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Abstract: Kinmen National Park is the only battle memorial-themed natural resource 

conservation park in Taiwan. With the rapid growth in tourism, Kinmen National Park faces 

the challenge of managing with the resulting environmental impact. For this study, we 

adopted the tourism ecological footprint (TEF) and tourism ecological capacity (TEC)  

to evaluate the ecological conditions of Kinmen National Park from 2002 to 2011. The  

empirical results indicated the following findings: (a) TEF increased by 8.03% over 10 years; 

(b) Regarding the environmental sustainability index (ESI), per capita tourism ecological 

deficit (PTED) yielded a deficit growth rate of 45.37%. In 2011, the ecological footprint 

index (EFI) was at Level 4 with 1.16, and the ESI was at Level 3 with 0.495. According to 

the aforementioned results, with the increased scale of tourism to Kinmen National Park,  

the pressure that ecological occupancy exerted on the national ecosystem exceeded its 

ecological capacity.  

Keywords: ecotourism; sustainable development; ecological footprint index (EFI); 

environmental sustainability index (ESI) 

 

1. Introduction 

With the ongoing economic development, people’s demands regarding quality of life, entertainment, 

and leisure are substantially increasing. To develop and upgrade the tourism industry, the Taiwanese 
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government has considerably increased the convenience for foreign tourists to visit Taiwan by actively 

promoting policies such as opening up to visitors from China, liberalizing visa policies, simplifying entry 

and exit procedures, and expanding air routes. According to the World Tourism Barometer [1], Taiwan’s 

international tourism revenue increased by two digits annually between 2009 and 2011, with an average 

growth rate of 23.2%, exceeding that of Hong Kong (22.4%), Singapore (16.2%), and South Korea 

(8.3%). Accordingly, Taiwan was ranked first among the four Asian Tigers and among the main  

Asia-Pacific countries and regions. The average growth rate for the number of foreign tourists visiting 

Taiwan between 2009 and 2012 was 17.6%, exceeding the global rate by 2.8% and the Asia-Pacific rate 

by 6.2%. In the Travel and Tourism Competitiveness Report 2013 published by the World Economic 

Forum, Taiwan was ranked 33rd among 140 countries. Compared with its ranking in 2009 and 2011, 

Taiwan has advanced 10 and four places, respectively. These data demonstrate the substantial potential 

of Taiwan’s tourism industry and the rapid demands for related growth.  

Regarding changing travel behavior, in recent years, tourists have exhibited a preference for 

ecotourism. Additionally, travelling to Taiwan has become a popular trend among foreign tourists. 

Consequently, the number of tourists who choose Taiwan’s national parks as recreation destinations has 

rapidly increased. According to data released by the Construction and Planning Agency, Ministry of the 

Interior [2], the number of tourists to Taiwan’s national parks increased by 77% from 9,750,000 in 1999 

to 17,300,000 in 2011. In addition, both the Battle of Guningtou and the 823 Artillery War, which 

ultimately enhanced the stability of the Taiwan Strait, occurred in the Kinmen area. Therefore, the 

Kinmen area played a unique role and has significance in contemporary history. To preserve the battle 

relics, cultural heritage, and natural resources of this area appropriately, the Kinmen National Park was 

founded in 1995. This was the first war memorial-themed historical and cultural heritage and natural 

resource conservation site established in Taiwan. After the Taiwanese government trialed the “mini three 

links” proposal, the number of Chinese tourists who visited Kinmen National Park increased from 

202,138 in 2004 to 735,218 in 2011. The total amount of tourists who visited Kinmen National Park 

increased from 1,095,236 in 2004 to 2,164,248 in 2011. However, a rapid growth in the tourist industry 

is accompanied by recurring environmental impacts in the process of tourism, such as traffic jams, 

overexploitation of natural resources and other problems arising from tourists’ improper behavior, which 

not only affect human life, the natural environment, and cultural heritage, but also accordingly give rise 

to a lot of pollution problems. Therefore, going by the premise that tourism resource development must 

ensure the sustainable development of ecology, economy, and society and meanwhile reduce the 

recreational impact, it is an urgent topic for this paper to (1) discuss how to ensure that tourism develops 

according to the principles of sustainable operation and in a way that aids the conservation of the 

environmental and ecological system; and (2) to consider the issues of environmental protection, such 

as biodiversity and climate change. 

As the tourism industry continues to flourish, tourism-related environmental issues are becoming 

increasingly apparent every day. Tourism ecological capacity (TEC) has become the focus of tourism 

research. TEC refers to the maximum sum of productive land supplied for sustainable human use that 

has no harm on related ecosystem productive forces or the whole ecosystem. Tourist ecological capacity 

may be understood as the maximum ecological footprint in some natural and social conditions. Current 

domestic and foreign studies of TEC typically emphasize methods for evaluating and applying TEC, 

specifically, using quantified analysis approaches and directly or indirectly measuring TEC [3–5]. Under 
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the wave of sustainable development, international society began to develop tools or indicators that can 

evaluate sustainable development one by one. They want to reasonably reflect the ecological environment, 

meanwhile analyzing resource consumption effectively and exploring the relationship among different 

kinds of environmental impact [6]. Generally speaking, the current evaluation indicators or measurement 

models of sustainable development established or developed internationally or domestically have their 

own features. Most of them can manage to include various sustainable development factors such as 

society, economy, ecology, and the environment [7]. However, when analyzing the aforementioned 

evaluation indicators and measurement models, the following concerns arose: (a) Certain evaluation 

indicators and measurement models are excessively complex to adequately reflect the connotations of 

sustainable development, and the dynamic indicators established for sustainable development are 

insufficient; (b) Several evaluation indicators or measurement models were developed based on 

comprehensive systems; thus, quantifying these indicators is difficult and even impossible, yielding low 

operability; (c) Some evaluation indicators and measurement models exhibit data accessibility problems 

and, thus, are challenging to apply. Zhang et al. [8] stated that although most existing sustainability 

evaluation methods can provide insight into the influence that human activities exert on various 

ecosystem functions, their applicability for evaluating relevant issues on a social and economic level is 

limited. In addition, most previous studies have not explored dynamic development trends. Hence, 

relevant literature has scope for improvement. Among the existing research, the ecological footprint (EF) 

concept proposed by Wackernagel and Rees [9] examines the index established for sustainability issues 

under the notion that human consumption behaviors depend on natural environments. The uniqueness 

of EF is its use of carrying capacity as the theoretical foundation and evaluation of environment 

sustainability with the assumption that all types of energy sources, material consumption, and waste 

production require the assimilation of productivity or absorption of land or water areas to transform 

human consumption behaviors and waste in certain areas into land size measurements of each person’s 

consumption. Rees [10] asserted that the size of EF is directly proportional to environmental impacts, 

implying that environmental impact increases in correlation to EF.  

Since the EF concept and computation method were proposed, EF has become a vital indicator of 

sustainable development for quantitative evaluation research. Additionally, EF has been widely 

employed in various fields as a simple, comprehensive indicator that conforms to sustainable development 

rationales. Regarding the application of EF to tourism and travel, Wackernagel and Yount [11] 

conducted a preliminary analysis of international tourism EF and reported that tourism EF (TEF) 

accounted for 10% of global EF. Gössling et al. [12] adopted Seychelles, Africa, as an example to 

establish an EF computation model for tourist destinations. Hunter [13] proposed the concept of a 

touristic ecological footprint, as well as its classification and application in sustainable tourism 

development. Cole and Sinclair [14] analyzed the touristic ecological footprint of tourists visiting the 

Indian Himalayas and recommended several strategies for sustainable development, such as treating 

waste materials, reducing the use of fossil fuels, developing ecotourism, and cultivating tourists’ 

environmental protection awareness. Bagliani et al. [15] adopted EF to explore the influence that tourism 

activities in Venice, Italy, had on the local ecological environment. Patterson et al. [16] examined the 

differences between TEF and local biodiversity in Siena, Italy, to establish environment management 

improvement indicators. Kytzia et al. [17] considered the Alps resort Davos in Europe as an example, 

adopting a regional input-output model as an ecological footprint index (EFI) to examine how ecological 
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efficiencies can be used to evaluate travel strategies. Li and Hou [18] calculated the TEF and TEC in the 

scenic zone of the Yellow Crane Tower on China for 2008. Their results indicated that the per capita 

TEF (PTEF) measured 0.0570 hm2; of this, the contributions from transportation (55.89%) and waste 

(33.20%) accounted for comparatively high proportions.  

With global environmental changes and frequent natural disasters, the international community has 

started to recognize the threat that the environment poses to human survival and the urgency of this issue. 

The International Institute for Applied System Analysis (IASA) officially proposed the concept of 

ecological security in 1989. The IASA defined ecological security as the condition where people’s lives, 

health, wellbeing, basic rights, living necessities, essential resources, social order, and adaptability to 

environmental changes are not threatened. Ponsioen et al. [19] described ecological security as a state 

where the ecological environment required for the survival and development of a country is not or barely 

threatened. In other words, ecological security is when the natural ecological environment can satisfy 

the sustainable development requirements of individuals and communities, without damaging the natural 

ecological environment.  

With numerous studies conducted on ecological security, the research methods employed vary. 

Scholars have investigated ecological security regarding the aspects of ecological risk assessments [20,21], 

ecological health [22,23], ecological models [24,25], and indicator systems [26,27]. However, most 

extant ecological security studies only provide quantitative descriptions based on literature reviews 

without implementing quantitative methods or introducing innovative strategies. For the studies that did 

conduct indicator system evaluations, the majority were static evaluations. Accordingly, ecological 

security management policies have remained passive for a long time and cannot be used to predict 

relevant trends. Warhurst [28] asserted that simplifying complex information and examining the factors 

influencing issues by using quantifying indicators can increase the objectivity of such indicators [29]. 

Rasul and Thapa [30] selected 12 indicators for evaluating the sustainable development of traditional 

agriculture and ecological security in Bangladesh. Bhandari and Grant [31] established an indicator 

system from three dimensions (i.e., economy, ecology, and society) to evaluate ecological security in 

Western Nepal. Siche et al. [32] used EF and the environmental sustainability index (ESI) to establish 

ecological security evaluation indicators. Liu and Borthwick [33] adopted EFI and the carrying capacity 

of the environment to investigate ecological security evaluations. Yuan [34] employed the pressure-state-

response model to establish a land ecological security evaluation index system for Hangzhou in Zhejiang 

Province, China, based on the dimensions of nature, economy, and society. In conclusion, this paper 

seeks to apply EF to national park ecological security evaluation and construct a tourism biocapacity 

evaluation model that is applicable to national parks. We first adopted TEF and TEC to evaluate the 

ecological conditions of Kinmen National Park between 2002 and 2011. Subsequently, environmental 

sustainability indicators such as tourism ecological deficit (TED), tourism ecological remainder (TER), 

EFI, ESI, and EF per capita and per NT$10,000 gross domestic product (GDP) were employed to 

evaluate the ecological security and resource utilization efficiency of Kinmen National Park. Finally, the 

issues reflected in various indicator values were analyzed to establish a systematic measurement instrument 

for promoting sustainable development and assessing the progress trends of sustainable development.  
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2. Methods 

2.1. Study Design  

This study adopted the TEF concept proposed by Gössling et al. [10] and employed by Martin-Cejas 

and Sanchez [35] as the research framework for evaluating the EF of Kinmen National Park between 

2002 and 2011. The evaluation items were divided into five categories: transportation ecological 

footprint (TREF), accommodation ecological footprint (ACCEF), activities ecological footprint (ACTEF), 

food and fiber consumption ecological footprint (FEF), and wastewater ecological footprint (WWEF). 

These EF evaluation items were then categorized into six types of biologically productive land to 

investigate the influence that EF exerts on the environment. The six types of productive lands comprised 

the ecological footprint of crop land (EFCL), ecological footprint of grazing land (EFGL), ecological 

footprint of forest land (EFFL), ecological footprint of fishing grounds (EFFG), ecological footprint of 

built-up land (EFBU), and ecological footprint of carbon uptake land (EFCU). The main evaluation items 

of each category and data sources are shown in Table 1. 

2.2. Methods for Calculating Yield and Equivalence Factors 

The Global Footprint Network has developed a national footprint account classifying biologically 

productive land into six types: crop, grazing, forest, fishing, carbon uptake, and built-up land. These land 

types have differing biological productivities, hence their areas are weighted to represent an equivalent 

area with the same biological productivity, i.e., the global hectare. Abbreviated as “gha”,the global 

hectare quantifies the biocapacity of the earth in a given year, where one global hectare measures the 

average productivity of biologically productive areas. The conversion calculation mainly adopts 

equivalence factor (EQF) and yield factor (YF). 

EQF is the ratio of the potential biological productivity of a certain land type to the average potential 

biological productivity of all global lands and it is used to evaluate the difference between the six types 

of productive lands on the globe. As shown by Equation (1), the equivalence factor γk of type-k 

biologically productive land is the average productivity kY  of such a type of land on the globe divided 

by the average productivity Y of all types of land on the globe: 

Y

Yk
k   k =1, 2,…, 6 (1)

Because different countries or regions have different resource endowments, the biological 

productivity varies according to different land types and even that of the same type of land varies from 

region to region. Therefore, in order for comparability and accumulativity between regions, it is required 

that the area of each type of land of research object be converted into an equivalent area with 

corresponding global average productivity and conversion factor, the YF. The YF λk of type-k land in a 

certain region is the ratio of the average productivity ky  of this type of land in this region to the global 

average productivity kY  of the same type of land; the computational formula is Equation (2): 

k

k
k

Y

y
  k =1, 2, …, 6 (2)



Sustainability 2015, 7 4732 

 

 

Table 1. Evaluation items and data sources.  

EF 
Category 

Evaluation 
Indicators 

Evaluation Items Evaluation Content Data Sources 

TREF 

Built-up land 

Road use area Road use area 
Gössling et al. [12]; Kinmen 
National Park Administration 
Office [36] 

Parking lot area 
Large vehicles, small 
vehicles, motorcycles,  
and bicycles  

Gössling et al. [12]; Kinmen 
National Park Administration 
Office [36]; Equipment 
Management System of 
Taiwan National Parks [37]  

Fossil energy Resource usage 
Transportation energy 
consumption 

Gössling et al. [12]; 
Visitations and Revenues  
of National Parks [38] 

ACCEF 

Built-up area 
Accommodation 
area 

Hostel areas in national 
parks 

Gössling et al. [12]; Kinmen 
National Park Administration 
Office [36]; Monthly Report 
of Home Stay Facilities [39] 

Fossil energy 
Accommodation 
energy consumption 

Hostel energy consumption 

ACTEF 

Built-up area Recreation area Recreation area 
Kinmen National Park 
Administration Office [36] Fossil energy 

Recreation energy 
consumption  

Recreation energy expense 

FEF 

Crop land 

Food and fiber 
consumption when 
traveling  

Grains, potatoes, sugar and 
honey, seeds and oilseeds, 
vegetables, fruits, fats, 
tobacco, and cotton  

Food Supply and Utilization, 
Council of Agriculture [40] 

Grazing land Meat, eggs, and diary 

Carbon land 
Coniferous trees,  
broad-leaved trees, fuel 
wood, and faggots of wood 

Fishing 
grounds 

Aquatic products 

WWEF 

Built-up area 
Wastewater 
equipment area  

Treatment plant area 
Kinmen National Park 
Administration Office [34] 

Fossil energy 
Water purification 
energy consumption 

Water purification energy 
expense 

Data source: Compiled in this study.  

As for a given region, the physical area of its type-k land multiplied by λk is the area with the global 

average productivity of such a type of land and, multiplied by rk, is the equivalent area with global 

average productivity, which has global comparability and the measurement unit of which is known as 

global hectare (gha). This work refers to the EQF and YF from the Ecological Footprint Atlas [41], as 

summarized in Table 2. 
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Table 2. Equivalence factors and yield factors for a given land type. 

Land Type Equivalence Factor Yield Factor 

Carbon uptake land 1.26 1.2 
Crop land 2.51 1.15 
Forestland 1.26 1.2 

Grazing land 0.46 1.6 
Built-up land 2.51 1.15 

Fishing ground 0.37 0.9 

Source: Global Footprint Network, Ecological Footprint Atlas (2010). 

2.3. Model Computation Method 

2.3.1. TEF Computation Model  

TEF is composed of five elements: TREF, ACCEF, ACTEF, FEF, and WWEF. Relevant explanations 

are provided below: 

WWEFFEFACTEFACCEFTREFTEF  (3)

(a) TREF Computation 

The computation of TREF is divided into two aspects: (a) the built-up area of transportation facilities 

used to travel (i.e., road area and parking lot area); and (b) the transportation energy consumed during 

travel activities. The computation formula is shown below: 

  vtransporttransport FESTREF     (4)

where TREF represents the transport ecological foot print; S transport represents the built-up area of 

transportation facilities; E transport represents the fossil energy area transformed through transportation 

energy consumption; and Fv (v = 1, 2, …, 6) represents the yield factor (YF) and equivalence factor 

(EQF) for the six types of biologically productive lands. Equation (4) was rewritten as Equation (5) 

according to the actual tourist traffic situation: 

     vjjjii FreDNKsTREF    /  (5)

where si represents the built-up area of the ith type of transportation facility; Ki represents the tourist 

utilization rate of the ith type of transportation facility; Nj represents the number of tourists in the jth type 

of vehicle; Dj represents the average travel distance for tourists using the jth type vehicle; ej represents 

the per capita unit energy consumption of the jth type vehicle; r represents the conversion factor of unit 

fossil fuel productive land area worldwide; and Fv represents the YF and EQF for the six types of 

biologically productive lands. 

(b) ACCEF Computation  

The computation of ACCEF involves two parts: (a) the accommodation construction land area 

provided to tourists; and (b) tourists’ energy consumption during residence (e.g., energy consumed by 

air conditioners and lighting):  

  vationaccomationaccom FESACCEF    modmod  (6)
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where ACCEF represents the accommodation ecological footprint; S accommodation represents the 

construction land area of accommodation facilities; E accommodation represents the fossil energy area 

transformed through accommodation energy consumption; and Fv represents the YF and EQF for the six 

types of biologically productive lands. 

Because energy consumption approaches and items are complex, difficult to calculate, and vary 

between regions and accommodation types, this study referred to the global residential land usable area 

and energy usage statistics provided by the UNWTO [42] as the standard for evaluating the energy 

consumption per bed every night in Kinmen National Park. Thus, Equation (7) can be rewritten as: 

     viiiii FreKNNSACCEF    /365 '  (7)

where Si represents the construction land area of the ith type of accommodation facility bed; Ni represents 

the number of beds possessed by the ith type of accommodation facility; N'i represents the number of 

beds actually used in the ith type of accommodation facility; Ki represents the average annual guest room 

rental rate for the ith type of accommodation facility; ei represents the daily energy consumption for the 

ith accommodation facility; r represents the conversion factor of unit fossil fuel productive land area 

worldwide; and Fv represents the YF and EQF for the six types of biologically productive lands. 

(c) ACTEF Computation 

The computation of ACTEF involves two aspects: (a) the built-up land areas (e.g., tourist trails, 

highways, and scenic view spaces) within various types of scenic areas; and (b) the fossil energy area 

transformed through energy consumption, such as touring scenic sites by vehicle: 

  vvisitingvisiting FESACTEF     (8)

where ACTEF represents the activities ecological footprint; Svisiting represents the built-up land area of 

tourism and sightseeing facilities; Evisiting represents the fossil energy area transformed through tourism 

and sightseeing energy consumption; and Fv represents the YF and EQF for the six types of biologically 

productive lands. 

Because of the unique layout of Kinmen National Park, and the fact that the vehicles used to travel 

between subsidiary parks might have been included in the TREF, energy consumption was excluded 

from the calculation of ACTEF. Thus, Equation (9) can be rewritten as: 

vi FsACTEF   (9)

where si represents the built-up land area of scenic sightseeing facilities; and Fv represents the YF and 

EQF for the six types of biologically productive lands. 

(d) FEF Computation 

The computation of FEF involves three aspects: (a) the building land area of food and beverage 

service facilities (e.g., local cuisine, buffet, and beverages); (b) biologically productive land area 

transformed through the consumption of various foods by tourists; and (c) biologically productive land 

area transformed through the consumption of fiber by tourists: 

vfoodfoodfood FFCSFEF     )( (10)
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where FEF represents the food and fiber consumption ecological footprint; Sfood represents the building 

land area of food services; Cfood represents the biologically productive land area transformed through 

food consumption; Ffood represents the fossil energy land area transformed through fiber consumption; 

and Fv represents the YF and EQF for the six types of biologically productive lands. 

According to the actual food consumption situation, Equation (11) can be rewritten as: 

  viifood FpcDNTEF   /  (11)

where N represents the number of tourists; D represents the average days per trip; ci represents the daily 

consumption of the ith type of food by tourists; Pi represents the average annual productivity of the ith 

type of food for biologically productive lands; and Fv represents the YF and EQF for the six types of 

biologically productive lands. 

(e) WWEF Computation 

The computation of WWEF primarily involves calculating the wastewater purification energy 

consumption resulting from various tourist activities conducted in the park. In this study, the electricity 

consumed in wastewater treatment plant operations was transformed into a carbon footprint to facilitate 

the inclusion of the environmental impact of wastewater in EF computations. Because the building land 

areas of wastewater plant facilities are designated to regular control areas and included as an item of 

ACTEF, only the wastewater treatment carbon footprints established based on electricity consumption 

were incorporated in the WWEF calculation: 

vFFCSCFECWWEF  /  (12)

where WWEF represents the wastewater ecological footprint; EC represents the total electricity 

consumed by wastewater treatment plants; CF represents carbon dioxide conversion factors; FCS 

represents the CO2 absorption rate of forest land, which was 3.6666(tCO2/ha/year); and Fv represents 

the YF and EQF for the six types of biologically productive lands. 

2.3.2. The TEC Computation Model 

The computation of TEC mainly relied on data (e.g., region partition and land utilization plans) 

published by the Kinmen National Park Administration Office [36] to estimate the capacity areas of the 

six types of biologically productive land in Kinmen National Park: 

 



6

1

/
i

iii yraNNtecTEC
 (13)

where TEC represents the tourism ecological capacity; N represents the number of tourists; i represents 

the types of biologically productive land; tec represents the per capita TEC; ai represents the per capita 

biologically productive land area; ri represents EQF; and yi represents YF.  

2.3.3. The Establishment of Sustainable Tourism Environment Evaluation Indicators 

This study employed multiple quantitative indicators (e.g., TED, TER, EFI, ESI, and EF per capita 

and per NT$10,000 GDP) to establish a set of evaluation indicators regarding the tourism environment 
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sustainability of national parks and provide the criteria for national parks to evaluate ecological security. 

The evaluation indicators employed in this study are introduced below.  

(a) TED or TER 

When the environmental carrying capacity of a region is less than necessitated by EF demands, an 

ecological deficit (ED) occurs, which indicates that the ecological carrying capacity of the region 
exceeds the ecological capacity. Consequently, the corresponding development model is comparatively 

less sustainable. When the environment carrying capacity of a region is greater than required by EF 

demands, an ecological remainder (ER) occurs, which indicates that the ecological carrying capacity of 
the region is sufficient to satisfy the corresponding carrying capacity and that the development model is 

comparatively more sustainable. Rees [43] stated that ED is caused by humans placing excessive 

demands on the ecosystem. Therefore, to maintain sustainable ecological development, ecological 
demands must be reduced. Moore et al. [44] adopted EF to examine ED/ER in Vancouver; the results 

indicated a severe deficit. The formulas for TED and TER are: 

TEFTECTER   (14)

TECTEFTED   (15)

where TER represents tourism ecological remainder; TED represents tourism ecological deficit; TEC 

represents tourism ecological capacity; and TEF represents tourism ecological footprint. 

(b) EFI 

EFI involves comparing resource and energy expenditures with the ecological carrying capacity of a 

region to evaluate the resource utilization of the region or country and determine whether the resource 
and environment condition exhibits sustainable development characteristics. Xiao et al. [45] adopted EF 

as the criterion and employed EFI and the ecological occupancy index in ecological security evaluations 

and analysis to explore the corresponding ecological environment conditions. The EFI computation 
formula is expressed as Equation (16), and the EFI levels are shown in Table 3.  

TECTEFEFI /  (16)

where EFI represents the ecological footprint index; TEF represents tourism ecological footprint; and 
TEC represents tourism ecological capacity. 

Table 3. EFI levels and the corresponding conditions. 

Level  EFI EFI conditions 

1 0.5 Safe 
2 0.5~0.8 Moderately safe 
3 0.8~1.0 Threshold  
4 >1.0 Unsafe  

Resource: Wackernagel and Rees [7]. 

(c) ESI  

ESI is an environmental sustainability evaluation index developed by the Yale Center for 

Environmental Law and Policy (YCELP), the Center for International Earth Science Information 

Network (CIESIN), and the World Economic Forum [46]. ESI primarily evaluates the extent to which 
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the ecology of a region can satisfy humans’ ecological demands to assess whether the region can be 

developed sustainably. Cui et al. [47] adopted ESI to explore the development conditions of Shandong 

Province, China at that time. The ESI results indicated that the development conditions of Shandong 

Province were unsustainable. Siche et al. [32] claimed that both EF and ESI can be used as ecological 

security evaluation indicators. The ESI formula is presented as Equation (17), and the ESI levels are 

shown in Table 4.  

 TEFTECTECESI  /  (17)

where ESI represents the environmental sustainability index; TEF represents tourism ecological 

footprint; and TEC represents tourism ecological capacity. 

Table 4. ESI levels. 

Level  ESI Regional ecological sustainability extent 

1 >0.7 High sustainability  
2 0.50–0.70 Low sustainability 
3 0.30–0.50 Low unsustainability 
4 <0.30 High unsustainability 

Resource: YCELP and CIESIN [46]. 

(d) EF Per Capita and Per NT$10,000 GDP 

EF per capita and per NT$10,000 GD refers to the ecological space occupied by NT$10,000 GDP; in 

other words, the ratio of total EF to NT$10,000 GDP. High NT$10,000 GDP indicates low regional 

resource utilization efficiency. Conversely, low NT$10,000 GDP indicates high regional resource 

utilization efficiency. Meyfroidt et al. [48] used ecological footprints per NT $10,000 GDP to inspect 

the resource utilization conditions in forests. Their results indicated that the resource utilization 

efficiency in the region exhibited a declining trend due to the increase in EF and stagnation of GDP. The 

EF per capita and per NT$10,000 GDP computation formula is: 

Ecological footprint per NT$10,000 GDP = TEF/GDP (18)

where TEF represents tourism ecological footprint and GDP reflects the average incomes in the region. 

3. Results and Discussion  

3.1. TEF Computation and Analysis Results  

Table 5 lists the five types of activities in Kinmen National Park and the TEF computation results. 

TEF decreased from 7747.17535 gha in 2002 to 7071.86588 gha in 2005 before gradually increasing to 

8369.85782 gha between 2007 and 2011. Among the five types of activity EF, ACTEF accounted for 

the largest proportion at an average of 80.395%, followed by FEF at an average of 13.263%, then TREF 

(5.4%), ACCEF (0.8%), and WWEF (0.2%), which accounted for the smallest proportion.  
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Table 5. EF for the five types of activities and total EF (unit: gha). 

Year  TREF ACCEF ACTEF FEF WWEF TEF 

2002 394.58731 21.21110 6188.07870 1128.50208 14.79615 7747.17535 
2003 332.82163 21.21110 6188.07870 744.50910 11.37336 7297.99389 
2004 363.32671 21.21110 6188.07870 703.58981 11.47078 7287.67711 
2005 332.84297 53.20533 6040.11671 635.09422 10.60665 7071.86588 
2006 324.67955 65.50837 6040.11671 651.63703 10.23611 7092.17777 
2007 337.70005 62.63099 6040.11671 595.89318 10.28346 7046.62440 
2008 357.10648 72.90312 6040.11671 898.14068 10.88576 7379.15276 
2009 462.48191 89.44121 6040.11671 1193.80303 14.64477 7800.48764 
2010 550.13200 91.95318 6040.11671 1566.88595 18.82418 8267.91202 
2011 588.21509 100.65721 5781.16880 1877.38212 22.43461 8369.85782 

Average 
proportion  

5.4% 0.8% 80.4% 13.2 % 0.2% 100.000% 

According to the empirical results, TREF increased from 337.70005 gha in 2007 to 588.21509 gha in 

2011 because the increased number of tourists resulted in increased demand for vehicles, which further 

increased demands for liquefied fuel, thereby increasing TREF. ACCEF gradually increased from 

62.63099 gha in 2007 to 100.65721 gha in 2011 primarily because changes in accommodation facilities 

and the number of tourists seeking accommodation influenced accommodation rates.  

Because this study assumed that all recreational activities for tourists in Kinmen National Park were 

within the range of regular control zones, recreation areas, and heritage areas, the combination of these 

three area types were considered ACTEF. Based on construction statistics released by CPAMI (2012), 

the gross area of Kinmen National Park did not change substantially between 2002 and 2010; significant 

changes only occurred in 2011. ACTEF decreased from 6188.079 gha in 2002 to 5781.169 gha in 2011. 

FEF exhibited a decreasing trend from 2002 to 2007 before increasing from 595.8931833 gha in 2007 

to 1877.3821159 gha in 2011, with an average annual growth rate of 20.8%. These changes in FEF were 

related to the increased number of tourists. WWEF increased annually from 2007 to 2011, reaching 

22.43460596 gha (Figure 1). 

Figure 1. EF for the five types of activities and total EF between 2002 and 2011 (unit: gha). 

The results presented in Table 5 were divided by the number of tourists who visited Kinmen National 

Park during the research period to obtain values for the five types of activities and PTEF (Table 6). 

TREF

ACCEF

ACTEF

FEF

WWEF

TEF
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Generally, PTEF has exhibited a declining trend for nearly 10 years, decreasing by 28.27% from 

0.005391 gha in 2002 to 0.003867 gha in 2011. Among the five activities, the per capita activities 

ecological footprint (PACTEF) was substantially influenced by the number of tourists. PACTEF 

decreased by 57.6% from 0.006304 gha in 2007 to 0.002671 gha in 2011. The per capita transport 

ecological footprint (PTREF) has exhibited a year-by-year declining trend of 22.7% since 2007. The per 

capita food and fiber consumption ecological footprint (PFEF) increased from 0.000622 gha in 2007 to 

0.000867 gha in 2011, with an average annual growth rate of 39.4%. The most substantial factor 

influencing PFEF was the number of tourists; PFEF increased in correlation to the number of tourists. 

Table 6. The five types of activities and PTEF (unit: gha per capita). 

Year 

Number of tourists 

visiting Kinmen 

National Park 

PTREF PACCEF PACTEF PFEF PWWEF PTEF 

2002 1,436,953 0.000275 0.000015 0.004306 0.000785 0.000010 0.005391 

2003 1,088,860 0.000306 0.000019 0.005683 0.000684 0.000010 0.006702 

2004 1,095,236 0.000332 0.000019 0.005650 0.000642 0.000010 0.006654 

2005 1,002,065 0.000332 0.000053 0.006028 0.000634 0.000011 0.007057 

2006 958,376 0.000339 0.000068 0.006302 0.000680 0.000011 0.007400 

2007 958,107 0.000352 0.000065 0.006304 0.000622 0.000011 0.007355 

2008 1,015,977 0.000351 0.000072 0.005945 0.000884 0.000011 0.007263 

2009 1,386,778 0.000333 0.000064 0.004356 0.000861 0.000011 0.005625 

2010 1,805,754 0.000305 0.000051 0.003345 0.000868 0.000010 0.004579 

2011 2,164,248 0.000272 0.000047 0.002671 0.000867 0.000010 0.003867 

Average 

proportion 
 5.2% 0.8% 81.6% 12.2% 0.2% 100.000% 

Although the number of tourists visiting the park increases annually, the per capita accommodation 

ecological footprint (PACCEF) exhibited a declining trend from 2008 to 2011. The primary reason for 

this phenomenon could be that the average duration of trips to Kinmen National Park was short. Taiwan 

has been open to travel for mainland Chinese tourists in recent years, and their visits to Kinmen National 

Park are typically scheduled as day trips. Hence, the influence exerted by PACCEF on Kinmen National 

Park was less than that of the other three items (e.g., PTREF, PACTEF, and PFEF). The per capita 

wastewater treatment ecological footprint (PWWEF) decreased from 0.000011 gha in 2007 to 0.000010 gha 

in 2011. Consequently, the proportion of PWWEF in PTEF was relatively small (Figure 2). 

According to the aforementioned analysis, the primary resource consumption during trips was 

PACTEF consumption. Because Kinmen National Park is a national historic battlefield park, to maintain 

the historic battle culture, the reserved building land area in Kinmen National Park considerably exceeds 

that of other parks, resulting in comparatively higher ACTEF consumption. However, the per capita total 

EF began to decrease from 2007, primarily because of the increased number of tourists.  



Sustainability 2015, 7 4740 

 

 

Figure 2. The five types of activities and PTEF between 2002 and 2011(unit: gha per capita). 

3.2. Computation and Analysis Results for Sustainable Tourism Environment Evaluation Indicators 

3.2.1. PTES/PTED 

Table 7 shows the computation results for PTES/PTED. The per capita tourism ecological deficit 

(PTED) of Kinmen National Park increased by 45.37% from −0.000364 gha in 2002 to −0.000530 gha 

in 2011 primarily because of the increased number of tourists. Following the promotion of Project 

Vanguard for Excellence in Tourism starting in 2002, Taiwan implemented the Doubling Tourist 

Arrivals Plan and direct cross-Strait transportation in 2008. Additionally, mainland Chinese tourists have 

been allowed to travel independently in Taiwan since 2011. Consequently, Taiwan has attracted a greater 

number of tourists from mainland China, Southeast Asia, Europe, and the United States, increasing the 

number of tourist visitors to Kinmen National Park from 1,436,953 in 2002 to the peak value of 

2,164,248 in 2011. Therefore, this study recommends that park authorities actively control the number 

of tourists in an effort to reduce TED.  

Table 7. PTES/PTED and EFI (unit: gha per capita). 

Year PTEC PTEF PTES/PTED 
EFI 

Index Level Representation condition 

2002 0.005027 0.005391 −0.000364 1.07 4 Unsafe 
2003 0.006634 0.006702 −0.000068 1.01 4 Unsafe 
2004 0.006596 0.006654 −0.000058 1.01 4 Unsafe 
2005 0.007209 0.007057 0.000152 0.98 3 Barely safe 
2006 0.007537 0.007400 0.000137 0.98 3 Barely safe 
2007 0.007540 0.007355 0.000185 0.98 3 Barely safe 
2008 0.007110 0.007263 −0.000153 1.02 4 Unsafe 
2009 0.005209 0.005625 −0.000416 1.08 4 Unsafe 
2010 0.004000 0.004579 −0.000578 1.14 4 Unsafe 
2011 0.003338 0.003867 −0.000530 1.16 4 Unsafe 

PTREF

PACCEF

PACTEF

PFEF

PWWEF

PTEF



Sustainability 2015, 7 4741 

 

 

3.2.2. EFI 

This study used EFI to measure the ecological security of the park; the results are shown in Table 7. 

EFI exhibited a declining trend from 1.07 in 2002 to 0.98 in 2007 before increasing from 1.02 in 2008 

to 1.16 in 2011. This indicated that during that period, the level of ecological security in Kinmen National 

Park was unsafe, park development was deviating from sustainable development, and controls were 

required to improve the situation.  

3.2.3. ESI 

Table 7 shows the computation results of ESI. Between 2002 and 2009, ESI remained at Level 2, 

indicating low sustainability. However, since 2010, ESI has declined to Level 3, indicating 

unsustainability. If not controlled and improved, sustainable ecological development cannot be achieved.  

3.2.4. Ecological Footprint Per Capita and Per NT$10,000 GDP 

The analysis results of resource utilization efficiency in Kinmen National Park according to EF per 

NT$10,000 GDP are presented in Table 8. The EF per NT$10,000 GDP decreased from 7434.86 in 2002 

to 5842.76 in 2009, indicating an increasing trend in resource utilization efficiency. However, the EF 

per NT$10,000 GDP increased from 5842.76 in 2009 to 6306.69 in 2011, indicating a decline in resource 

utilization efficiency.  

Table 8. ESI and EF per NT$10,000 GDP. 

Year TEF TEC 
Per capita recurrent 

Income (NT$10,000) 

ESI EF per 

NT$10,000 

GDP 
Index Level Representational State 

2002 7747.17535 8208.739 1.042008 0.514 2 Low sustainability 7434.86 

2003 7297.99389 8208.739 1.063047 0.529 2 Low sustainability 6865.17 

2004 7287.67711 8208.739 1.046024 0.530 2 Low sustainability 6967.03 

2005 7071.86588 8208.739 1.109019 0.537 2 Low sustainability 6376.69 

2006 7092.17777 8208.739 1.191444 0.536 2 Low sustainability 5952.59 

2007 7046.62440 8208.739 1.306885 0.538 2 Low sustainability 5391.92 

2008 7379.15276 8208.739 1.292542 0.527 2 Low sustainability 5709.02 

2009 7800.48764 8208.739 1.335068 0.513 2 Low sustainability 5842.76 

2010 8267.91202 8208.739 1.315137 0.498 3 Low unsustainability 6286.73 

2011 8369.85782 8208.739 1.327140 0.495 3 Low unsustainability 6306.69 

4. Conclusions and Recommendations  

4.1. Conclusions 

This study employed EF, ecological capacity, and environmental sustainability evaluation indicators 

to examine the ecological security and resource use efficiency of Kinmen National Park. The empirical 

results were as follows: (a) TEF increased by 8.03% over 10 years from 7747.175 gha in 2002 to 

8369.858 gha in 2011. Among the five activity EFs, ACTEF accounted for the highest proportion 

(80.4%), followed by FEF (13.26%), TREF (5.37%), ACCEF (0.8%), and WWEF (0.18%), which 
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accounted for the smallest proportion; (b) Regarding environmental sustainability evaluation indicators, 

PTED increased by approximately 45.37% from −0.000364 gha in 2002 to −0.000530 gha in 2011. In 

2011, EFI was ranked Level 4 at 1.16, and ESI was ranked Level 3 at 0.495, indicating that the level of 

ecological security for Kinmen National Park during that period was unsafe. The EF per NT$10,000 

GDP decreased from 7434.86 (gha/NT$10,000) in 2002 to 6306.69 (gha/NT$10,000) in 2011, indicating 

a decline in resource utilization efficiency. Based on the aforementioned results, with the expanded scale 

of tourism to Kinmen National Park, the pressure that ecological occupancy exerts on the national 

ecosystem has exceeded the ecological capacity. The development of Kinmen National Park is likely to 

deviate from sustainable development if the ecosystem is not improved. 

According to the empirical analysis results, the primary factors influencing various types of activity 

EF are presented below.  

4.1.1. Number of Tourists  

The number of tourists exerts a positive influence on the total EF from all activities. When tourist 

numbers increased, EF increased, as did the impact on the environment. From the perspective of per 

capita EF, the space resource allocated to each person declined with the increase in tourist numbers.  

4.1.2. Energy Utilization Efficiency 

The increase in fossil energy utilization efficiency effectively reduced the influence that the number 

of tourists exerted on TREF. However, this influential factor cannot be improved by park managers or 

decision makers. Thus, an effective method for reducing carbon footprint is to reduce indirect influences 

and the use of fossil energies.  

4.2. Recommendations  

Based on the primary research findings, several recommendations were proposed as a reference for 

managers and relevant organizations. These recommendations are listed below.  

(1) Kinmen National Park authorities should closely monitor the negative influence that tourism 

development exerts on sustainable development of the ecosystem. The environmental 

consciousness of tourists should be enhanced to prevent damage to the ecological environment 

of the park resulting from an excessive number of tourists.  

(2) Kinmen National Park authorities should conduct statistical analysis regarding the number of 

tourists to estimate the influences that tourists exert on EF; the results can serve as a reference 

for the sustainable development of Kinmen National Park.  

(3) The empirical analysis results indicated that the fossil energy consumed for transportation EF of 

Kinmen National Park was the key factor contributing to TREF. Therefore, energy-saving and 

carbon-reduction approaches to tourism should be promoted. Tourists should be encouraged to 

use public transportation with low energy intensities and vehicles with low carbon consumption, 

low energy consumption, and low pollution emissions (e.g., by providing bicycle and electric 

motorcycle rental services). In addition, global positioning systems should be installed in rental 

vehicles to enable national parks to effectively monitor the proportion of tourists who engage in 
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recreational activities. Relevant data can be employed to adjust the collection and drop-off 

schedules at public transportation stations, effectively reducing transportation carbon footprints 

and the overall amount of fossil energy consumed by transportation.  

4.3. Future Suggestion 

When the ecological footprint method is used to analyze and evaluate the sustainable development of 

a tourist area, as ecological footprint is calculated by the year, the environment problems as a result of 

uneven distribution of tourists in time and space are ignored. Being influenced by climate, holidays, 

celebrations, etc., tourists are characterized by seasonal fluctuations and the frequency of tourist 

activities and the concentration of tourists in a tourist area can both trigger special changes in some 

ecological resources of the tourist area (e.g., concentrated excessive emission of pollutants may cause 

permanent harm to flora and fauna in tourist areas) and cause permanent damage and such possible 

effects cannot be manifested in the process of ecological footprint calculation. 

Water is one of the most consumed resources in human activities as it is involved in accommodation, 

catering, sanitation facilities, activities, etc. in the process of tourism. What is more, the ecological 

footprint of electricity consumption during wastewater treatment in Kinmen Park should also be taken 

into account. Different from previous research, this paper seeks to include the discharge and disposal of 

sewage and wastes into ecological footprint calculation. However, as relevant data are hard to obtain, 

this paper fails to include garbage disposal into the calculation; as a result, this paper may have 

underestimated the actual biocapacity of Kinmen National Park and it is suggested that follow-up studies 

incorporate sewage discharge and garbage disposal into the scope of discussion. 
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