes do not establish which cluster of institutions is more desirable, but
they reveal that physical connectivity and institutional accessibility need not be examined
as separate policy areas.

A similar warning can be made for infrastructure development. Brazil currently has
plenty of capacity at international airports and its long-haul traffic is mostly already routed
through well-defined corridors. Diversification issues may relate to network access and
network utilization rather than transport infrastructure. New direct links with new markets
must therefore be assessed for their potential accessibility improvement, resilience, economic
and commercial justifications, and sustainability performance [58].

Market maturity provides an organising principle for this differentiation. In the OECD
model, connectivity adds little explanatory information, whereas it is substantially more
relevant in the two emerging-market specifications. Policy resources can therefore be
prioritised for further assessment where accessibility constraints appear most consequential,
while avoiding the stronger causal claim that the estimated coefficients directly measure
the marginal return to a new route or additional flight.

Taken together, the results position air-transport policy within a wider system of
tourism accessibility and international integration. The empirical framework identifies mar-
kets where connectivity explains more variation, providing an evidence base for screening
potential priorities for further assessment. It should not be interpreted as a route-selection
algorithm or as evidence that a particular investment will necessarily produce additional
arrivals. For a framework such as the GSATB, used here only as a heuristic guide, the
present results provide an initial demand-and-accessibility layer to combine with opera-
tional, financial, environmental, and institutional evaluation.

4.2. Sustainable Connectivity Versus Connectivity Growth

The distinction between connectivity growth and sustainable connectivity is central
to this study’s sustainability contribution. Connectivity growth refers to the quantita-
tive expansion of aviation activity through additional services, frequencies, capacity, or
passenger flows, whereas sustainable connectivity concerns the conditions under which
improved accessibility generates integration and diversification benefits that justify its as-
sociated economic, environmental, and social costs. The two concepts should therefore
not be treated as interchangeable. Higher passenger volumes or additional flights alone
cannot demonstrate sustainable tourism development, especially because aviation activity
generates environmental externalities and the benefits of additional accessibility may vary
substantially across markets.

The connectivity gradient identified in this study provides a way to incorporate this
distinction into policy assessment. Where connectivity already has limited incremental
explanatory relevance, as in the preferred OECD specification, additional quantitative
expansion may warrant greater scrutiny relative to alternatives centred on efficiency, re-
silience, service quality and environmental performance. Conversely, connectivity retains
substantial explanatory relevance, as in Central and South America and, to a lesser ex-
tent, BRICS+; accessibility gaps may justify closer assessment of potential connectivity
improvements, but not an automatic presumption in favour of additional aviation capacity.
Sustainable-connectivity assessment should therefore combine the accessibility evidence
developed here with emissions intensity, aircraft and operational efficiency, load factors,
destination carrying capacity, resilience, commercial viability and the territorial distribution
of tourism benefits. The sustainability question is thus not whether connectivity should
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increase, but whether a particular accessibility improvement generates enough integration
and diversification value relative to its multidimensional costs.

4.3. From Connectivity Estimates to Corridor Priorities

The regional estimates can organise a first-stage screening of connectivity priorities.
Because ConnectivityComp_Origin represents operational aviation intensity, differences
in its coefficient and partial R? identify market groups in which connectivity has greater
or lesser explanatory relevance. This connectivity gradient does not estimate a particular
route’s profitability, environmental performance, or causal tourism impact. Instead, it
indicates where a more detailed corridor-level assessment is most warranted. Table 5
translates this comparative evidence into policy questions relevant to regional integration,
BRICS+ cooperation and the GSATB, used here as a heuristic guide.

Table 5. Translating empirical findings into sustainable tourism and connectivity policy priorities.

Empirical Findings Implication for Transport Policy

Evaluate regional integration
measures—including route density,
service frequency and airport
coordination—as Central and South
America displays the largest estimated
connectivity association and partial R?.

Connectivity displays the largest
incremental explanatory contribution in
the Central and South American
inbound-tourism specification (p = 0.212;
partial R? = 56.8%).

Evaluate bilateral and multilateral
Connectivity is positive but moderate in air-service arrangements with BRICS+
BRICS+ (B = 0.117; partial R? = 17.0%), partners, alongside digital cooperation
operating alongside digitalisation and visa and visa facilitation, reflecting the
policy. combined relevance of physical, digital,
and institutional accessibility.

The preferred OECD specification did not
retain air connectivity, indicating that the
connectivity factor provided no additional
explanatory power once the other selected
structural dimensions were considered.

Treat OECD corridors as mature markets
by prioritising network quality, resilience,
and service efficiency rather than using
connectivity expansion as the main
tourism policy instrument.

Visa exemption displays a statistically
significant positive association in the
emerging-market specifications (f = 0.606
to 1.635).

Integrate aviation policy with visa
facilitation and border management,
recognising that air connectivity and travel
facilitation are complementary policy
instruments.

Brazil’s observed inbound-tourism flows
remain concentrated in established OECD
and neighbouring Latin American origin
markets, while BRICS+ countries account
for a comparatively small share despite
their growing economic importance.

Use the connectivity gradient as an initial
screening criterion for South-South
corridor assessment using the GSATB as a
heuristic guide, subject to subsequent
environmental, financial, operational and
social evaluation.

Table 5 should therefore be read as a screening framework rather than as a prescription
for increasing traffic. Accessibility is one dimension of corridor prioritisation; financial viabil-
ity, environmental externalities, social distribution, operational feasibility and institutional
compatibility remain separate decision criteria. For BRICS+ and Global South cooperation,
this interpretation allows connectivity and tourism diversification to be considered without
equating aviation growth with sustainability.

The Air Connectivity Factor’s principal value is therefore comparative. It provides
a transparent, replicable way to distinguish markets where operational connectivity con-
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tributes more to the statistical explanation of tourism flows. In Brazil, this evidence priori-
tises further evaluation of regional and South-South accessibility gaps over already mature
OECD corridors. The results are relevant to the questions raised by the GSATB agenda, but
they do not test the framework and cannot show that specific GSATB routes would produce
tourism or economic gains.

5. Limitations and Directions for Future Research

Several restrictions also limit the applicability of the results. First, Connectivity-
Comp_Origin measures operational aviation intensity based on a PCA. Although it captures
the combined effect of several correlated indicators over time within the panel, the measure
does not replicate airline network topology (e.g., airport centrality, availability of direct
flights, hub reliance, route density, etc.). Future studies could merge this longitudinal vari-
able with network variables to see whether operational measures and structural connectivity
variables affect tourism flows differently.

Secondly, the measure is in synthetic units. Altering ConnectivityComp_Origin cannot
be mapped directly back to the number of flights, seats, routes, or additional passenger
kilometres, making the estimated coefficient operationally awkward for aviation author-
ities, tour operators, or airlines. At the route level, the synthetic score should map to
directly observable measures like frequency, fare, and direct service before being used for
investment appraisal.

Third, the country-level observational unit conceals spatial heterogeneity within na-
tional aviation systems. Brazil has only a handful of international gateways, clustered mainly
in the Southeast, whereas origin countries also show considerable variation in hub locations
and access. Datasets at airport, route, and city-pair level would let future research examine
how these spatial structures relate to tourism accessibility and regional development.

Fourth, causal identification remains limited. The Durbin-Wu-Hausman tests do not
reject exogeneity of the connectivity factor in the BRICS+ and Central and South American
models, but this result applies to the adopted specification and one-period-lag instrument,
and a lagged instrument may not be valid when both connectivity and unobserved demand
shocks are persistent. It cannot rule out all forms of reciprocal causation, because tourism
demand may itself contribute to airline entry, frequency decisions, and long-run service
expansion. The coefficients are therefore interpreted as conditional associations. Future
work could pursue stronger identification through external instruments, quasi-experimental
designs, natural experiments, appropriate dynamic-panel methods or exogenous shocks
affecting aviation supply. One candidate external instrument is total air departures from the
origin country (WDI indicator IS.AIR.DPRT), which reflects aviation supply in the origin
market rather than travel to Brazil alone.

Fifth, the empirical application uses Brazil as the common destination. The extent to
which the estimated connectivity gradient generalises to other Global South destinations
remains an open empirical question. Comparative applications to other BRICS+ and emerg-
ing economies could distinguish general patterns of network maturity from features specific
to Brazilian geography, tourism specialisation, institutions and aviation-market structure.

Sixth, richer aviation databases could substantially deepen the analysis. Route struc-
tures, flight schedules, fares, seat capacity, passenger itineraries, hub dependence, and
multimodal accessibility would enable integrating the current panel approach with network
science, spatial analysis, and accessibility modelling.

Finally, the study does not directly estimate sustainability outcomes. Aviation emis-
sions, carbon intensity, destination-level environmental pressure, carrying capacity, tourism-
income distribution, employment quality and community outcomes are not dependent
variables in the present models. Consequently, the finding that connectivity is more strongly
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associated with tourism in particular markets should not be interpreted as evidence that
additional aviation activity in those markets is intrinsically sustainable. Future corridor
assessments should combine accessibility and tourism indicators with environmental and
distributional measures to jointly evaluate economic integration, emissions, and local
social outcomes.

The second concerns the data and model choices. The panel runs only to 2022 and
covers the first part of the pandemic recovery. Extending this panel to 2023 and beyond,
once data become available, would reveal whether the gradient persists after international
travel normalises. The preferred models were each selected for each group on statistical
significance, so the gradient here is partly an ad hoc result. The common specification in
Table A10 mitigates this issue, but formally testing for differences in the gradient between
groups, for example with a pooled model and group interaction effects for all regressors,
would provide a firmer answer. Last, some values of controls were imputed; results with
different imputation approaches are shown in Table A11. Table A11 shows that the connec-
tivity coefficient remains positive and statistically significant for BRICS+, Central/South
America and the global reference category.

These challenges are part of a wider research agenda. The current approach provides
an empirical filter for comparing connectivity between origin markets; future work can
gradually incorporate route-level operational data, network structure, improved causal
designs, and multi-dimensional sustainability indices. Among these research directions,
applications such as the GSATB could be tested as facilitators for South-South integration,
rather than as a given infrastructural product.

6. Conclusions

This study examined whether the statistical link between international air connectivity
and inbound tourism differs among origin markets with varying roles in the aviation system.
Focusing on Brazil as a representative Global South destination, the analysis compared
OECD, BRICS+, and Central and South American markets from 2002 to 2022. The main
empirical result is a connectivity gradient across the preferred regional models. Connec-
tivityComp_Origin shows its strongest regional association in Central and South America
(B = 0.212; partial R* = 56.8%), remains statistically significant in BRICS+ (p = 0.117; par-
tial R? ~ 17.0%), and is not included in the preferred OECD model.

The connectivity gradient constitutes the study’s principal generalisable contribu-
tion. Rather than supporting a universal relationship between additional connectivity and
tourism, the results indicate that connectivity’s incremental explanatory relevance varies
substantially across market contexts and aligns with differences in existing accessibility
and aviation-market maturity. The Brazilian evidence therefore supports testing a com-
parative proposition in other Global South destinations: connectivity should be assessed
as a context-dependent accessibility resource whose relevance may decline as market ac-
cessibility becomes more established. In BRICS+, the simultaneous relevance of digital
readiness and visa exemption further demonstrates that physical aviation access forms only
one component of a broader accessibility environment.

Brazil’s inbound-tourism portfolio remains strongly concentrated in OECD and neigh-
bouring Latin American markets, while BRICS+ accounts for a comparatively small share
of arrivals. This distribution illustrates a wider Global South issue: changes in global eco-
nomic weight do not automatically translate into equivalent changes in tourism interaction.
Market diversification depends on a combination of geographical, institutional, digital and
transport-accessibility conditions.

These results support a selective interpretation of sustainable connectivity. The policy
objective should not be to maximise flights, routes, or passenger volumes. Instead, the
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empirical framework can identify markets where accessibility deserves closer policy assess-
ment. Any subsequent corridor decision must incorporate dimensions outside the current
model, including emissions, operational efficiency, financial viability, destination capacity,
resilience, and the distribution of local tourism benefits.

For BRICS+ and other Global South economies, the implications therefore concern
coordination among aviation agreements, tourism governance, visa facilitation, digital
access and sustainable-transport planning. The GSATB provides one possible framework
for organising this discussion, but this analysis uses it only as a heuristic guide and does not
test it. The connectivity gradient can support initial screening of underserved South-South
markets, after which environmental, social, institutional, and commercial criteria should
determine whether individual corridors merit development.

Future comparative research should test whether the gradient observed for Brazil
is reproduced in other BRICS+ and Global South destinations. By combining country-
panel analysis with route- and airport-level network data, future studies could use stronger
causal-identification strategies and explicit carbon and distributional indicators to move
from connectivity screening to a multidimensional assessment of sustainable tourism corri-
dors. Such an extension would provide a stronger empirical basis for understanding how
international accessibility can contribute to tourism diversification and economic integration
without equating aviation growth with sustainability.
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Appendix A
Table A1. Variables by conceptual block, with definitions, units, sources and coverage.
Variable (Final . .
Database) Block Description (Unit) Source/WDI Code Coverage
International tourist
Arrivals Dependent variable arrivals in Bra.zﬂ by UN Tourism database, 2002-2022
country of residence series TF [30]
(persons)
Departures of scheduled
Departures_Orig Air connectivity du."ef:t flights between ANAC [32] 2002-2022
origin country and
Brazil (number)
. . . L Paid passengers on these
PaidPassengers_Orig Air connectivity flights (number) ANAC [32] 2002-2022
. . . L Paid cargo on these
PaidCargoKG_Orig Air connectivity flights (kg) ANAC [32] 2002-2022
GDPper- . . GDP per capita (current
Capita_Orig/Dest Socioeconomic Uss) NY.GDP.PCAP.CD 2002-2022
GNPper- . . GNI per capita, Atlas .
Capita_Orig/Dest Socioeconomic method (current USS) NY.GNPPCAP.CD 2002-2022
Population_Orig/Dest Socioeconomic Total population SPPOP.TOTL 2002-2022
(persons)
PopGrowth_Orig/Dest ~ Socioeconomic Populatlf))n growth SP.POP.GROW 2002-2022
(annual %)
. . . Labour force, total
LaborForce_Orig/Dest ~ Socioeconomic SL.TLETOTL.IN 2002-2022
(persons)
, , Exports of goods and
ExportsGDP_Orig/Dest  Trade and finance services (% of GDP) NE.EXP.GNFS.ZS 2002-2022
FDI_Net- . FDI, net inflows (current
inflows_usd_Orig/Dest Trade and finance USs$) BX.KLT.DINV.CD.WD 2002-2022
FDI_Netinflows_pct- . FDI, net inflows (% of
¢dp._Orig/Dest Trade and finance GDP) BX.KLT.DINV.WD.GD.ZS 2002-2022
FDI_Netout- . FDI, net outflows
flows_usd_Orig/Dest Trade and finance (current US$) BM.KLT.DINV.CD.WD  2002-2022
FDI_Netoutflows_pct- . FDI, net outflows (% of
¢dp_Orig/Dest Trade and finance GDP) BM.KLT.DINV.WD.GD.ZS 2002-2022
Official exchange rate
Exchange_Rate_Orig Trade and finance (local currency units per PANUS.FCRF 2002-2022
US$, period average)
. Health and Current health
HealthExp_Orig/Dest education expenditure (% of GDP) SH.XPD.CHEX.GD.ZS  2002-2022
LifeEx- ' Health. and Life expectancy at birth SPDYN LE0O.IN 2002-2022
pectancy_Orig/Dest education (years)
InfantMortal- Health and Infant mortality rate
ity_Orig/Dest education (per 1000 live births) SEDYNIMRLIN 2002-2022
. Health and Public expenditure on
EducExp_Orig/Dest education education (% of GDP) SE.XPD.TOTL.GD.ZS 2002-2022
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Table A1. Cont.
Variable (Final - .
Database) Block Description (Unit) Source/WDI Code Coverage
Individuals using the
InternetUse_Orig/Dest ~ Technology internet (% of ITNET.USER.ZS 2002-2022
population)
Mobile-cellular
CellSubs_Orig/Dest Technology subscriptions (per 100 IT.CEL.SETS.P2 2002-2022
people)
Unemploy- Labour market Unemployment (% of o yypn TOTL ZS 2002-2022
ment_Orig/Dest labour force)
GDPgrowth_Orig/Dest ~ Labour market GDP growth (annual %) NY.GDPMKTPKD.ZG  2002-2022
) . Institutional, cultural ~Great-circle distance . Time-
Capital_Distance and accessibility between capitals (km) CEPIT GeoDist [35] invariant
LancuaceDistance PT Institutional, cultural  Linguistic distance from Constructed from Time-
suas - and accessibility Portuguese (index 0—4)  Fearon [36] invariant
LDI_ Orig/Dest Instltutlonz.ﬂ,. gultural ngmstlc diversity Fearon [36] .T1met
and accessibility index invariant
I Visa exemption for . )
VisaExempt Instltutlon’?ll,. c.ultural tourist entry into Brazil Mlm.stry of F01.re1gn 2002-2022
and accessibility Affairs of Brazil [33]
(dummy)
. . Institutional, cultural Number of UNESCO
UnescoSites_Orig/Dest and accessibility World Heritage sites UNESCO [34] 2002-2022
. Institutional, cultural Global Peace Index, Institute for Economics
GPI_Overall_Orig/Dest and accessibility overall score & Peace [37] 2008-2022
HomicideR- Institutional, cultural Intentional homicides
ate_Orig/Dest and accessibility (per 100,000 people) VCIHR PSRC.PS 2002-2022
Total GDP: GDP per
GDP_Orig/Dest Derived control capita x population Constructed 2002-2022
(current US$)
Covid_2020/2021/2022 Derived control Year dummles for Constructed 20202022
pandemic years
Covid_Post Derived control Dummy =1 for years Constructed 2021-2022
after 2020
. . Pandemic decay term,
Covid_Decay Derived control Constructed 2020-2022

1/(Year — 2020 + 1)

OECD_Orig, Dummies for Official countr
BRICSPlus_Orig, Group indicators membership of each classifications y —
LATAM_Orig origin group

Region_Orig/Dest Group indicators Geographic region Constructed —

(continent/subregion)

Source: Prepared by the authors using data from UN Tourism, ANAC, the World Bank (WDI), CEPII,
Fearon [36], UNESCO, the Global Peace Index, and the Ministry of Foreign Affairs of Brazil. WDI codes
refer to the World Development Indicators [31]. Note: Some series contain missing observations for
particular countries and years. Missing-data treatment: variables entering the PCA were subject to
hierarchical median imputation, sequentially at the Region x Year, regional and global levels. Indicators
with structurally shorter temporal coverage were not extrapolated beyond their observed period. ANAC
aviation variables were treated separately during panel construction, with zero values and country-
year observations without recorded direct bilateral activity assigned a value of one. Additional Note:
“Orig/Dest” indicate origin and destination countries, respectively, for bilateral variables. Reference:
Fearon, J. D. [36]. Ethnic and Cultural Diversity by Country. Journal of Economic Growth.
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Table A2. Model specification and goodness-of-fit statistics across country groups.

(3) Central and

(1) OECD (2) BRICS+ South America (4) Global
Effects FE (country) RE (time effects) RE (time effects) RE (time effects)
Robust correction Driscoll-Kraay Clustered (White) Clustered (White) Clustered (White)
Adjusted R? 0.819 0.811 0.813 0.546
Countries 37 8 17 60
Observations 668 110 271 1048

Table A3. Tests for Panel Data Model Selection.

Model Test Statistic p-Value
OECD F test for individual effects F =93.128 <0.001
Lagrange multiplier test (Breusch-Pagan) x> = 1519.09 <0.001
Hausman test x% = 240.276 <0.001
BRICS+ F test for individual effects F =112.403 <0.001
Lagrange multiplier test (Breusch-Pagan) x> =91.522 <0.001
Hausman test x2 = 4.265 0.9936
Central and South America F test for individual effects F =29.155 <0.001
Lagrange multiplier test (Breusch-Pagan) X% =922.963 <0.001
Hausman test x? =2.737 0.9995
Global F test for individual effects F=71.769 <0.001
Lagrange multiplier test (Breusch-Pagan) X2 = 4280.624 <0.001
Hausman test x% = 10.651 0.7769
Table A4. Diagnostics for Panel Data Models.
Model Test Statistic p-Value
OECD Breusch—Pagan (heteroskedasticity) BP =29.185 <0.001
Wooldridge (serial correlation) F =69.053 <0.001
Pesaran CD (cross-sectional dependence) z =19.068 <0.001
BRICS+ Breusch-Pagan (heteroskedasticity) BP =25.733 <0.001
Pesaran CD (cross-sectional dependence) z=1.752 0.0798
Central and South America Breusch—Pagan (heteroskedasticity) BP = 26.038 <0.001
Pesaran CD (cross-sectional dependence) z =14.839 <0.001
Global Breusch-Pagan (heteroskedasticity) BP = 63.743 <0.001
Pesaran CD (cross-sectional dependence) z = 32.852 <0.001

Table A5. Variance Inflation Factor (VIF) Test for Multicollinearity for Panel Data Models.

Model Variable VIF
OECD log(SocioComp_Origin) 1.509
log(TechComp_Origin) 1.531
log(LaborComp_Origin) 1.079
Covid_2020 1.039
Covid_2021 1.039
Covid_2022 1.047
BRICS+ log(ConnectivityComp_Origin) 2.697
log(TechComp_Origin) 1.619
Covid_2020 1.085
Covid_2021 1.105
Covid_2022 1.118
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Table A5. Cont.

Model Variable VIF
VisaExempt 1.848
log(HealthExp_Orig) 2.076

Central and South America log(ConnectivityComp_Origin) 1.243
Covid_Decay 1.043
VisaExempt 1.448
log(LifeExpectancy_Orig) 1.042
log (ExportsGDP_Orig) 1.178

Global Covid_2020 1.016
Covid_2021 1.032
Covid_2022 1.022
VisaExempt 1.480
OECD_Orig 7.202
LATAM_Orig 6.620
log(ConnectivityComp_Origin) 8.748
log(LaborComp_Origin) 1.053
log(DistanceComp) 1.324
OECD_Orig x log(Connectivity) 10.727
LATAM_Orig x log(Connectivity) 4.297

Table A6. Partial R? of ConnectivityComp_Origin.

Model Partial R?
(1) OECD — (not retained)
(2) BRICS+ 0.170

(3) Central and South America 0.568

(4) Global 0.366

Note: Partial R? measures the incremental explanatory contribution of ConnectivityComp_Origin
conditional on the other regressors included in each selected model. Interpret it as an effect-size
measure of explanatory power, not as the proportion of tourism arrivals causally attributable to air
connectivity. Partial R* = (R*full — R?restricted)/(1 — R?restricted), where the restricted model omits
ConnectivityComp_Origin; for one regressor this equals t?/(t* + df).

Table A7. Endogeneity Diagnostics for the Air Connectivity Variable.

Model

BRICS+

Central & South America

Weak Instrument (F) Wu-Hausman (p-Value) Conclusion
Exogeneity not rejected
623.0 0-507 under the adopted test
44879 0221 Exogeneity not rejected

under the adopted test

Table A8. Sensitivity of the Connectivity Results to Alternative Treatments of Zero Bilateral
Aviation Activity.

Sample/Term Baseline (0 — 1) p (SE) Zero Retained p (SE) 0-0.5p (SE) Max. Change (%)
BRICS+ — Connectivity 0.115 *** (0.023) 0.115 *** (0.023) 0.115 *** (0.023) 0.003
Central and South America — Connectivity 0.212 *** (0.009) 0.216 *** (0.010) 0.216 *** (0.010) 2.046
Full sample — Connectivity 0.118 *** (0.018) 0.119 ** (0.018) 0.119 *** (0.018) 0.648
Full sample — OECD x Connectivity 0.062 ** (0.020) 0.061 ** (0.020) 0.061 ** (0.020) 1.008
Full sample — LATAM x Connectivity 0.104 *** (0.015) 0.109 *** (0.015) 0.108 *** (0.015) 4.400

Note: Robust standard errors are reported in parentheses. Baseline replaces zero-valued bilateral
aviation observations with 1; Zero retained preserves zero values; and 0 — 0.5 replaces zero values with
0.5 before reconstruction of the connectivity component. “Max. change” reports the largest absolute
percentage change in the estimated coefficient relative to the baseline specification. *** p < 0.001,
** p < 0.01. The OECD-specific preferred model is not reported because ConnectivityComp_Origin is
not included in that specification.
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Table A9. Origin countries represented in the analytical dataset, by group.

Group

Origin Countries Number

OECD

Australia, Austria, Belgium, Canada, Chile, Colombia,

Costa Rica, Czechia, Denmark, Estonia, Finland,

France, Germany, Greece, Hungary, Ireland, Israel,

Italy, Japan, Latvia, Lithuania, Luxembourg, Mexico, 37
Netherlands, New Zealand, Norway, Poland, Portugal,

Slovakia, Slovenia, South Korea, Spain, Sweden,

Switzerland, Turkey, United Kingdom, United States

BRICS+

China, Egypt, India, Indonesia, Iran, Russia, Saudi
Arabia, South Africa

Central and South America

Argentina, Bolivia, Chile, Colombia, Costa Rica,
Ecuador, El Salvador, French Guiana, Guatemala,
Guyana, Honduras, Nicaragua, Panama, Paraguay,
Peru, Suriname, Uruguay, Venezuela

18 (17 in the model)

Note: Chile, Colombia and Costa Rica are included in both the OECD and Central and South American
groups. The latter group contains 18 origin countries in the dataset, of which 17 are included in
model (3); French Guiana is not represented in the estimation sample.

Table A10. Common specification for all groups: same regressors, estimator and standard-error
correction.

Variables

(3) Central and South

(1) OECD

(2) BRICS +

America

(4) Global

log (ConnectivityComp_Origin)

log(SocioComp_Origin)
log (TechComp_Origin)
log(LaborComp_Origin)
log(DistanceComp)
VisaExempt

Covid_2020

Covid_2021

Covid_2022

Partial R? of connectivity
Adjusted R?
Observations

Estimator

Standard errors

0.036 ** (0.011)
0.694 *** (0.197)
0.268 *** (0.061)
0.272 *** (0.082)
—0.223 ** (0.076)
—0.001 (0.065)
—1.287 *** (0.058)
—2.190 *** (0.064)
—0.748 *** (0.068)
0.0150
0.7958
668
RE
Driscoll-Kraay

0.071 *** (0.018)
0.036 (0.045)
0.186 ** (0.059)
0.067 *** (0.019)
1.065 (2.890)
0.640 *** (0.111)
—1.701 *** (0.112)
—2.225*** (0.125)
—0.731 *** (0.136)
0.0232
0.7906
110
RE
Driscoll-Kraay

0.101 * (0.044)
3.276 ** (1.006)
0.040 (0.042)
—1.063 ** (0.371)
—0.089 (0.775)
2.470 (1.844)
—1.712*** (0.061)
—2.133 *** (0.094)
—0.807 *** (0.065)
0.0385
0.3373
333
RE
Driscoll-Kraay

0.099 *** (0.026)
0.083 (0.067)
0.112 *** (0.019)
0.052 (0.032)
—0.135 (0.122)
0.305 ** (0.112)
—1.407 *** (0.051)
—2.131 *** (0.054)
—0.705 *** (0.057)
0.0506
0.4983
1048
RE
Driscoll-Kraay

Note: Dependent variable: In(arrivals). Driscoll-Kraay standard errors in parentheses. *** p < 0.001,
**p<0.01,*p <0.05.

Table A11. Connectivity coefficient under alternative treatments of missing values.

Baseline: Hierarchical Multiple Imputation

Model Median Complete Cases (m = 20)
(1) BRICS+ 0.115 *** 0.121 *** 0.116 ***
(2) Central and South 0.212 0.212 *** 0.177 ***
America
(3) Global 0.118 *** 0.150 *** 0.120 ***
Note: Entries are coefficients on log(ConnectivityComp_Origin), with robust standard errors in
parentheses *** p < 0.001. Multiple imputation uses chained equations with predictive mean matching;
the PCA and the model are re-estimated on each imputed dataset, and the results are combined with
Rubin’s rules [39].
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