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Abstract 28 

What kinds of countries are likely to be prosperous and have a sustainable environment at the same 29 

time? How might countries reorient their policy setting to be more capable of suppressing 30 

environmental degradation? To explore these questions, this research takes the six major kinds of 31 

ecological footprint (EF) as indicators of environmental quality and probes the environmental 32 

Kuznets curve (EKC) hypothesis. We find that tourism development corresponds to more usage of 33 

carbon absorption land and cropland. Second, the lower (higher) a nation’s security is, the better 34 

(worse) is its the environmental quality. Third, economic complexity worsens environmental quality 35 

and does not effectively resolve environmental degradation. Fourth, country security weakens the 36 

negative influence of tourism development (economic complexity) on environmental quality. Fifth, 37 

increasing tourist arrivals should reach a specific level in order to raise the ecological footprint, which 38 

leads to greater environmental sacrifice. Sixth, the inverted U-shape relationship of economic 39 

complexity at the lowest to intermediate cropland quantiles supports the economic complexity-40 

induced EKC hypothesis. Seventh, the country security-induced EKC hypothesis is supported in some 41 

specific EF quantiles. Finally, we show that tourism arrivals, economic complexity, and country 42 

security have varying impacts across diverse ecological footprint quantiles. 43 

44 

Keywords: Ecological footprint; Tourism development; Economic complexity; Country security;45 

Environmental Kuznets curve (EKC). 46 

47 
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1. Introduction 48 

The two most imperative and crucial subjects demanding economic investigation and policy 49 

recommendations are climate change and environmental sustainability (Foxon et al., 2013). The 50 

exhaustion of natural resources, higher carbon emissions, global warming, and accumulation of non-51 

recyclable wastes through economic growth are essential issues for academia when scrutinizing 52 

sustainable environment and economic development. Pollution and environmental degradation used 53 

to be regarded as inevitable costs of economic development, but can a country have a secure 54 

environment along with the benefits to its economy and tourism? How might countries reorient their 55 

tourism industry, economic complexity, and country security to become more competitive in 56 

economic development and environmental sustainability? To explore these questions and by 57 

constructing an inclusive dataset of economic complexity (COM), tourism development (TD), 58 

country security (CS), and ecological footprint (EF), this research uses a quantile regression (QR) for 59 

evaluating countries’ capabilities toward a substantial environment. It also inspects the basic 60 

Environmental Kuznets curve (EKC) hypotheses by considering TD, COM, and CS variables as 61 

possible determinants of environmental quality (i.e., the six sub-kinds of ecological footprint:  built-62 

up land (BUI), carbon absorption land (CAR), cropland (CORP), grazing land (GRAZ), fishing 63 

grounds (FISH), and forest area (FOR). Figure 1A of Appendix summarize the research concepts. 64 

EKC essentially discloses how a technically definite quantity of environmental quality varies 65 

along with the trend of a nation’s prosperity (Dinda, 2004). A considerable number of works on EKC 66 

has appeared in recent decades, sharing the fact that environmental degradation happens in the early 67 

steps of economic development and then improves in the later steps (Dinda, 2004). The EKC 68 

hypothesis literature is assessed under the background of various samples, such as China (Sharif et 69 

al., 2020; Yilanci and Pata, 2020), U.S. (Dogan and Turkekul, 2016; Pata, 2020), Turkey (Ozatac et 70 

al., 2017; Pata, 2018), France (Iwata et al., 2010), Middle East and North African nations 71 

(Charfeddine and Mrabet, 2017), Africa (Sarkodie, 2018), BRICS (Haseeb et al., 2018), countries 72 

categorized by income (Al-Mulali et al., 2015b; Ulucak and Bilgili, 2018), etc. Agras and Chapman 73 

(1999), Harbaugh et al. (2002), Özokcu and Özdemir (2017), and Liu et al. (2017) find either no 74 

evidence or weak evidence in support of an inverted U-shape curve. The findings are inconclusive 75 

even for the same sample country. For example, Pata (2020) presents evidence to support an inverted 76 

U-shape EKC association between COM and environmental degradation for the U.S. By contrast, 77 

using CO2 emissions, Dogan and Turkekul (2016) do not validate the EKC hypothesis for the U.S. 78 

Thus, EKC findings are still inconclusive. 79 

    Many EKC-related studies use CO2 emissions as the dependent variable (e.g., Sun, 1999; Lantz 80 

and Feng, 2006; Ahmed and Long, 2013; Dogan and Turkekul, 2016). The combination of pollutant 81 

components has changed from greenhouse gas emissions (e.g., CO2, NO2) to effluents and solid waste, 82 

concluding that the definition of cumulative waste is quite broad and per capita effluent may not have 83 

decreased (Sinha et al., 2020). Both developed and developing countries use natural resources for 84 

economic activities, such as coal, oil, minerals, water, and forests, which lead to environmental 85 

damage and ecological deficit (Ahmed et al., 2020; Destek and Sinha, 2020). After the innovative 86 
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studies by Rees (1992) and Wackernagel and Rees (1994), the notion of ecological footprint (EF) has 87 

been implemented in a large amount of research. EF denotes the pressure of economic and non-88 

economic actions on the environment (Nathaniel and Khan, 2020). Caviglia-Harris et al. (2009) apply 89 

EF to explore EKC, bringing about a more complete assessment of environmental degradation than 90 

CO2 emissions. EF sums up an inclusive collection of environment-relevant data into a distinct factor. 91 

Although numerous studies use EF as an environmental degradation indicator, most take the 92 

aggregate score of EF or EF per capita rather than the six sub-kinds of EF, such as Ulucak and Bilgili 93 

(2018), Ansari et al. (2020), Sharif et al. (2020), and Ahmad et al. (2020) (see Table 1A in Appendix). 94 

However, Aydin et al. (2019) specify that amongst the EF sub-kinds, only fishing grounds validate 95 

the income-induced EKC hypothesis. 96 

    Nations’ economic complexity index (COM) in the last decade has become a vital issue to 97 

research economic growth, which covers knowledge, skills, and ubiquity (Ferrarini and Scaramozzino, 98 

2016). The importance of COM is as a symbol for the greatly refined industrial competencies of a 99 

nation’s production structure (Sweet and Maggio, 2015). Some researchers also set up measures of 100 

COM concerning ecological footprint, since COM and environmental degradation correlate with a 101 

nation’s economic development. For instance, Foxon et al. (2013) pinpoint that the property of COM 102 

highly relates to the work of environmental sustainability. Can and Gozgor (2017) find that strong 103 

COM conquers long-run CO2 emissions. Doğan et al. (2019) examine the link between COM and 104 

carbon emissions, underlining the conquering ability of COM on environmental degradation. 105 

Contrarily, Neagu and Teodoru (2019) find that a surge in COM infers extreme environmental 106 

degradation. Most COM and EF related studies use aggregate EF, such as Liu et al. (2018), Pata 107 

(2020), Yilanci and Pata (2020), Shahzad et al. (2020), and Neagu (2020), rather than the six sub-108 

kinds of EF, to identify different impacts of COM on various EF kinds.  109 

    The tourism field has experienced unceasing development over the past two decades or longer. 110 

The World Travel and Tourism Council (WTTC) (2020) notes tourism is one of the world’s major 111 

economic industries, contributing US$8.9 trillion to the world’s GDP in 2019, generating 330 million 112 

jobs, and improving worldwide GDP by 10.3%.1 Nevertheless, under tourism industry prosperity, its 113 

relevant events have also impacted environment quality; i.e., traffic congestion, overexploitation of 114 

natural resources, and problems produced by incorrect conducts of travelers (Chen and Hsieh, 2011). 115 

Moreover, tourism development needs enormous investments in infrastructure such as roads, airports, 116 

and various tourism services (shops, resorts, restaurants, and hotels). Hence, it is not unexpected that 117 

tourism may negatively impact the environment (Ozturk et al., 2016). Additionally, ensuring that the 118 

industry’s growth is sustainable and contributing positively to the ecosystems are two of its top 119 

priorities. Lee and Chen (2021a) employ international data pinpointing that tourism notably reduces 120 

forest land and grazing land and increases (decreases) fishing ground at lower (higher) fishing 121 

quantiles, signifying asymmetric and non-linear influences of tourism across diverse quantiles as well 122 

as the diverse features of EF kinds. Godil et al. (2020) show that tourism positively and considerably 123 

relates to EF, and that the U-shape EKC curve is supported in Turkey and represents a non-linear and 124 

1 Data source: https://wttc.org/Research/Economic-Impact, published in June 2020 and accessed on 11/09/2020. 

https://www-sciencedirect-com.libsw.nutc.edu.tw/science/article/pii/S0959652620337161#bib4
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asymmetric linkage among the factors. Kongbuamai et al. (2020) display an unlikely negative linkage 125 

between tourism and EF, implying that tourism help develops environmental quality. Moreover, 126 

WTTC (2020) states that the tourism industry must have net zero emissions by 2050 to bring about 127 

sustainability and fight global warming, pinpointing the important correlations between 128 

environmental quality and the tourism industry.  129 

    Considering that COVID-19, new travel experiences, and the pressure to have safe and secure 130 

tourism will continue to mount in the coming years (WTTC, 2020),2 a vital element of a country’s 131 

tourism industry is security (Ghaderi et al., 2017). Thus, a flourishing traveler’s destination should 132 

guarantee the security of travelers when on their holiday or business trips (Terrah et al., 2020). Fourie 133 

et al. (2020) present that travelers prefer traveling to nations with comparable ranks of security that 134 

exist in their own country, but this relation shows an asymmetric pattern. Some researchers examine 135 

the relationship between security and climate change. Wenya et al. (2020) explore the influence of 136 

climate change on country security. Zhou et al. (2020) study how climate change affects country 137 

security using the Fragile States Index (FSI). Therefore, we postulate that country security relates to 138 

tourism, the economy, and the environment. There also exists a likely asymmetric association between 139 

security and tourism, but scant literature focuses on the security-induced EKC hypothesis and the 140 

sub-kinds of EF. Thus, this paper creatively investigates the impacts of country security on dissimilar 141 

quantiles of EF and dissimilar EF kinds as well as the security-induced EKC hypothesis.  142 

This research is inspired by the above-mentioned works that have tried to inspect the impacts of 143 

tourism development, economic complexity, and country security on environmental degradation 144 

phenomenon by looking only at a nation or a group (region) of nations. We investigate the following 145 

issues. First, whether tourism development (i.e., traveler arrivals (TA)), COM, and/or CS (economic 146 

(ECO), political (POL), and social securities (SOC)) saliently relate to environmental degradation 147 

(EF). Second, because tourism development and economic complexity are dependent on nations’ 148 

security, this study further examines whether changes in tourism and economic complexity 149 

correlations with EF are conditional on the evolution of national security issues. Third, this research 150 

further explores whether the connections of inverted U-shape tourism development-, economic 151 

complexity-, and country security-induced EKC hypotheses are validated at diverse EF quantiles and 152 

different EF sub-categories. To consider possible asymmetric as well as non-linear relationships 153 

among variables, this paper uses the quantile regression approaches by employing country-level panel 154 

data from 99 nations spanning 2006-2017. Specifically, this proposal examines the following 155 

questions.  156 

1. Does higher tourism development relate to a higher ecological footprint? 157 

2. Does higher economic complexity relate to a lower ecological footprint? 158 

3. Does higher country security relate to a lower ecological footprint? 159 

4. Does higher country security enhance the positive influence of tourism development on ecological 160 

footprint? 161 

5. Does higher country security enhance the negative influence of economic complexity on 162 

2 The same as footnote 1. 
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ecological footprint? 163 

6. Does tourism development have an inverted U-shape correlation with an ecological footprint?164 

7. Does economic complexity have an inverted U-shape correlation with an ecological footprint? 165 

8. Does country security have an inverted U-shape correlation with an ecological footprint? 166 

Our findings show that tourism development links to a higher usage of carbon absorption land 167 

and cropland at all quantiles. The lower (higher) a nation’s security is, the better (worse) the 168 

environmental quality is. Economic complexity worsens environmental quality, and this is in line 169 

with the prior work of Yilanci and Pata (2020) that economic complexity has a growing impact on 170 

the total score of ecological footprints, and economic complexity does not effectively resolve 171 

environmental degradation. Country security weakens the negative influence of tourism development 172 

(economic complexity) on environmental quality. Increasing tourist arrivals should reach a specific 173 

level to raise ecological footprint, which leads to more environmental sacrifice. The inverted U-shape 174 

trends exist in the 10th-50th cropland quantiles, supporting the economic complexity-induced EKC 175 

hypothesis. Country security-induced EKC hypothesis are supported at some specific EF quantiles. 176 

Therefore, our findings emphasize that the existing empirical research studies on CO2 emissions or 177 

the integrated ecological footprint effects of economic complexity might have a bias that cannot 178 

depict the full picture of the environment. Additionally, we show that tourism arrivals, economic 179 

complexity, and country security have varying impacts across diverse ecological footprint quantiles.180 

Despite having solid theoretical foundations, there are considerable gaps between the theoretical 181 

understandings regarding TD, COM, and CS across different EF distributions. This paper contributes 182 

to the existing literature as follows. First, using economic, political, and social country securities, this 183 

study initially examines the country security-induced EKC hypothesis and considers country security 184 

as an interaction variable of tourism development- and economic complexity-induced EKC 185 

relationships. To the best of our knowledge, this is original research that fills this gap in the EKC 186 

literature by addressing international evidence when exploring the connection of country security 187 

with EF, COM, and TD. Second, most existing studies research different income group countries. 188 

Moreover, Gill et al. (2017) declare that the outcomes of EKC may not be possible for emerging 189 

countries. However, this paper explores the international evidence in order to generalize the findings. 190 

Third, this study takes together the notions of tourism development, country security, and economic 191 

complexity issues and offers awareness for policymakers who are targeting the suppression of 192 

environmental degradation. Fourth, Lee and Chen (2021a) show that tourism receipts reduce (grow) 193 

ecological footprints in nations with greater (minor) fishing ground quintiles, suggesting that diverse 194 

EF sub-kinds possess different characteristics and might have dissimilar determinates. Thus, this 195 

research employs the six sub-kinds of EF as the dependent variables, which scant research does in 196 

the related topic. Finally, motivated by the potential bias of the OLS estimates and using QR, this 197 

study examines the probable non-linear and/or asymmetric influences of independent variables on EF 198 

at diverse quantiles and controls for different econometric problems such as endogeneity and 199 

heterogeneity. Hence, this paper deals with the benefits of QR and shows more reliable and more 200 



7 

comprehensive findings than those of prior works. From the perspective of policymaking, it is more 201 

beneficial to comprehend what occurs under extreme circumstances.  202 

    The rest of this research runs as follows. Section 2 reviews the literature (i.e., ecological footprint, 203 

EKC hypothesis, tourism development, economic complexity, and country security) and formulates 204 

the hypotheses. Section 3 offers the data and methodology used herein. Section 4 presents empirical 205 

results and their implications. Section 5 concludes. 206 

2. Literature Review and Development of Hypotheses  207 

This section is split into six sub-sections. The sequences are ecological footprint (EF), EKC 208 

hypothesis, tourism development (TD) and TD-induced EKC hypothesis, economic complexity 209 

(COM) and COM-induced EKC hypothesis, country security, and development of hypotheses, 210 

respectively.  211 

2.1 Ecological footprint 212 

There are six sub-categories of EF (Global Footprint Network (GFN), 2019):  BUI, CAR, CROP, 213 

FISH, FOR, and GRAZ.3 The development of EF reveals a mutually exclusive usage of the above 214 

territories, in the sense that each territory relates to merely one activity (GFN, 2019). The EF sub-215 

kinds depict the multi-dimensional influences on environmental degradation and nowadays are 216 

essential and influential at evaluating sustainability and environmental quality (Tietenberg and 217 

Folmer, 2005). EF means the natural resource of any given population in a requested biological 218 

manufacturing region for producing the resources consumed by the given population (city or nation) 219 

and for absorbing all the waste generated by the same given population (including land and water 220 

area) (Kitzes et al., 2007). Al-Mulali et al. (2015a) as well as Ulucak and Lin (2017) identify that EF 221 

gives a more comprehensive and straightforward estimate than CO2 emissions for pointing out and 222 

tracing the impact of a climate change strategy. Therefore, EF research has made significant 223 

contributions to drawing up the resource of the earth.  224 

Aydin et al. (2019) probe the non-linear influences of economic growth on EF and specify that 225 

among the EF sub-kinds, only fishing grounds support the income-induced EKC hypothesis. Lee and 226 

Chen (2020a) show that diverse EF sub-kinds possess various characteristics and might have 227 

dissimilar determinants. Lantz and Feng (2006) discover that prior research applying linear relations 228 

between environmental degradation and GDP factors may be wrong, because distributional 229 

heterogeneities might occur across diverse quantiles of EF. Aşıcı and Acar (2018) disclose that no 230 

EKC association exists between income and non-carbon footprints. The related empirical results 231 

propose that a non-linear connection occurs between EF and economic development. Additionally, 232 

diverse EF sub-kinds possess different characteristics and might have diverse determinants. Therefore, 233 

this paper examines the determinants of six EF kinds.  234 

2.2 Environmental Kuznets curve (EKC) hypothesis  235 

3 Data source:  https://www.footprintnetwork.org/, accessed on 12/09/2020. 
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The insight behind the EKC hypothesis established by Kuznets (1955) is that environmental 236 

degradation increases with the per capita income level and declines when per capita income is 237 

adequately large. Ever since then, a strand of empirical studies has emerged and focused on the 238 

connection between carbon emissions and income regarding the EKC hypothesis. Following 239 

Grossman and Krueger (1991, 1995), Holtz-Eakin and Selden (1995) are among the initial researchers 240 

to identify an inverted U-shape connection between economic development and environmental 241 

degradation. The EKC hypothesis and its policy inferences have not been without some challenges. 242 

The initial one is that the form of a typical EKC curve is established on the assumption that 243 

environmental degradation is not accumulative, or its impacts can be reversed (Aydin et al., 2019). 244 

However, Tisdell (1993) and Fodha and Zaghdoud (2010) reveal that the pollution produced by CO2245 

emissions is accumulative, and the devastation of biodiversity is permanent. The second one is that 246 

the outcomes of EKC may not be possible at the global level and for emerging countries, because 247 

numerous developed nations can better control environmental problems (Gill et al., 2017), as well as 248 

dirty industries that cannot stay in developed countries transfer to emerging nations (Aydin et al., 249 

2019).  250 

There is also some contrary empirical evidence. For example, Martinez-Alier (1995) pinpoints 251 

that emerging countries are too poor to be green. More specifically, the shape of EKC is a consequence 252 

of developed nations exporting pollutants to emerging nations that have fairly weaker environmental 253 

regulations (Kearsley and Riddel, 2010). Martinez-Zarzoso and Bengochea-Morancho (2003) explore 254 

the connection between economic growth and CO2 emissions and discover inconsistent results for the 255 

EKC hypothesis. Lantz and Feng (2006) find that GDP is not linked to CO2. Al-Mulali et al. (2015a) 256 

show that the EKC hypothesis is not supported, since the relation between GDP and pollution is 257 

positive in both the short term and long term. Gozgor (2017) discovers that the EKC hypothesis is 258 

supported for the case of COM, and that energy consumption adds to more pollution. Aydin et al. 259 

(2019) specify that the connection between EF (except fishing grounds) and economic development 260 

does not show an inverted U-shape form related to the EKC hypothesis. Additionally, Destek and 261 

Sinha (2020) confirm that income-EF KEC is not supported. In sum, the results of the GDP induced-262 

EKC hypothesis are mixed. As there are diverse features among the six EF sub-components, this 263 

study further examines the EKC hypothesis with a focus on the six major kinds of EF by addressing 264 

the probable non-linear and/or asymmetric relationship between economic complexity, tourism 265 

development, country security, and EF. 266 

2.3 Tourism development-induced EKC hypothesis  267 

The tourism industry is currently confronting extraordinary challenges and an existential warning 268 

from the effects of COVID-19 worldwide (WTTC, 2020). Governments should recognize how 269 

tourism can be persistent through the crisis so that it can achieve its essential role as a considerable 270 

catalyst of worldwide economic revival (WTTC, 2020). It is broadly recognized that the most 271 

imperative industry in the trail of a nation’s economic development is tourism. Ecological security 272 

began when the popularity of tourism gathered more attention (Liu et al. 2016). Most tourism-relevant 273 
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activities include energy straight from the usage of fossil fuels or circuitously in the usage of 274 

electricity often manufactured from petroleum, coal, or gas, from which their depletion affects 275 

environmental pollution (Raza et al., 2017).  276 

    TD-induced EKC is a largely debated theme in the last decade. For instance, using carbon 277 

emissions as dependent variables, Katircioğlu (2014) supports the tourism-induced EKC hypothesis 278 

for Singapore. Using total EF as the dependent variable, Ozturk et al. (2016) discover that global 279 

tourism is a vital element of the environment and displays an inverted U-shape EKC hypothesis that 280 

occurs more so in higher-middle and high-income countries. De Vita et al. (2015) confirm the EKC 281 

hypothesis in the case of Turkey, as traveler arrivals and economic development profoundly affect 282 

CO2 emissions. Using CO2 emissions, Shakouri et al. (2017) validate the tourism-induced EKC 283 

hypothesis in Asia-Pacific nations. Using carbon emissions as the dependent variable, Katircioğlu et 284 

al. (2020) display that tourism-induced EKC is supported for those traveler nations that have an 285 

inverted U-shape trend and conclude that tourism development in top traveler nations exerts an 286 

educating influence on the ranks of environmental quality. However, Mikayilov et al. (2019) find that 287 

the tourism-induced EKC hypothesis is not present for Azerbaijan. Khan and Hou (2020) note that 288 

tourism growth improves environmental quality. As tourism is a chief determinant of climate change, 289 

EF is a valued measure to examine the sustainability of travel activities (Liu et al., 2016). Although 290 

carbon footprint is a major portion of EF, the other five portions of EF are also important to the global 291 

environment and have their distinct features. Therefore, this study explores the asymmetric and/or 292 

non-linear impacts of tourism development on the six EF sub-kinds. 293 

2.4 Economic complexity (COM) and COM-induced EKC hypothesis 294 

Hidalgo and Hausmann (2009) suggest the notion of economic complexity to identify the stock of 295 

knowledge gathered in a population - also known as production knowledge or production complexity. 296 

Thus, the economic complexity index focuses on assessing economic complexity by measuring the 297 

competitiveness of nations and the quality of their exported goods and services. Hidalgo and 298 

Hausmann (2009) state two concepts related to COM - that is, diversity and ubiquity - which signify 299 

the number of goods a nation can export with a revealed comparative advantage and the number of 300 

benefits a nation gets from exporting a specified product, respectively. Thus, an economy is more 301 

complicated if it can export a broader base of goods that have comparatively great ubiquity (such as 302 

those exported by few other nations) (Chu and Hoang, 2020). Neagu and Teodoru (2017) pinpoint 303 

that COM is an element that must be considered when a country’s economic and energy policies are 304 

formed. There is nothing to help make a nation competitive, only because it produces a huge amount 305 

of goods and services (Erkan and Yildirimci, 2015). Economic complexity has also been explored 306 

regarding ecological networks (Domínguez-García and Munoz, 2015).  307 

Can and Gozgor (2017) state that higher COM overwhelms the level of CO2 emissions in the 308 

long term. Lapatinas et al. (2019) study the link between COM and environmental performance 309 

(environmental performance index) through yearly data on 88 developed and emerging nations and 310 

find that moving to the upper ranks of economic complexity leads to better environmental quality. In 311 
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contrast, Dogan et al. (2020) show that economic complexity enlarges environmental pollution in 312 

lower- and upper-middle-income nations and helps control CO2 emissions in high-income nations. 313 

Neagu (2019) finds, depending on economic complexity, that CO2 emissions display an inverted U-314 

shape curve. However, Yilanci and Pata (2020) present that COM has a growing influence on the total 315 

score of ecological footprints and does not effectively resolve environmental degradation in China. 316 

This signifies that the existing findings are inconsistent. Empirical research studies on the effects of 317 

COM on the sub-kinds of EF, to our knowledge, are quite limited. Most use carbon emissions or the 318 

total score of EF (Shahzad et al., 2021), which cannot depict the whole picture of the environment. 319 

However, COM might have varying impacts on diverse EF kinds and across diverse EF quantiles. 320 

Such a method to focus on the specific footprints of the environment and COM has rarely been 321 

employed in research, and there lies the policy setting support of this paper.  322 

2.5 Country security 323 

Previous research generally has concluded that environmental stress closely relates to instability and 324 

conflict, acting in combination with other economic, political, and social contextual issues to yield its 325 

impacts (Homer Dixon 1999). Many methods have been suggested to deliver a first warning of 326 

national failure, but to date the criticality of environmental and natural resources has not received 327 

suitable consideration (Hearne and Alcorn, 2012). Travel and security are inevitably interwoven 328 

atmospheres, and security is typically the most vital element of a traveler’s destination attraction 329 

(Boakye-Achampong et al., 2012). Security worries such as terrorism, war, crime, and political unrest 330 

are tourism obstacles and sway travelers’ decision-making when choosing a specific place (Hall et 331 

al., 2004). The vulnerability of global tourism to security worries, particularly after the outbreaks of 332 

the 9/11 attacks, the Bail bombings, severe acute respiratory syndrome (SARS), COVID-19, etc. 333 

confirms claims that “tourism is irrevocably bound up with the concept of security” (Hall et al., 2004). 334 

Fowler et al. (2012) present that travelers’ safety and security are absolute criteria for a prosperous 335 

traveler process. When travelers sense being unsafe in a destination, they may cultivate a negative 336 

image of that destination, which leads to the cancellation of future travelers (George, 2010). As safety 337 

and security have consistently been requisite factors for tourism (Kővári and Zimányi, 2010) and the 338 

economy, this study considers using country security as the interaction term between tourism 339 

development and COM. Using the country security of FSI as a yearly measure of nation-level 340 

resilience and capability to react to infectious disease outbreaks, Tuite et al. (2020) find that a higher 341 

total security index relates to a reduction in tourism volumes. Zhou et al. (2020) use the twelve kinds 342 

of FSI to govern a nation’s instability and assess the influence of climate change. To the best of our 343 

knowledge, there are scant studies considering country security when discussing the interaction term 344 

of tourism development as well as COM and country security-induced EKC.  345 

2.6 Hypotheses’ development 346 

Based on the above discussions, this paper hypothesizes that COM, country security, and tourism 347 

development might have inverted U-shape links with environmental degradation (i.e., six sub-kinds 348 

of EF), no matter whether one considers the interaction effect of country security. Specifically, COM 349 
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can be specified by economic complexity,4  and tourism development is proxied by worldwide 350 

traveler arrivals (TA). Thus, this paper forms the following hypotheses to generalize the links of COM, 351 

country security, and TD on EF, respectively. 352 

H1:  Tourism development relates to a higher ecological footprint. 353 

H2:  Economic complexity relates to a lower ecological footprint. 354 

H3:  Country security relates to a lower ecological footprint. 355 

H4:  Country security enhances the positive influence of tourism development on ecological 356 

footprint. 357 

H5:  Country security enhances the negative influence of economic complexity on ecological 358 

footprint. 359 

        Using non-linear cointegration analysis and CO2 as well as SO2 as dependent variables, Hong 360 

and Wagner (2008) find EKC in roughly half of their 19 countries studied. Wagner (2015) explains 361 

the shortcomings of linear methods in the empirical EKC literature. Bi and Zeng (2019) inspect the 362 

non-linear impacts of tourism on CO2 emissions in China and find a salient inverse U-shape relation 363 

between tourism development and carbon emissions. Neagu (2019) uses a non-linear model to find 364 

that COM-EKC is validated for six of the 25 sample countries. Using the non-linear smooth transition 365 

regression, Aydin et al. (2019) examine the relation between EF and economic growth. Therefore, 366 

this paper develops non-linear hypotheses as follows.367 

H6: Tourism development has an inverted U-shape relation with ecological footprint, 368 

supporting the tourism development-induced EKC hypothesis.  369 

H7:  Economic complexity has an inverted U-shape relation with ecological footprint, 370 

supporting the economic complexity-induced EKC hypothesis. 371 

H8:  Country security has an inverted U-shape relation with ecological footprint, supporting 372 

the country security-induced EKC hypothesis. 373 

This paper commonly reveals mixed findings and an absence of any precise concern to economic 374 

complexity index, country security, tourism development, various EF sub-kinds, as well as dissimilar 375 

EF distribution quantiles. Consequently, this research improves previous works by associating the 376 

influences of diverse individual characteristics on EF sub-kinds via dissimilar quantiles. By doing so, 377 

this study targets to discover that the influences of the independent variables are not all the same on 378 

dissimilar EF sub-kinds as well as diverse quantiles of EF. Furthermore, this study examines the 379 

existence of asymmetric and/or non-linear relationships among variables. 380 

3. Methodology and Data 381 

3.1 Data 382 

This paper performs an empirical examination primarily with four types of data (i.e., ecological 383 

footprint, tourism development, economic complexity, and country security) taken from four datasets 384 

4 There are two economic complexity indicators (economic complexity and product complexity). This study does not 
use product complexity due to the limited amount of data. 
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(Global Footprint Network’s 2019 Dataset, World Bank databank, MIT’s Observatory of Economic 385 

Complexity Atlas Media database, and Fund for Peace). The frequency of the data is all annual. For 386 

dependent variables, this study applies six sub-kinds of EFs measured in global sectors, which cover 387 

data from 2006 to 2018; i.e., BUI, CAR, CROP, FISH, FOR, and GRAZ. EF, which has been 388 

measured for 152 countries (by UN Environment Program World Conservation Monitoring Center, 389 

Living Planet Report, World Wide Fund for Nature, Switzerland, 2002), is utilized in many research 390 

studies to assess the environmental sustainability of areas and states (Wackernagel et al., 1999). The 391 

higher a state’s EF is, the bigger is the environmental degradation that the state is generating (Ozturk 392 

et al., 2016).  393 

Eugenio-Martin et al. (2004) utilize the number of traveler arrivals (TA) to explore its association 394 

with economic growth. Thus, this study employs the log difference of global traveler arrivals (TA). 395 

This study collects COM data from MIT’s Observatory of Economic Complexity 396 

(https://oec.world/en/rankings/legacy_eci). 5  The perception of COM is that complex economies 397 

involve different exported goods that have low ubiquity, because only a few diverse nations can make 398 

complex products (Hartmann et al., 2018). By contrast, less complicated economies are expected to 399 

yield a few ubiquitous products. This study uses COM in the present-level form, because COM can 400 

be negative in low-income and some emerging countries, and thus one cannot take the natural 401 

logarithm of negative COM values. It is vital to specify that COM is defined in annual relevant terms 402 

utilizing a unit variance. Thus, if a nation has a COM of zero, then its COM equals the world mean 403 

in that year. Moreover, a value of one for COM discloses that a nation is one standard deviation above 404 

the world average (Can and Gozgor, 2017).  405 

Data on the country security index (CS) containing 178 counties are obtained from FSI in Fund 406 

for Peace (FFP) (https://fragilestatesindex.org). Because the earliest data period of CS is 2006, this 407 

study arranges the other dataset for 2006-2017 and uses the countries when the models contain the 408 

CS variable. The twelve indicators of FSI are associated with different facets of state stability and 409 

strength (Jiao, 2019). Each point is scored between 0 and 10, in which a higher number represents a 410 

higher level of fragility. Following Zhou et al. (2020), this study divides twelve indicators of FSI into 411 

three sub-categories:  economic (economic decline, uneven economic development); political (state 412 

legitimacy, public services, human rights and rule of law, security apparatus, factionalized elites, 413 

external intervention); and social securities (demographic pressures, refugees and internally displaced 414 

persons (IDPs), group grievance, human flight, and brain drain).  415 

The choice of nations is based on data obtainability. The year 2018 provides up-to-date data of 416 

EF and COM, while the earliest year for country security is 2006. Therefore, this paper matches 417 

nations having EF data with those nations that have TD, COM, and CS data and then uses 99 nations’ 418 

yearly panel data over the period 2006-2017 to examine the effect of tourism development (TA), 419 

5  Available online:  https://oec.world/en/profile/country (accessed December 11, 2020). This element is constructed 

utilizing international trade data from the United Nations Comtrade database to measure cross-nation variation in the 

sophistication of economic structure, using the method of reflections (Hausmann and Hidalgo, 2011). 

https://fragilestatesindex.org/
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economic complexity (COM), and security (ECO, POL, and SOC) on EF within the context of EKC. 420 

Table 2A (see Appendix) provides the sample countries.  421 

Chiu and Yeh (2017) indicate that tourism development has a considerable relation with inflation 422 

and exchange rate variation. Dogan and Inglesi-Lotz (2020) include industry value as a control 423 

variable to study the role of European nations’ economic structure when analyzing the EKC 424 

hypothesis. Ahmed and Long (2013) find that EKC is not supported in the short run, while in the long 425 

run an inverted U-shape hypothesis is validated with population density. Zhang et al. (2017) show 426 

that renewable energy consumption reduces CO2 emissions. Ang (2009) finds that more GDP leads 427 

to more CO2 emissions. Castro-Nuño et al. (2013) show a positive association exists between GDP 428 

and tourism. Perles-Ribes et al. (2016) note the unemployment influence of economic crises on hotel 429 

and residential tourism destinations. We thus consider the impact of economic elements by 430 

comprising EXG (log of the real exchange rate, real exchange rate estimates by the destination 431 

country’s official exchange rate*U.S. CPI/destination country’s CPI), GDP (GDP per capita growth, 432 

annual %), IND (industry value added), INF (Inflation, consumer prices, annual %), POD (population 433 

density), REW (renewable energy consumption), and UMP (log difference of unemployment, total % 434 

of total labor force). All annual data are collected in US dollars. All control factors are from the World 435 

Bank database. Following Divino and McAleer (2010) that a log difference has sensible 436 

interpretations, we use the log difference forms of all variables, except for the variables that have 437 

negative values (i.e., COM, GDP, and INF). Table 3A (see Appendix) lists the main variables used. 438 

3.2 Models 439 

To analyze the effects of TD, COM, and CS on EF, this study develops the following quantile 440 

regression models to examine H1-H3 regarding the influences of tourism development, economic 441 

complexity, and country security on ecological footprint.  442 

EFi,t = α0 + α1TDi,t + α2COMi,t + α3CSi,t+α4CVi,t + εi,t,            (1) 443 

where the dependent variables EFi,t are the six sub-kinds of ecological footprint, α is the vector of 444 

estimated coefficients, εi,t is the error term, and i and t are the country and time, respectively. The 445 

explanatory variables are the economic complexity index (COMi,t), tourism development (TAi,t), and 446 

country security (ECO, POL, and SOC), while CVi,t is the vector of other control variables that might 447 

influence the relationships among TD, COM, CS, and EF, such as real exchange rate (EXG), GDP 448 

per capita growth (GDP), industry value added (IND), inflation (INF), population density (POD), 449 

renewable energy consumption (REW), and unemployment (UMP).  450 

    Whether the natures of the EF-TD and EF-COM relationships are conditional on the evolution 451 

of national security issues, Eq. (2) examines H4 and H5 as follows.  452 

EFit = α0 + α1TDi,t + α2COMi,t + α3CSi,t + α4TDi,t*CSi,t + α5COMi,t*CSi,t + α6CVi,t + εit.    (2) 453 

Here, COMi,t ∗ CSi,t (TDi,t ∗ CSi,t) represents the interaction term of COM (TD) and security.  454 

    Utilizing the EKC structure as suggested by Grossman and Krueger (1991), this paper adds the 455 

square of TDi,t (𝑇𝐷𝑖,𝑡2 ), the square of COMi,t (COM𝑖,𝑡2 ), and the square of CSi,t (CS𝑖,𝑡2 ) to explore the 456 

presence of non-linear associations between them and EF. Specifically, this paper forms Eq. (1) 457 
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regarding the ‘reduced form of EKC’ in which diverse variables enter the fields of COM, TD, and CS 458 

to specify the model as Eqs. (3)-(5), which examines H6-H8 in that COM, TD, and CS have an 459 

inverted U-shape relation with EF, respectively. 460 

 EFit = α0 + α1COMi,t + α2TDi,t+α3𝑇𝐷𝑖,𝑡2 +α4CSi,t + α5CVi,t461 + εit (3)462 

EFit = α0 + α1TDi,t+α2COMi,t + α3COM𝑖,𝑡2 +α4CSi,t+α5CVi,t + εit                       (4)463 

EFit = α0 + α1TDi,t+α2CSi,t + α3CS𝑖,𝑡2 +α4𝐶𝑂𝑀i,t+α5CVi,t +464 εit                           (5)465 

Here, compared to Eq. (1) the incremental explanatory variables are TD𝑖,𝑡2 , COM𝑖,𝑡2 , and CS𝑖,𝑡2  in Eqs. 466 

(3)-(5), respectively. Specifically, TDi,t  and TD𝑖,𝑡2 ( COMi,t  and COM𝑖,𝑡2  ;  CSi,t  and CS𝑖,𝑡2  ) are 467 

gauged into the following five likelihoods (Zaman et al., 2016); α2=α3=0, displaying flat/no relation 468 

between TD (COM; CS) and EF. 469 

i) α2>0, α3=0, showing TD (COM; CS) has a salient positive value, while the square of TD 470 

(COM; CS) has an immaterial value, identifying that there is a monotonically increasing 471 

relation between EF and TD (COM; CS). 472 

ii) α2<0, α3=0, showing TD (COM; CS) has a salient negative value, while the square of TD 473 

(COM; CS) has an immaterial value, identifying that there is a monotonically decreasing 474 

relation between EF and TD (COM; CS). 475 

iii) α2>0, α3<0, showing TD (COM; CS) has a salient positive value, while the square of TD 476 

(COM; CS) has a salient negative value, validating the inverted U-shape link between EF and 477 

TD (COM; CS); thus, the EKC hypothesis is confirmed.  478 

iv) α2<0, α3>0, showing TD (COM; CS) has a noticeable negative value, while the square of 479 

TD (COM; CS) has a salient positive value, thus validating the U-shape relation between EF 480 

and TD (COM; CS). 481 

    An ordinary least square regression can reply to the question of “whether TD and COM 482 

symmetrically affect EF”. However, it does not resolve the problem if “TD, COM, and CS can affect 483 

EF differently for countries with different levels of EF”. As a robust sign of violation for the 484 

assumption of homoscedastic variance in the linear regression approach, Du and Ng (2018) utilize 485 

quantile regression to analyze the presence of a negative economic influence of climate change on 486 

travel. Employing the quantile regression model, Mills and Waite (2009) investigate the EKC 487 

hypothesis and find that traditional regression approaches fail to provide any support for the parabolic 488 

link forecasted by the EKC hypothesis. Hence, Mills and Waite (2009) suggest the use of quantile 489 

regression in EKC studies, because quantile regression delivers a more inclusive depiction of the link 490 

than traditional regression does. Additionally, this method is robust to outliers, heteroskedasticity, and 491 

skewness (Koenker and Hallock, 2001). From the perspective of policymaking, it is more motivating 492 

to realize what occurs in extreme circumstances. It is a general form based on the conventional 493 

regression and can afford a whole description of a conditional distribution. The equation is inscribed 494 

as: 495 𝑁𝑦𝑡(∅│𝑥𝑡 )= 𝛼∅ + 𝑥𝑡𝑇𝛽∅,                           (6) 496 
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where 0<∅<1, 𝑁𝑦𝑡(∅|𝑥𝑡) means the ∅th conditional quantile of 𝑦𝑡, 𝑥𝑡 stand for all the elements, 497 

and 𝛽∅ and 𝛼∅ are the estimated parameters and unobserved impact at the ∅th quantile. The above 498 

equation does not account for unobserved individual heterogeneity. Matched with time-series data, 499 

the benefits of panel data contain an enlarged extent of observations and corresponding disparity, as 500 

well as a decrease in noise triggered by individual time series regression (Westerlund et al., 2015). 501 

Thus, Eq. (7) is established as the following quantile regression model: 502 𝑁𝑦𝑖𝑡(∅|𝛼𝑖 , 𝑥𝑖𝑡) = 𝑥𝑖𝑡′ 𝛽∅ + 𝛼𝑖.                         (7) 503 

4. Empirical Results and Implication 504 

4.1 Summary statistics and correlations of variables 505 

Tables 1 and 2 provide the summary statistics and correlation matrix for the variables used in the 506 

analysis. Among the six EF kinds, CAR is the highest in mean and standard deviation, which is 507 

consistent with Lee and Chen (2021b) in that among the six EF sub-kinds the largest portion is the 508 

carbon-absorption land, which has more importance. Likewise, Ulucak and Lin (2017) also state that 509 

carbon footprint is the greatest of the EF kinds for the U.S. Compared with the other main independent 510 

variables, TA and COM data are more volatile. TA has the highest volatility, while ECO has the least. 511 

While TA, ECO, SOC, and POL display a left tail feature, and COM has a right tail. The relatively 512 

small gap between minimum and maximum values of BUI implies there are no huge differences 513 

among the examined countries in terms of BUI, while INF and GDP have a relatively high standard 514 

deviation for all the variables, indicating large differences that exist among sample countries. To 515 

decrease the association between the country security variables, the variables ECO, SOC, and 516 

POL are individually analyzed in different models. The EF sub-kinds highly correlate with the 517 

independent variables. In sum, CAR saliently positively relates to both TA and COM, indicating that 518 

tourism development and economic complexity increase CAR. In contrast, CAR highly negatively 519 

correlates with country security (ECO, SOC, and POL). The higher CS is, the more the country is 520 

fragile. Therefore, this suggests that lower country security denotes higher environmental quality.  521 

[Insert Tables 1 and 2 here] 522 

4.2 Tourism development, economic complexity, and country security on ecological footprint 523 

4.2.1 The influence of tourism development on ecological footprint524 

We implement the QR method to estimate the impacts of TA, COM, and CS across different levels of 525 

EF with the seven control variables. Following the QR works, we present numerical findings for five 526 

quantiles from 0.1 to 0.9 with a reflection of the extreme value of EF. Table 3 reports quantile 527 

regression results. Regarding the impact of TA, our results indicate that there are salient positive 528 

impacts for every CAR and CORP distribution quantiles, suggesting TA increase both CAR and 529 

CORP. Additionally, TA have a negative effect on the intermediate-higher quantiles of FISH, FOR, 530 

and GRAZ, while a positive effect on the lower quantiles of FISH and FOR conditional distributions. 531 

Likewise, we only find a positive TA impact for BUI at the 10% lower quantile. This suggests TA 532 

have different impacts on different EF sub-kinds and across different quantiles. TA grow with CAR 533 

and CORP, which is consistent with those findings reported in De Vita et al. (2015) regarding TA and 534 

https://www.sciencedirect.com/science/article/pii/S0959652620337161?casa_token=6YUG2nnwlgYAAAAA:UVdQm_XFxvNkQ6xTZCrpvNOmOPDX7vfjh0Ovdr3yfCLpjxqggfYtLjLosHDjLgVXqiRwMhaM4xM#bib83
https://www.sciencedirect.com/science/article/pii/S0929119915000723?casa_token=8i4IzbfF6ToAAAAA:4IsYewo7XrQJfxpKrb_dMpRLciiw_PptQbpXpJUONiDpiqWXcU4xDE2qYV36bzVuc5yl18UPIng#t0010
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economic development profoundly affecting CO2 emissions. TA have a positive impact on the change 535 

in the lower quantiles for FISH and FOR conditional distributions, with negative significant 536 

influences at the upper quantiles. This shows that TA increase (decrease) to consume FISH and FOR 537 

in low (high) FISH and FOR countries, showing asymmetric relationships between TA and EF (FOR 538 

and FISH) variables. These two kinds of land are sacrificed (enlarged) and then shift toward 539 

enhancing more environmental protection lifestyles as TA further rise. Our findings support H1 that 540 

tourism development relates to a higher EF of CAR and CORP for all quantiles and to BUI, FISH, 541 

and FOR at lower quantiles. 542 

4.2.2 The influence of economic complexity on ecological footprint543 

As for the impact of COM, our results show that it is substantial and positive for all quantiles of CAR, 544 

most of the quantiles of BUI, CROP, and FOR, and saliently negative for GRAZ from the lowest to 545 

intermediate quantiles. We also consistently find different features among different EF sub-kinds. The 546 

CAR results are consistent with those reported in Yilanci and Pata (2020) that COM has a growing 547 

influence on the total score of ecological footprints, and COM does not effectively resolve 548 

environmental degradation. Our findings support H2 that economic complexity relates to a lower 549 

ecological footprint only for GRAZ. 550 

4.2.3 The influence of country security on ecological footprint551 

Regarding the impact of the CS on different EF, it is significantly negative from the lowest to highest 552 

quantiles for all EF sub-kinds for three kinds of securities (ECO, SOC, and POL). Because the greater 553 

the CS value (i.e., higher risk) is, the lesser secure the nation is; this means that as the economic, 554 

social, and political risks increase, the six sub-kinds of EF decrease (i.e., environmental quality 555 

increases), implying that higher (lower) the nation’s risk is, the better (worse) the environmental 556 

quality is. This is inconsistent with the results of Levy (1995) that when these environmental values 557 

are threatened, security is also threatened and confirms that advocates of the direct physical 558 

connection between environment and U.S. security have serious arguments worth considering. Thus, 559 

our findings do not support H3 that country security relates to a lower ecological footprint.560 

Regarding the control variables, as shown by Table 3, EXG has a significant and positive effect 561 

on BUI at most of the quantiles, while it has a significantly negative influence on CAR, CORP, FISH, 562 

and FOR at several quantiles. The UMP effect is negative (positive) on BUI, FISH, FOR, and GRAZ 563 

(CAR, CROP), implying UMP plays a vital role in reducing (growing) EF. REW has a saliently 564 

positive (negative) influence on BUI, FOR, FISH, and FOR (CAR and GRAZ), indicating that 565 

increasing the usage of REW decreases the usage of CAR and GRAZ, while it might also harm BUI, 566 

FOR, FISH, and FOR. GDP shows positive and negative influences across dissimilar EF kinds and 567 

EF quantiles, respectively. IND displays a positive influence on BUI and FISH, but a negative effect 568 

on CAR, FOR, and GRAZ. INF has mostly no salient impact on EF. POD negatively (positively) 569 

influences CAR, CORP, FOR, and GRAZ (FISH) in most of the quantiles of EF, showing the reality 570 

that the larger the population density is, the lesser EF that can be consumed. REW has a positive 571 
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(negative) impact on BUI, FISH, and FOR (CAR and GRAZ). The findings indicate it is unsuitable 572 

to probe EF via its total sum due to its diverse features among the six kinds of EFs 573 

[Insert Table 3 here] 574 

4.3 Interaction of country security with tourism development and economic complexity 575 

To determine whether CS affects the relationship between TA (COM) and EF, as well as whether CS 576 

enhances or weakens this correlation, we utilize the extended models in equations (4) and (5) to 577 

estimate the interaction effects of ECO, POL, and SOC with TA (COM) on EF. Our purpose is to 578 

further inspect the indirect effects of CS with diverse levels of EF. Table 4 indicates the empirical 579 

findings for the interaction terms between TA, COM, and EF. The direct effect of TA and the indirect 580 

effect of TAECO, TASOC, and TAPOL are meaningfully positive and negative in five of the lands 581 

except for GRAZ, showing that the factor of CS weakens this positive relationship between TA and 582 

EF. Similarly, most of the direct effects of COM in five of the lands except GRAZ are negative, and 583 

the indirect effect of COMECO, COMSOC, and COMPOL is significantly positive on EF except 584 

GRAZ, suggesting CS weakens this negative association between COM and EF - that is, the riskier a 585 

nation is, the more a positive COM impact on environmental quality will decrease. For GRAZ, the 586 

negative TA (positive COM) direct effect and the positive (negative) indirect of CS indicate that a 587 

higher level of country risk decreases the negative TA (positive COM) effect on GRAZ. Generally, 588 

ECO, POL, and SOC may mitigate the negative (positive) impact between COM (TA) and EF, 589 

although CS seems too bad to the tourism environment. Our finding do not support H4 that country 590 

security enhances the positive influence of tourism development on ecological footprint. Additionally, 591 

H5, in which country security enhances the negative influence of economic complexity on EF, is not 592 

supported. The three kinds of country securities (i.e., ECO, POL, and SOC) decrease the positive 593 

(negative) impact of TA (COM) on EF. Our results highlight the fact that average results do not hold 594 

for all quantiles of the EF distribution, as the significance and intensity of the TA, CS, and COM 595 

effects vary across quantiles. To save space, we display only the estimations for the main independent 596 

variables. Our findings are therefore constant with the fact of Tuite et al. (2020) that a higher total 597 

security index (FSI) relates to a reduction in tourism volumes. Moreover, we extend their findings to 598 

when a nation is insecure, its TA decrease, and then its environmental quality becomes better.  599 

[Insert Table 4] 600 

4.4 EKC hypotheses 601 

4.4.1 Tourism development induced-EKC hypothesis 602 

The quantile analyses in Table 5 generally expose a negative influence of TA and a positive impact 603 

of TA2 on EF (i.e., a U-shape relation) at most of the quantiles, indicating that when TA are large 604 

enough, then EF increases. TA have a positive impact on EF especially under the linear quantile 605 

regression, while as TA reach a specific threshold, environmental quality worsens. However, FOR at 606 

the 75th-90th quantiles, FISH at the 75th and 90th quantiles, and GRAZ at the 50th quantile show an 607 

inverted U-shape link with TA, confirming the EKC hypothesis. The findings confirm De Vita et al. 608 

(2015) who support the EKC hypothesis in Turkey, as traveler arrivals and economic development 609 

https://www.sciencedirect.com/science/article/pii/S095965262034292X?casa_token=Xs6xMXIkJRMAAAAA:k1F2e4v-NqSZVSQ2gPhLTD3CYXahtzQEHQpj1bAxFkdHJ9MkivJ482fJ8DYGMlS6qKFRTE00hBg#tbl8
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profoundly affect CO2 emissions. The findings of this study support the tourism development 610 

induced-ECK hypothesis only for FOR at the 75th-90th quantiles, FISH at the 75th and 90th quantiles, 611 

and GRAZ at the 50th quantile. However, most of the relationships between TA and EF show a U-612 

shape. This could be explained by more TA reach a specific level that increases EF. Increasing TA 613 

might raise EF and the demand for environmental sacrifice, thereby increasing environmental 614 

degradation. 615 

[Insert Table 5 here] 616 

4.4.2 Economic complexity induced-EKC hypothesis 617 

As for economic complexity, the quantile regression stated in Table 6 discloses its heterogeneous 618 

impacts on EF across quantiles. COM exerts an important positive effect in several quantiles of BUI, 619 

CAR, CROP, and FOR, indicating COM does not upgrade environmental quality, while there is no 620 

salient impact on COM2. As shown in CROP, the inverted-U shapes exist in the 10th-50th quantiles, 621 

supporting H6 that economic complexity has an inverted U-shape relation with EF (i.e., supporting 622 

economic complexity-induced EKC hypothesis in CROP). The results therefore indicate that 623 

economic complexity worsens environmental quality, and this is in line with preceding studies 624 

of Yilanci and Pata (2020) that COM has a growing influence on the total score of ecological 625 

footprints, and COM does not effectively resolve environmental degradation. In contrast, we find a 626 

U-shape link between GRAZ and COM, signifying that a negative relationship existing between 627 

GRAZ and COM will change to a positive relationship as COM reaches a specific level. Therefore, 628 

our findings emphasize that the existing empirical research studies on CO2 or integrated EF effects 629 

of COM might have a bias, which cannot depict the whole picture of the environment. Additionally, 630 

we show that COM has varying impacts on diverse EF lands and across diverse EF quantiles. The 631 

impact of COM is heterogeneous across the quantiles. 632 

[Insert Table 6 here] 633 

4.4.3 Country security induced-EKC hypothesis 634 

As for country security, the quantile regression stated in Table 7 discloses its heterogeneous impacts 635 

on EF across quantiles. CS exerts a U-shape relationship with CAR, FISH, and GRAZ, indicating 636 

that as country insecurity increases to a specific level, CAR, FISH, and GRAZ lands are exhausted. 637 

However, CS shows an inverted U-shape link with FOR at the 50th-90th quantiles, BUI at the 25th-638 

50th quantiles, and CROP at the 50th-75th quantiles, supporting the country security-induced EKC 639 

hypothesis. The results therefore indicate that country insecurity increases usages of BUI, CROP, and 640 

FOR. The effect of CS is heterogeneous across the quantiles as well as across different sub-kinds of 641 

EF. Overall, this study initially finds that CS has an inverted U-shape with EF and partially supports 642 

H7 for the country security-induced EKC hypothesis. 643 

[Insert Table 7 here] 644 

4.5 Robustness checks 645 

https://www.sciencedirect.com/science/article/pii/S095965262034292X?casa_token=Xs6xMXIkJRMAAAAA:k1F2e4v-NqSZVSQ2gPhLTD3CYXahtzQEHQpj1bAxFkdHJ9MkivJ482fJ8DYGMlS6qKFRTE00hBg#tbl8
https://www.sciencedirect.com/science/article/pii/S095965262034292X?casa_token=Xs6xMXIkJRMAAAAA:k1F2e4v-NqSZVSQ2gPhLTD3CYXahtzQEHQpj1bAxFkdHJ9MkivJ482fJ8DYGMlS6qKFRTE00hBg#tbl8
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Wald F statistics are employed to assess the equality of coefficients across the quantile regression 646 

results. Non-linearity is also examined by the Wald F-test across quantiles with the six sub-kinds of 647 

EF as the dependent variable in Eq. (1). Table 8 gathers the results that reject the null hypothesis of 648 

equal coefficient estimations at the usual significance levels for specific explanatory variables and 649 

quantile pairs. The impacts of COM, SOC, and POL on BUI are saliently different across quantiles, 650 

identifying these three factors non-linearly influence BUL. POL non-linearly affects CAR; while 651 

COM non-linearly affects CROP. TA, ECO, SOC, and POL (ECO, SOC, and COM) non-linearly 652 

influence FISH (FOR); while TA, POL, and COM non-linearly affect GRAZ. These findings validate 653 

heterogeneity in the response of EF to variations in the explanatory variables, and they also confirm 654 

the supremacy of the QR method compared with the OLS models. 655 

To save space, Figure 1 depicts only the QR results of Equation (3) regarding the TA induced-656 

EKC hypothesis of FISH. The results confirm that the sensitivity of TA to variations in FISH may be 657 

dissimilar across quantiles during the entire sample period, as these assessed sensitivities are far from 658 

the OLS estimates. Consequently, it is vital to use the QR method to attain more precise sensitivity 659 

estimates of EF to variations in tourism development. Additionally, the slope equality of the 660 

coefficients across dissimilar quantiles is considered to examine the heterogeneity of the sensitivity 661 

of EF at diverse phases of the economy by considering the following elements:  EXG, GDP, IND, 662 

INF, POD, REW, and UMP.  663 

[Insert Table 8 and Figure 1 here] 664 

4.6 Implications 665 

The results of this study present the different impacts of variables on ecological footprints and offer 666 

some imperative implications as follows. 667 

First, as we observe, TA increase (decrease) to consume FISH and FOR in low (high) FISH and 668 

FOR countries, showing asymmetric relationships between TA and EF (FOR and FISH). These two 669 

kinds of land are sacrificed and then change toward focusing more environmental protection lifestyles 670 

as TA further rise. Tourism development relates to a higher EF of CAR and CORP for all quantiles. 671 

Tourism development presents a U-shape relationship with most EFs, showing when TA is large 672 

enough that EF increases. However, country security can mitigate the positive effects of TA on EF. 673 

Thus, policymakers whose countries focus on tourism development to bring economic growth should 674 

take cognizance of their precaution especially for carbon-absorption land and cropland resources, 675 

provide environmental education for the citizenry, develop sustainable tourism programs, and respect 676 

nature when initiating policies relating to environmental sustainability and tourism development. 677 

Second, we find economic complexity does not effectively resolve environmental degradation, 678 

except for grazing land. However, our findings reveal that country security can alleviate the negative 679 

influence of economic complexity on environmental quality. Prior studies report that economic 680 

complexity has a great influence on GDP and national competitiveness (Doğan et al., 2020; Hidalgo 681 

and Hausmann, 2009). Thus, a policymaker can try to have certain levels of country securities to 682 

decrease the negative influence on the environment generated from economic complexity. Moreover, 683 
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as countries focus on growing economic complexity, we suggest that the policymakers should place 684 

emphasis on long-run policies and strategies to increases their capability to conduct sustainable 685 

economic systems and decrease environmental pressure (especially carbon-absorption land at all 686 

quantiles and most of the quantiles of BUI, CROP, and FOR). 687 

Third, our findings display heterogeneity in the response of diverse ecological footprint elements 688 

and across different quantiles to variations in the explanatory variables, and they also confirm the 689 

supremacy of the QR method compared with the OLS models. This emphasizes that the existing 690 

empirical research studies on CO2 or integrated EF effects of the independent variables might have a 691 

bias, which cannot depict the whole picture of the environment. For academic research, the main 692 

implication of the estimation results of the QR model is that there is significant heterogeneity across 693 

the EF distribution quantiles for the effects of tourism development, economic complexity, and 694 

country security on the environmental sustainability process. Additionally, policymakers should 695 

consider their countries’ ecological footprint conditions and provide strategies concerned with 696 

sustainable environment and economic growth. Furthermore, the key findings of this research are to 697 

identify the existence of tourism development, economic complexity, and country security induced-698 

EKC hypotheses in six sub-groups of ecological footprints to achieve better environmental quality 699 

control in each EF perspective. Most policies to be recommended should have a nation-specific 700 

orientation. A valuable policy can only be implemented once, whereas empirical examinations can 701 

consider the outcome of variables’ sensitivity as is done herein. 702 

    Fourth, different from other EKC research, this paper denotes the country security-induced EKC 703 

hypothesis based on economic, political, and social securities, since country security has a critical 704 

role within environmental concerns (Wenya et al., 2020; Zhou et al., 2020). We discover that country 705 

security leads to a safe environment that attracts tourists and investments, however, environmental 706 

quality might be sacrificed at the same time. Moreover, economic, political, and social securities are 707 

all important determinants of ecological footprint, and thus this study provides implications of 708 

important country security elements on environmental quality, which might be an effective device 709 

when a country is harassed by environmental threats.  710 

    Fifth, the policy-level initiatives of this paper can aid countries in ways such as sustainable 711 

environment, job creation, and economic progress. More specifically, a country’s policymakers 712 

should consider the negative influence of the independent variables on ecological footprint. For 713 

example, economic complexity has a negative effect on EF, and then the construction of production 714 

and services should be reassessed toward using alternative energy sources or setting up a relevant 715 

control mechanism. The empirical results herein allow us to draw new conclusions, as a nation’s 716 

policies and environmental regulations can impact economic progress.  717 

Finally, one of the EKC criticisms is that it may not exist at the global level (Gill et al., 2017). 718 

Utilizing the sub-kinds of an ecological footprint as dependent variables, this study examines whether 719 

tourism development, economic complexity, and country security-induced EKC hypotheses are 720 

supported via international evidence. Among the three EKC, we find that country security-induced 721 

EKC is the most notable. Specifically, country security-induced EKC exists at lower (highest) to 722 
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intermediate quantiles of built-up land (forest area) and the 50th-75th quantiles of cropland, which 723 

highlight the importance of promoting greener energy to combat environmental degradation.   724 

5. Conclusion 725 

In the new wave of environmental sustainability, people are placing the environment high up in 726 

importance. The speed of climate change also is spurring global actions to be linked to growing 727 

environmental degradation. Thus, some facets of environmental quality have been inspected in recent 728 

economic, tourism, and institutional research. Employing QR, this research addresses heterogeneity 729 

in terms of tourism development, economic complexity, country security, and environmental 730 

degradation as well as analyzes the EKC approach from not only different sub-kinds of ecological 731 

footprints, but also different quantiles of ecological footprint. 732 

Tourism development is notably connected to higher usage of carbon absorption land and 733 

cropland for all quantiles. The lower (higher) the nation’s security is, the better (worse) the 734 

environmental quality is. Economic complexity worsens environmental quality, and this is consistent 735 

with prior studies of Yilanci and Pata (2020) that economic complexity has a growing impact on the 736 

total score of ecological footprints, and economic complexity does not effectively resolve 737 

environmental degradation. Country security alleviates the saliently negative influence of tourism 738 

development (economic complexity) on environmental quality. As tourist arrivals increase to a 739 

specific level, ecological footprint then increases, which leads to more environmental sacrifice. The 740 

economic complexity-induced EKC hypothesis is supported in the 10th-50th cropland quantiles. 741 

Country security-induced EKC hypotheses are supported in some specific EF quantiles. Therefore, 742 

our findings pinpoint that the existing empirical research studies on CO2 emissions or integrated 743 

ecological footprint effects of economic complexity might not depict the whole picture of the 744 

environment. Additionally, we show that tourism arrivals, economic complexity, and country security 745 

have varying impacts across diverse ecological footprint quantiles.746 

The limitations of the research are as follows. First, it does not comprise any institutional and 747 

bureaucratic elements that may impact environmental strategies and policies, as institutional issues 748 

play a salient role in a nation’s environmental laws, energy usage, and economic growth. Future 749 

research can investigate the pros and cons of such issues regarding the environment, tourism, country 750 

security, and economic complexity. Second, this paper does not perform a Granger causality test to 751 

explore the causal relations between the factors. Accordingly, one recommendation is for future 752 

research to analyze the causality between variables to offer even better knowledge of the interrelation 753 

that describes complete awareness of any impact on the environment. Finally, future research may 754 

expand the topic herein by including threshold points and/or a conventional cubic specification of 755 

EKC hypotheses for more detailed conclusions and theoretical implications.756 
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Appendix Table 1A. Previous literature on EKC by using EF as a dependent variable 
Author(s) Research purpose Method Sample Results 
Godil et al. 

(2020)※
asymmetric impact of tourism, financial 
development, and globalization on EF  

QARDL Turkey tourism, globalization, and financial development are positively and saliently 
associated with EF; the U-shape EKC curve is found to be valid; the results 
depict a non-linear and asymmetric linkage among the variables 

Khan and Hou 

(2020)※
impact of energy consumption and tourism 
growth on EFs and economic growth 

fully modified 
least square 

38 IEA 
countries 

energy consumption promotes economic growth and degrades environmental 
quality in the long run, and tourism growth improves environmental quality 
and stimulates economic growth in the long run 

Kongbuamai et 

al. (2020)※
impact of economic growth, energy 
consumption, tourism, trade openness, and 
population density on EFs 

VECM Thailand economic growth, energy consumption, and trade openness have positive 
relationships with EF, while tourism and population density are negatively 
associated with EF  

Lee and Chen 
(2020) 

examining economic-, tourism-, and country 
risk ratings-induced EKC hypothesis 

MMQR 123 
countries 

EKC hypothesis in European countries; tourism increases (reduces) fishing 
ground at lower (higher) fishing quantiles, suggesting asymmetric impacts of 
tourism across different quantiles 

Majeed (2020) 

※
EKC hypothesis for upper-income countries, 
middle-income countries, and low-income 
countries. 

fixed effects 
quantile 
regression 

76 counties the roles of biocapacity, human capital, and trade are conducive to managing 
global EF 

Pata and 
Yilanci (2020) 

※

the dynamic relationships among financial 
development, globalization, energy 
consumption, economic growth, and EF  

threshold 
cointegration test 

G7 
countries 

globalization is a more effective tool than financial development in regulating 
EF for G7 countries 

Saqib and 
Benhmad 

(2020)※

the EKC hypotheses by investigating the 
relationships between EF, economic growth, 
energy consumption, and population growth 

DOLS and 
FMOLS 

22 
European 
countries 

there is unidirectional causality running from GDP to EF and bidirectional 
causality running between energy consumption and EF 

Sharif et al. 

(2020) ※
the impact of renewable and non-renewable 
energy consumption on EF 

QARDL Turkey There is a bi-directional causal relationship between renewable energy 
consumption, energy consumption, and economic growth with EF 

Shahzad et al. 

(2020)※
the nexus between economic complexity, 
fossil fuel energy, and EF 

QARDL U.S. economic complexity and fossil fuel energy consumption significantly 
enhance EF in the United States 

Ulucak and 

Khan (2020) ※
the drivers that reduce EF FMOLS and 

DOLS 
BRICS EKC is validated in individual BRICS countries; natural resource rent, 

renewable energy, and urbanization are found to reduce EF 

Wang et al. 

(2020)※
impact of biomass energy production on EF dynamic 

seemingly 
unrelated 
regression  

G7 
countries 

unidirectional causality runs from biomass energy production to EF 

Yilanci and 

Pata (2020)※
the short- and long-term relationships among 
economic growth, economic complexity 
index, energy consumption, and EF 

Fourier ARDL China the EKC hypothesis is not valid for China; economic complexity has an 
increasing impact on EF, and economic growth does not effectively solve 
environmental problems in China 

Notes:  Due to space limitations, this table lists only related works in 2020, using ecological footprints as dependent variables. ※ represents a study using aggregate EF or EF per 
capita as the dependent variable, rather than the six sub-kinds of EF.
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Table 2A. List of the countries in the sample 
Albania Canada Gambia  Libya North Macedonia Sweden 
Angola Chad Ghana Lithuania Norway Switzerland 
Armenia Chile Guinea Madagascar Pakistan Tanzania 
Australia China Guyana Malawi Panama Thailand 
Austria Colombia Guinea-Bissau Malaysia Paraguay Togo 

Azerbaijan 
Congo, Dem. 
Rep 

Haiti Mali Peru Tunisia  

Bangladesh Congo, Rep.  India Lesotho Philippines Turkey 
Barbados Costa Rica Indonesia Mexico Poland Uganda 
Benin Cote D’lvoire Japan Moldova Romania UK 
Bhutan Croatia Jamaica Montenegro Russia U.S. 
Bolivia Czech  Jordan Mongolia Rwanda Venezuela 
Bosnia and 
Herzegovina 

Denmark Kazakhstan Mozambique Saudi Arabia Vietnam 

Botswana Dominican Kenya Myanmar Serbia Yemen  
Brazil El Salvador Korea, Rep. Nepal Sierra Leone Zambia 
Burkina Faso Estonia Lao PDR Nicaragua Singapore 
Burundi Ethiopia Latvia Niger South Africa 
Cameroon Fiji Lebanon Nigeria Suriname 
Note:  This proposal gathers the countries that have tourism relevant, economic complexity, country security, and 
ecological footprint data in the World Bank database, and the above 99 countries are utilized in this study. 
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Table 3A. Main variable list 
Variable Definition and source 

Dependent variables 

Six ecological footprints (EF) sub-kinds (yearly data from Global Footprint Network, 
https://www.footprintnetwork.org/) 
Built built-up land  
Carbon carbon-absorption land  
Crop cropland 
Fish fishing grounds  
Forest forest area  
Graze grazing land  

Independent variables 

Tourism development (TD) sub-kinds are from the World Bank database (World Tourism Organization, Yearbook of 

Tourism Statistics, and IMF and World Bank import estimates, WTO) 

TA Log difference of international inbound travelers is the yearly number of arrivals who travel to a nation 
other than that in which they have their usual residence  

Economic complexity index (ECI) MIT’s Observatory of Economic Complexity Atlas Media database 

EC Economic Complexity Index  
Country security (CS) variables of the Fragile State Index are obtained from the Fund for Peace (FFP) 

ECO Economic security  
POL Political security  
SOC Social Security 

Control variables (CV) 

Macroeconomic factors are from the World Bank database (World Development Indicators)

EXG Real exchange rate = (destination country’s official exchange rate*U.S. CPI)/destination country’s CPI 
GDP GDP per capita growth, annual % 
IND Industry value-added, % GDP 
INF Inflation, consumer prices, annual %  
POD Population density (people per square km of land area) 
REW Renewable energy consumption, % of total final energy consumption 
UMP Unemployment, total % of total labor force  
DEV A developing country equals 1 if the country is developing and 0 otherwise 
EUR European country equals 1 if the country is European and 0 otherwise 
CRS Financial crisis, equals 1 if the period is during the financial crisis (2008-2009) and 0 otherwise (Ntim 

et al., 2013) 
Note:  All the variables are in log difference form, except for variables that have negative values (COM, GDP, and INF). 
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Figure 1A. Research concepts

Note:  The dotted line presents the EKC hypotheses.

Ecological footprint:

1. Built-up land

2. Carbon absorption land

3. Cropland 

4. Grazing land

5. Fishing grounds

6. Forest area

Tourism development: H1

1. Traveler arrivals

2. Tourism expenditures

3. Tourism receipts

Economic complex index: H2

Economic complex

Country security index: H3

1. Economic security

2. Political security

3. Social security

H4
H5

Squared country security: H8 

Squared tourism development: H6

Squared economic complexity: H7
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Figure 1a. The impacts of TA, TA2, ECO, and COM on Fishing 

Figure 1b. The impacts of TA, TA2, SOC, and COM on Fishing 



33 

Figure 1c. The impacts of TA, TA2, POL, and COM on Fishing 

Figure 1 (1a to 1c). Quantile regression estimates for the result of Fishing for Eq. (3). 
Notes:  Vertical axes represent estimates of named independent variable; horizontal axes show the quantiles of the fishing 
dependent variable. Quantile regression estimates are with 95% confidence intervals shaded. OLS regression estimates are indicated 
by solid horizontal lines with 95% confidence intervals indicated by stippled lines.  
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Table 1. Summary statistics 
variable mean max min sd skewness kurtosis N 
BUI 0.06 0.25 0.00 0.03 1.93 8.54 1200 
CAR 0.74 2.14 0.02 0.56 0.46 1.99 1200 
CROP 0.41 0.97 0.12 0.14 0.45 2.87 1200 
FOR 0.33 1.47 0.02 0.25 1.94 7.68 1200 
FISH 0.10 1.01 0.00 0.13 3.00 14.89 1200 
GRAZ 0.21 1.87 0.00 0.22 3.23 18.94 1200 
TA 14.25 18.17 9.31 1.80 -0.12 2.49 1167 
COM -0.01 2.49 -2.79 1.01 0.33 2.41 996 
ECO 2.84 3.33 1.55 0.37 -1.51 4.70 1192 
SOC 2.80 3.39 1.50 0.41 -1.17 3.81 1192 
POL 2.81 3.38 1.06 0.50 -1.63 4.95 1192 
EXG 3.89 10.04 0.32 2.54 0.36 1.99 1157 
GDP 2.64 121.78 -62.38 5.65 6.33 183.72 1197 
IND 3.25 4.48 1.52 0.39 -0.20 3.98 1169 
INF 5.86 254.95 -60.50 10.11 14.28 331.93 1179 
POD 4.14 8.98 0.50 1.41 -0.08 3.67 1200 
REW 3.30 4.59 0.01 1.11 -0.93 3.12 1000 
UMP 2.01 3.61 0.22 0.61 0.13 3.28 802 
Notes:  Yearly data are used for the period 2006-2017 for 99 countries. The dependent variables are the six sub-kinds of 
ecological footprint:  BUI (built-up land), CAR (carbon absorption land), CROP (cropland), GRAZ (grazing land), FISH 
(fishing grounds), and FOR (forest area). The independent variables are TA (log number of international inbound tourists), 
COM (economic complexity), three country safety variables (ECO:  economic safety; SOC: social safety; POL:
political safety). The control variables are the seven variables that might influence EF:  EXG, GDP, IND, INF, POD, 
REW, and UMP. EXG:  Real exchange rate = (destination country’s official exchange rate*U.S. CPI)/destination 
country’s CPI; GDP:  GDP per capita growth, annual %; IND:  log of industrial production in constant US$; INF: 
inflation of consumer prices in annual %; POD: Log of population density; REW:  Renewable energy consumption 
UMP:  unemployment as % of the total labor force. 
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Table 2. Correlation coefficient of the variables 
BUI CAR CROP FOR FISH GRAZ TA ECO SOC POL COM EXG GDP IND INF POD REW UMP 

BUI 1 
CAR 0.15*** 1 
CROP 0.36*** 0.64*** 1 
FOR 0.48*** 0.33*** 0.38*** 1 
FISH 0.08*** 0.33*** 0.27*** 0.17*** 1 
GRAZ 0.06** 0.15*** 0.01 0.07** -0.03 1 
TA 0.21*** 0.67*** 0.47*** 0.09*** 0.26*** -0.10*** 1 
ECO -0.31*** -0.81*** -0.58*** -0.42*** -0.47*** -0.16*** -0.61*** 1 
SOC -0.31*** -0.78*** -0.58*** -0.47*** -0.45*** -0.19*** -0.57*** 0.89*** 1 
POL -0.33*** -0.75*** -0.54*** -0.49*** -0.46*** -0.14*** -0.51*** 0.92*** 0.91*** 1 
COM 0.36*** 0.69*** 0.47*** 0.37*** 0.33*** -0.09*** 0.67*** -0.69*** -0.66*** -0.69*** 1 
EXG 0.03 -0.53*** -0.34*** -0.19*** -0.22*** 0.00 -0.41*** 0.39*** 0.46*** 0.41*** -0.37*** 1 
GDP 0.06** -0.04 0.01 0.02 -0.03 -0.00 0.01 0.07** 0.06** 0.09*** -0.07** 0.01 1 
IND 0.09*** 0.23*** 0.05* -0.06** 0.09*** 0.02 0.28*** -0.11*** -0.07** 0.00 -0.10*** -0.10*** 0.12*** 1 
INF -0.10*** -0.14*** -0.19*** -0.12*** -0.11*** 0.03 -0.14*** 0.20*** 0.16*** 0.21*** -0.27*** 0.01 0.02 -0.01 1 
POD -0.01 -0.10*** -0.12*** -0.23*** 0.05* -0.48*** 0.15*** 0.04 0.05* 0.02 0.36*** 0.04 0.02 -0.20*** -0.03 1 
REW 0.08** -0.72*** -0.37*** 0.13*** -0.15*** -0.14*** -0.52*** 0.41*** 0.37*** 0.29*** -0.36*** 0.38*** 0.04 -0.36*** 0.08** -0.02 1 
UMP -0.24*** 0.13*** 0.10*** 0.06* -0.22*** -0.01 -0.12*** 0.06* 0.02 -0.03 -0.04 -0.20*** -0.04 -0.18*** -0.05 -0.10*** -0.11*** 1 

Notes:   The same as the notes in Table 1. Asterisks (*, **, and ***) denote statistical significance at the 10%, 5%, and 1% levels, respectively. 
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Table 3. Quantile regression estimates using tourism development, economic complexity, and country 
security as independent variables on ecological footprint  

Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 

BUILT 

TA 0.003*** 0.001 0.001 0.000 -0.000 0.003*** 0.000 0.000 0.001 0.004* 0.003*** 0.001 0.001 0.001 0.002 

COM 0.002 0.003* 0.004 0.012** 0.016*** 0.002 0.005*** 0.005* 0.010** 0.009** 0.000 0.003 0.003 0.008* 0.014*** 

ECO -0.007*** -0.011*** -0.022*** -0.024** -0.068***

SOC -0.005* -0.010*** -0.028*** -0.032*** -0.047***

POL -0.007*** -0.010*** -0.023*** -0.032*** -0.047***
EXG 0.002*** 0.001*** 0.001 0.002** 0.002** 0.002*** 0.001*** 0.002*** 0.003*** 0.002* 0.002*** 0.001*** 0.002** 0.003*** 0.001 

GDP -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 

IND 0.009*** 0.011*** 0.009 0.026** 0.017** 0.009*** 0.016*** 0.018*** 0.025** 0.004 0.009*** 0.015*** 0.012* 0.023** 0.025*** 
INF -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000 -0.001 -0.001 -0.000 -0.000 -0.000 -0.001 -0.000 

POD 0.001 0.000 -0.002 -0.000 0.000 0.000 -0.001 -0.000 0.001 0.002 0.001* 0.000 -0.000 0.002 -0.002 

REW 0.004*** 0.004*** 0.008*** 0.011*** 0.012*** 0.004*** 0.005*** 0.007*** 0.009*** 0.008*** 0.003*** 0.004*** 0.006*** 0.007*** 0.012*** 

UMP -0.004*** -0.007*** -0.001 -0.005 -0.006* -0.005*** -0.007*** -0.004 -0.008* -0.000 -0.004*** -0.008*** -0.005* -0.013*** -0.012***

C -0.035** 0.020 0.053 0.018 0.204*** -0.036** 0.009 0.048 0.038 0.118** -0.037** 0.002 0.048 0.057 0.101** 

Pseudo R2 0.166 0.152 0.127 0.203 0.320 0.164 0.152 0.138 0.207 0.294 0.176 0.159 0.137 0.215 0.321 

CARBON 

TA 0.074*** 0.063*** 0.052*** 0.069*** 0.036*** 0.043*** 0.060*** 0.051*** 0.050*** 0.043*** 0.086*** 0.047*** 0.058*** 0.074*** 0.060*** 

COM 0.093*** 0.075** 0.128*** 0.088*** 0.132*** 0.178*** 0.141*** 0.155*** 0.144*** 0.158*** 0.088*** 0.097*** 0.138*** 0.101*** 0.108*** 

ECO -0.678*** -0.648*** -0.608*** -0.626*** -0.583***

SOC -0.535*** -0.555*** -0.505*** -0.467*** -0.448***

POL -0.499*** -0.499*** -0.422*** -0.415*** -0.404***

EXG 0.004 -0.006 -0.010** -0.007 -0.014** 0.005 0.003 -0.009* -0.007 -0.007** 0.005 -0.001 -0.007 -0.006 -0.006 

GDP 0.015*** 0.010** 0.005** 0.005 0.004 0.002 0.010** 0.002 0.002 0.000 0.010*** 0.006** 0.004 0.003 0.002 

IND -0.110*** -0.070 -0.052 -0.141*** -0.115** -0.108* -0.058 0.020 -0.089* -0.160*** -0.051 0.007 0.018 -0.086** -0.069 

INF -0.002 -0.000 0.002 0.004* 0.006** -0.002 0.002 0.001 0.003 0.003** -0.002 0.001 0.001 0.004* 0.004 

POD -0.061*** -0.049*** -0.067*** -0.060*** -0.086*** -0.060*** -0.060*** -0.090*** -0.084*** -0.095*** -0.072*** -0.057*** -0.091*** -0.063*** -0.068***

REW -0.140*** -0.169*** -0.189*** -0.215*** -0.226*** -0.191*** -0.196*** -0.211*** -0.219*** -0.228*** -0.147*** -0.218*** -0.223*** -0.244*** -0.267***

UMP 0.017 0.050* 0.127*** 0.156*** 0.143*** -0.047* 0.046* 0.077*** 0.109*** 0.102*** -0.004 0.013 0.066*** 0.103*** 0.117*** 

C 2.362*** 2.437*** 2.565*** 2.769*** 3.339*** 2.640*** 2.244*** 2.280*** 2.650*** 3.108*** 1.586*** 2.207*** 2.019*** 2.137*** 2.409*** 

Pseudo R2 0.592 0.607 0.658 0.663 0.647 0.555 0.589 0.637 0.650 0.647 0.593 0.614 0.645 0.660 0.650 

CROPLAND 

TA 0.027*** 0.030*** 0.016*** 0.017*** 0.017*** 0.029*** 0.023*** 0.011** 0.015*** 0.022*** 0.028*** 0.028*** 0.016*** 0.019*** 0.022*** 

COM -0.006 -0.006 0.037*** 0.020* 0.020 -0.004 0.020* 0.060*** 0.035*** 0.018 -0.011 0.009 0.047*** 0.020* 0.012 

ECO -0.085*** -0.131*** -0.100*** -0.107*** -0.167***

SOC -0.098*** -0.087*** -0.054*** -0.073*** -0.097***

POL -0.080*** -0.075*** -0.053*** -0.073*** -0.136***

EXG -0.010*** -0.013*** -0.007*** -0.002 -0.003 -0.007*** -0.010*** -0.005** -0.001 -0.005* -0.010*** -0.011*** -0.008*** -0.002 0.003 

GDP -0.002 -0.000 0.002* 0.004** 0.005*** -0.002* -0.000 0.002 0.003* 0.003* -0.001 -0.001 0.001 0.003** 0.004** 

IND 0.027 -0.008 -0.003 -0.048** -0.036 0.043** -0.000 -0.009 -0.010 -0.064** 0.053*** 0.009 0.008 -0.034 -0.026 

INF -0.001 0.000 0.001 0.002* 0.003** -0.001 -0.000 0.000 0.002* 0.001 -0.001 -0.000 0.001 0.002* 0.003** 

POD -0.002 -0.005 -0.024*** -0.032*** -0.042*** -0.002 -0.012** -0.035*** -0.037*** -0.040*** 0.000 -0.011** -0.026*** -0.033*** -0.038***

REW 0.005 0.015** -0.003 -0.004 0.003 0.005 0.013* -0.010 -0.008 -0.006 0.001 0.011* -0.007 -0.010 -0.016** 

UMP -0.028** 0.028*** 0.054*** 0.046*** 0.054*** -0.030*** 0.022** 0.037*** 0.045*** 0.035*** -0.036*** 0.013 0.045*** 0.040*** 0.042*** 

C 0.139 0.271** 0.491*** 0.747*** 0.915*** 0.090 0.245* 0.553*** 0.577*** 0.820*** 0.037 0.145 0.362*** 0.609*** 0.775*** 

Pseudo R2 0.236 0.273 0.310 0.309 0.289 0.254 0.265 0.294 0.300 0.280 0.243 0.258 0.298 0.307 0.310 

https://www.sciencedirect.com/topics/economics-econometrics-and-finance/quantile-regression
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Table 3. (cont’d) 
Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 

FISHING 

TA 0.006*** 0.006*** -0.003 -0.019* -0.024*** 0.005*** 0.008*** -0.002 -0.013 -0.015* 0.005*** 0.008*** -0.001 -0.010 -0.019***

COM -0.001 -0.001 0.000 0.006 0.012 0.002 0.006 0.006 0.035 0.041** -0.002 0.005 -0.003 -0.001 0.013 

ECO -0.037*** -0.058*** -0.127*** -0.297*** -0.329***

SOC -0.022*** -0.015** -0.082*** -0.208*** -0.284***

POL -0.028*** -0.026*** -0.084*** -0.228*** -0.243***

EXG -0.001* -0.001 -0.001 -0.003 -0.008** -0.000 0.000 -0.000 -0.001 -0.006 -0.000 0.000 -0.001 -0.001 -0.008** 

GDP -0.000 -0.000 -0.002 -0.000 -0.001 -0.000 -0.000 -0.002* -0.000 0.000 -0.000 -0.000 -0.002 -0.001 0.001 

IND -0.017*** 0.001 0.051** 0.178*** 0.129*** -0.020*** -0.008 0.054*** 0.150*** 0.175*** -0.012*** -0.002 0.056*** 0.145*** 0.116*** 

INF -0.000 -0.001 -0.000 0.002 -0.001 -0.000 -0.000 -0.000 -0.000 -0.000 -0.000** -0.000 -0.000 -0.000 0.001 

POD 0.002** 0.005** 0.017*** 0.021* -0.013** 0.003*** 0.002 0.012*** 0.010 0.001 0.002*** 0.002 0.017*** 0.025*** -0.016** 

REW 0.003*** 0.005** 0.009 0.032** 0.032*** -0.002 -0.000 0.007 0.025* 0.032*** 0.000 0.002 0.001 0.018 0.018** 

UMP -0.001 -0.003 -0.022** -0.041* -0.098*** -0.001 -0.002 -0.025*** -0.061*** -0.100*** -0.000 -0.004 -0.029*** -0.055*** -0.130***

C 0.088*** 0.080* 0.269** 0.578** 1.296*** 0.071*** -0.018 0.142 0.438* 0.792*** 0.057*** -0.002 0.128 0.415* 1.115*** 

Pseudo R2 0.131 0.116 0.149 0.240 0.394 0.121 0.102 0.130 0.213 0.372 0.137 0.111 0.153 0.261 0.413 

FOREST 

TA 0.018*** 0.013*** 0.011 -0.013 -0.042*** 0.019*** 0.014** 0.009 -0.017 -0.024* 0.024*** 0.019*** 0.009 -0.007 -0.039** 

COM -0.002 0.009 0.034** 0.080*** 0.149*** 0.027*** 0.028** 0.026 0.069*** 0.077*** -0.011 0.010 0.021 0.064** 0.134*** 

ECO -0.178*** -0.235*** -0.300*** -0.349*** -0.304***

SOC -0.135*** -0.185*** -0.312*** -0.374*** -0.442***

POL -0.158*** -0.169*** -0.256*** -0.266*** -0.248***

EXG -0.006*** -0.009*** -0.006* -0.007 -0.007 -0.001 -0.003 -0.007* -0.007 -0.016** -0.003 -0.006** -0.011*** -0.007 -0.001 

GDP 0.001 0.002 0.001 -0.002 0.005 -0.002** -0.002 -0.000 -0.001 0.002 0.000 0.001 -0.001 0.003 0.002 

IND -0.094*** -0.085*** -0.066** -0.057 -0.045 -0.049*** -0.050* -0.008 0.022 -0.072 -0.056*** -0.052** -0.019 0.016 -0.055 

INF 0.001 0.001 0.000 0.003 0.005* 0.002** 0.001 0.000 0.002 0.004 0.000 0.001 -0.000 0.002 0.004 

POD -0.013*** -0.018*** -0.034*** -0.051*** -0.072*** -0.022*** -0.021*** -0.034*** -0.046*** -0.081*** -0.018*** -0.022*** -0.032*** -0.034*** -0.080***

REW 0.040*** 0.057*** 0.062*** 0.074*** 0.084*** 0.050*** 0.057*** 0.058*** 0.070*** 0.059*** 0.036*** 0.048*** 0.060*** 0.057*** 0.050** 

UMP 0.034*** 0.039*** 0.048*** -0.001 0.034 0.024*** 0.025** 0.021 0.032 -0.020 0.024** 0.027** 0.029** -0.004 -0.040 

C 0.593*** 0.797*** 1.060*** 1.750*** 2.112*** 0.306*** 0.552*** 0.988*** 1.534*** 2.523*** 0.369*** 0.472*** 0.857*** 1.158*** 2.209*** 

Pseudo R2 0.270 0.279 0.326 0.338 0.331 0.245 0.260 0.343 0.406 0.389 0.270 0.281 0.338 0.363 0.331 

GRAZING 

TA 0.004 -0.001 -0.019*** -0.039** -0.092*** -0.004 0.001 -0.016** -0.046*** -0.079*** 0.006* 0.004 -0.015** -0.038** -0.090***

COM -0.036*** -0.035*** -0.031** 0.005 -0.004 -0.024*** -0.034*** -0.022* -0.012 -0.019 -0.041*** -0.044*** -0.036** 0.001 0.034 

ECO -0.166*** -0.156*** -0.147*** -0.056 -0.154***

SOC -0.143*** -0.141*** -0.142*** -0.211*** -0.220***

POL -0.124*** -0.124*** -0.115*** -0.042 0.035 

EXG -0.003** -0.002 -0.002 -0.004 0.012* -0.002 -0.003 0.001 -0.004 0.008 -0.002 -0.002 -0.002 -0.004 0.020*** 

GDP 0.001 0.002* 0.003 0.006 0.009** -0.001 0.001 0.004** 0.005 0.009** 0.001 0.001 0.003 0.007 0.008** 

IND -0.060*** -0.063*** -0.121*** -0.155** -0.247*** -0.013 -0.048** -0.124*** -0.095 -0.195*** -0.022 -0.046*** -0.115*** -0.156* -0.384***

INF 0.000 -0.001 -0.003* -0.000 0.001 -0.000 -0.003*** -0.002 0.003 0.000 -0.001 -0.001* -0.003 -0.000 0.003 

POD -0.019*** -0.025*** -0.056*** -0.100*** -0.149*** -0.020*** -0.024*** -0.058*** -0.092*** -0.162*** -0.021*** -0.021*** -0.061*** -0.099*** -0.149***

REW -0.006* -0.010** -0.025*** -0.052** -0.135*** -0.010*** -0.014** -0.031*** -0.039** -0.140*** -0.015*** -0.022*** -0.031*** -0.056*** -0.163***

UMP 0.014** 0.015* -0.022 -0.098*** -0.179*** -0.010 0.005 -0.019 -0.073** -0.148*** -0.001 0.007 -0.037*** -0.095*** -0.191***

C 0.769*** 0.897*** 1.658*** 2.303*** 4.428*** 0.713*** 0.799*** 1.605*** 2.497*** 4.246*** 0.557*** 0.698*** 1.537*** 2.246*** 4.405*** 

Pseudo R2 0.210 0.202 0.197 0.237 0.447 0.203 0.208 0.216 0.275 0.467 0.220 0.226 0.208 0.236 0.441 

Notes:  This table presents the quantile regression estimates according to the empirical model defined by Eq. (1). The same 
as the notes in Tables 1 and 2. 
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Table 4. Quantile regression for country security interaction results 
Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 

BUILT 

TA 0.045*** 0.041*** 0.035*** 0.065*** 0.044*** 0.025*** 0.019*** 0.018 0.031* 0.021 0.021*** 0.029*** 0.023** 0.045*** 0.052*** 

COM -0.013 0.003 -0.030** -0.019 0.042*** -0.013** -0.002 -0.018 0.019 0.059*** -0.005 0.003 -0.011 -0.016 0.035*** 

ECO 0.218*** 0.200*** 0.156** 0.281** 0.166** 

TAECO -0.015*** -0.013*** -0.012*** -0.021** -0.014*** 

COMECO 0.005* 0.000 0.011** 0.009 -0.010* 

SOC 0.105*** 0.087** 0.068 0.127 0.053 

TASOC -0.007*** -0.006** -0.006 -0.010 -0.006 
COMSOC 0.006** 0.002 0.008 -0.003 -0.016** 
POL 0.083*** 0.140*** 0.101* 0.189** 0.225*** 
TAPOL -0.006*** -0.009*** -0.008** -0.015** -0.017*** 

COMPOL 0.002 -0.000 0.005 0.008 -0.006 

Pseudo R2  0.182  0.172  0.142  0.213 0.345  0.171  0.156  0.143  0.216  0.321  0.183  0.173  0.144  0.222  0.348 

CARBON 

TA 0.411*** 0.323** 0.400*** 0.345*** 0.230* 0.183 0.281*** 0.306*** 0.287*** 0.157** 0.078 0.078 0.200*** 0.189*** 0.077 
COM -0.108 -0.270* -0.304*** -0.236** -0.114 0.420*** 0.066 -0.023 -0.015 -0.053 0.061 -0.123 -0.062 -0.038 0.000 
ECO 1.164** 0.789 1.209*** 0.762 0.359 
TAECO -0.124*** -0.101** -0.126*** -0.096*** -0.066 
COMECO 0.083** 0.147*** 0.159*** 0.119*** 0.074 
SOC 0.109 0.610 0.839* 0.828* 0.113 
TASOC -0.037 -0.079** -0.091*** -0.087*** -0.040* 
COMSOC -0.106* 0.025 0.068* 0.066 0.074** 

POL -0.557 -0.380 0.323 0.200 -0.338 

TAPOL 0.004 -0.014 -0.052** -0.040* -0.005 

COMPOL 0.012 0.083*** 0.075*** 0.054** 0.036 

Pseudo R2  0.605  0.620  0.668  0.670  0.648  0.561  0.595  0.644  0.655  0.649  0.594  0.619  0.650  0.663 0.650 

CROPLAND 

TA 0.312*** 0.275*** 0.142*** 0.093* 0.035 0.224*** 0.203*** 0.090* 0.006 0.079 0.164*** 0.135*** 0.017 0.022 -0.002 

COM -0.210*** -0.222*** -0.187*** -0.163*** -0.246*** -0.199*** -0.194*** -0.049 -0.006 -0.126* -0.121*** -0.059 0.015 -0.024 0.034 
ECO 1.422*** 1.207*** 0.534** 0.244 -0.177 

TAECO -0.100*** -0.090*** -0.047*** -0.027 -0.006 

COMECO 0.080*** 0.086*** 0.083*** 0.068*** 0.088*** 

SOC 0.967*** 0.902*** 0.378 -0.132 0.148 

TASOC -0.072*** -0.069*** -0.030* 0.003 -0.020 

COMSOC 0.077*** 0.082*** 0.043* 0.015 0.049* 

POL 0.632*** 0.530*** -0.045 -0.064 -0.255 

TAPOL -0.048*** -0.040*** -0.001 -0.001 0.008 

COMPOL 0.044*** 0.030** 0.013 0.016 -0.007 

Pseudo R2  0.277  0.315  0.333  0.320  0.299 0.280  0.297  0.299  0.301  0.283  0.255  0.273  0.299  0.308  0.310 

FISHING 

TA 0.079*** 0.079*** 0.071 -0.118 -0.350*** 0.069*** 0.064*** 0.023 -0.138 -0.041 0.029*** 0.013 0.014 -0.114* -0.299*** 

COM -0.048*** -0.072*** -0.083* -0.112 0.051 -0.065*** -0.061*** -0.053 -0.032 0.078 -0.054*** -0.066*** -0.036 -0.111 0.022 

ECO 0.341*** 0.330*** 0.252 -0.868 -2.063*** 

TAECO -0.026*** -0.026*** -0.025 0.034 0.112*** 
COMECO 0.016*** 0.027*** 0.027 0.038 -0.020 
SOC 0.305*** 0.279*** 0.035 -0.871* -0.415 
TASOC -0.022*** -0.021*** -0.009 0.044 0.009 
COMSOC 0.024*** 0.025*** 0.021 0.028 -0.013 

POL 0.084** -0.010 -0.014 -0.824** -1.786*** 

TAPOL -0.009*** -0.003 -0.005 0.036 0.098*** 

COMPOL 0.018*** 0.026*** 0.011 0.036 -0.013 

Pseudo R2  0.153  0.130  0.154  0.250  0.422  0.137  0.115  0.134  0.223  0.372 0.147  0.124  0.154  0.287  0.448 

FOREST 

TA 0.287*** 0.304*** 0.221*** -0.162 -0.491*** 0.231*** 0.266*** 0.098 -0.256*** -0.331** 0.209*** 0.177*** 0.097* -0.135 -0.397** 

COM -0.308*** -0.240*** -0.283*** -0.003 0.292* -0.207*** -0.232*** -0.121 0.140 0.388* -0.271*** -0.289*** -0.165*** 0.035 0.362** 

ECO 1.105*** 1.230*** 0.736** -1.157 -2.690*** 
TAECO -0.093*** -0.100*** -0.074*** 0.053 0.155*** 
COMECO 0.107*** 0.089*** 0.112*** 0.029 -0.048 
SOC 0.971*** 1.119*** 0.128 -1.654*** -1.912** 

TASOC -0.078*** -0.089*** -0.031 0.085*** 0.104* 

COMSOC 0.086*** 0.095*** 0.050 -0.026 -0.097 

POL 0.804*** 0.594*** 0.155 -1.010** -2.163** 

TAPOL -0.068*** -0.056*** -0.030 0.048 0.126** 

COMPOL 0.098*** 0.108*** 0.066*** 0.010 -0.072 

Pseudo R2  0.322  0.318  0.342  0.344  0.355  0.269  0.284  0.344  0.422  0.402  0.320  0.322  0.348 0.374 0.362 
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Table 4. (cont’d)
GRAZING 

TA -0.028 0.049 -0.095 -0.394** -0.836*** -0.130*** -0.015 -0.119** -0.265** -0.608*** 0.015 -0.002 -0.009 0.077 -0.441*** 

COM 0.023 -0.000 -0.007 0.414** 0.871*** 0.126*** 0.017 -0.037 0.057 0.525*** -0.020 -0.026 -0.049 0.018 0.486*** 

ECO -0.302 0.093 -0.552 -1.926** -3.987*** 

TAECO 0.011 -0.016 0.027 0.124** 0.265*** 

COMECO -0.020 -0.013 -0.008 -0.152** -0.301*** 

SOC -0.775*** -0.212 -0.731*** -1.351** -2.920*** 

TASOC 0.045*** 0.006 0.035** 0.074* 0.184*** 

COMSOC -0.054*** -0.017 0.003 -0.027 -0.186*** 

POL -0.072 -0.152 -0.085 0.627 -1.769*** 

TAPOL -0.003 0.002 -0.002 -0.042 0.123*** 

COMPOL -0.007 -0.006 0.006 -0.006 -0.158*** 

Pseudo R2  0.211  0.204  0.200  0.243  0.468  0.221  0.211  0.224  0.286  0.490  0.221 0.226  0.209 0.240 0.447 

Notes:  This table presents the quantile regression estimates according to the empirical model defined by Eq. (2). Due to space limitation, this 
table omits the results of control variables (real exchange rate, GDP per capita growth, industry value added, inflation, log of population density, 
renewable energy consumption, unemployment rate). The same as the notes in Tables 1 and 2.  
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Table 5. Quantile regression for tourism development induced-EKC hypothesis 
Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 

BUILT 

TA 0.006 -0.006 -0.030* -0.022 -0.013 0.006 -0.011 -0.013 -0.029 -0.016 0.001 -0.016* -0.032* -0.039* -0.007 

TA2 -0.000 0.000 0.001* 0.001 0.001 -0.000 0.000 0.000 0.001 0.001 0.000 0.001* 0.001* 0.001* 0.000 

COM 0.001 0.003* 0.002 0.008* 0.011*** 0.002 0.005*** 0.005* 0.008* 0.008* 0.000 0.002 0.002 0.005 0.012*** 

ECO -0.007** -0.012*** -0.025*** -0.030*** -0.071***

SOC -0.005 -0.012*** -0.027*** -0.039*** -0.045***

POL -0.007*** -0.012*** -0.022*** -0.037*** -0.047***

Pseudo R2 0.167 0.153 0.133 0.206 0.323 0.164 0.152 0.140 0.209 0.296 0.176 0.161 0.144 0.222 0.322 

CARBON 

TA -0.421*** -0.465*** -0.189* -0.106 0.070 -0.388** -0.252* -0.063 -0.110 0.059 -0.192 -0.513*** -0.394*** -0.265** -0.159 

TA2 0.017*** 0.018*** 0.008** 0.006 -0.001 0.016*** 0.011** 0.004 0.005 -0.000 0.010** 0.020*** 0.016*** 0.012*** 0.007* 

COM 0.076*** 0.062** 0.108*** 0.081*** 0.133*** 0.127*** 0.111*** 0.132*** 0.144*** 0.158*** 0.085*** 0.043** 0.118*** 0.081*** 0.098*** 

ECO -0.729*** -0.697*** -0.624*** -0.648*** -0.581***

SOC -0.531*** -0.641*** -0.550*** -0.482*** -0.449***

POL -0.496*** -0.557*** -0.451*** -0.462*** -0.425***

Pseudo R2 0.608 0.620 0.659 0.664 0.647 0.563 0.596 0.639 0.650 0.647 0.602 0.629 0.650 0.663 0.653 

CROPLAND 

TA -0.154*** -0.209*** -0.188*** -0.112** 0.054 -0.110** -0.194*** -0.196*** -0.062 0.038 -0.200*** -0.215*** -0.175*** -0.123** 0.007 

TA2 0.006*** 0.008*** 0.007*** 0.004** -0.001 0.005*** 0.007*** 0.007*** 0.003 -0.001 0.008*** 0.008*** 0.006*** 0.005** 0.001 

COM -0.013 -0.012 0.028*** 0.016 0.021 -0.013 0.011 0.048*** 0.033*** 0.021 -0.022*** 0.001 0.041*** 0.015 0.011 

ECO -0.126*** -0.127*** -0.122*** -0.124*** -0.166***

SOC -0.115*** -0.099*** -0.065*** -0.080*** -0.101***

POL -0.099*** -0.081*** -0.063*** -0.090*** -0.139***

Pseudo R2 0.247 0.292 0.328 0.318 0.289 0.263 0.280 0.306 0.304 0.281 0.263 0.277 0.312 0.317 0.310 

FISHING 

TA -0.039*** -0.065*** -0.020 0.085 0.211*** -0.026* -0.057*** 0.026 0.206* 0.155 -0.022 -0.067*** -0.006 0.111 0.122 

TA2 0.002*** 0.002*** 0.001 -0.004 -0.008*** 0.001** 0.002*** -0.001 -0.008* -0.006* 0.001* 0.003*** 0.000 -0.004 -0.005 

COM -0.002 -0.003 -0.001 0.019 0.019 -0.001 0.005 0.007 0.047** 0.053*** -0.002 0.000 -0.003 0.007 0.012 

ECO -0.038*** -0.054*** -0.131*** -0.272*** -0.316***

SOC -0.024*** -0.018*** -0.081*** -0.177*** -0.264***

POL -0.028*** -0.029*** -0.085*** -0.223*** -0.239***

Pseudo R2 0.135 0.124 0.149 0.245 0.414 0.122 0.110 0.131 0.221 0.379 0.139 0.121 0.153 0.267 0.415 

FOREST 

TA -0.098** -0.108* -0.022 0.378*** 0.567*** -0.117*** -0.051 0.108 0.277*** 0.398** -0.102* -0.152*** 0.046 0.279** 0.616** 

TA2 0.004*** 0.004** 0.001 -0.013*** -0.020*** 0.005*** 0.002 -0.003 -0.010*** -0.014** 0.004** 0.006*** -0.001 -0.010** -0.022***

COM -0.011 0.002 0.029* 0.093*** 0.165*** 0.021*** 0.022* 0.032* 0.074*** 0.104*** -0.011 -0.008 0.021 0.091*** 0.165*** 

ECO -0.199*** -0.241*** -0.300*** -0.313*** -0.260***

SOC -0.150*** -0.198*** -0.316*** -0.368*** -0.356***

POL -0.150*** -0.179*** -0.245*** -0.222*** -0.159** 

Pseudo R2 0.286 0.284 0.326 0.357 0.353 0.261 0.262 0.345 0.415 0.402 0.288 0.293 0.338 0.369 0.347 

GRAZING 

TA 0.008 0.047 0.117 0.155 -0.083 0.030 0.019 0.146* -0.125 -0.041 -0.030 0.017 0.023 0.165 0.131 

TA2 -0.000 -0.002 -0.005* -0.006 -0.000 -0.001 -0.001 -0.005** 0.003 -0.001 0.001 -0.000 -0.001 -0.007 -0.007 

COM -0.036*** -0.033*** -0.024 0.008 -0.003 -0.022*** -0.031*** -0.023* -0.015 -0.015 -0.042*** -0.043*** -0.034** 0.008 0.049* 

ECO -0.165*** -0.151*** -0.125*** -0.040 -0.154***

SOC -0.144*** -0.137*** -0.148*** -0.227*** -0.217***

POL -0.124*** -0.124*** -0.111*** -0.024 0.060 

Pseudo R2 0.210 0.203 0.200 0.239 0.447 0.204 0.208 0.221 0.275 0.467 0.222 0.226 0.208 0.239 0.442 

Notes:  This table presents the quantile regression estimates according to the empirical model defined by Eq. (3). The same as 
the notes in Tables 1, 2, and 4. The shaded area presents support of the EKC hypothesis. 
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Table 6. Quantile regression for economic complexity induced-EKC hypothesis 
Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 

BUILT 

TA 0.004*** 0.001* 0.002 0.000 0.000 0.004*** 0.002** -0.000 0.000 0.004* 0.004*** 0.001* 0.001 0.001 0.002 

COM 0.002 0.002 0.002 0.013*** 0.014*** 0.001 0.003* 0.005* 0.011** 0.009** -0.001 0.002 0.002 0.008* 0.014*** 

COM2 0.002* 0.001 -0.002 0.001 0.003 0.002* 0.002* -0.001 0.002 0.002 0.001 0.001 -0.002 -0.000 -0.001 

ECO -0.006* -0.010*** -0.029*** -0.022** -0.069***

SOC -0.006** -0.007** -0.029*** -0.032*** -0.043***

POL -0.007*** -0.008*** -0.024*** -0.032*** -0.048***

Pseudo R2 0.169 0.154 0.129 0.203 0.325 0.168 0.154 0.139 0.209 0.296 0.178 0.160 0.139 0.215 0.321 

CARBON 

TA 0.084*** 0.043*** 0.053*** 0.070*** 0.025** 0.066*** 0.066*** 0.055*** 0.047*** 0.044*** 0.083*** 0.043*** 0.058*** 0.072*** 0.053*** 

COM 0.079*** 0.114*** 0.123*** 0.091*** 0.148*** 0.111*** 0.128*** 0.151*** 0.142*** 0.153*** 0.069*** 0.097*** 0.140*** 0.103*** 0.116*** 

COM2 0.008 -0.027 -0.010 -0.011 0.024* 0.052*** 0.014 0.007 0.013 0.005 0.010 -0.014 -0.001 0.004 0.015 

ECO -0.660*** -0.674*** -0.624*** -0.616*** -0.562***

SOC -0.458*** -0.541*** -0.506*** -0.469*** -0.451***

POL -0.511*** -0.525*** -0.422*** -0.410*** -0.400***

Pseudo R2 0.593 0.609 0.658 0.663 0.648 0.560 0.590 0.638 0.651 0.647 0.594 0.614 0.645 0.660 0.652 

CROPLAND 

TA 0.018*** 0.017*** 0.010** 0.016*** 0.019*** 0.023*** 0.011** 0.007 0.014*** 0.020*** 0.019*** 0.018*** 0.013** 0.020*** 0.021*** 

COM 0.016 0.019* 0.041*** 0.024** 0.014 0.016* 0.048*** 0.069*** 0.037*** 0.010 0.017** 0.037*** 0.054*** 0.019 0.008 

COM2 -0.021*** -0.026*** -0.020*** -0.011 -0.009 -0.016*** -0.026*** -0.016** -0.002 -0.014* -0.020*** -0.028*** -0.016** -0.011 -0.010 

ECO -0.109*** -0.161*** -0.136*** -0.117*** -0.194***

SOC -0.104*** -0.111*** -0.066*** -0.072*** -0.131***

POL -0.088*** -0.096*** -0.070*** -0.083*** -0.140***

Pseudo R2  0.262 0.293 0.323 0.310 0.292 0.267 0.284 0.297 0.300 0.285 0.265 0.276 0.304 0.310 0.314 

FISHING 

TA 0.003*** 0.002 -0.002 -0.015 -0.019** 0.003*** 0.007*** -0.002 -0.017 -0.016* 0.004*** 0.003 -0.000 -0.013 -0.016** 

COM 0.002 0.004 -0.006 -0.004 -0.017 0.002 0.007 0.005 0.039 0.022 0.001 0.002 -0.004 -0.014 -0.007 

COM2 -0.011*** -0.014*** -0.012* -0.029** -0.035*** -0.005*** -0.001 -0.005 -0.014 -0.027*** -0.009*** -0.015*** -0.007 -0.026** -0.034***

ECO -0.070*** -0.084*** -0.143*** -0.330*** -0.404***

SOC -0.037*** -0.016** -0.090*** -0.232*** -0.333***

POL -0.044*** -0.058*** -0.090*** -0.280*** -0.266***

Pseudo R2 0.141 0.129 0.154 0.265 0.419 0.124 0.102 0.132 0.218 0.382 0.148 0.122 0.156 0.289 0.439 

FOREST 

TA 0.014*** 0.013*** 0.012 -0.008 -0.045*** 0.021*** 0.012* 0.011 -0.006 -0.025* 0.017*** 0.015*** 0.010 -0.004 -0.050***

COM -0.003 0.008 0.035** 0.062** 0.151*** 0.022** 0.035*** 0.019 0.052** 0.077*** -0.006 0.012 0.022 0.062** 0.143*** 

COM2 -0.010* -0.016*** -0.011 -0.011 0.007 0.005 -0.011 -0.010 -0.018 -0.001 -0.007 -0.017*** -0.019** -0.006 0.018 

ECO -0.233*** -0.275*** -0.313*** -0.372*** -0.307***

SOC -0.124*** -0.193*** -0.338*** -0.394*** -0.440***

POL -0.178*** -0.203*** -0.263*** -0.276*** -0.229***

Pseudo R2 0.275 0.287 0.327 0.339 0.332 0.247 0.263 0.344 0.407 0.389 0.273 0.288 0.342 0.364 0.334 

GRAZING 

TA 0.003 0.000 -0.017** -0.028* -0.089*** -0.003 0.001 -0.017** -0.037** -0.088*** 0.006 0.004 -0.017** -0.028* -0.087***

COM -0.034*** -0.034*** -0.022 -0.066** 0.001 -0.025*** -0.030*** -0.023 -0.048 0.002 -0.041*** -0.044*** -0.021 -0.063** 0.052 

COM2 -0.001 0.004 0.025*** 0.085*** 0.036* 0.007* 0.009* 0.013 0.036** 0.015 0.000 0.003 0.017* 0.087*** 0.091*** 

ECO -0.165*** -0.154*** -0.064** 0.020 -0.091 

SOC -0.139*** -0.130*** -0.124*** -0.162*** -0.203***

POL -0.124*** -0.120*** -0.066*** 0.031 0.108** 

Pseudo R2 0.210 0.202 0.207 0.263 0.448 0.209 0.213 0.221 0.279 0.468 0.220 0.227 0.211 0.264 0.451 

Notes:  This table presents the quantile regression estimates according to the empirical model defined by Eq. (4). The same as the notes 
in Tables 1, 2, and 4. The shaded area presents support of the EKC hypothesis. 
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Table 7. Quantile regression for country security induced-EKC hypothesis   
Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 Q10 Q25 Q50 Q75 Q90 

BUILT 

TA 0.003*** 0.000 0.001 -0.000 -0.000 0.003*** 0.000 0.001 0.001 0.002 0.003*** 0.001 0.001 0.001 0.001 

COM 0.002 0.003** 0.003 0.012** 0.018*** 0.002 0.005*** 0.006** 0.010** 0.014*** 0.000 0.002 0.001 0.008 0.017*** 

ECO 0.030 0.092*** 0.234*** 0.084 -0.194***

ECO2 -0.007 -0.021*** -0.051*** -0.022 0.026** 

SOC 0.040 0.072*** 0.079** -0.020 -0.327***

SOC2 -0.009* -0.017*** -0.020*** -0.002 0.054*** 
POL 0.000 0.033** 0.041 -0.030 -0.158***
POL2 -0.002 -0.009** -0.014** -0.000 0.025*** 

Pseudo R2  0.169 0.161 0.145 0.209 0.325 0.167 0.167 0.147 0.207 0.317 0.176 0.165 0.142 0.215 0.341 

CARBON 

TA 0.065*** 0.038** 0.048*** 0.066*** 0.032*** 0.082*** 0.065*** 0.060*** 0.067*** 0.043*** 0.073*** 0.046*** 0.062*** 0.074*** 0.060*** 

COM 0.068*** 0.098*** 0.126*** 0.058** 0.063*** 0.159*** 0.149*** 0.163*** 0.153*** 0.158*** 0.104*** 0.096*** 0.137*** 0.101*** 0.105*** 

ECO 0.115 0.479 0.214 0.941** 1.755*** 

ECO2 -0.174** -0.232* -0.169** -0.324*** -0.483***

SOC -1.687*** -1.312*** -1.480*** -1.671*** -0.402 

SOC2 0.238*** 0.157* 0.204*** 0.248*** -0.010 
POL -0.094 -0.355 -0.568** -0.469** -0.349 

POL2 -0.091* -0.033 0.033 0.012 -0.012 

Pseudo R2  0.597 0.610 0.661 0.669 0.658 0.563 0.594 0.642 0.654 0.647 0.5965 0.614 0.645 0.660 0.650 

CROPLAND 

TA 0.028*** 0.024*** 0.006 0.014*** 0.015** 0.027*** 0.026*** 0.010** 0.015*** 0.023*** 0.028*** 0.029*** 0.018*** 0.018*** 0.022*** 

COM -0.008 -0.001 0.039*** 0.012 0.002 -0.003 0.014 0.060*** 0.034*** 0.019 -0.003 0.008 0.046*** 0.017 0.015 

ECO -0.063 0.220 0.425** 0.458** 0.430 

ECO2 -0.005 -0.070 -0.111*** -0.120*** -0.129** 

SOC -0.085 -0.194 0.017 -0.048 -0.350* 

SOC2 -0.003 0.021 -0.015 -0.005 0.046 

POL -0.345*** -0.291*** -0.131 -0.011 -0.170 

POL2 0.059*** 0.046* 0.018 -0.014 0.008 

Pseudo R2  0.236  0.277  0.322  0.319  0.295  0.254  0.266  0.294  0.300  0.282  0.250  0.262  0.298  0.308  0.310 

FISHING 

TA 0.008*** 0.010*** -0.002 -0.010 -0.019** 0.006*** 0.008*** -0.002 -0.012 -0.012* 0.007*** 0.009*** -0.001 -0.006 -0.018***

COM 0.003 0.002 0.007 0.007 0.031* 0.001 0.007* 0.007 0.038 0.042*** -0.000 0.003 -0.002 -0.001 0.011 

ECO -0.353*** -0.351*** -0.803*** -1.302*** -1.296***

ECO2 0.065*** 0.061*** 0.130*** 0.195** 0.195*** 

SOC -0.144*** -0.244*** -0.228* -0.783** -1.151***

SOC2 0.024*** 0.043*** 0.030 0.110 0.170*** 

POL -0.141*** -0.207*** -0.103 -0.581*** -0.495***

POL2 0.025*** 0.037*** 0.004 0.072* 0.054* 

Pseudo R2  0.150  0.134  0.165  0.255  0.409  0.126  0.105  0.132  0.216  0.393  0.143  0.124  0.153  0.269  0.415 

FOREST 

TA 0.021*** 0.011** 0.007 -0.019 -0.066*** 0.017*** 0.015** 0.008 -0.025*** -0.049*** 0.024*** 0.018*** 0.009 -0.026*** -0.028 

COM -0.004 0.006 0.015 0.057** 0.084*** 0.014* 0.028** 0.032* 0.047*** 0.076*** -0.010 0.014 0.010 0.056*** 0.086** 

ECO -0.405*** 0.151 0.716** 1.628*** 2.425*** 

ECO2 0.044 -0.081* -0.211*** -0.402*** -0.551***
SOC -0.498*** -0.663*** -0.538* 0.946*** 1.171*** 
SOC2 0.073*** 0.096** 0.046 -0.267*** -0.305***
POL -0.176 0.098 0.494*** 0.688*** 0.854** 

POL2 0.004 -0.059** -0.161*** -0.209*** -0.230***

Pseudo R2  0.270  0.281  0.335  0.377  0.390  0.254  0.267  0.344  0.432  0.411  0.270  0.284  0.350  0.405  0.380 

GRAZING 

TA 0.004 0.001 -0.022*** -0.043** -0.095*** -0.001 0.003 -0.022*** -0.051*** -0.081*** 0.005 0.004 -0.016** -0.037** -0.093***

COM -0.031*** -0.033*** -0.033** 0.007 -0.009 -0.020*** -0.033*** -0.030** -0.017 -0.015 -0.032*** -0.046*** -0.039*** -0.000 0.042* 

ECO -0.382*** -0.306** 0.008 0.317 0.687 

ECO2 0.049* 0.031 -0.035 -0.077 -0.181* 

SOC -0.417*** -0.299** 0.259 0.540 -0.249 

SOC2 0.058*** 0.034 -0.085** -0.147* 0.006 

POL -0.234*** -0.091 0.021 0.012 -0.432* 

POL2 0.027* -0.008 -0.031 -0.012 0.095* 

Pseudo R2  0.211  0.202  0.198  0.238  0.450  0.213  0.210  0.221  0.280  0.467  0.223  0.226 0.210 0.236 0.444 

Notes:  This table presents the quantile regression estimates according to the empirical model defined by Eq. (5). The same as the notes 
in Tables 1, 2, and 4. The shaded area presents support of the EKC hypothesis. 
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Table 8. Test for heterogeneity of the quantile regression estimates  
BUILT 

TA ECO COM TA SOC COM TA POL COM
P-Value 

Q10-Q25 0.000*** 0.257 0.391 0.000*** 0.089* 0.055* 0.001*** 0.334 0.164 
Q10-Q50 0.137 0.183 0.384 0.056* 0.007*** 0.154 0.098* 0.067* 0.342 
Q10-Q75 0.214 0.194 0.007*** 0.371 0.043** 0.049** 0.179 0.034** 0.035**
Q10-Q90 0.060* 0.000*** 0.000*** 0.768 0.000*** 0.150 0.500 0.000*** 0.000***
Q25-Q50 0.869 0.282 0.566 0.901 0.024** 0.893 0.829 0.096* 0.836 
Q25-Q75 0.941 0.282 0.013** 0.725 0.092* 0.225 0.922 0.049** 0.130 
Q25-Q90 0.582 0.282 0.000*** 0.205 0.001*** 0.395 0.538 0.000*** 0.001***
Q50-Q75 0.831 0.282 0.036** 0.684 0.699 0.187 0.786 0.349 0.133 
Q50-Q90 0.527 0.282 0.008*** 0.205 0.090* 0.409 0.653 0.010** 0.009***
Q75-Q90 0.669 0.282 0.268 0.254 0.140 0.837 0.511 0.173 0.136 

CARBON 

Q10-Q25 0.497 0.584 0.544 0.454 0.733 0.292 0.008*** 1.000 0.707 
Q10-Q50 0.177 0.104 0.190 0.718 0.671 0.584 0.110 0.027** 0.066*
Q10-Q75 0.784 0.341 0.862 0.807 0.280 0.382 0.465 0.027** 0.642 
Q10-Q90 0.034** 0.212 0.200 0.984 0.158 0.577 0.121 0.030** 0.513 
Q25-Q50 0.505 0.427 0.072* 0.567 0.295 0.597 0.500 0.022** 0.141 
Q25-Q75 0.760 0.744 0.709 0.596 0.054* 0.917 0.121 0.036** 0.903 
Q25-Q90 0.161 0.449 0.101 0.336 0.030** 0.542 0.507 0.026** 0.731 
Q50-Q75 0.118 0.653 0.059* 0.900 0.297 0.666 0.165 0.847 0.051*
Q50-Q90 0.200 0.721 0.874 0.503 0.203 0.922 0.927 0.624 0.264 
Q75-Q90 0.001*** 0.470 0.044** 0.571 0.529 0.438 0.127 0.724 0.696 

CROPLAND 

Q10-Q25 0.720 0.081* 0.993 0.436 0.497 0.042** 0.970 0.822 0.206 
Q10-Q50 0.091* 0.645 0.008*** 0.012** 0.048** 0.000*** 0.091* 0.183 0.000***
Q10-Q75 0.145 0.551 0.099* 0.065* 0.216 0.002*** 0.198 0.781 0.055*
Q10-Q90 0.219 0.103 0.107 0.443 0.969 0.130 0.442 0.045** 0.112 
Q25-Q50 0.044** 0.230 0.005*** 0.116 0.069* 0.005*** 0.128 0.242 0.015**
Q25-Q75 0.124 0.439 0.083* 0.366 0.453 0.340 0.312 0.928 0.531 
Q25-Q90 0.175 0.443 0.132 0.914 0.726 0.895 0.553 0.043** 0.874 
Q50-Q75 0.905 0.795 0.107 0.440 0.241 0.012** 0.676 0.223 0.028**
Q50-Q90 0.813 0.100 0.195 0.107 0.127 0.001*** 0.440 0.001*** 0.021**
Q75-Q90 0.874 0.100 0.971 0.226 0.306 0.132 0.503 0.003*** 0.440 

FISHING 

Q10-Q25 0.708 0.072 0.982 0.299 0.463 0.210 0.246 0.816 0.042**
Q10-Q50 0.011** 0.000*** 0.823 0.000* 0.000*** 0.426 0.013** 0.000*** 0.901 
Q10-Q75 0.002*** 0.000*** 0.586 0.017** 0.000*** 0.005*** 0.009*** 0.000*** 0.911 
Q10-Q90 0.001*** 0.000*** 0.495 0.002*** 0.000*** 0.020** 0.002*** 0.000*** 0.420 
Q25-Q50 0.001*** 0.002*** 0.846 0.000*** 0.000*** 0.903 0.000*** 0.000*** 0.064*
Q25-Q75 0.001*** 0.000*** 0.605 0.009*** 0.000*** 0.013** 0.003*** 0.000*** 0.678 
Q25-Q90 0.000*** 0.000*** 0.513 0.001*** 0.000*** 0.034** 0.001*** 0.000*** 0.684 
Q50-Q75 0.019** 0.000*** 0.657 0.123 0.004*** 0.008*** 0.066* 0.001*** 0.881 
Q50-Q90 0.008*** 0.000*** 0.526 0.044** 0.000*** 0.027** 0.017** 0.000*** 0.401 
Q75-Q90 0.601 0.513 0.719 0.860 0.068* 0.721 0.214 0.701 0.438 

FOREST 

Q10-Q25 0.490 0.031** 0.283 0.504 0.096 0.953 0.372 0.684 0.078*
Q10-Q50 0.440 0.004*** 0.006*** 0.343 0.000*** 0.893 0.107 0.004*** 0.020**
Q10-Q75 0.101 0.001*** 0.002*** 0.004*** 0.000*** 0.003*** 0.039** 0.015** 0.003***
Q10-Q90 0.001*** 0.113 0.000*** 0.013** 0.000*** 0.028** 0.001*** 0.171 0.000***
Q25-Q50 0.665 0.076* 0.026** 0.476 0.000*** 0.852 0.175 0.001*** 0.388 
Q25-Q75 0.116 0.052* 0.006*** 0.001*** 0.000*** 0.009*** 0.053* 0.005*** 0.040**
Q25-Q90 0.000*** 0.366 0.000*** 0.017** 0.000*** 0.037** 0.001*** 0.173 0.000***
Q50-Q75 0.100 0.321 0.040** 0.002*** 0.071* 0.008*** 0.129 0.761 0.043**
Q50-Q90 0.001*** 0.960 0.000*** 0.031** 0.013** 0.032** 0.007*** 0.902 0.000***
Q75-Q90 0.093* 0.464 0.012** 0.637 0.122 0.672 0.066* 0.752 0.013**

GRAZING

Q10-Q25 0.199 0.694 0.876 0.101 0.926 0.319 0.523 0.958 0.709 
Q10-Q50 0.000*** 0.562 0.707 0.089* 0.995 0.868 0.002*** 0.649 0.699 
Q10-Q75 0.000*** 0.015** 0.031** 0.000*** 0.124 0.344 0.002*** 0.039** 0.026**
Q10-Q90 0.000*** 0.872 0.354 0.000*** 0.134 0.888 0.000*** 0.025** 0.027**
Q25-Q50 0.001*** 0.704 0.741 0.009*** 0.947 0.300 0.001*** 0.585 0.500 
Q25-Q75 0.001*** 0.010** 0.032** 0.000*** 0.095* 0.167 0.003*** 0.035** 0.018**
Q25-Q90 0.000*** 0.970 0.383 0.000*** 0.114 0.672 0.000*** 0.025** 0.024**
Q50-Q75 0.045** 0.025** 0.042** 0.000*** 0.039** 0.459 0.053* 0.045** 0.042**
Q50-Q90 0.000*** 0.924 0.439 0.000*** 0.125 0.929 0.000*** 0.027** 0.037**
Q75-Q90 0.000*** 0.175 0.777 0.016 0.856 0.819 0.002*** 0.204 0.246 

Notes:  This table presents the quantile regression estimates according to the empirical model defined by Eq. (1). The 
same as the notes in Tables 1, 2, and 4. 


