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1. Introduction 

Tourism is one of the world’s largest economic sectors; its importance to the global economy 

is undeniable. Tourism creates employment, promotes exports and embodies tremendous 

cultural, environmental and heritage value. WTTC (2017) reports global tourism contributed 

to 10.2 percent of the Gross Domestic Product (GDP), created 292 million jobs, and accounted 

for 6.6 percent of total global exports in 2016. Tourism is a driver of wealth and employment 

creation worldwide, although there are concerns about increasing socio-economic inequities 

and environmental costs. The United Nations (UN) designated the year 2017 as the 

International Year for Sustainable Tourism for Development, making it timely to reconsider 

the impacts of tourism, and support policies for making tourism an important contributor to 

the United Nation’s Sustainable Development Goals (SDGs).  

Much has been discussed about sustainable tourism during the last two decades (e.g. 

Saarinen, 2006; Hughes, Weaver & Pforr, 2015). More recently, critics have called into 

question its practicalities given the expanding global economy which demands increased 

production and consumption of material resources (Nepal et al., 2015). Ophuls (2011) states 

the impossibility of achieving sustainability, given that we live in a period of a limitless 

materialistic and consumptive culture, rapidly depleting stocks of fossil hydrocarbons in an 

era of ecological scarcity and irreplaceable biological and geological resources. The 17 distinct 

Sustainable Development Goals (SDGs) ratified by the UN has renewed a sense of urgency in 

the tourism sector to address, among others, elimination poverty (SDG 1), ending hunger and 

achieving food security (SDG 2), and combating climate change (SDG 13)(UN, 2017) . Specific 

to SDG 13, managing tourism sustainably requires reducing the impact of the sector on 

climate change and curbing excessive dependency on energy consumption such as fossil fuels 

since tourism-related use of it has detrimental environmental consequences (Becken et al., 

2003; Gössling, 2000; Nepal, 2008). The proper understanding of the interrelationships 

between tourism, the underlying economy, and the natural environment is critical in 

formulating effective sustainable tourism policies. However, empirical studies demonstrating 

these linkages are limited in the tourism literature (Shakouri et al. 2017). This is particularly 

so in the context of mountain economies despite the critical role these economies play 
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towards sustainable development as enablers of green growth. Our study aims to fill this gap 

in the literature.  

Mountain destinations are climatically vulnerable but naturally attractive for developing and 

expanding adventure and nature-based tourism opportunities. Mountainous countries like 

Nepal have become popular destinations for international tourism, however, serious 

socioeconomic and environmental consequences undermine the development potential 

associated with tourism (Nepal, 2000). It is argued that tourism, and particularly recreational 

tourism, may contribute considerably to a country's energy and environmental costs (Becken 

et al., 2003). Mountain destinations are also essential for global sustainable development as 

bearers of crucial ecosystem goods and services. The world’s mountains regions are home to 

about 800 million people and serve as water towers for billions while providing ecosystem 

services for the entire globe (Kohler et al., 2010). Mountain economies are essential building 

blocks for long-term sustainable global development, poverty alleviation and the global 

transition to a green economy (FAO, 2011). It is, critically important to understand the 

influence and implications of tourism on the economy and the environment if tourism is to 

be established as a low-impact, non-consumptive development option in mountainous 

economies.  

The focus of this study is Nepal, a mountainous and developing South Asian economy where 

tourism is one of the largest industries and source of foreign exchange and revenue receipts. 

Nepal is home to eight of the ten tallest mountains in the world, while mountains and rugged 

hills cover almost 75% of its land area. The Nepal Tourism Policy identifies tourism sector as 

an important vehicle for economic and social development (MCTCA, 2018). In 2016, the direct 

contribution of tourism to the national economy was 3.6 percent of the GDP1, supporting 6.4 

percent of total employment, generating visitor exports of 450 million USD and attracting 3 

percent of total capital investment (WTTC, 2017).  

The private sector in Nepal is the primary beneficiary of tourism as in other developing 

economies, however, the environmental and social costs associated with tourism are mostly 

borne by the State (or the citizens at large) in Nepal, suggesting a need for intervention 

strategies and policies (Heredge, 2005). Evidence elsewhere suggests more than two-thirds 

                                                           
1 The contribution (both direct and indirect) was 7.5 percent of GDP in 2016. 

https://en.wikipedia.org/wiki/Tourism
https://en.wikipedia.org/wiki/Foreign_exchange_market
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of the revenue from international tourism never reaches the local economy because of high 

leakage (Pleumarom, 1999). Nepal lacks laws that seek to mitigate or offset negative 

environmental costs associated with the development of tourism (Gotame, 2017). However, 

exploring the different policy options for sustainable tourism necessitates a critical 

understanding of tourism-environment trajectories, supported with rigorous scientific 

research. This paper fulfils that goal, as it analyses the short-run and long-run relationships 

between tourist arrivals, per capita income, emissions, energy consumption and capital 

formation.  

This study explores long run and short-run causal relationships of tourism in a multivariate 

framework with income and capital investment (as measures of economic indicators), and 

pollutant emissions and energy consumption (as measures of environmental indicators). A 

multivariate model reduces the possibilities of biased results arising from variables omissions. 

We include energy consumption in our analysis since earlier studies have excluded the use of 

energy and its environmental consequences from the discussion on sustainable tourism 

development (Gössling, 2000). The interface between tourism and energy use also remains 

less explored despite growing awareness of environmental issues related to tourism (Becken 

et al., 2003). This is one of the first time-series study analysing the inter-relationships between 

tourism, the underlying economy and the environment using data for Nepal. We take a 

country-specific case study by focussing only on Nepal, as studies conducted at the regional 

level cannot capture and account for the economic, environmental and institutional 

complexities at a larger scale. 

The study is significant, as findings would allow policymakers in identifying economic 

strategies that seek to balance economic growth while reducing pollutant emissions and 

curbing energy usage. The policy implications of this study’s findings would be relevant to 

other mountainous economies where tourism sector plays an important role in fostering 

economic and environmental development.  

2. Literature Review 

Since the original study by Pigliaru and Lanza (2000), who tested the tourist-led growth (TLG) 

hypothesis, the methods used in econometric studies are quite variable including applications 

based on time-series, panel data and cross-section data. In this section, we discuss the 
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previous literature that examines the relationship between tourism, economic growth, 

carbon emissions, energy consumption and capital formation based on time-series data and 

time-series econometrics. In general, tourism studies focusing on time-series econometric 

analysis are somewhat limited. Empirical results reported in the majority of studies are also 

sensitive to the selection of model specifications and to the econometric techniques used 

(Pablo-Romero and Molina, 2013).  

2.1. Tourism and Economic Growth 

Literature on the causal relationship between tourism and economic growth has increased 

since 2002, and is well summarised by Pablo-Romero and Molina (2013). The causality 

relationships between tourism and economic growth include a mix of four different scenarios, 

namely: tourism-led growth; economy-driven tourism;  bidirectional causality or no causality 

(Antonakakis et al., 2016). The lack of a clear consensus on the exact nature of relationships 

between tourism and economic growth indicates that this area of research is inconclusive and 

is still open to discussion. There are several studies which tend to indicate supports for the 

TLG hypothesis in South-Asian economies like Pakistan (Adnan Hye and Ali Khan, 2013; Khalil 

et al., 2007) and Sri Lanka (Srinivasan et al., 2012), based on a bivariate framework of GDP 

and tourism receipts. Likewise, Mishra et al. (2011) and Malik et al. (2010) also found that 

tourism granger causes GDP based on a trivariate model using GDP, tourism receipts and 

exchange rate respectively in the context of India and Pakistan.  

On the other hand, Oh (2005) supported the case for an economy-driven tourism for South 

Korea based on a bivariate framework of GDP and tourism receipts. Tang (2011) also found 

evidence of growth led tourism for Malaysia, based on a trivariate framework of GDP, tourism 

receipts and exchange rate. In the case of Nepal, Gautam (2011) provided evidence of a 

bidirectional causality between tourism and economy both in the short-run and long-run, 

based on a bivariate model using foreign exchange earnings and GDP. Tourism receipts were 

also found to have a bi-directional relationship with GDP in Nepal (Paudyal, 2012). 

Summarising the findings from the existing literature; we hypothesise that there is a positive 

relationship between tourism and economic output (Hypothesis 1). 

2.2. Tourism and Emissions 
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Tourism is a significant contributor to global greenhouse gas (GHG) emissions but very few 

studies have looked at tourism's impact on national emissions (Gössling, 2013). At a global 

level, the impact of tourism on CO2 emissions is reducing much faster in developed than in 

developing economies providing evidence of the environmental Kuznets curve (EKC) 

hypothesis on the link between tourism growth and CO2 emissions (Paramati et al., 2017). 

The EKC hypothesis implies that the impact of tourism on CO2 emissions diminishes as 

national income increases. Time-series analysis on the underlying relationship between 

tourism and GHG emissions are limited (Chen et al., 2018). 

Kuo et al. (2012) showed that an increase in tourism receipts led to only limited increase in 

CO2 emissions in China as compared to much larger impacts of number of tourist arrivals in 

CO2 emissions. Solarin (2014) established a unidirectional long-run causality between tourist 

arrivals to pollution within a multivariate framework, which included real GDP, energy 

consumption, financial development and urbanization in Malaysia. The result implied that an 

increase in tourist arrivals led to an increase in pollution in Malaysia. In the case of Singapore, 

tourist arrivals produced negatively significant effects on CO2 levels both in the long-term and 

the short-term periods (Katircioglu, 2014b). Results of the Granger causality tests revealed a 

unidirectional causality between tourism developments to carbon emission growth in the 

long-term confirming the tourism-induced EKC hypothesis as in Paramati et al. (2017). 

International tourism was also found to be catalyst for an increase in the level of CO2 

emissions in Cyprus using a trivariate framework of international tourist arrivals, energy 

consumption and emissions (Katircioglu et al., 2014). Katircioglu (2014a) found a similar 

evidence for Turkey where tourism development not only contributed to an increase in 

energy use but also considerable increases in GHG emissions. Based on the results of these 

studies, we propose our second hypothesis that there is a positive relationship between 

tourism and GHG emissions (Hypothesis 2). 

2.3. Tourism and Energy Consumption 

 Globally, tourism has been described as fossil fuel-dependent industry and a large emitter of 

GHG (Becken and Simmons, 2005; Gössling, 2013). Gössling (2000) showed that tourism-

related use of fossil fuels was significant in small island states and had detrimental 

environmental consequences. Similarly, Nepal (2008) documented that tourism contributed 

to increasing consumption of primary energy sources such as wood and kerosene in rural 
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Nepal.  Tourism induced energy-related vulnerabilities are considerably present in many 

countries (Gössling, 2013).  

Only a few time-series econometric studies exist that examine this relationship. Based on a 

trivariate framework of tourism, energy consumption, and environmental degradation, 

Katircioglu (2014a) showed that the number of tourist arrivals in Turkey considerably 

increased long-run energy use. Similarly, Katircioglu et al. (2014) revealed that international 

tourist arrivals had long-run positive, statistically significant, and inelastic impacts on the level 

of energy consumption in Cyprus. Solarin (2014) established a unidirectional long-run 

causality between tourist arrivals to energy consumption in Malaysia. In the Indian context, 

based on a trivariate framework using tourism, economic growth and energy consumption, 

Tang et al. (2016) showed that tourism strongly affected energy consumption in the long-run. 

Based on these findings, we propose our third hypothesis that there is a positive relationship 

between tourism and energy consumption (Hypothesis 3). 

2.4. Tourism and Capital Investments 

Not many studies have assessed the causal linkage between tourism and capital investments 

in a time-series setting. Khoshnevis Yazdi et al. (2017), in their study in Iran, found no causal 

relationship among these variables, based on the autoregressive distributed lag and the error 

correction model under a multivariate framework. However, based on a bivariate analysis 

conducted in Saudi Arabia, Alam et al. (2016) found that there is a positive relationship 

between tourism receipt and numbers of tourist with Foreign Direct Investment (FDI) in the 

short term and long-term. The study also confirmed a bidirectional causality between tourism 

expenditure and foreign direct investment (FDI). Similarly Alam et al. (2015) found a positive 

relationship between foreign direct investment and total number of tourist arrivals in 

Malaysia. The study recommended increasing tourist arrivals as an instrument to drive FDI in 

Malaysia. Based on these studies, we propose our fourth hypothesis that there is a positive 

relationship between tourism and capital investment (Hypothesis 4). 

  3. Methodology and Data 

This section outlines the methodology and describes the data used in the paper. The choice 

of the econometric methodology and data (including its availability) are the main basis for 

testing all four hypotheses stated above.  
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3.1. Methodology  

The primary question we answer in this study is: “What is the nature of the relationship 

between tourism, energy consumption and pollutant emissions in developing mountainous 

economy when time-series analysis generally show that increased tourist arrivals leads to an 

expansion in economic output”? We specify the models for gross domestic product (GDP), 

tourist arrival (tourism), gross fixed capital formation (capital), energy use (energy), and 

carbon dioxide emissions (CO2) as follows:  

𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 = 𝑓𝑓(𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 ,𝐶𝐶𝐶𝐶2𝑡𝑡)     (1) 

𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡 = 𝑓𝑓(𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 ,𝐶𝐶𝐶𝐶2𝑡𝑡)     (2) 

𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡 = 𝑓𝑓(𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡,𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 ,𝐶𝐶𝐶𝐶2𝑡𝑡)     (3) 

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 = 𝑓𝑓(𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡,𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡,𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡,𝐶𝐶𝐶𝐶2𝑡𝑡)     (4) 

𝐶𝐶𝐶𝐶2𝑡𝑡 = 𝑓𝑓(𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡 ,𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡,𝐶𝐶𝐶𝐶𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑝𝑡𝑡,𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡)     (5) 

 The Augmented Dickey-Fuller unit root test (Dickey and Fuller, 1981) is applied to examine 

the order of the integration of the series. We then employ the bound test for cointegration 

to ensure the validity of long-run relationships of the models (Pesaran and Shin, 1998; Pesaran 

et al., 2001). The bound test for cointegration is more practical than other cointegration tests 

when the data series are integrated of varying orders such as I(0) (i.e. integrated of order 0) 

and I(1) (i.e. integrated of order 1) in the unit root tests. The bound test is basically a test of 

coefficient by performing Wald test (Wald, 1943) on following unrestricted error correction 

model (ECM): 

∆𝑌𝑌𝑡𝑡 = 𝑎𝑎0 + �𝑎𝑎1𝑖𝑖∆𝑌𝑌𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝑎𝑎2𝑖𝑖∆𝑋𝑋1,𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝑎𝑎3𝑖𝑖∆𝑋𝑋2,𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝑎𝑎4𝑖𝑖∆
𝑛𝑛

𝑖𝑖=1

𝑋𝑋3,𝑡𝑡−𝑖𝑖

+ �𝑎𝑎5𝑖𝑖∆
𝑛𝑛

𝑖𝑖=1

𝑋𝑋4,𝑡𝑡−𝑖𝑖 + 𝑎𝑎7𝑌𝑌𝑡𝑡−1 + 𝑎𝑎8𝑋𝑋1,𝑡𝑡−1 + 𝑎𝑎9𝑋𝑋2,𝑡𝑡−1 + 𝑎𝑎10𝑋𝑋3,𝑡𝑡−1 + 𝑎𝑎11𝑋𝑋4,𝑡𝑡−1 

           (6) 
Where Y is the dependent variable and X is the independent variable. Co-integration exists if 

the Wald test rejects 𝐻𝐻0: 𝑎𝑎7 = 𝑎𝑎8 = 𝑎𝑎9 = 𝑎𝑎10 = 𝑎𝑎11 = 0. Once the co-integration is 

confirmed, we estimate the long run and short-run relationships of Equation 1 to 5 by using 

following autoregressive distributed lag (ARDL) (p1, q1, q2, q3, q4) model: 
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𝑌𝑌𝑡𝑡 = 𝑏𝑏0 + �𝑏𝑏1𝑖𝑖𝑌𝑌𝑡𝑡−𝑖𝑖

𝑝𝑝1

𝑖𝑖=1

+ �𝑏𝑏2𝑖𝑖𝑋𝑋1,𝑡𝑡−𝑖𝑖

𝑞𝑞1

𝑖𝑖=0

+ �𝑏𝑏3𝑖𝑖𝑋𝑋2,𝑡𝑡−𝑖𝑖

𝑞𝑞2

𝑖𝑖=0

+ �𝑏𝑏4𝑖𝑖

𝑞𝑞3

𝑖𝑖=0

𝑋𝑋3,𝑡𝑡−𝑖𝑖 + �𝑏𝑏5𝑖𝑖

𝑞𝑞4

𝑖𝑖=0

𝑋𝑋4,𝑡𝑡−𝑖𝑖 

        
       (7) 

ARDL estimation in Equation 7 is used to calculate the long run multiplier in Equation 1 to 5 
by using following formula: 

𝑎𝑎0 = 𝑏𝑏0
1−∑ 𝑏𝑏1,𝑖𝑖

𝑝𝑝𝑖𝑖
𝑖𝑖=1

       (8) 

𝑎𝑎𝑗𝑗 = 𝑏𝑏𝑚𝑚
1−∑ 𝑏𝑏1,𝑖𝑖

𝑝𝑝𝑖𝑖
𝑖𝑖=1

        (9) 

where j = 1, …, 4 and m = 2, …, 5.  

We test the hypotheses in the cointegrating relationship by using Granger causality test based 

on the vector error correction model (VECM). The VECM in Equation 10 estimates short run 

dynamic coefficients for the co-integrated model. The stability of the ECM model is tested 

using cumulative sum (CUSUM) and cumulative sum of squares (CUSUMQ) test based on Page 

(1954). We also apply standard diagnostic tests, i.e. serial correlation test, normality test, 

heteroscedasticity test, and misspecification test. 

 

∆𝑌𝑌𝑡𝑡 = 𝑑𝑑0 + �𝑎𝑎1𝑖𝑖∆𝑌𝑌𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝑎𝑎2𝑖𝑖∆𝑋𝑋1,𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝑎𝑎3𝑖𝑖∆𝑋𝑋2,𝑡𝑡−𝑖𝑖

𝑛𝑛

𝑖𝑖=1

+ �𝑎𝑎4𝑖𝑖∆
𝑛𝑛

𝑖𝑖=1

𝑋𝑋3,𝑡𝑡−𝑖𝑖

+ �𝑎𝑎5𝑖𝑖∆
𝑛𝑛

𝑖𝑖=1

𝑋𝑋4,𝑡𝑡−𝑖𝑖 + �𝑎𝑎6

𝑛𝑛

𝑖𝑖=1

𝐸𝐸𝐶𝐶𝐶𝐶𝑡𝑡−1 + 𝑒𝑒𝑡𝑡 

(10) 

We use Granger causality test based on the vector autoregression (VAR) model to test the 

hypotheses in the absence of any cointegration.  

3.2. Data 

The sample is restricted to the annual time-series data covering a 40 years period from 1975 

to 2014. Data on tourist arrivals was obtained from Nepal Tourism Statistics (MCTCA, 2016) 

while other data were retrieved from World Development Indicators (WDI) (WB, 2017). Table 

1 summarises the statistics of the series while Figure 1 shows the results of data 

transformation into natural logarithm form.  

(Insert Table 1 here) 
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Tourism (T) is measured by total tourist arrivals by both air and land for various purposes such 

as holiday/pleasure, pilgrimage, trekking and mountaineering, official and business. Tourist 

arrivals is an important indicator to measure the well-being of the tourism sector in the 

Nepalese economy since increasing the number of tourist arrivals is one of the objectives of 

the national tourism policy.  The length of tourists stay can vary from short-term to longer 

term. Tourist arrivals in Nepal show a positive trend as shown in Figure 1. Tourist numbers 

increased from the lowest (92,440) in 1976 to its peak (803,092) in 2014. Some major events 

have disrupted the trend, such as earthquake in 1987 and political turmoil in 2001. Since 2006, 

after the end of the civil war, tourist arrivals have increased dramatically, with the exception 

in 2015 when numbers declined due to the earthquake. 

(Insert Figure 1 here) 

The Gross domestic product or GDP (G) and Gross fixed capital formation (K) also show 

positive trends. The GDP is in constant 2010 Nepalese rupee (NPR) and is a per capita 

measure. The real per capita GDP of Nepal has doubled during the period 1975 – 2014, from 

NRP 10,896 to NRP 26,118 and the mean per capita GDP is NRP 16,207.4 during that period, 

as shown on Table 1. The capital formation is also stated in per capita constant 2010 NPR and 

has several deviations in the short run. 

Similarly, energy consumption (E) and CO2 emission (CO2) exhibit growing trends. Energy 

consumption is stated in kg of oil equivalent per capita and has relatively exponential trend 

especially after 1999, with a temporary decrease in 2012 (see Figure1). The high growth is 

mainly influenced by energy consumption in residential sectors (IEA, 2017).  CO2 emission is 

measured in kg CO2e per capita; a fluctuating trend can be observed in Figure 1. Per capita 

emission in Nepal is considerably lower than 2012 world average of 7.6 tCO2e per capita, 

however, minimising the emission is important in the context of climate change impacts in 

sensitive ecoregions such as mountains (JRC, 2018; Pepin et al., 2015).  

4. Results  

Table 2 displays the results of Spearman correlation test between the variables used in this 

study. All explanatory variables are positively and highly correlated implying that 

multicollinearity may exist and require further testing. However, before the estimations, we 

conduct the unit root tests with results in Table 3, implying that the variables are integrated 
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order one (I(1)). The ADF unit tests results conclude the presence of a mix of I(0) and I(1) data 

series but not I(2) series which allow us to apply the bound test for the cointegration.  Co-

integration relationship is found in all models except the model for capital formation. Table 4 

shows the results of the co-integration tests for the selected models. We ensure that the 

models do not have serial correlation problem which may cause invalid results of the bound 

test.  

(Insert Table 2 here) 

 

(Insert Table 3 here) 

 

(Insert Table 4 here) 

We estimate the long-run relationship of the models in Table 5. None of the explanatory 

variables has significant influence on energy consumption, however; energy consumption has 

significant negative influence on tourist arrivals. This finding contradicts earlier evidences on  

tourism led energy consumption hypothesis and  the insignificant impact that energy 

consumption has on tourist arrivals (Katircioglu et al., 2014; Tang et al., 2016). Capital 

formation has significant positive influence on GDP and tourist arrivals in the long run, 

indicating capital is an important factor input in economic growth in line with the neoclassical 

growth theory (Solow, 1956). GDP and tourist arrivals also have significant positive influences 

on tourist arrivals and CO2 respectively. Meanwhile, CO2 effect is insignificant across all 

models. The standard diagnostic tests conclude that models for GDP and tourist arrivals 

violate one of the assumptions of classical linear regressions model (CLRM). The results of 

Jarque-Bera test unsurprisingly suggest a non-normal distribution as expected with finite 

sample sizes and hence is not problematic since the results are unbiased (Thadewald and 

Büning, 2007). 

 

(Insert Table 5 here) 

 

Based on the results of the bound test (see Table 4), Granger causality test is conducted by 

using VAR for the model for capital formation, and using ECM for other models. Table 6 shows 
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the results of Granger causality tests. In the short run, energy consumption Granger causes 

GDP and tourist arrivals. Moreover, GDP and tourist arrivals have bidirectional causality in the 

short run while income (i.e. per capita GDP) significantly influences tourist arrivals in the long-

run. In contrast, CO2 emission does not have any causality relationship with other variables in 

the short run. The lagged error correction term (ECT), the long-run component, is negative 

and significant as expected. Deviations in long-run relationship models for energy 

consumption, GDP, CO2  emissions and tourist arrivals are corrected for 8%, 46%, 52% and 

74% respectively in a year. We also confirm the stability of the CO2 emissions model by using 

CUSUM and CUSUMQ test with results in Figure 2. We highlight the  following key causality 

results which provides a foundation to discuss the policy implications under Section 5:  

• There is a bidirectional causality of tourist arrivals and per capita GDP in the short- 

run, similar to earlier studies including Gautam (2011) and Paudyal (2012). Growth in 

tourist arrivals contributes to economic growth through employment creation, 

foreign exchange earnings, government revenues, multiplier effects and 

infrastructure development. In the long-run, GDP per capita has significant positive 

influences on tourist arrivals supporting the economy driven tourism hypothesis as 

discussed by Oh (2005) in the South Korean context. 

• There exists a unidirectional causality where tourist arrivals affect emissions in the 

long-run, similar to the studies reported by Solarin (2014) and Katircioglu et al. 

(2014). We find no causality between tourist arrivals and emissions in the short-run. 

• There is a unidirectional causality between energy consumption and tourism, both in 

short and long-run. Unlike previous studies such as Solarin (2014) for Malaysia, 

Katircioglu et al. (2014) for Cyprus and Katircioglu (2014a) for Turkey , the results 

from our study suggests that more tourist arrivals lead to a decrease in per capita 

energy consumption in the short-run, which well highlights the energy scarcity 

scenario facing the economy. 

• We confirm a unidirectional causality between capital investment and tourism in 

long-run relationships, which is similar to the findings from the study conducted by 

Alam et al. (2015) that capital formation causes tourist arrivals. The transition to a 

more capital intensive tourism sector may lead to more tourist arrivals in the long 

run.  
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(Insert Table 6 here) 

 

 (Insert Figure 2 here) 

  

 (Insert Figure 3 here) 

 

 (Insert Figure 4 here) 

 

 (Insert Figure 5 here) 

 

5. Discussion 

This paper makes three main contributions to the literature examining the short-run and long-

run relationship between tourism, economic growth, CO2 emissions, capital formation and 

energy consumption. First, this research gathers data from disparate sources to examine the 

relationship in Nepal using unit root tests and cointegration tests based on ARDL bounds 

testing for the period between 1975 and 2014. Second, we show the causal interactions 

between tourism and energy consumption, which have been ignored in previous studies given 

the lack of quality time-series data. The results from a country specific time-series 

multivariate regression models add new insights to the existing literature focused on 

examining tourism-energy relationship. Third, our study is the first multivariate framework 

analysis for estimating the inter-relationships between tourism, economic growth and energy 

for Nepal. Mountain economies like Nepal contribute less to the GHG emissions but bear 

disproportionate amount of costs in terms of adverse climate change impacts (Pepin et al., 

2015). This study is one of the few attempts to use time-series data to inform tourism policy 

decisions explicitly aimed at mountain economies. In this section, we briefly discuss policy 

implications for sustainable tourism development drawing inferences based on the results. 

5.1 GDP Influences on Tourist Arrivals 

A significant and positive long-run effect of GDP on tourist arrivals indicate that a 1% increase 

in GDP increases tourist arrivals by 1.56%, thus supporting the economy driven tourism 

hypothesis. It is rational to assume that tourism is strongly affected by economic expansion 
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since international trade is closely tied to growth in economic outputs (Oh, 2005). This finding 

lends support to the notion that a developing country like Nepal has not maximised the 

economic benefits of the tourism sector yet. The total contribution of tourism to Nepal’s 

economy is relatively small, less than 4 %. Some aspect of the low contribution of tourism 

sector to the national economy could be due to revenue leakages, an issue that is recognized 

widely in tourism literature and merits further research. The government can strengthen the 

contribution of tourism to the national economy by maintaining economic and political 

stability and encouraging new businesses, especially tourism-related service businesses. 

However, the government cannot expect high economic return from it at least in the short-

run. 

5.2 Tourist Arrivals and CO2 Emissions 

A unidirectional long-run causality between tourism and emissions implies that a 1% increase 

in tourist arrivals increases CO2 emissions by 0.98%. The result is unsurprising as more tourist 

arrivals creates more demand for energy which translates to significant emissions, even 

though overall tourism induced energy consumption is insignificant. As the tourism sector in 

Nepal is fossil fuel intensive (Nepal, 2008), burning of fossil fuels such as firewood and 

kerosene leads to more CO2 emissions. This finding should alert the government to push for 

a green tourism agenda and avoid the business-as-usual strategy associated with tourism, 

which encourages consumption of fossil fuels. The tourism sector in Nepal should include 

efforts in energy-efficient buildings, green urban parks, promoting socially-aware 

entrepreneurship models, and environmentally responsible practices in service quality and 

management. Raising awareness among tourists to act in environmentally friendly ways is 

also essential. Introducing fiscally attractive environmental conservation taxes may be 

desirable in the long run. 

5.3 Energy Consumption and Tourist Arrivals 

Our results show there is a unidirectional causality between energy consumption and tourism 

where a 1% increase in energy consumption decreases tourist arrivals by 3.84%.  Firewood is 

the primary energy source in Nepal including in many tourist establishments (Chapagain, 

2017). Energy consumption in Nepal is dominated by biomass such as firewood. For instance, 

the share of biomass on total energy consumption was 82% in 2015 (IEA, 2017). Therefore, 

higher energy consumption will increase deforestation, which has been causing 

environmental problems, natural hazard, and social unrest in Nepal (Metz, 1991). 
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Nevertheless, such negative impacts may only occur in short-run. At the same time, the 

overreliance of the tourism sector on solely imported petroleum products also induces energy 

shortage as demand increases. Energy shortage leading to the non-availability of kerosene, 

diesel and cooking gas due to increasing demand in mountainous economies is capable of 

warding off the potential inflow of tourists especially interested in adventure tourism 

including mountaineering and trekking. This is because tourists perceive access to energy as 

an essential component of safe and hygienic accommodation in Nepal as evidenced in an 

earlier study by Dhakal (2015). Hence, efforts must focus on large-scale development of 

hydropower at the national level to alleviate energy shortage. Also, opportunities to electrify 

remote and mountainous areas through accelerated adoption of decentralised off-grid 

renewable and clean energy sources such as solar, wind and micro hydro needs to be 

prioritised. Earlier studies such as Gross et al. (2017) has also emphasized that sustainable 

tourism in Nepal should call for strategies to gradually reduce the dependence on firewood 

as a source for energy, and promote the availability of and access to alternative fuel energy 

sources in encouraging tourist arrivals.  

5.4 Capital Formation and Tourist Arrivals 

A long-run positive relationship between capital formation and tourism indicates that a 1% 

increase in capital formation increases tourist arrivals by 0.72%. This impact is higher than the 

one of capital formation on economic output. Tourism related investments in Nepal were only 

3% of the total capital investments in 2016 (WTTC, 2017). Therefore, increased government 

expenditures on public infrastructure such as road networks, and foreign direct investment 

(FDI) in tourism sectors such as hotels, restaurants and recreational centres are essential for 

continued growth of tourist arrivals. 

Overall, our results suggest that economy-dependent tourism sector of tourism-dependent 

economy of Nepal needs to advocate for climate-sensitive tourism policies. The significant 

long-run impacts of tourist arrivals on energy consumption and CO2 emissions suggest 

tourism policies in Nepal needs to be harmonized with the national energy and environmental 

policies in the transition towards a sustainable tourism sector. An integrated policy 

framework on energy, environment and tourism would reorient the tourism sector to be in 

tune with the SDGs. An integrated policy framework on energy, environment and tourism 
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Is especially desirable in mountain economies as they play a central role towards the pursuit 

of global sustainable development by providing key environmental services such as 

freshwater, biodiversity conservation and hydropower. 

 

6. Conclusions 

Using data specific to Nepal, this study examined the causality relationships between tourist 

arrivals, economic growth, CO2 emissions, capital formation, and energy consumption. Time-

series econometric methods based on cointegration tests and Granger causality tests were 

applied to test four hypotheses relevant to the Nepalese economy. The application of the 

concepts and methods of the cointegration and Granger causality test further allowed us to 

explore short-term dynamic relations among the variables. The empirical analysis rested on 

the assumption that adverse economic and environmental impacts can be minimized if 

tourism development is thoroughly well planned and controlled in line with the principles of 

sustainable tourism. 

We suggest that sustainable tourism agenda in mountainous economies like Nepal should 

incorporate findings from this study. While increases in tourist arrivals may not significantly 

contribute to economic growth, as there would be revenue leakages due to payments for 

imports of goods and services, lack of national level support for climate-sensitive sustainable 

tourism policies would be detrimental to the industry in the long-run. While it is difficult to 

state if increased pollution, i.e., due to burning of fuelwood of fossil fuels, would deter tourists 

from visiting Nepal, it could be argued that tourists are likely to shorten the duration of their 

trip if pollution levels become critical. Existing energy sources in Nepal’s tourism sector should 

be used more efficiently while making efforts to diversify the energy mix, which is, by reducing 

firewood consumption, lessening dependence on fossil fuels, and increasing availability of 

renewable energy sources. Developing mountain economies like Nepal are generally over-

dependent on fossil fuels and bear greater risks of being adversely affected by the associated 

emissions. As such, tourism industry stakeholders need to take environmental pollution 

seriously if they want to realize the full potential of tourism to aid in environmentally friendly 

economic development strategies. The most recent statistics in Nepal indicate to a strong 

growth in tourism – foreign exchange earnings during 2017-18 fiscal year show significant 

increases, from last fiscal year’s NRs 58. 5 billion to 67 billion (roughly US$ 597 million) foreign 
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exchange earnings (The Kathmandu Post, 2018).   This growth can only be sustained if energy 

sources in tourism are diversified, and dependency on fossil fuels are greatly reduced. 

Moreover, the orientation of government budgets towards green infrastructure development 

(green walls, tree health mapping) is important since these spending not only support the 

tourism sector but also resolve the negative impacts of urbanisation. Redirecting appropriate 

tourism policies towards meeting the demand created by the increase in tourist arrivals for 

tourism-related industries is also necessary. The relationship between energy consumption 

and tourist arrivals is not as straignforward as what the policyamkers think and the results 

suggest. Tourists may not use the fact of the rising energy consumption to decide their visits 

to Nepal. However, such negative impacts may only occur in short-run and therefore, further 

researches are required for re-estimating the nexus by using other methods and social-

physiological factors. We conclude that incorporating energy consumption in the economic 

thinking of the tourist arrivals is critical in facilitating a sustainable tourism sector.   

Our results also indicate there is a need for additional research in tourism-related sectors. 

First, important variables like tourism receipts and exchange rates can be included as longer 

timer-series are available to study the possibility of tourism revenue ‘leakage’ in developing 

economies like Nepal. Second, direct time-series econometric impacts of mountain adventure 

tourism on energy consumption can be studied to measure the true impact of adventure 

tourism on the environment. Third, studies like ours would be relevant to other developing 

countries where tourism is a significant contributor to the national economy. Last, but not 

least, availability of reliable long-term trend data is critical to projecting future perspectives 

on tourism and the environment. The lack of accurate, timely, disaggregated and accessible 

data is a hindering and retarding the economic development and sustainable tourism policy 

initiatives across many developing economies like Nepal. 

Acknowledgements: 

We are grateful to the efforts of the editor-in-chief and the two anonymous reviewers in 

improving this research work.  We also acknowledge the helpful comments received from the 

participants at the 2018 Australian Conference of Economists Conference held in Canberra 

(10-13 July).    

References: 

Adnan Hye, Q.M., Ali Khan, R.E., 2013. Tourism-Led Growth Hypothesis: A Case Study of Pakistan. Asia 
Pacific Journal of Tourism Research 18, 303-313. 



18 
 

Alam, A., Idris, E.A.A., Malik, O.M., Gaadar, K., 2016. The relationship between tourism, foreign direct 
investment and economic growth: evidence from Saudi Arabia. European Academic Research IV, 4091-
4106. 
Alam, A., Malik, O.M., Ahmed, M., Gaadar, K., 2015. Empirical Analysis of Tourism as a Tool to Increase 
Foreign Direct Investment in Developing Country: Evidence from Malaysia. Mediterranean Journal of 
Social Sciences 6, 201-206. 
Antonakakis, N., Dragouni, M., Eeckels, B., Filis, G., 2016. Tourism and economic growth: Does 
democracy matter? Annals of Tourism Research 61, 258-264. 
Becken, S., Simmons, D.G., 2005. Tourism, fossil fuel consumption and the impact on the global 
climate. Tourism, recreation and climate change, 192-206. 
Becken, S., Simmons, D.G., Frampton, C., 2003. Energy use associated with different travel choices. 
Tourism Management 24, 267-277. 
Chapagain, P.S., 2017. Firewood management practice by hoteliers and non-hoteliers in Langtang 
valley, Nepal Himalayas. Geographical Journal of Nepal 10, 55-72. 
Dhakal, R. 2015. Overview of Tourism Development Prospects in Nepal. Thesis Submitted to Laurea 
University of applied Sciences, Laurea University, Finalnd.  
Dickey, D.A., Fuller, W.A., 1981. Likelihood ratio statistics for autoregressive time series with a unit 
root. Econometrica: Journal of the Econometric Society, 1057-1072. 
FAO, 2011. Why Invest in Sustainable Mountain Development? Food and Agriculture Organization of 
the United Nations (FAO), Rome, Italy. 
Gautam, B.P., 2011. Tourism and economic growth in Nepal. NRB Economic Review 23, 18-30. 
Gössling, S., 2000. Sustainable tourism development in developing countries: Some aspects of energy 
use. Journal of Sustainable Tourism 8, 410-425. 
Gössling, S., 2013. National emissions from tourism: An overlooked policy challenge? Energy Policy 59, 
433-442. 
Gotame, B., 2017. Sustainable tourism. The Kathmandu Post, Kathmandu. 
Gross, T., Zahnd, A., Adhikari, S., Kaphre, A., Sharma, S., Baral, B., Kumar, S., Hugi, C., 2017. Potential 
of biogas production to reduce firewood consumption in remote high-elevation Himalayan 
communities in Nepal. Renew. Energy Environ. Sustain. 2, 8. 
Heredge, M., 2005. Tourism Development and Local Communities. Economic Journal of Nepal 28, 205-
214. 
Hughes, M., Weaver, D., Pforr, C., 2015. The practice of sustainable tourism: resolving the paradox. 
Routledge. 
IEA, 2017. Nepal: Balances for 1990 to 2015. International Energy Agency (IEA), Paris, France, p. Energy 
balance in Nepal for year 1990 to 2015. 
JRC, 2018. GHG (CO2, CH4, N2O, F-gases) emission time series 1990-2012 per capita for world 
countries, 30 October 2017 ed. Joint Research Centre (JRC) Emissions Database for Global 
Atmospheric Research (EDGAR), Luxembourg. 
Katircioglu, S.T., 2014a. International tourism, energy consumption, and environmental pollution: The 
case of Turkey. Renewable and Sustainable Energy Reviews 36, 180-187. 
Katircioglu, S.T., 2014b. Testing the tourism-induced EKC hypothesis: The case of Singapore. Economic 
Modelling 41, 383-391. 
Katircioglu, S.T., Feridun, M., Kilinc, C., 2014. Estimating tourism-induced energy consumption and 
CO2 emissions: The case of Cyprus. Renewable and Sustainable Energy Reviews 29, 634-640. 
Khalil, S., Kakar, M.K., Malik, A., 2007. Role of Tourism in Economic Growth: Empirical Evidence from 
Pakistan Economy [with Comments]. The Pakistan Development Review, 985-995. 
Khoshnevis Yazdi, S., Homa Salehi, K., Soheilzad, M., 2017. The relationship between tourism, foreign 
direct investment and economic growth: evidence from Iran. Current Issues in Tourism 20, 15-26. 
Kohler, T., Giger, M., Hurni, H., Ott, C., Wiesmann, U., Wymann von Dach, S., Maselli, D., 2010. 
Mountains and climate change: a global concern. Mountain Research and Development 30, 53-55. 



19 
 

Kuo, K.C., Liu, M., Lai, S.L., 2012. Effect of tourism development on energy consumption, CO2 and 
economic growth in China, Advanced Materials Research. Trans Tech Publ, pp. 3380-3383. 
Li, K., Lin, B., 2015. Impacts of urbanization and industrialization on energy consumption/CO2 
emissions: does the level of development matter? Renewable and Sustainable Energy Reviews 52, 
1107-1122. 
Malik, S., Chaudhry, I.S., Sheikh, M.R., Farooqi, F.S., 2010. Tourism, economic growth and current 
account deficit in Pakistan: Evidence from co-integration and causal analysis. European Journal of 
Economics, Finance and Administrative Sciences 22, 21-31. 
MCTCA, 2016. Nepal Tourism Statistics. Ministry of Culture, Tourism and Civil Aviation (MCTCA), 
Planning and Evalution Division, Research and Statistical Section, Kathmandu, Nepal. 
MCTCA, 2018. Acts and Regulations. Ministry of Culture, Tourism and Civil Aviation (MCTCA), 
Department of Tourism, Kathmandu, Nepal. 
Metz, J.J., 1991. A reassessment of the causes and severity of Nepal's environmental crisis. World 
Development 19, 805-820. 
Mishra, P., Rout, H.B., Mohapatra, S.S., 2011. Causality between tourism and economic growth: 
Empirical evidence from India. European Journal of Social Sciences 18, 518-527. 
Nepal, S.K., 2000. Tourism in protected areas: the Nepalese Himalaya. Annals of Tourism Research 27, 
661-681. 
Nepal, S.K., 2008. Tourism-induced rural energy consumption in the Annapurna region of Nepal. 
Tourism Management 29, 89-100. 
Nepal, S.K., Verkoeyen, S., Karrow, T., 2015. 5 The end of sustainable tourism?, in: Hughes, M., 
Weaver, D., Pforr, C. (Eds.), The Practice of Sustainable Tourism: Resolving the Paradox: Resolving the 
Paradox. Routledge, pp. 74-87. 
Oh, C.-O., 2005. The contribution of tourism development to economic growth in the Korean 
economy. Tourism management 26, 39-44. 
Ophuls, W., 2011. Plato's revenge: Politics in the age of ecology. MIT Press. 
Pablo-Romero, M.d.P., Molina, J.A., 2013. Tourism and economic growth: A review of empirical 
literature. Tourism Management Perspectives 8, 28-41. 
Page, E.S., 1954. Continuous inspection schemes. Biometrika 41, 100-115. 
Paramati, S.R., Alam, M.S., Chen, C.-F., 2017. The effects of tourism on economic growth and CO2 
emissions: a comparison between developed and developing economies. Journal of Travel Research 
56, 712-724. 
Paudyal, S., 2012. Does tourism really matter for economic growth? Evidence from Nepal. NRB 
Economic Review 24, 48-66. 
Pepin, N., Bradley, R.S., Diaz, H.F., Baraer, M., Caceres, E.B., Forsythe, N., Fowler, H., Greenwood, G., 
Hashmi, M.Z., Liu, X.D., Miller, J.R., Ning, L., Ohmura, A., Palazzi, E., Rangwala, I., Schöner, W., 
Severskiy, I., Shahgedanova, M., Wang, M.B., N., W.S., Q., Y.D., 2015. Elevation-dependent warming 
in mountain regions of the world. Nature Climate Change 5, 424-430. 
Pesaran, M.H., Shin, Y., 1998. An autoregressive distributed-lag modelling approach to cointegration 
analysis. Econometric Society Monographs 31, 371-413. 
Pesaran, M.H., Shin, Y., Smith, R.J., 2001. Bounds testing approaches to the analysis of level 
relationships. Journal of Applied Econometrics 16, 289-326. 
Pigliaru, F., Lanza, A., 2000. Tourism and economic growth: does country’s size matter? Rivista 
Internazionale di Scienze Economiche e Commerciali 47, 77-85. 
Pleumarom, A., 1999. Tourism, globalisation and sustainable development. Third World Resurgence, 
4-7. 
Rimal, B., Baral, H., Stork, N.E., Paudyal, K., Rijal, S., 2015. Growing city and rapid land use transition: 
assessing multiple hazards and risks in the Pokhara Valley, Nepal. Land 4, 957-978. 
Saarinen, J., 2006. Traditions of sustainability in tourism studies. Annals of Tourism Research 33, 1121-
1140. 



20 
 

Solarin, S.A., 2014. Tourist arrivals and macroeconomic determinants of CO2 emissions in Malaysia. 
Anatolia 25, 228-241. 
Solow, R.M., 1956. A contribution to the theory of economic growth. The quarterly journal of 
economics 70, 65-94. 
Srinivasan, P., Kumar, P.S., Ganesh, L., 2012. Tourism and economic growth in Sri Lanka: An ARDL 
bounds testing approach. Environment and Urbanization Asia 3, 397-405. 
Tang, C.F., 2011. Is the tourism‐led growth hypothesis valid for malaysia? a view from disaggregated 
tourism markets. International Journal of Tourism Research 13, 97-101. 
Tang, C.F., Tiwari, A.K., Shahbaz, M., 2016. Dynamic inter-relationships among tourism, economic 
growth and energy consumption in India. Geosystem Engineering 19, 158-169. 
Thadewald, T., Büning, H., 2007. Jarque–Bera test and its competitors for testing normality–a power 
comparison. Journal of Applied Statistics 34, 87-105. 
The Kathamndu Post (2018). Tourism income grows to record Rs67b last fiscal, 27 August. Available 
at: http://kathmandupost.ekantipur.com/news/2018-08-27/tourism-income-grows-to-record-rs67b-
last-fiscal.html 
UN, 2017. The Sustainable Development Goals Report 2017. United Nations (UN), New York, USA, pp. 
1-64. 
Wald, A., 1943. Tests of statistical hypotheses concerning several parameters when the number of 
observations is large. Transactions of the American Mathematical society 54, 426-482. 
WB, 2017. World Development Indicators. The World Bank (WB). 
WTTC, 2017. Travel and Tourism: Economic Impact 2017 Nepal. World Travel and Tourism Council 
(WTTC), London, United Kingdom. 

 

Table 1 Summary statistics of the series 
 

       E               G                CO2        K       T 
Maximum 412.7   26,118.3  312.5  10,752.3  803,092.0  
Mean 329.8 16,207.4 102.9 4,125.9 251,148.8 
Minimum 300.9   10,896.5  22.8  1,579.5  92,440.0  
Standard Deviation 30.8  4,439.4  71.4  2,357.6  194,971.7 

 

 

Table 2: Spearman Correlations 

Correlation E G CO2 K T 
E 1.00     
G 0.96 1.00    
CO2 0.93 0.94 1.00   
K 0.95 0.97 0.94 1.00  
T 0.93 0.94 0.93 0.96 1.00 

 

Table 3: The results of unit root tests 

Tests E G CO2 K Tourism (T) 

ADF I(1) I(1) I(1) I(1) I(0)/I(1) 

I(0)-1 2.17 1.51 -0.30 0.26 -1.36 

I(0)-2 -1.09 -2.24 -2.96 -2.13 -3.35*** 
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I(0)-3 2.39 5.89 -2.06 3.09 2.47 

I(1)-1 -7.47* -7.36* -6.93* -7.38* -8.16* 

I(1)-2 -8.42* -8.17* -6.83* -7.43* -8.07* 

I(1)-3 -6.40* -0.16 -6.11* -5.89* -7.25* 

Note: The asterisks (*), (**) and (***) indicate the rejection of the null hypothesis of unit root at 1%, 5%, and 
10%. I(0)-i, I(1)-i and I(2)-i indicate that unit root tests are conducted in level, first differences and second 
differences, respectively. The identifier i represents test’s assumptions, which are a constant for 1, a constant 
with a trend for 2 and no constant for 3. 

 

Table 4: The results of the bound test for co-integration 

ARDL models (and the lags of explanatory variables) Critical value bounds 

1% 5% 10% 

𝐹𝐹𝐸𝐸(𝐸𝐸|𝐺𝐺,𝐶𝐶𝐶𝐶2,𝐾𝐾,𝑇𝑇)= 3.63***. ARDL (3,1,0,4,4)  3.74-5.06 2.86-4.01 2.45-3.52 

𝐹𝐹𝐺𝐺(𝐺𝐺|𝐸𝐸,𝐶𝐶𝐶𝐶2,𝐾𝐾,𝑇𝑇)= 5.25*. ARDL (3,0,0,1,0) 3.81-4.92 3.05-3.97 2.68-3.53 

𝐹𝐹𝐶𝐶𝐶𝐶2(𝐶𝐶𝐶𝐶2|𝐸𝐸,𝐺𝐺,𝐾𝐾,𝑇𝑇)= 4.25**. ARDL (1,0,0,0,1) 3.29-4.37 2.56-3.49 2.20-3.09 

𝐹𝐹𝐾𝐾(𝐾𝐾|𝐸𝐸,𝐺𝐺,𝐶𝐶𝐶𝐶2,𝑇𝑇)= 2.44. ARDL (2,0,2,2,2) 3.29-4.37 2.56-3.49 2.20-3.09 

𝐹𝐹𝑇𝑇(𝑇𝑇|𝐸𝐸,𝐺𝐺,𝐶𝐶𝐶𝐶2,𝐾𝐾)= 5.03*. ARDL (1,1,0,0,0) 3.29-4.37 2.56-3.49 2.20-3.09 

Note: Model for energy uses assumption of unrestricted constant, model for GDP uses assumption of trend, 
and other models use assumption of restricted constant. The asterisks (*), (**) and (***) indicate the co-
integration significant at 1%, 5%, and 10%. 

 

 

Table 5: Long-run relationship of the models and the results of diagnostic tests 

Variables 
Energy GDP  CO2 Tourism 
Coefficients t-stat Coefficients t-stat Coefficients t-stat Coefficients t-stat 

Energy   0.17 0.66 0.30 0.17 -3.84* -3.09 
GDP -0.02 -0.01   0.22 0.18 1.56** 2.14 
CO2 0.28 0.35 -0.01 -0.38   0.06 0.37 
Capital 0.71 0.50 0.18*** 1.93 0.21 0.46 0.72** 2.39 
Tourism -0.44 -0.56 0.05 1.15 0.98** 2.70   
Constanta 4.81 0.67   -13.55 -2.00 13.63* 2.99 
Trend   0.01* 0.00     
A (2)  0.25 [0.59]  1.67 [0.11]  0.81 [0.37]  0.87 [0.34]  
A (4) 0.14 [0.85]  0.78 [0.35]  1.11 [0.25]  0.79 [0.41]  
B 4.28 [0.12]  9.03 [0.01]  4.69 [0.08]  9.13 [0.01]  
C (2) 1.49 [0.22]  0.27 [0.74]  0.03 [0.97]  0.34 [0.70]  
D (1) 0.26 [0.80]  1.86 [0.07]  0.69 [0.49]  0.83 [0.45]  

Note: (SE)/ [t-stat]; *significant at 1%, **significant at 5%, and ***significant at 10%. A:  Breusch-Godfrey 
Serial Correlation LM Stat (lags) [its probability]; B: Jarque-Bera Stat [its probability]; C: ARCH LM tests 
(lags) [its probability]; D: Ramsey RESET F-stat (lags) [its probability]. 
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Table 6: Results of the Granger causality test 

Dependent 
Variables 

Short-run results 𝜒𝜒2 statistics Long-run 
results 

∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 ∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡  ∆𝐶𝐶𝐶𝐶2𝑡𝑡 ∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡  ∆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡  ECT (t-
statistic) 

∆𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝑡𝑡 - -0.26*** 
(-2.00) 

0.03 
(1.67) 

0.03 
(0.86) 

-0.04** 
(-2.11) 

-0.08* 
(-4.80) 

∆𝐺𝐺𝐺𝐺𝐺𝐺𝑡𝑡  0.09 
(0.63) 

- 0.0003 
(0.02) 

0.03 
(0.96) 

0.03*** 
(1.73) 

-0.46* 
(-5.60) 

∆𝐶𝐶𝐶𝐶2𝑡𝑡 0.76 
(0.64) 

0.22 
(0.25) 

- 0.17 
(0.69) 

0.17 
(1.10) 

-0.52* 
(-4.58) 

∆𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝑡𝑡  0.72 
(0.93) 

0.90 
(1.30) 

0.05 
(0.59) 

- 0.19 
(1.91) 

- 

∆𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑡𝑡  -0.41 
(-0.43) 

1.35*** 
(0.05) 

0.13 
(0.25) 

0.31 
(1.57) 

- -0.74* 
(-5.69) 

Note: (SE)/ [t-stat]; *significant at 1%, **significant at 5%, and ***significant at 10%. 
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Figure 1 Trends in the transformed variables 
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Figure 2 Stability test for model CO2 emissions 
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Figure 3 Stability test for model tourist arrivals 
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Figure 4 Stability test for model GDP 
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Figure 5 Stability test for model Energy Consumption 
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