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Abstract: Tourism in Sub-Saharan African nations holds significant potential to drive economic growth. However, unstable 

economic growth, inadequate infrastructure, environmental degradation, and exchange rate volatility hinder the trajectory of 

tourism growth. Moreover, the digital economy’s role in transforming tourism dynamics is an emerging destination in the SSA. 

Therefore, to gain a focused understanding of how these macroeconomic factors, i.e., economic growth (EG), infrastructure 

(INF), environment (ENV), digital economy (DGE), and exchange rate (ER) affect tourism in the top 5 tourist SSA nations is 

vital for crafting sustainable and inclusive growth tourism strategies. We employed the novel Method of Moments Quantile 

Regression (MMQR) to estimate heterogeneous effects at short-, medium-, and long-run quantiles for the period from 1995 to 

2023. Additionally, we utilized the Dumitrescu and Hurlin panel causality test to assess causality. The MMQR estimates 

evidenced that economic growth and the digital economy have a favorable impact on tourism at all quantiles. The favorable 

effect across short-, medium-, and long-term quantiles can be attributed to higher disposable incomes and better access to digital 

platforms that facilitate travel planning, information dissemination, and service delivery. However, the rise in environmental 

degradation and higher exchange rates has a detrimental effect on the tourism industry. Environmental degradation reduces the 

aesthetic and ecological value of tourist destinations. Higher exchange rates make travel more expensive, reduce purchasing 

power, and discourage international travel. The practical implications include prioritizing economic development, allocating 

resources to digital transformation, and adopting thoughtful tactics for environmental sustainability. Policymakers should 

consider the complexities of exchange rate swings, which may create inflationary pressures from currency depreciation. 
 

Keywords: tourism, digital economy, environmental degradation, exchange rates, Sub-Saharan African Nations, MMQR 

estimator  
 

*  *  *  *  *  *  
 

INTRODUCTION              

The tourism industry offers an essential opportunity for African economies to achieve economic growth and 

structural transformation by promoting economic diversification, thereby increasing economic stability  (Ekeocha et al., 

2021). According to the tourism-led economic development hypothesis (TLGH), tourism contributes to economic 

growth through various channels. Indeed, tourism generates foreign-exchange earnings (Suhud et al., 2024), 

infrastructure investment, and employment (Antonakakis et al., 2015). It is widely acknowledged that Africa's natural 

resources play a significant role in driving its economy (Sharpley, 2002), and the COVID-19 pandemic has imposed 

substantial limitations on global trade, adversely affecting African economies (Ekeocha et al., 2021).  

Although tourism declined in 2019-2020, it has shown a resurgence in 2021, offering a promising opportunity for 

recovery. In fact, the UNWTO1 has observed an increase in international arrivals in Africa from 2021 (19.65 million) to 

2022 (46.61 million). The upward trend in the tourism sector not only demonstrates resilience but also offers a potential 

solution to counteract the negative economic consequences of the lasting crisis. Thus, the tourism industry provides 

African economies which rely on the export of raw minerals and primary goods, with a way to protect themselves from 

unforeseen fluctuations in demand. Several African countries have popular tourist destinations due to their diversified, 

rich cultural heritage and distinctive landscapes. Among these African countries, Egypt, South Africa, Morocco, Kenya, 

and Tunisia rank among the top 5 tourist destinations (Okoroafor, 2023).  

These countries not only offer a wide range of cultural and natural attractions but also serve as prime examples of the 

dynamics and trends that shape the overall tourism scene in Africa. Previous studies on tourism development in Africa did 

not include certain countries that exert substantial influence in the continent's tourism sector. This exclusion highlights a 

significant deficiency in the existing body of empirical literature, as these nations, which are actively involved in tourism, 
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can provide valuable instances for analysis. Hence, it is imperative to include these countries in the empirical analysis, as 

their experiences and strategies could offer invaluable empirical insights for the holistic advancement of tourism in Africa. 

Notably, there is limited empirical research on the relationship between tourism and economic growth in Africa, 

specifically focusing on the continent’s involvement in the tourism sector and the factors that could improve the tourism 

industry. Indeed, some macroeconomic factors influence tourism development. First, the correlation between economic 

growth, as measured by GDP, and the tourism industry is intricate. An increase in GDP frequently results in higher 

disposable income, which in turn can boost demand for tourism.  The digital age has ushered in a period of digitalization 

and connectivity that has had a profound influence on the tourism industry (Kuo et al., 2019), a crucial element to be 

examined. Similarly, it cannot be neglected that trends in infrastructure can have a significant impact on tourism.  

Rapid urbanization can lead to increased infrastructure development, potentially enhancing a region's overall 

attractiveness to tourists (Ma & Tang, 2023). Then, tourism can have negative environmental consequences, most notably 

increased carbon emissions from transportation and infrastructure development (Gössling, 2021). It is imperative to explore 

at how environmentally responsible policies affect tourist arrivals. Moreover, acknowledging the dynamics of exchange 

rates and their effects on tourism is critical for understanding these African countries' competitiveness in the global tourism 

market (Bahmani-Oskooee & Hegerty, 2008). Figure 1, plot (a) to (f) illustrates the graphical represention of variables.  

 

 (a)  (b) 
                                                                                         

 (c) (d) 

 

 (e) (f)                                              

Figure 1. (a) to (f) plot the graphical trends of economic growth, digital economy, infrastructure, carbon emissions, exchange rate, and 

tourism in the top 5 tourist SSA nations (a) Economic growth trends; (b) Digital economy trends; (c) Infrastructure trends; (d) Carbon 

emissions trends; (e) Exchange rates trends; (f) Tourism trends (Source: World Bank Development Indicators (WDI, 2025) 
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The objective of this study is to address the research gap in the existing empirical literature acknowledged earlier. The 

findings of this study will not only improve our understanding of tourism in the selected regions, but will also provide 

policymakers, businesses, and stakeholders with the data-driven insights they need to make informed decisions and 

implement strategies for long-term tourism development, economic growth, and increased global competitiveness in Africa.  

The main aim of this study is to examine how macroeconomic factors influence the growth of the tourism sector in the 

top five Sub-Saharan African economies using panel data from 1995 to 2023. The primary goals are as follows: (i) to 

analyze the influence of economic growth, digital economy, infrastructure, carbon emissions, and exchange rate on 

tourism; (ii) to establish the causal relationship between these macroeconomic factors and tourism. To accomplish these 

goals, the study employed the method of moments quantile regression (MMQR) and panel Granger causality, respectively. 

The subsequent sections of the paper are arranged as follows. Section 2 provides an overview of the empirical literature, 

while Section 3 demonstrates the specific data and methods used in the study. Section 4 provides the empirical findings, 

whereas Section 5 concludes the paper by offering policy suggestions. 

 

EMPIRICAL LITERATURE REVIEW 

Economic Growth and Tourism 

Tourism is a significant contributor to the economy of many countries (Suhud et al., 2025). However, whether tourism 

drives economic growth is an important macroeconomic question for both policymakers and investors. Hence, exploring the 

link between tourism and economic growth has increased the interest of potential researchers. For instance, Albaladejo et al. 

(2023) examined data from 144 countries and found that increases in tourist arrivals are associated with higher GDP per 

capita. This positive relationship was observed across countries with varying levels of economic development. Wijesekara et 

al. (2022) suggested a reciprocal causal relationship, indicating that tourism can both contribute to economic growth and be 

influenced by it. Narayan et al. (2010) investigated the link in six (6) South Pacific island nations and found that the size of the 

tourism sector, as a percentage of GDP, has a significant and positive impact on economic growth in these small, tourism-

dependent economies. Moreover, Hoti et al. (2005) investigated the impact of tourism diversification on Caribbean 

economic growth. Their research demonstrated that diversification strategies can improve the sustainability of economic 

growth, particularly in tourism-dependent regions. Also, Nyasha et al. (2021) investigated the impact of tourism 

diversification on economic growth in sub-Saharan Africa, emphasizing that diverse tourism products can reduce 

vulnerability to external economic shocks while also boosting GDP growth. Therefore, expanding tourism through the 

development of novel offerings and markets can enhance economic adaptability. Moreover, seasonal fluctuations in tourism 

can have a variety of effects on economic growth. Martín et al. (2014) examined data from Spain and found that tourism 

seasonality adversely affects economic growthin the regions that are heavily dependent on toursim. However, Wang et al. 

(2023) analyzed Chinese data and found that seasonality has an insignificant effect on the correlation between tourism and 

economic growth under certain conditions. Velikova & Tzvetkova (2018) investigated the impact of seasonality on 

Bulgarian tourism and GDP. The study emphasized the importance of managing seasonality to minimize fluctuations in 

GDP and ensure year-round economic stability. Tourism's contribution to GDP goes beyond direct contributions. In 

empirical research, the "multiplier effect" is well documented. Based on the literature we postulate that: 

𝐇𝟏 Economic growth has a positive and significant effect on tourism in the top 5 SSA tourist economies.  

 

Digital Economy and Tourism  

The digital economy and tourism are two important sectors that are closely related and mutually beneficial. The digital 

economy acts as a catalyst for tourism. For instance, Siuta-Tokarska (2010) emphasized the critical role of technology in 

shaping modern tourism, driving innovation, and facilitating tourists’ experiences. According to Sustacha et al. (2023), 

technology is reshaping the entire tourism value chain, from information search and trip planning to booking, in-destination 

experiences, and post-trip sharing. This comprehensive viewpoint emphasizes technology's transformative impact on tourism.  

Moreover, Liu et al. (2020) found that tourists can use mobile technology to access real-time information, interact with 

reviews, and share their experiences, all of which influence their travel decisions. Similarly, Minazzi & Minazzi (2015) 

emphasized that mobile technology's multifaceted impact on the tourism industry, from information dissemination to real-

time engagement. Additionally, Lim et al. (2024) found that augmented and virtual reality technologies can significantly 

enhance the quality of tourist experiences and increase satisfaction and intent to return. Beck et al. (2019) affirmed the 

outcomes of the Lim et al. (2024). Moreover, the empirical literature recognizes both the opportunities and challenges that 

technology presents in tourism. According to Gössling (2021), it is critical to address issues such as information overload, 

privacy concerns, and the digital divide. They do, however, emphasize the potential of technology to enable personalized 

travel experiences and improve destination management. Saprov (2023) also discussed the changing landscape of tourism 

technology and the need to address issues like cybersecurity, privacy concerns, and the digital divide. At the same time, 

they highlight the potential for technology to enable personalization, improve destination management, and provide new 

business models. Hence, based on this, we have postulated the hypotheses as under: 

𝐇𝟐 The digital economy is a significant contributor to tourism in the top 5 SSA tourist economies, but a challenge in others.  

 

Infrastructure and tourism  

The infrastructure is a key facilitator of tourism, according to empirical research. Colacchio & Vergori (2023) 

studied the link between infrastructure and regional tourism development in Italy. Their findings emphasized the 

importance of well-developed transportation networks and other tourism-related infrastructure in attracting visitors and 
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driving regional economic growth. Similar outcomes have been reported by Adeola & Evans (2020). They emphasized 

that adequate infrastructure makes destinations more accessible and appealing to touri sts. Similarly, Cheung & Law 

(2001) stated that the availability and quality of hotel infrastructure increases the length of stay and overall spending by 

tourists. Moreover, Sánchez-Sánchez et al. (2021) found that a well-developed cultural infrastructure attracts tourists. 

Then, the relationship between tourism and infrastructure is fraught with difficulties.  Shafiee et al. (2023) investigated 

the concept of “smart tourism” and the integration of technology into destination infrastructure. Their research f ocuses 

on the importance of balancing infrastructure expansion with sustainability, with an emphasis on the role of smart 

infrastructure solutions. Also, sustainable tourism practices have emerged as an important consideration in infrastructure 

development. Based on this, we have postulated that: 

𝐇𝟑 Developed infrastructure is a significant contributor to tourism in the case of top 5 SSA tourist economies.  

 

Exchange Rate and Tourism 

The exchange rates have a consistent impact on international tourism demand. Empirical research by Tung (2019) 

indicates that local currency depreciation can make a destination more appealing to international tourists, whereas an 

appreciation can have the opposite effect in Vietnam. Moreover, currency fluctuations affect not only tourist arrivals but 

also their spending habits. Irandoust (2019) conducted research across 10 European countries on the relationship between 

tourism spending and exchange rates. According to the study, fluctuations in exchange rates can significantly alter tourist 

spending behavior, thereby affecting the overall economic impact of tourism. Alleyne et al. (2020) also investigated the 

impact of fluctuating exchange rates on international tourism demand in the United States. According to the study, 

exchange rate fluctuations can deter tourists, particularly those from countries with devalued currencies. Thirdly, the 

competitiveness of tourism destinations is influenced by exchange rates. Loganatan et al. (2019) investigated the 

relationship between Malaysia’s tourism competitiveness and exchange rates. According to their findings, exchange rate 

movements have a significant impact on destination competitiveness, affecting a country's ability to attract tourists and 

compete with other destinations. In the same paper, they also examined the ramifications of Malaysia's exchange rate 

policies on the tourism industry. The study emphasized the importance of exchange rate stability and the role of 

government policies in fostering a favorable environment for tourism development. Hence, we postulate that: 

𝐇𝟒 Exchange rate fluctuation has a significant effect on tourism in the top 5 SSA tourist economies.  

 

Environmental Degradation and Tourism 

The issue of carbon emissions and their impact on tourism has garnered significant attention in recent years, as the 

tourism industry is both a contributor to and a recipient of the effects of climate change. Ali et al. (2024) found that 

tourism contributes substantially to global carbon emissions. However,  Churchill et al. (2021) found that the aviation 

industry's impact on CO2 emissions has been steadily increasing, posing environmental challenges for the tourism sector. 

Hence, the importance of considering the environmental impacts of tourism. Moreover, seasonal variations in tourist 

arrivals can affect CO2 emissions. Le & Nguyen (2021) found that increased passenger volumes during peak tourist 

seasons can result in higher carbon emissions, underscoring the importance of sustainable management practices to 

minimize environmental impacts. Empirical research has also examined the effectiveness of CO 2-reduction policies and 

strategies in the tourism industry. Wang & Xi (2023) investigated the European Union's emissions trading scheme (EU 

ETS) and its consequences for the aviation industry. The study looked at the potential of emissions trading as a policy 

tool for reducing carbon emissions in the tourism industry. 

𝐇𝟓 Environment Degradation have a significant effect on tourism in the top 5 SSA tourist economies.  

 

Conceptual framework 

Based on the theoretical and empirical literature review, we developed the conceptual framework for our study as 

shown in Figure 2. 
 

 
 

Figure 2. Conceptual Framework 
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MATERIALS AND METHODS 

Data and Variables  

Economic growth is a sustained increase in a country's real output over time, reflecting improvements in productivity, 

investment, technology, and labor efficiency (Ali et al., 2025a). The tourism sector contributes to economic growth by 

stimulating physical and human capital and driving technological innovation (Wu et al., 2026). However, economic growth 

plays a key role in stimulating tourism development by increasing income levels, boosting investment in infrastructure such as 

airports, roads, hotels, and transport systems, and enhancing service quality, thereby making destinations more attractive to 

international visitors (Alfehaid, 2026). The development of infrastructure significantly improves accessibility and 

connectivity, which are critical drivers of tourist arrivals (Smith, 2026). The development of the digital economy has become 

an important driver of tourism growth by increasing information accessibility, online booking systems, digital marketing, and 

smart tourism services (Liu & Zhao, 2026), which enhances tourist’s travel experience and destination visibility (Liu & 

Huang, 2026). Besides, exchange rate fluctuations, for instance, currency depreciation, can make a destination cheaper for 

inbound visitors, thereby stimulating tourism inflows (Wickramaarachchi & Jayathilaka, 2026). Additionally, environmental 

quality has become an increasingly important factor affecting tourism sustainability, as pollution can reduce destination 

attractiveness and influence tourists' preferences toward environmentally sustainable destinations (Wang et al., 2026). 

Therefore, following the recent studies of Wu et al. (2026), Alfehaid (2026), Smith (2026), Liu & Zhao (2026), 

Wickramaarachchi & Jayathilaka (2026), and Wang et al. (2026), this study has developed the following econometric model: 
 

TOUR = f (EG, DGE, INF, ENV, ER)        (1) 
 

In Equation (1), TOUR, EG DGE, INF, ENV, and ER represent the economic growth, digital economy, infrastructure, 

environment, and exchange rate, respectively. Moreover, authors transformed equation (1) to: 
 

𝑇𝑂𝑈𝑅𝑖𝑡 = ∀0 + ∀1𝐸𝐺𝑖𝑡 + ∀2𝐷𝐺𝐸𝑖𝑡 + ∀3> 𝐼𝑁𝐹𝑆𝑖𝑡 + ∀3𝐸𝑁𝑉𝑖𝑡 + ∀4𝐸𝑅𝑖𝑡 + 𝜇𝑖𝑡         (2) 
 

Where i denotes cross-section (i.e., top five sub-Saharan African tourist economies), t denotes time period of the study 

(1995 – 2023), 𝑇𝑂𝑈𝑅𝑖𝑡 denotes tourism measured by international tourism (number of arrivals), 𝑒𝑔𝑖𝑡 represents the 

increase in economic output measured by GDP per capita (constant 2015 US dollars), 𝐷𝐺𝐸𝑖𝑡 denotes the digital economy 

measured by total Patent applications, 𝐼𝑁𝐹𝑆𝑖𝑡 denotes infrastructure measured by population in the largest city (% of urban 

population), 𝐶𝑂2𝑖𝑡 denotes environment measured by CO2 emissions (metric tons per capita), and 𝐸𝑅𝑖𝑡 denotes exchange 

rate measured by official exchange rate (LCU per US$, period average). ⩝0 denotes intercept, ⩝1, 2, 3, 4 denote 

coefficients, and µit denotes the error term. The detailed description for all variables is listed in Table 1. 

 
Table 1. Data synopsis (Source: “WDI = World development Indicators (2025), data is retrieved from 

https://databank.worldbank.org/reports.aspx?source=World-Development-Indicators”) 
 

Abbreviations Variable Measurement Source 

TOUR Tourism International tourism, number of arrivals 

WDI 

(2025) 

EG Economic Growth GDP per capita (constant 2015 US$) 

DGE Digital Economy Total Patent applications, non-residents and residents 

INF Infrastructure Population in the largest city (% of urban population) 

ENV Environment CO2 emissions (metric tons per capita) 

ER Exchange Rate Official exchange rate (LCU per US$, period average) 

 

Econometric Model Selection Process: The selection of the suggested econometric model is categorized into three 

categories: Stage 1: Preliminary tests, Stage 2: Model Choice, and Stage 3: Robustness Check.  

Stage 1. Preliminary Test: In stage 1, we first employed the Cross-sectional dependency (CSD) test to assess cross-

sectional dependence. Neglecting this test may lead to a lack of consistency, reliability, accuracy, impartiality, and 

practicality. Second, due to the presence of CSD, we employed second-generation tests, such as CADF, CIPS, and RALS-

ADF, to investigate the non-stationarity in the data. Third, we employed the Slop Heterogeneity test to assess coefficient 

slopes. Finally, to assess the long-term association among the variables, this research employed RALS-EG cointegration test.  

Stage 2. Model Choice: Based on the characteristics of the data determined in stage 1, we selected the Method of 

Moments Quantile Regression approach. The classical quantile regression is characterized by its semiparametric nature, 

which allows it to operate without dependence on distributional assumptions and to exhibit resilience to irregularities in the 

data. Binder & Coad (2011) argue that the validity of Q.R. remains unaffected even when there is no conditional mean 

association between the variables being studied. This study employed a novel MMQR method to capture the conditional 

heterogeneity of the explained facet (Machado & Silva, 2019). The approach utilized in this study offers several benefits in 

effectively addressing the influence of individual effects and endogeneity within the parameters (Ali et al., 2025b; Khalid et 

al., 2026). Samour et al. (2024) suggested that the MMQR is the most suitable method for analyzing heterogeneity across 

quantiles. The formulation of the conditional quantile model incorporates estimations of the altered location and scale 

parameters (Machado & Silva, 2019). 
 

𝑌𝑖𝑡 = 𝛿𝑖 + 𝑋𝑖𝑡
, 𝑎 + (Β𝑖 + Q𝑖𝑡

, 𝜎)𝜔𝑖𝑡0.75𝑒𝑚      (3) 
 

The probability that the random variable (𝐵𝑖 + 𝑄′
𝑖𝑡𝜎) > 0 and equal to one. However, the parameters to be estimated 

are denoted as 𝛿𝑖 , 𝛼, 𝐵𝑖 and σ. The variables 𝛿𝑖 and 𝐵𝑖 represent the fixed effects of the model, while 𝑄𝑖𝑡 refers to the 

https://databank.worldbank.org/reports.aspx?source=World-Development-Indicators
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differentiable transformation of the m-dimensional vector X. Following (Machado & Silva, 2019), the mathematical 

definition of a concept can be expressed as follows: 
 

𝑆𝑐 = 𝑆𝑐(𝑋), 𝑐 = 1,2,3… . ,𝑚                                                              (4) 
 

The subsequent approach is utilized to make estimations within the quantile context (Machado & Silva, 2019). 

𝑄𝑦 (
𝒯
𝑋𝑖𝑡
⁄ ) = (𝛿𝑖 + 𝐵𝑖(𝑞(𝒯)) + 𝑋𝑖𝑡

, 𝑎 + 𝑄𝑖𝑡
, 𝜎𝑞(𝒯)                                 (5) 

In Equation 5, 𝑄𝑦 (
𝒯
𝑋𝑖𝑡
⁄ ) represents the conditional quantile 𝒯 of the dependent variable given the vector of 

explanatory variables 𝑋′𝑖𝑡. The term 𝛿𝑖 denotes the individual-specific fixed effects capturing unobservable heterogeneity 

across units. 𝑋𝑖𝑡
,

 is a vector of explanatory variables for country i at time t, while 𝑎 represents the associated slope 

parameters. 𝐵𝑖(𝑞(𝒯) term captures the heterogeneous distributional effect across quantiles and 𝑄𝑖𝑡
, 𝜎𝑞(𝒯) term represents 

the conditional scale function that allows the variation of the error term to vey across the quantiles. This formulation 

enables the model to estimate the heterogeneous impact of independent variables across different points of the conditional 

distribution of the dependent variable. The tth quantiles of the data set are obtained by minimizing the given solution 

proposed by (Machado & Silva, 2019). 
 

𝑚𝑖𝑛𝑞 ∑ ∑ 𝓋𝒯(𝑍𝑖𝑡 − (Β𝑖 + Q𝑖𝑡
, 𝜎𝑞)𝑞)𝑡𝑖                                    (6) 

 

In Equation (6), 𝑍𝑖𝑡 denotes the dependent variable for cross-section i and time t. The term Β𝑖 represents the individual-

specific fixed effect capturing unobservable heterogeneity across the cross-sectional units. Q𝑖𝑡
,

 refers to the vector of 

explanatory variables for cross-section i and time t, whereas 𝜎𝑞denotes the conditional quantile level, typically ranging 

from 0 to 1. The function 𝓋𝒯 represents the quantile loss function used in the estimation procedure.  

 

Robustness Check: We have used the Dumitrescu-Hurlin Panel Causality Tests to assess the direction of causality 

between the study's components and to assess the robustness of the MMQR outcomes. Figure 3 depicts the framework of 

the methodologies employed in the present study. Figure 3 illustrates the methodological framework adopted in this study. 
 

 
 

Figure 3. Methodological framework 

 

RESULTS AND DISCUSSION 

Descriptive Statistics 

The descriptive statistics are presented in Table 2. The central tendencies for tourism, economic growth, the digital 

economy, infrastructure, carbon emissions, and the exchange rate are 6470768, 3202.996, 2071.024, 27.65913, 2.69438, 

and 22.15771, respectively. However, degree of dispersion of values from the central tendency for tourism, economic 

growth, digital economy, infrastructure, environment, and exchange rate are 3891729, 1475.851, 2617.274, 11.39786, 

2.464544, and 31.55506, respectively. Moreover, Jarque-Bera outcomes indicate that the data are not normally distributed. 

 
Table 2. Descriptive statistics estimations (Source: Author's compilation: Outcomes retrieved from EViews 13) 

 

 
TOUR EG DGE INF ENV ER 

Mean 6470768 3203 2071.02 27.6591 2.69438 22.1577 

Median 5999500 3064.25 961.5 27.763 1.95913 8.41175 

Maximum 15121000 6263.1 10960 45.6079 8.44665 117.866 

Minimum 894000 1165.17 53 10.2094 0.20248 0.94575 

Std. Dev. 3891729 1475.85 2617.27 11.3979 2.46454 31.5551 

Skewness 0.393744 0.57903 1.42983 0.16693 1.22961 1.65368 

Kurtosis 2.350785 2.51112 3.67162 1.79496 3.12234 4.17396 

Jarque-Bera 6.076115 9.21725 50.3341 9.12084 35.3658 71.8479 

Probability 0.047928 0.00997 0.000 0.01046 0.000 0.000 

Sum 9.06E+08 448419 289943 3872.28 377.213 3102.08 

Observations 140 140 140 140 140 140 
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CSD and Stationary Outcomes 

Findings obtained from the CD test are displayed in Table 3, indicating that the null hypothesis of cross-sectional 

independence is rejected. Therefore, the results confirm that CSD exists. Given that we employed “second-generation panel 

unit root” methods. CIPS and CADF results indicate a mixed order of integration. Moreover, the RALS-ADF cointegration 

outcomes in Table 4 indicated mixed results with CIPS and CADF. 

 
Table 3. CSD, CIPS, and CADF outcomes (Source: Authors compilation data retrieved from Stata 17;  

Note: *** denotes significance levels at 1% significance level. TOUR = tourism; EG = economic growth;  

DGE = digital economy; INF = infrastructure; CO2 = carbon emission; ER = Exchange rate) 
 

CSD CIPS CADF 

Variables CD-test p-value I(0) I(1) I(0) I(1) 

TOUR 12.72*** 0.000 -2.775*** - -2.345** - 

EG 14.9*** 0.000 -0.333 -4.079*** -0.532 -2.676*** 

DGE 9.29*** 0.000 -1.663 -3.108*** -2.457** - 

INF -3.06*** 0.002 -4.383*** - -3.069*** - 

ENV 12.96*** 0.000 -3.409*** - -2.537** - 

ER 10.77*** 0.000 -2.378** - -2.812*** - 

 

Table 4. RALS Unit Root outcomes (Source: Authors compilation data retrieved from EViews; Note: ***, ** and * indicate  

significance at 1%, 5% and 10% respectively. The 1%, 5% and 10% critical values for the ADF are -3.58, -2.93 and -2.60  

respectively. The 1%, 5%, and 10% critical values for the RALS-ADF are -3.75, -3.30 and -3.05 respectively. TOUR = Tourism;  

EG = Economic Growth; DGE = Digital Economy; INF = Infrastructure; ENV = Environment; ER = Exchange Rate) 
 

variables ADF RALS-ADF   

TOUR 0.21 -1.01 0.57 

ENV 0.48 -6.54*** 0.63 

EG 0.73 0.36 0.60 

ER 0.43 -1.50 0.69 

DGE 0.93 0.00 0.69 

INF 0.55 -0.76 0.79 

∆TOUR -2.61* -7.49*** 0.84 

∆ENV -2.87* -9.26*** 0.73 

∆EG -2.69* -6.33** 0.87 

∆ER -2.61* -9.75*** 0.85 

∆DGE -2.071* -10.82*** 0.69 

∆INF -2.85* -3.06* 0.65 

 

SH and Cointegration Outcomes 

The outcomes of the slope-heterogeneity test are shown in Table 5. The findings reveal that both Delta and adjusted 

Delta stitistics are statistically significant at the 1% level.  The RALS-EG cointegration test is more effective at 

identifying cointegration relationships among variables. Furthermore, Table 6 presents the cointegration test’s 

estimations. At the 10% level of significance, the test statistic for the EG cointegration test is -4.01, which is below the 

critical value (-3.98). Based on the evidence, the null hypothesis of no cointegration is invalid. The test st atistic for 

RALS-EG is -4.23, which is less than the critical value of -4.19 at the 5% significance level. Thus, the null hypothesis is 

refuted. In conclusion, the findings provide empirical support for the existence of a cointegrating relationship among 

tourism, economic growth, the digital economy, infrastructure, carbon emissions, and the exchange rate.  

 
Table 5. SH estimations (Source: Authors compilation data retrieved from Stata 17) 

 

  
p-value 

Delta 6.318 0.000 

Adj. Delta 7.296 0.000 

 

Table 6. RALS-EG estimations (Source: Authors compilation data retrieved from EViews;  

Note: ***, ** and * indicate the significance in 1%, 5% and 10% respectively; K shows the optimum lag length found  

using recursive statistics; the 1%, 5% and 10% critical values for the EG test are -5.02, -4.32 and -3.98 respectively; 

 the 1%, 5%, and 10% critical values for the RALS-EG test are -4.80, -4.19 and -3.88 respectively) 
 

Methods K Test statistics 𝝆𝟐 

EG 

RALS-EG 

0 

0 

-4.01* 

-4.23** 
− 

0.91 

 

MMQR Estimations 

The outcomes of MMQR estimators are presented in Table 7. Outcomes of MMQR stated that economic growth has 

positively significant effect on the tourism throughout the quantiles such as lower quantiles (q1(1.318), q2(1.304), 

q3(1.293)) medium quantiles (q4(1.283), q5(1.274) q6(1.263)), and upper quantiles (q7(1.253), q8(1.245), q9(1.234)).  



Mumtaz ALI, Prashanth BELEYA, Waqar KHALID 

 

 2290 

This implies that economic growth is associated with an increase in tourism activity. This finding is supported by prior 

scholarly works, such as the studies conducted by (Dogan & Zhang, 2023; Dritsakis, 2004; Kyara et al., 2021).  

The outcomes affirmed the H1. The notion of economic growth can be seen as a catalyst for tourism development in the 

top five sub-Saharan African tourist economies. As a nation undergoes economic expansion, it often results in higher 

incomes, improved infrastructure, and higher living standards. Africa's multifaceted tourism offerings, encompassing 

wildlife, cultural heritage, and natural landscapes, establish the continent as an appealing destination.  

Moreover, outcomes suggest that African countries that experience economic development become more capable of 

highlighting and marketing their distinctive attractions, thereby fostering the expansion of the tourism industry. When a 

country's economy is thriving, the government can actively advance various sectors, including tourism. This involvement 

entails allocating the necessary funds to enhance activities within the sector, such as constructing more attractive 

infrastructures and investing in comprehensive marketing strategies to promote the country. For example, during the 

COVID-19 pandemic in 2020, the Moroccan government implemented measures to support tour operators, hotels, and 

domestic airlines. Additionally, during periods of economic prosperity, the local population has the financial resources to 

establish businesses and develop distinctive cultural activities, thereby attracting visitors to the country.  
 

Table 7. MMQR regression 
 

Variables Coefficient Std. err. P-value Variables Coefficient Std. err. P-value 

Quantile 1 Quantile 6 

EG 1.318 0.259 0.000 EG 1.263 0.149 0.000 

DGE 0.071 0.069 0.305 DGE 0.232 0.037 0.000 

INF 0.002 0.006 0.711 INF -0.002 0.004 0.623 

ENV -0.123 0.054 0.023 ENV -0.175 0.031 0.000 

ER -0.006 0.002 0.002 ER -0.007 0.001 0.000 

C 4.506 1.881 0.017 C 4.593 1.081 0.000 

Quantile 2 Quantile 7 

EG 1.304 0.218 0.000 EG 1.253 0.151 0.000 

DGE 0.112 0.052 0.031 DGE 0.26 0.036 0.000 

INF 0.001 0.005 0.808 INF -0.002 0.004 0.494 

ENV -0.136 0.045 0.002 ENV -0.184 0.031 0.000 

ER -0.006 0.002 0.000 ER -0.007 0.001 0.000 

C 4.528 1.587 0.004 C 4.608 1.097 0.000 

Quantile 3 Quantile 8 

EG 1.293 0.191 0.000 EG 1.245 0.159 0.000 

DGE 0.143 0.046 0.002 DGE 0.285 0.038 0.000 

INF 0.000 0.005 0.917 INF -0.003 0.004 0.418 

ENV -0.147 0.039 0.000 ENV -0.192 0.033 0.000 

ER -0.006 0.001 0.000 ER -0.007 0.001 0.000 

C 4.545 1.39 0.001 C 4.621 1.157 0.000 

Quantile 4 Quantile 9 

EG 1.283 0.171 0.000 EG 1.234 0.176 0.000 

DGE 0.172 0.041 0.000 DGE 0.315 0.044 0.000 

INF -0.0002533 0.004 0.951 INF -0.004 0.004 0.363 

ENV -0.156 0.035 0.000 ENV -0.202 0.036 0.000 

ER -0.006 0.001 0.000 ER -0.007 0.001 0.000 

C 4.561 1.24 0.000 C 4.637 1.283 0.000 

Quantile 5  

EG 1.274 0.157 0.000 
Note: *** denotes significance levels at 1% significance 

level, and ** denotes significance levels at 5% significance 

level. TOUR = tourism; EG = economic growth; DGE = 

digital economy; INF = infrastructure; ENV = 

Environment; ER = Exchange rate. 

DGE 0.198 0.039 0.000 

INF -0.001 0.004 0.810 

ENV -0.164 0.032 0.000 

ER -0.006 0.001 0.000 

C 4.575 1.142 0.000 

 

Additionally, the digital economy has a positive and significant relationship with tourism from lower quantiles 

(q2(0.112), q3(0.143), middle quantiles (q4(0.172), q5(0.198), q6(0.232)), and upper quantiles (q7(0.260), q8(0.285), 

q9(0.315)). However, the q1 outcome (0.071) is not significant. It is evident from the outcomes that the magnitude of the 

effect increases gradually from q2 to q9, suggesting that the digital economy plays a greater role in accelerating and 

attracting tourism in Sub-Saharan African nations. This outcome is confirmed by last studies like (Sustacha et al., 2023; 

Tang, 2023). Outcome affirmed H2.  The proliferation of connectivity and digital platforms has the potential to augment 

marketing endeavors, thereby facilitating the process of tourists' exploration and reservation of destinations within Africa.  

The increasing prevalence of technology adoption has the potential to influence individuals' travel choices, 

particularly those in technologically proficient demographics, who may be more inclined to visit destinations aligned 

with current digital trends. Technological advancements, including virtual reality, mobile applications, and other 

innovations, are crucial factors in attracting and satisfying contemporary tourists. Undoubtedly, we find ourselves in a 
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contemporary era characterized by pervasive globalization, in which technology plays a pivotal role in facilitating it. 

The relevance of technology in tourism lies in its ability to shape individuals' desire to visit a particular country and to 

engage in firsthand experiences informed by prior observations.  

This influence is primarily facilitated through the utilization of technology. For example, Kenya has formulated 

customized marketing strategies and allocated resources to enhance the tourism sector from 2021 to 2025.  

Furthermore, technological advancements have greatly enhanced the travel experience for tourists. This is evident in 

the ease with which they can make reservations before visiting the host country, such as African countries, as well as 

their ability to plan their activities in advance, resulting in significant time savings. Additionally, the integration of 

technology has streamlined the payment process, ensuring it is both adequate and efficient. 

Furthermore, there is a strong and negative correlation between environment degradation and tourism across all 

quantiles such as in lower quantiles q1(-0.123), q2(-0.136), q3(-0.147), medium quantiles q4(-0.156), q5(-0.164), q6(-

0.175) and upper quantiles q7(-0.184), q8(-0.192), q9(-0.202). The consistent inverse and substantial correlation across 

all quantiles indicate that increased environmental degradation is associated with a decline in tourism. This result was 

observed in previous studies, including (Gössling, 2021). The outcomes affirmed H4. In the realm of tourism in Africa, 

environmental considerations are highly relevant. The continent is renowned for its varied ecosystems, fauna, and scenic 

splendor, rendering it a prominent hub for ecotourism. A significant segment of Africa's tourism industry is dedicated to 

ecotourism, which involves tourists actively seeking immersive experiences in natural environments.  

 But environmental degradation, pollution, and concerns about climate change discourage tourists, particularly those 

who prioritize eco-friendly, sustainable tourism. The findings underscore the significance of carbon emissions management 

for African countries striving to establish themselves as sustainable tourism destinations. African countries can align 

their tourism strategies with changing global preferences by comprehending the adverse effects of carbon emissions. 

Tunisia, for example, as the fourth Arab nation to have released its Intended Nationally Determined Contributions 

(INDC) outlining plans to reduce greenhouse gas emissions, has demonstrated a strong commitment to addressing 

climate change, making it a prominent priority within its political and economic framework. Furthermore, this nation 

stands as a pioneer in the region by incorporating explicit acknowledgement of climate change into its recently revised 

Constitution: a sound and balanced environment, while contributing to the safety of the climate by all available means.  

Besides, MMQR estimates that the exchange rate exhibits a significant negative association with tourism across all 

quantiles such as lower quantiles q1(-0.006), q2(-0.006), q3(-0.006), middle quantiles q3(-0.006), q4(-0.006), q6(-

0.007), and upper quantiles q7(-0.007), q8(-0.007), q9(-0.007). The consistent inverse and substantial correlation across 

all quantiles suggest that a decrease in the exchange rate (leading to depreciation of the domestic currency) is associated 

with an increase in tourism. We observed this outcome in previous studies (De Vita, 2014; Irandoust, 2019; Song et al., 

2018). The outcome affirmed H5. A depreciated domestic currency can enhance the affordability of travel for 

international tourists, potentially increasing tourist arrivals. In Africa, where a substantial proportion of tourism relies on 

international visitors, these findings suggest that a devalued domestic currency can attract tourists. Cost -effectiveness 

becomes a pivotal factor, particularly for tourists from nations with stronger currencies.  A more advantageous exchange 

rate can encourage people to travel to African destinations. Moreover, the MMQR outcomes showed that infrastructure 

does not affect tourism in the top five Sub-Saharan African tourist nations across the quantiles.  

Outcomes that reject H3 have been observed in previous studies (Arumugam & Abd Majid, 2023; Labadi et al., 

2021). It affirms that tourists are attracted to the natural beauty of countries rather than to artificially developed 

infrastructure. Additionally, the causality outcomes are depicted in Table 8. According to the results, tourism has 

unidirectional causality with economic growth, the digital economy, and carbon emissions. Infrastructure has 

unidirectional causality with tourism, and the exchange rate and tourism have bidirectional causality.  

 
Table 8. Dumitrescu and Hurlin panel causality test estimations Note: ** P-Value< 5%; EG= economic growth;  

TOUR= tourism; DGE= digital economy; INF= infrastructure; ENV= Environment; ER= exchange rate 
 

Null Hypothesis T-Stat P-Value Null Hypothesis T-Stat P-Value 

EG  ≠  TOUR 2.038 0.875 TOUR  ≠   URB 0.688 0.166 

TOUR  ≠   EG 5.235 0.006 ENV  ≠   TOUR 4.116 0.083 

TEC   ≠  TOUR 2.396 0.866 TOUR  ≠   ENV 12.631 0.000 

TOUR  ≠   TEC 19.214 0.000 ER  ≠   TOUR 1.772 0.690 

URB  ≠   TOUR 4.549 0.033 TOUR  ≠   ER 3.991 0.105 

 

CONCLUSION                         

This research paper investigates the impact of multiple variables, such as economic growth, digital economy, 

infrastructure, environment, and exchange rate, on tourism in the top five sub-Saharan African tourist economies 

between 1995 and 2023 with the help of econometrics methods. We used CSD for the cross-sectional dependency test, 

and CADF, CIPS, and RALS for the unit root tests. The present study uses the RALS-EG cointegration test to examine 

the enduring relationship between the variables under examination. The present study examines the short, medium, and 

long-term coefficients using the MMQR method. Moreover, empirical results from MMQR regression indicated that 

economic growth enhances tourism in the studied economies in the long run.  

This result confirms that the effect of economic growth on tourism is accurate and significant. In addition, the 

outcome reveals that the digital economy boosts tourism in the long run. The results confirm that environmental 
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degradation has a substantial and adverse correlation with tourism. The consistent inverse and substantial correlation 

observed across all quantiles indicates that increased environmental degradation is linked to a decline in tourism.  

Finally, as expected, the exchange rate has a negative and significant relationship with tourism. A high exchange rate 

decreases the tourism. Moreover, the Pairwise Dumitrescu-Hurlin Panel Causality Tests results reveal that Tourism has a 

unidirectional causal relationship with economic growth, the digital economy, and environmental degradation. 

Infrastructure has unidirectional causality with tourism, and the exchange rate and tourism have bidirectional causality.  

Based on the findings presented, this study proposes the following policy recommendations: 

First, Sub-Saharan African governments and policymakers must prioritize economic growth initiatives to invigorate 

the tourism sector. The implementation of proactive economic policies can create a favorable environment that supports 

tourism development. Also, implementing sustainable practices in the extraction of natural resources is crucial to 

securing enduring environmental and economic benefits. By effectively managing natural resources, the risk of 

depletion is mitigated, thereby fostering long-term economic stability.  

Second, governments and stakeholders may deliberate on the allocation of resources towards the development of 

digital infrastructure, to bolster and augment the virtual representation of tourism-related services and attractions. The 

tourism industry must adopt and allocate resources towards digital transformation strategies. This encompasses various 

strategies such as online marketing, mobile applications, and e-tourism initiatives, all aimed at augmenting the overall 

tourist experience. Promoting the integration of digital technologies in the tourism industry, including initiatives related 

to e-tourism and digital payment systems, has the potential to enhance the positive outcomes.  

Third, it is imperative to adopt a mindful approach towards preserving and advancing environmental sustainability. 

Preserving Africa's natural allure serves the dual purpose of safeguarding its ecological heritage and attracting tourists 

seeking genuine, untainted experiences. African nations have the potential to cultivate sustainable tourism, celebrate 

their cultural diversity, and generate long-term positive effects on their economies and the global perception of the 

continent by effectively managing the interplay between infrastructure development and the preservation of na tural 

landscapes. Fourth, the African governments should promote eco-friendly initiatives, invest in green technologies, 

promote sustainable practices, and incorporate environmental considerations into tourism planning.  

Finally, strategic exchange rate management should be pursued to enhance the growth of the tourism industry by 

attracting foreign currency and positively influencing the broader economy. While a more favorable exchange rate can 

stimulate tourism, policymakers must consider the complexities of currency devaluation, including the potential for 

inflationary pressures. It is imperative to strike a balance between the benefits of increased tourism and its broader 

economic ramifications. The study has some constraints, such as being limited to the top five tourist Sub-Saharan 

African Nations. We used the MMQR model to estimate outcomes using limited data from 1995 to 2023.  

Moreover, the economic model specified in this research is based on the five macroeconomic factors. Hence, future 

studies can be carried out across all African nations and the top 10 European tourist nations using the CS-ARDL 

estimator. Additionally, potential researchers can expand our econometric model by adding more macroeconomic 

factors, such as inflation, political stability, and socio-economic factors. 
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