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 The tourism industry is economically very important. According to the World Travel 

Tourism Council, in 2019, the tourism industry accounted for a quarter of all new jobs 

created worldwide, 10.3% of all jobs, and 9.6×1012 USD of the global gross domestic 

product. This study aimed to calculate the tourism efficiency index for different Latin 

American countries from 2010 to 2021 using data envelopment analysis, which analyzes the 

relationships between input variables (including the number of employees in the tourism 

industry and the number of hotel-type establishments) and output variables (including 

tourism expenditures in other countries and public social expenditures in recreation and 

culture per capita). Additionally, this study aimed to identify the countries with greater 

tourism development and the factors that may affect the development of the tourism industry 

through the stochastic frontier production function. The results of the tourism efficiency 

index for Central America (including Costa Rica, Dominica, El Salvador, Honduras, 

Mexico, and Panama) and South America (including Argentina, Brazil, Chile, Colombia, 

Ecuador, Paraguay, Peru, and Uruguay) exhibited different trends. However, after the global 

health crisis, the tourism industry recovered, showing new opportunities to promote 

sustainability. The results of the stochastic frontier production function demonstrated that 

countries with higher levels of inbound and outbound tourism, contribution of tourism to 

the economy, natural resources, and literacy rate exhibited more efficient tourism industry, 

whereas countries with higher pollution levels exhibited less efficient tourism industry. The 

findings of this study could allow us to formulate suitable public policies to promote tourism, 

maintain natural resources, and diversify these sectors with more inclusive programmes that 

can facilitate growth and benefit vulnerable communities. 

1. Introduction 

Considering the landscapes and biodiversity in Latin America, the tourism industry exhibits great potential for 
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emerging economies. The economic sector supports the creation of jobs, strengthens the local economy, contributes 

to local infrastructure development, and can help protect the natural environment and cultural assets and traditions, 

reducing poverty and inequality (BMZ, 2022). The effective promotion of economy can be achieved, in particular, 

if local and rural people can benefit from the income opportunities resulting from tourism with strategies that 

promote tourism successful businesses (GIZ, 2021, 2022). 

The tourism industry generates multiple benefits for countries through employment (a quarter of jobs created 

worldwide) and accounts for 10.3% of the global labor market (WTTC, 2023). In terms of support for the economy, 

according to the World Travel & Tourism Council (WTTC, 2023), the tourism industry generates 9.6×1012 USD of 

the global gross domestic product (GDP) and contributes 6.8% to the total exports. It is estimated that international 

tourist spending increased by 3.8%, whereas national tourist spending increased by 31.4%. With respect to 

sustainability, emissions in the tourism industry account for 8.0%–11.0% of the global greenhouse gas (GHG) 

emissions, and it is projected that the GHG emissions in the tourism industry will increase to 5.3% of the total global 

emissions by 2030 and the emissions per tourist trip will vary between 0.001 and 9.300 t of carbon dioxide 

equivalent (CO2e) (WTTC, 2021a). These data demonstrate that the outlook of the tourism industry is optimistic, 

exhibiting resilience and the ability to recover. Despite the difficulties and complications experienced by the tourism 

industry, it is expected that this industry will be strengthened during this decade and will achieve sustainability 

through long-term strategies and targets. 

Different studies have demonstrated that tourism could provide environmental protection and resource 

conservation and reduce regional inequality by increasing public appreciation of the environment, promoting 

awareness of environmental problems, and generating new business opportunities (Lv, 2019; Subramaniam et al., 

2022; Baloch et al., 2023; Liu, 2023). If planned and managed efficiently, tourism could become an ally and 

supportive economic force for conservation (Fadafan et al., 2018; Ahmad et al., 2022; Schönherr et al., 2023). 

This study aimed to: (1) calculate the tourism efficiency index for different Latin American countries using data 

envelopment analysis (DEA) by analyzing the relationships between input variables (including the number of 

employees in the tourism industry and the number of hotel-type establishments) and output variables (including 

tourism expenditures in other countries and public social expenditures in recreation and culture per capita); and (2) 

determine the factors influencing the tourism industry for establishing strategies that could serve policymakers in 

promoting sustainable tourism. The results of this study could help identify strategies to enhance the tourism industry 

in emerging economies. 

The main questions of this study were as follows: (1) which Latin American countries have achieved greater 

development in the tourism industry? and (2) what are the factors influencing the performance of the tourism 

industry? The identification of these factors could facilitate the formulation of appropriate strategies for the 

sustainable development of the tourism industry in Latin American countries. Additionally, novel methods can be 

applied to determine the efficiency and factors influencing environmental sustainability, thereby providing 

methodological contributions to tourism studies and providing evidence regarding elements that can positively 

influence efficiency and sustainability in the tourism industry through index calculation. This study allows for 

quantitative analysis of the tourism industry, which can support the establishment of satisfactory instruments to 

promote sustainability in the tourism industry of emerging economies. 

To answer the research questions of this study, we used a two-stage DEA to analyze the panel data (combining 

time series and cross-sectional data) of 14 countries in Latin America from 2010 to 2021 to determine the tourism 

efficiency index and factors influencing the performance of the tourism industry. At the first stage, DEA was used 

to determine efficiency performance through index calculation, and at the second stage, the stochastic frontier 

production function was adopted to estimate the factors that determine the efficiency of resource use in the tourism 

industry from different perspectives, allowing us to evaluate the tourism industry by considering efficiency and 

sustainability. 

2. Literature review 

The tourism industry is closely related to sustainability through the development of alternative tourism models 

(ecotourism, community-based tourism, pro-poor tourism, slow tourism, green tourism, heritage tourism, etc.) that 

aim to improve livelihoods, increase local economic growth, alleviate poverty, protect natural environments and 

resources and wildlife, and balance the social, economic, and environmental targets of the tourism industry. 

Efficiency and sustainability are closely related because efficiency contributes to reducing environmental 
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impacts, which are elements that constitute the sustainability concept. Moreover, better allocation and management 

of natural resources could lead to sustainability by simultaneously achieving income generation, pollution reduction, 

and social development promotion, demonstrating the importance of analyzing efficiency and sustainability for 

determining new strategies to promote suitable policies (Damania et al., 2023). 

2.1. Tourism efficiency 

Tourism efficiency has been analyzed as an indicator to describe the form in which resources are used and 

possibilities for achieving sustainability, considering that efficiency improvement promotes transformation of the 

economy and sustainable development of the tourism industry (Qiao et al., 2023). Therefore, tourism efficiency can 

be defined as obtaining the maximum output of tourism-related resources with minimal input within a certain time 

frame to meet the needs of stakeholders and maximize the total surplus (Li et al., 2014). 

Studies on tourism efficiency have demonstrated the importance of promoting efficiency in the tourism industry, 

considering that resource consumption is increasing commensurately with considerable environmental impacts (Xue 

et al., 2022; Zhang et al., 2022a; Zhang et al., 2023). Moreover, under a business-as-usual scenario, tourism could 

generate increases of 154.0% in energy consumption, 131.0% in GHG emissions, 152.0% in water consumption, and 

251.0% in solid waste disposal by 2050 (UNEP, 2022). Previous researches on facilitating tourism efficiency involved 

eco-efficiency and technical efficiency (Castilho et al., 2021; Guo et al., 2022; Zhang et al., 2022a; Zhang et al., 

2022b). Studies involving different empirical methods have indicated that countries with a larger amount of qualified 

labor, greater productivity of natural and cultural resources, better management processes, more sustainable tourism 

activities and green products, and greater adoption of technologies or innovations are more efficient and can achieve 

greater performance (Song and Li, 2019; Peng et al., 2021; Alinsato et al., 2022; Jabeen et al., 2023). Different 

quantitative techniques can be employed to support digital finance, entrepreneurial equity financing, green bonds, 

renewable energy, green finance, and technical innovation to improve the tourism resource allocation efficiency in 

the long term by increasing the demand for tourism consumption and optimizing the supply of tourism factors (Liu 

et al., 2021; Qin et al., 2022; Shang et al., 2023; Zeng et al., 2023). These studies demonstrated that it is important to 

continuously analyze and identify strategies to improve efficiency in the tourism industry because the efficiency is 

important to achieve sustainable development and reduce social disparities. In this study, the tourism efficiency index, 

which includes different variables of the tourism industry, was calculated and analyzed. 

2.2. Sustainability in the tourism industry 

Sustainability in tourism is defined as sustainable practices adopted and implemented by the tourism industry, 

with the objective of characterizing all the impacts of tourism, both positive and negative. This approach aims to 

minimize negative impacts and maximize positive impacts, which refer to the environmental, economic, and 

sociocultural aspects of tourism development, and a suitable balance must be established among these three 

dimensions to guarantee long-term sustainability (UNEP and UNWTO, 2005). 

Hence, according to the Global Sustainable Tourism Council (2021), there are four main pillars in terms of 

sustainability in the tourism industry. Firstly, sustainable management refers to adopting an integrated policy-

industry-community approach, namely, mainstream integral sustainable policies and practices are employed, 

thereby developing more sustainable tourism business models that promote competitiveness and continuous 

improvements and implementing more suitable measures to better manage indicators (Day, 2017; Edgell, 2020; 

OECD, 2021). Secondly, studies on the socioeconomic impacts of tourism have demonstrated that the tourism 

industry supports economic growth and notably influences society by improving the economic status of local 

community members. The tourism workforce is fundamental for promoting regional development and contributes 

to infrastructure advancement, and new employment opportunities and businesses for a substantial segment of 

people, and for decreasing poverty and inequality levels, especially in developing countries (Kamanga and Njoloma, 

2019; Kozhokulov et al., 2019; Kronenberg and Fuchs, 2021; Jehan et al., 2022). Thirdly, cultural impacts require 

a sustainable approach that offers a new perspective, as it places cultural heritage and local communities at the 

center of decision-making processes. It is important to increase awareness of the value of cultural resources to 

develop synergies between tourism and culture, enhance the community capacity, encourage partnership among 

locals and ownership of tourism projects, and provide space for negotiating with different stakeholders (European 

Commission, 2019; Moayerian et al., 2022; Wu and Lin, 2022). Lastly, the environmental impacts of tourism 

indicate that the government should formulate effective measures to implement appropriate strategies for sustaining 

tourism and trade to address environmental problems, considering that the main negative impacts are water 
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pollution, impaired health of wild animals, biodiversity loss, waste generation, damage to ecosystems, etc. For these 

reasons, tourism initiatives require the development of impact assessments to evaluate, monitor, and prevent impacts 

for achieving sustainable tourism management (Matias et al., 2022; Zhu et al., 2022). The relationship between 

sustainability and competitiveness was analyzed by Wang et al. (2022), who determined that resources, market, 

environment, society, and economy represent competitive advantages and homogenization is fundamental for 

promoting sustainability and competitiveness within the tourism industry. Studies mentioned above have indicated 

the importance of addressing sustainability issues in the tourism industry to achieve development and environmental 

protection. Therefore, in this study, different variables were considered to analyze sustainability in the tourism 

industry of emerging economies. 

2.3. Data envelopment analysis (DEA) in the tourism industry 

DEA has been applied in the tourism industry from different perspectives. For example, Mohammed et al. (2015) 

analyzed the topics and methodologies generally applied in tourism research. Huang (2018) measured the integrated 

and divisional performance levels within the tourism supply chain in China, thereby developing a measure that can 

be used to assess the efficiencies of various divisions within the tourism supply chain simultaneously. Huang et al. 

(2022) measured the overall, production, and service efficiencies of forest parks in different provinces of China. Wu 

and Li (2022) constructed a model to assess the performance of cultural tourism for various tourist destinations in 

Asia through DEA, thus determining that the value of cultural resources is vital for developing synergies between 

tourism and culture. Medina et al. (2022) analyzed the relationships among efficiency, innovation, and seasonality 

in Spanish coastal areas and found that seasonality intensity influences efficiency and innovation can offset possible 

decreases in efficiency. Fernandes et al. (2022) explored the relationship between air transport and tourism in Brazil 

and reported that the tourism performance in Brazil has deteriorated relative to its efficiency because Brazil has not 

learned how to utilize its competitive advantages in tourism and has failed to materialize potential jobs and 

enterprises in the tourism industry. With the use of the super-efficiency slack-based measure model, Cheng et al. 

(2023) examined the evolution of the ecological efficiency of tourism in the Hanjiang River Basin of China and 

determined that the distribution of tourism ecological efficiency shows obvious spatial clustering and dependence 

characteristics, with significant low-level homogenization phenomena. These studies all demonstrate the importance 

of DEA in tourism research and its application in other regions (e.g., Latin America), as well as the potential for 

integrating efficiency and sustainability assessments to advance tourism development. 

2.4. Stochastic frontier production function in tourism research 

Regarding the application of the stochastic frontier production function in the tourism industry, Chen (2007) 

analyzed the cost efficiency of the international tourist hotel industry in Taiwan of China and found that operation 

type significantly affects the hotel efficiency. Zhang et al. (2020) examined the effects of tourism specialization and 

market competition on the efficiency of the hotel industry using the stochastic frontier production function and 

determined that tourism development, represented by a high level of tourism specialization at a given destination, 

does not guarantee the high efficiency level of the hotel industry. Liu and Tsai (2021) assessed the changes of 

productivity in the hotel industry of China using the stochastic frontier production function and identified the 

improvements of productivity. These studies have demonstrated that the stochastic frontier production function has 

been applied mainly in the hotel industry, whereas in this study, the stochastic frontier production function was used 

from the integral perspective of the tourism industry, which is a novel approach. 

The efficiency and sustainability of the tourism industry must be simultaneously evaluated via different 

quantitative models and techniques. Considering the limitations of related studies, there is a gap in this area, 

especially for developing countries in Latin America, where the tourism industry exhibits high potential to reduce 

poverty and inequality and diversify the economy within the context of energy transition. 

3. Methods and data sources 

In this study, a two-stage DEA was used to calculate the tourism efficiency index. An empirical model was then 

defined on the basis of the stochastic frontier production function. Moreover, in this section, the variables and data 

sources used at the two stages are explained. 
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3.1. Tourism efficiency index based on DEA 

To calculate the tourism efficiency index, we created clusters by income level and country according to the 

geographical location of each variable and the population per unit. The tourism efficiency index can be calculated 

via the nonparametric dynamic DEA technique (with a constant return-to-scale input orientation), accounting for 

the intertemporality of the series of each country according to the classification of the dendrograms for the group of 

countries and the input variables (i.e., the number of employees in the tourism industry (103 persons) and the number 

of hotel-type establishments) and output variables (i.e., tourism expenditures in other countries (106 USD) and 

public social expenditures in recreation and culture per capita (USD)). The structural form of DEA relies on a 

constant return-to-scale input orientation and conforms with the following conditions: 

 1
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0 ( 1, 2, ..., ; 1, 2, ..., )jm imv x i I  j J  , (4) 

where Maxz is the functional form that determines technical efficiency of each country; J is the total outputs 

considered; j is the output generated by the unit of analysis; ujm is the weight assigned to output variable; yjm' is the 

output variable; I is the total inputs considered; i is the input required by the unit of analysis; vim is the weight 

assigned to input variable; xim is the input variable; yjn is the result generation rate; xin is the production factor 

utilization rate; and vjm is the restriction imposed on output to allow for variable returns to scale 

3.2. Empirical model 

Following the works of Behr (2015), Akpaeti and Umoh (2015), and Pardo Martíez and Cotte Poveda (2022), we 

used the stochastic frontier production function to estimate the efficiency of resource use in the tourism industry of 

specific Latin American countries, and this function can be expressed as follows: 

 0ln ln  ( =1, 2, ..., )t j ij i iY X V U t T     , (5) 

where Yt is the tourism efficiency index generated by DEA; 0 is a constant; j is the coefficient for each variable; 

Xij is a vector of variables that explain the determinants of the tourism industry for Models 1–14; Vi is the 

idiosyncratic error; Ui is a panel-level effect that varies over time; t is the first year during the study period; and T 

is the last year during the study period. Notably, Equation 5 requires the functional form of a process that captures 

inefficiencies. On the basis of the economic theory of production functions, in this study, we used a Cobb‒Douglas-

type technique to capture inefficiencies.  

3.3. Data sources 

We obtained annual data from the statistical databases of World Tourism Organization (UNWTO, 2023) and the 

United Nations Economic Commission for Latin America and the Caribbean (ECLAC, 2023a) for 14 Latin 

American countries from 2010 to 2021, including Argentina, Brazil, Chile, Colombia, Costa Rica, Dominica, 

Ecuador, El Salvador, Honduras, Mexico, Panama, Paraguay, Peru, and Uruguay. The main criteria for selecting 

variables, countries, and study period for the analysis were the availability and quality of the data. Moreover, in 

order to calculate and apply the quantitative techniques considered in this study, we used the last version of STATA 

18 (StataCorp LLC, Texas, the USA). Table 1 details the characteristics of the variables used in this study. 

In order to analyze sustainability, we divided the variables into the following categories according to the 

availability of data for each country: (1) economic variables (including inbound tourism, outbound tourism, and 

contribution of tourism to the economy); (2) natural resources variables (including mangroves area, terrestrial 

biodiversity, marine biodiversity, freshwater biodiversity, forest area, land area covered by forests, and area of forest 

plantations); (3) pollution variables (including GHG emissions per capita and CO2 emissions per capita); and (4) 

social variables (including literacy rate, public social expenditure in education, public social expenditure in health, 

and public social expenditure in environmental protection). Table 2 provides the variables of each model and 

theoretical support for selection. 



C.I. PARDO MARTÍNEZ, et al.: Efficiency and sustainability of the tourism…   Regional Sustainability (2024) 5(4)

 

 100178 

6 

Table 1  

Variables used in this study and their sources. 

Variable Definition Source 

Employment in the tourism industry (103 persons) Number of employees in the tourism industry  UNWTO 

Establishments in the tourism industry Number of hotel-type establishments  UNWTO 

Tourism expenditure (106 USD) Tourism expenditure in other countries  UNWTO 

Public social expenditure (USD per capita) Public social expenditure in recreation and culture per capita  ECLAC 

Inbound tourism (103 persons) Total arrivals  UNWTO 

Outbound tourism (103 persons) Total departures  UNWTO 

Contribution of tourism to the economy (%) Share of tourism in the GDP UNWTO 

Mangroves area (103 hm2)  ECLAC 

Terrestrial biodiversity (%) Proportion of terrestrial biodiversity sites covered by protected areas  ECLAC 

Marine biodiversity (%) Proportion of marine biodiversity sites covered by protected areas  ECLAC 

Freshwater biodiversity (%) Proportion of freshwater biodiversity sites covered by protected areas  ECLAC 

Forest area (103 hm2)  ECLAC 

Percentage of land area covered by forests (%)  ECLAC 

Area of forest plantations (%) Area of forest plantations expressed as a percentage ECLAC 

GHG emissions per capita (t CO2e per capita)  ECLAC 

CO2 emissions per capita (t per capita)  ECLAC 

Literacy rate (%) Literacy rate of people ages 15 years old and over  ECLAC 

Public social expenditure in education (USD per capita)  ECLAC 

Public social expenditure in health (USD per capita)  ECLAC 

Public social expenditure in environmental protection 

(USD per capita) 
 ECLAC 

Note: UNWTO, World Tourism Organization; ECLAC, the United Nations Economic Commission for Latin America and the Caribbean; GPD, gross domestic 

product; GHG, greenhouse gas; CO2e, carbon dioxide equivalent. Monetary variables were calculated in constant dollar units. 

Table 2  

Variable classification of the models. 

Classification Variable 
Estimated 

relationship 
Reference 

Economic variables 

Inbound tourism + 

OECD (2024) Outbound tourism + 

Contribution of tourism to the economy + 

Natural resources 
variables 

Mangroves area + 

WTO (2010); Tyrväinen et al. (2014, 2017);  
Juutinen (2017) 

Terrestrial biodiversity + 

Marine biodiversity + 

Freshwater biodiversity + 

Forest area + 

Land area covered by forests + 

Area of forest plantations + 

Pollution variables 
GHG emissions per capita – 

The One Planet Network (2022) 
CO2 emissions per capita – 

Social variables 

Literacy rate + 

Schianetz and Kavanagh (2008); Badulescu et al. 
(2022); Pololikashvili (2022); Ar Rashid (2023) 

Public social expenditure in education + 

Public social expenditure in health + 

Public social expenditure in environmental protection + 

Note: + and – denote positive and negative effects, respectively. 
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4. Results 

4.1. Analysis of the tourism efficiency index 

The results of the tourism efficiency index for Central America (including Costa Rica, Dominica, El Salvador, 

Honduras, Mexico, and Panama) and South America (including Argentina, Brazil, Chile, Colombia, Ecuador, 

Paraguay, Peru, and Uruguay) exhibited different trends (Figs. 1 and 2). The average values of the tourism efficiency 

index during the study period were 0.86 for Costa Rica, 0.97 for Dominica, 0.95 for El Salvador, 0.83 for Honduras, 

0.95 for Mexico, and 0.96 for Panama (Fig. 1). Figure 1 also shows the effects of global health crisis, which occurred 

after 2020, on the tourism efficiency index in Central America. 

For the countries considered in South America, the average value of the tourism efficiency index demonstrated 

high variability. The average values of the tourism efficiency index during the study period were 0.67 for Argentina, 

0.97 for Brazil, 0.39 for Chile, 0.66 for Colombia, 0.63 for Ecuador, 0.09 for Paraguay, 0.63 for Peru, and 0.83 for 

Uruguay. These results indicated that the global health crisis affected the tourism efficiency index in South America. 

Similarly, recovery has been observed in 2021. 

 
 

Fig. 1. Tourism efficiency index for Central America (including Costa Rica, Dominica, El Salvador, Honduras, Mexico, and Panama) 

during 2010–2021. 
 

 
 

Fig. 2. Tourism efficiency index for South America (including Argentina, Brazil, Chile, Colombia, Ecuador, Paraguay, Peru, and 

Uruguay) during 2010–2021. 
 

4.2. Results of the stochastic frontier production function 

Table 3 provides the results of the 14 selected models, which demonstrates that in all the models, the stochastic 

frontier production function was positively and significantly related to sustainability, suggesting that countries with 

efficient use of economic, natural, and social resources are influenced by tourism efficiency. 
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Table 3 

Results of regression models with the tourism efficiency index as the dependent variable. 

Parameter 
Model 

1 
Model 

2 
Model 

3 
Model 

4 
Model 

5 
Model 

6 
Model 

7 
Model 

8 
Model 

9 
Model 

10 
Model 

11 
Model 

12 
Model 

13 
Model 

14 

Constant 
–0.590** 
(0.276) 

–1.093*** 
(0.277) 

0.048 
(0.228) 

0.966*** 
(0.328) 

–2.418*** 
(0.423) 

–2.833*** 
(0.551) 

–3.292*** 
(0.413) 

–3.766*** 
(0.629) 

–3.119*** 
(0.583) 

–3.559*** 
(0.525) 

–5.098*** 
(1.038) 

–3.298*** 
(0.635) 

–2.654** 
(1.079) 

–5.002*** 
(1.265) 

Inbound  

tourism 

0.005 

(0.012) 

0.002*** 

(0.000) 

0.012 

(0.012) 

0.117*** 

(0.552) 

0.035*** 

(0.007) 

0.034*** 

(0.007) 

0.014* 

(0.008) 

0.011 

(0.008) 

0.004 

(0.008) 

0.003 

(0.008) 

0.001 

(0.007) 

0.003 

(0.008) 

0.003 

(0.008) 

0.002 

(0.010) 

Outbound 
tourism 

0.181*** 
(0.022) 

0.406*** 
(0.041) 

0.148*** 
(0.024) 

0.243*** 
(0.029) 

0.197*** 
(0.017) 

0.142*** 
(0.027) 

0.217*** 
(0.030) 

0.215*** 
(0.029) 

0.190*** 
(0.049) 

0.173*** 
(0.052) 

0.137*** 
(0.032) 

0.169*** 
(0.033) 

0.160*** 
(0.032) 

0.139*** 
(0.034) 

Contribution of 

tourism to the 

economy 

0.074* 
(0.038) 

0.292*** 
(0.051) 

0.120** 
(0.039) 

0.115*** 
(0.035) 

0.115*** 
(0.030) 

0.175*** 
(0.035) 

0.124*** 
(0.037) 

0.135*** 
(0.038) 

0.075 
(0.052) 

0.064 
(0.052) 

0.066* 
(0.049) 

0.081* 
(0.050) 

0.090** 
(0.050) 

0.064 
(0.050) 

Mangroves area  
0.069*** 

(0.019) 

0.000** 

(0.000) 

0.052*** 

(0.014) 

0.000*** 

(0.000) 

0.000 

(0.000) 

0.000 

(0.000) 

0.000 

(0.000) 

0.000 

(0.000) 

0.000 

(0.000) 

0.000* 

(0.000) 

0.000 

(0.000) 

0.000 

(0.000) 

0.000 

(0.000) 

Terrestrial 

biodiversity 
  

0.006*** 

(0.001) 

0.926*** 

(0.079) 

0.016*** 

(0.001) 

0.018*** 

(0.001) 

0.015*** 

(0.001) 

0.017*** 

(0.001) 

0.016*** 

(0.002) 

0.016*** 

(0.002) 

0.017*** 

(0.002) 

0.016*** 

(0.002) 

0.016*** 

(0.003) 

0.017*** 

(0.002) 

Marine 
biodiversity 

   
0.229*** 
(0.054) 

0.321*** 
(0.039) 

0.240*** 
(0.049) 

0.191*** 
(0.048) 

0.215*** 
(0.052) 

0.296*** 
(0.056) 

0.318*** 
(0.060) 

0.243*** 
(0.059) 

0.291*** 
(0.056) 

0.307*** 
(0.061) 

0.238*** 
(0.062) 

Freshwater 

biodiversity 
    

0.279*** 

(0.048) 

0.472*** 

(0.099) 

0.423*** 

(0.074) 

0.497*** 

(0.102) 

0.383*** 

(0.104) 

0.464** 

(0.109) 

0.603*** 

(0.134) 

0.439*** 

(0.114) 

0.352* 

(0.220) 

0.577*** 

(0.194) 

Forest area      
0.078** 
(0.031) 

0.029 
(0.026) 

0.049 
(0.032) 

0.050 
(0.052) 

0.068 
(0.055) 

0.105** 
(0.041) 

0.075* 
(0.040) 

0.065 
(0.074) 

0.093* 
(0.064) 

Land area 

covered by 

forests 

      
0.151*** 
(0.038) 

0.160*** 
(0.037) 

0.057 
(0.071) 

0.032 
(0.075) 

    

Area of forest 
plantations 

       
0.028 

(0.028) 
0.029 

(0.034) 
0.075* 
(0.047) 

0.032 
(0.029) 

0.016 
(0.038) 

0.026 
(0.091) 

0.014 
(0.083) 

GHG emissions 

per capita 
        

–0.158* 

(0.085) 
 

–0.264*** 

(0.047) 

–0.211*** 

(0.044) 

–0.215*** 

(0.046) 

–0.263*** 

(0.060) 

CO2 emissions 
per capita 

         
–0.161** 
(0.076) 

    

Literacy rate           
0.016** 

(0.007) 
 

 

 

0.017** 

(0.007) 

Public social 
expenditure in 

education 

           
0.038 

(0.036) 

 

 
 

Public social 

expenditure in 
health 

            
0.013 

(0.075) 

0.000 

(0.000) 

Public social 

expenditure in 

environmental 
protection 

             
0.001 

(0.025) 

v 0.214 0.121 0.180 0.083 0.073 0.053 0.068 0.066 0.068 0.068 0.068 0.068 0.068 0.066 

u 0.002 0.001 0.059 0.001 0.108 0.132 0.090 0.093 0.001 0.000 0.001 0.001 0.000 0.000 

2 0.046 0.014 0.036 0.007 0.017 0.020 0.012 0.013 0.004 0.004 0.004 0.004 0.004 0.004 

λ 0.011 0.015 0.331 0.018 1.476 2.473 1.318 1.409 0.016 0.100 0.014 0.014 0.012 0.013 

Log likelihood 11.07 37.16 25.14 56.25 78.08 82.21 88.45 88.97 99.55 100.00 99.80 99.800 99.245 100.30 

Note: v is the estimate of the standard deviation of the idiosyncratic component; u is the estimate of the standard deviation of technical inefficiency; σ2 is the 

estimate of the total error variance; λ is the estimate of the ratio of the standard deviation of the ineffective component to the standard deviation of idiosyncratic 
component; Log likelihood is a test to determine the existence of a frontier; Model 1 is economic model; Model 2 is natural resources model including mangroves 

area; Model 3 is natural resources model including terrestrial biodiversity; Model 4 is natural resources model including marine biodiversity; Model 5 is natural 

resources model including freshwater biodiversity; Model 6 is natural resources model including forest area; Model 7 is natural resources model including land area 

covered by forests; Model 8 is natural resources model including area of forest plantations; Model 9 is pollution model including GHG emissions; Model 10 is pollution 

model including CO2 emissions; Model 11 is social model including literacy rate; Model 12 is social model including the public social expenditure in education; Model 

13 is social model including the public social expenditure in health; and Model 14 is social model including the public social expenditure in environmental protection. 

The values outside the parentheses are coefficients that determine the relationship between parameters, and the values in the parentheses are the standard errors. *** 

indicates significance at the P<0.01 level, ** indicates significance at the P<0.05 level, and * indicates significance at the P<0.10 level. 

4.2.1. Economic model 

The Model 1 revealed that inbound tourism, outbound tourism, and contribution of tourism to the economy were 

positively related with the tourism efficiency index, and there was a significant relationship between the tourism 

efficiency index and outbound tourism, as well as between the tourism efficiency index and contribution of tourism 

to the economy, indicating the importance of economic stability in promoting the tourism industry. 

4.2.2. Natural resources model 

Models 2–8 captured the relationships of natural resources variables with the tourism efficiency index, indicating 
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that countries with richer natural resources, such as mangroves, terrestrial, marine, and freshwater biodiversity, and 

forest resources, exhibited positive and relatively significant effects on the tourism efficiency index. This finding 

indicated that the tourism industry must maintain natural resources as a strategy to attract more tourists and protect 

natural resources as a fundamental element of the tourism industry. 

4.2.3. Pollution model 

Models 9–10 aimed to analyze the relationships between pollution considering emissions and the tourism 

efficiency index. Results indicated that higher pollution negatively influenced the tourism efficiency index, 

revealing the importance of reducing pollution as a strategy to promote the tourism industry. 

4.2.4. Social model 

Models 11–14 showed that social variables were positively related to the tourism efficiency index, highlighting 

the importance of education, as tourism service requires favorable customer service and education is the foundation. 

The results of the 14 models indicated that achieving an adequate tourism efficiency index was necessary for 

realizing sustainability, demonstrating that the tourism industry was closely related to satisfactory economic and 

social results, the conservation of natural resources, and pollution reduction. Moreover, resource use efficiency was 

fundamental for achieving sustainable tourism through development, which promotes economic and social 

development and the conservation of natural resources. 

The model results demonstrated that efficiency in the tourism industry is closely related to sustainability because 

the contribution of inbound tourism and outbound tourism to the GDP is key to the diversification of activities in 

the productivity sector. Considering that tourists seek natural landscapes and greater natural contact, natural 

resources are fundamental to promoting tourist destinations, whereas pollution serves as a deterrent in the tourism 

industry. Moreover, social variables are important for promoting high-quality tourism and guaranteeing the 

possibility of community inclusion. 

5. Discussion  

The tourism efficiency index results obtained through DEA indicated that all Latin American countries were 

affected by global health crisis, considering that some countries depend on international tourism for output, 

employment, and export revenues (IDB, 2020). The ECLAC (2020) reported that the GDP in Caribbean and Latin 

America could decrease by 8.0% and 1.0%, respectively, and the total employment could decrease by 7.0% in the 

Caribbean and 1.0% in Latin America, which conforms with the results of the tourism efficiency index in this study. 

However, after global health crisis, new opportunities for Latin American tourism were generated, especially to 

promote sustainable and regenerative destinations due to the extraordinary richness of natural heritage in Latin 

American countries, thus preventing negative environmental impacts. To help mitigate and adapt to climate change, 

restoring and improving natural and cultural heritage and improving the well-being of citizens in rural communities, 

including indigenous peoples and citizens of African descent, are important, as this would support economic growth 

and diversification, generate high-quality jobs, enhance the business sector, and create social revenues, especially 

in local communities (CAF, 2023). 

Another important result is that the 14 Latin American countries demonstrated improvements in the tourism 

efficiency index during the study period (except during the global health crisis period). It has been acknowledged 

that the tourism industry in Latin America provides a favorable strategy for diversifying economy, promoting 

development, and improving travel and tourism competitiveness. However, in order to promote the efficiency and 

competitiveness of the tourism industry, the following activities need to be carried out: alliances between the public 

and private sectors, promoting the inclusion and survival of business companies (especially small- and medium-

sized enterprises), and encouraging community and rural activities within tourism activities (World Economic 

Forum, 2020). 

These findings suggest that Latin American programmes must continue to promote adequate policies that allow 

sustainable growth of the tourism industry for optimizing the use of environmental resources, protect natural 

heritage and biodiversity, respect the sociocultural authenticity of host communities, and ensure viable, long-term 

economic operations that encourage employment and facilitate poverty alleviation (UNEP and UNWTO, 2005; 

OECD, 2017). 

Moreover, the results of the tourism efficiency index revealed that countries with low values exhibit different 

challenges and alternatives for improving performance (Saner and Filadoro, 2019; Khan et al., 2020b; ECLAC, 
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2022). Strategies to promote sustainable tourism should not be free-standing efforts but should be incorporated into 

annual national development plans and should engage different stakeholders from all sectors, particularly for local 

communities at existing or potential tourism locations (ECLAC, 2023b). 

According to the stochastic frontier production function, the relationship between the tourism efficiency index 

and economic variables indicated that promoting tourism flows contributes to improvements in economic growth, 

which agrees with the findings of Rasool et al. (2021) that the tourism industry could provide greater economic 

growth, generating development with multiple advantages. Importantly, the public sector and stakeholders must 

design and promote policies that increase inbound tourism and increase average spending per tourist as key elements 

to guarantee the contribution of the tourism industry to economy and close any development gaps in rural areas or 

communities with natural heritage, especially in emerging and transitional economies. 

The positive relationship between the tourism efficiency index and the presence of natural resources, such as 

mangroves, biodiversity, and forest areas, demonstrated that strengthening and improving tourism are necessary to 

maintain and preserve natural heritage. This relationship has been demonstrated in different studies, indicating that 

natural resources contribute to tourism development (Khan et al., 2020a), and constitute an important element of 

tourism assets and determine the shape and level of tourist destination attractiveness (Marczak and Borzyszkowski, 

2020).  

In contrast, pollution, measured by GHG and CO2 emissions, negatively affected the tourism efficiency index, 

indicating that countries must find ways to decrease emissions or pollution as a strategy to promote the tourism 

industry, considering that tourism is responsible for approximately 8.0% of the global carbon emissions (Lenzen et 

al., 2018). These findings revealed that the tourism industry should promote emission and pollution reduction efforts 

and sustain a low-carbon economy by adopting processes to promote the adoption of green and cleaner technology 

to achieve carbon neutrality (Ghosh, 2022; Yang et al., 2022). 

In terms of social variables, this study revealed a positive relationship between social variables and the tourism 

efficiency index, indicating that tourism development is closely related to improved social conditions and enhanced 

social progress, agreeing with the findings of the WTTC (2021b), which determined that the main social outcomes 

of global tourism are as follows: the tourism industry is one of the most diverse sectors globally, supports and 

improves the livelihoods of hundreds of millions of people and their respective communities worldwide, and is one 

of the sectors that is the leading driver of job creation worldwide, helps support local businesses, and fosters 

entrepreneurship and new business ventures. 

The findings of this study are important for promoting sustainability and efficiency in the tourism industry in 

Latin America, considering that this region exhibits more advantages through the cross-cutting nature of tourism for 

promoting local development (ECLAC, 2023c): diversifying activities, developing sustainable energy, using the 

Internet for production, protecting ecosystems, conducting territorial planning, achieving efficient mobility, 

optimizing agriculture by strengthening its participation in the touristic value chain, favoring responsible tourism 

with sustainability, facilitating social inclusion, reducing poverty, and diversifying economy, thereby creating new 

jobs and entrepreneur opportunities to achieve decarbonization of the tourism industry. Tourism in Latin America 

and the Caribbean offers opportunities to better understand that the tourist destinations are not only creators of 

wealth and welfare but also communicators of socio-economic and productive development, which have a positive 

impact on the environment and contribute to climate change mitigation and adaptation. In the coming decades, Latin 

America must leverage its notable natural potential to become a global benchmark for regenerative tourism, which 

could help drive economic growth, create high-quality jobs, strengthen the business fabric, and generate social 

revenues, especially in local communities (Fernández, 2023).  

The main limitation of this study is the need to identify adequate variables and databases related to the research of 

the tourism industry, for which it is important to generate databases that could be employed to determine trends in the 

tourism industry, especially in emerging economies. Research on the impact of tourism sustainability, the relationship 

between efficiency and sustainable tourism, and the application of policies in various countries remains important. 

6. Conclusions 

In this study, efficiency and sustainability in the tourism industry were analyzed via DEA and the stochastic 

frontier production function. The results of DEA revealed that the tourism efficiency index values for Central 

America and South America exhibited different trends. However, after the global health crisis, the tourism industry 

recovered with new opportunities to promote sustainability. Focusing on the results of the stochastic frontier 

https://www.nature.com/articles/s41558-018-0141-x
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production function, the variables used in this study were significantly related to sustainability, suggesting that 

countries where economic, natural, and social resources are utilized efficiently are influenced by tourism efficiency. 

The tourism efficiency index was positively related to the inbound tourism, outbound tourism, contribution of 

tourism to the economy, mangroves area, terrestrial biodiversity, marine biodiversity, freshwater biodiversity, forest 

area, land area covered by forests, and area of forest plantations. The tourism efficiency index was closely related 

to positive behavior in regard to the use of economic and natural resources, whereas higher pollution negatively 

influenced the tourism efficiency index. Literacy rate, public social expenditure in education, public social 

expenditure in health, and public social expenditure in environmental protection all positively affected the tourism 

efficiency index. The findings of this study demonstrated the importance of promoting efficiency and sustainability 

in the tourism industry of Latin America as a strategy for facilitating economic growth, protecting environmental 

resources, and improving social performance, which are fundamental for protecting natural heritage, generating new 

opportunities, and diversifying economy of the region. 
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