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Abstract: Land use and cover change (LUCC) is an important method to investigate the causes of
global environment change. We utilized the emergy ecological footprint (EEF) model to construct a
land-use change model to be used as a systematic measuring tool for monitoring sustainable
development trends. In particular, we estimated the eco-security of the Cing-jing region as a case
study so that responsible agencies can use it to maintain a balance between ecological preservation
and tourism development. The results indicated the following: First, the ecological environment of
the Cing-jing region satisfied the safety standard in 2008-2014; however, the related indices
increased considerably. Second, the grey model predicted a decrease in 2015-2024 ecological
carrying capacities of Cing-jing and a large increase in capita EFs, resulting in a larger ecological
deficit and higher EFI. The eco-security from 2015-2024 was higher compared to 7 years ago and is
predicted to reach the Grade 2 intermediate level in 2022; thus the Cing-jing region is gradually
becoming ecologically unsustainable. Strengths of our study included the use of EEF theory in a
quantitative analysis of slope lands for the effective evaluation of ecological security. Finally, we
expanded our research to include ecological security issues.

Keywords: Eco-security ; Land use and cover change (LUCC); Sustainability development and
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1. Introduction

In recent years, global change in land use and land cover has become a research focus [1]. The
International ~Geosphere-Biosphere Programme, IGBP (International Human Dimensions
Programme on Global Environmental Change, IHDP) jointly promoted land use and cover change
(LUCC) and continued to promote the Global Land Project (GLP). The Scientific Committee on
Problems of the Environment (SCOPE) was also aware of the impact of human activities on the
natural environment and caused by urban expansion. We embarked on the Urban Peri-Urban
Environmental Change, PU-ECH Research Project. Research on land use and cover change (LUCC)
research from global to regional scale studies in different regions and temporal and spatial scales
have been particularly concentrated in administrative areas, vulnerable areas and other ecologically

sensitive areas [2]-[3]. Current research in this area can be divided according to regional scale into
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two types, administrative regions, such as continent, country, province, city and county [2],[4] and
natural regions, such as environmentally sensitive areas and coastal areas [3],[5].

In addition, past research has focused on exploring a single most impact level, with a relative
lack of analysis and evaluation of the impact of land-use development and changes on the natural
environment. Therefore, the current analysis and prediction model of land use change was
developed, through model simulations, as well as decomposition, analysis and synthesis of the
complex socio-economic variables and their interaction with land use on natural ecosystems in
order to determine trends in land-use change and spatial pattern [6]-[9]. The econometric model
[10]-[11], the statistical model [12]-[17], the cellular automata model [18] as well as the integrated
model [19] are the most commonly used. In recent years, interdisciplinary methods using
geographic information system (GIS) to analyze the comprehensive study of spatial structure of
land use changes have been developed [20]-[22].

Discussion of content including land use change process, Change mode, the driving force of
the mechanism as well as environmental effects. Regional land use change model can be used to
learn the correlation between regional land development, natural resources and human activities,
and can investigate conditions in different situations, future land use change trends, and can help to
reach a reasonable decision and to compare different decisions among programs. Studies include
not only the factors at a regional scale, including land use and cover change (LUCC) effects on soil
and natural disasters, as well as the impact of resource use, but also evaluate ecosystem services
and use ecological evaluation methods to evaluate ecological land use and cover change (LUCC)
impacts on ecosystems [23]-[25].

Areas designed as hillsides have functions in food supply, climate regulation, water resources
maintenance, as well as supporting biological diversity, and are one of the important places to
provide human leisure recreation. Whether from the point of environmental conservation, or from a
reserved open space and sustainable management, it is worth exploring the causes and nature of
the problem, as well as a viable management strategy. Past studies mostly concentrated in the
disaster prevention [26]-[27] and the development of management-oriented [28]-[29]. In addition,
environmental carrying capacity research has focused on evaluation methods and its applications
and in particular to use some quantitative analytical methods to directly or indirectly measure the
environmental carrying capacity. But studies have not explored the dynamic development trends.
Thus, the objective of this study was to explore the process of land use change the impact of various
factors.

Sharply in the global climate variability, desertification, biodiversity and ecosystem reduce
vulnerability and other issues, in the 1972 United Nations Declaration on the Human Environment
Eco-security issues included in the care objectives enshrined in the food, ecosystems and the
principles of sustainable human development projects, providing a review of environmental
resources and human survival and sustainable development issues in a new perspective.

The concept of eco-security was developed by the International Institute for Applied Systems
Analysis (IIASA) in 1989, and included human life, health, happiness, fundamental rights,
livelihood security sources, necessary resources, social order and human capacity to adapt to
environmental changes and other threats. With the development of the theory of eco-security and

as ecological problems have become increasingly prominent, foreign research institutions and
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scholars from different perspectives have been using different indicators and measurement system
models or methods for the evaluation of the eco-security at different regional scales [30] .

However, in analyzing the characteristics of the current measurement system, or model
methods, we found some deficiencies. First, to reflect the connotation of eco-security, or some
measure of evaluation index model is too complex and which can reflect the dynamic changes too
few indicators of sustainable development. Next, some indicators to assess or measure the model
are not based on a complete evaluation index system in the construction of the model and thus it is
difficult to quantify and has poor operability. Finally, some evaluation index measurement model
involved the acquisition or issue of information that is difficult to put to practical use.

Current research in Ecological Safety Evaluation using quantitative evaluation methods and
criteria are still at the exploratory stage. As the development of the theory of eco-security and
ecological problems has become increasingly prominent, foreign research institutions and scholars
from different perspectives using different indicators and measurement system models or methods
for determining the eco-security of different regional scales have been evaluated through
eco-security analysis, forecasting and early warning of eco-security an important reference [30] .

Studies to determine the best approach towards eco-security evaluation using quantitative
evaluation methods and criteria are still at the exploratory stage, due to changes in ecosystem
services due to land use change. Therefore, the use of ecosystem services from land use change
estimates one economic value of the system to provide services for the human, which can be
increased or decreased due to changes in the eco-security situation.

In summary, regional land use change is a central issue in recent years. This study first use the
emergy ecological footprint model, with select change model of land-use parameters. Through
Cing-jing regional ecosystems of measurement, load capacity and understanding of the
environment of current economic activity for the environmental pressure exerted situation. Next,
we built an eco-security evaluation indicator system to measure the eco-security of the Cing-jing
region. Finally, we applied the grey model to predict the development trend of eco-security of the
Cing-jing region as a future benefit for spatial planning, land management, and a resource

conservation policy development communication tool.

2. Materials and Methods
2.1 Study area

The Cing-jing region, the research site used in this study, is located in central Taiwan. The
Cing-jing region is a popular location for leisure and recreation attractions, and is an important
asset to develop international tourism and attract foreign tourists, by virtue of its distinctive terrain
and landscape combined with the unique cultural heritage of the indigenous Truku people.
However, with restricted to land usage division, Cing-jing has no land for building hotels except for
those built in early stages of development, such as Cing-jing Guest Hotel, as well as cabins and
camping sites that have already been planned. In order to meet tourist demand, local residents
provide accommodations to tourists in the way of bed and breakfasts (B&B). However, mountain
areas have deep terrain and fragile geology, together with heavy and concentrated rainfall. Building
new facilities will definitely have severe impacts on the ecological environment as well as the
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maintenance of water and land resources. Therefore, sustainable development of tourist resources
and lower recreational impact are urgently needed so that the hotel industry can make use of
resources effectively, to reduce cost and increase operational efficiency, to ensure tourist industry
can develop under the principle of sustainable development and to benefit the conservation of
ecological systems.

Our evaluation model can be used in other mountain ecosystems, as the the topography,
ecological environment, and existing facilities of Cing-jing have similar attributes as other

mountainous areas in Taiwan.

2.2 Method

2.2.1 Land use change patterns

In this study, we applied the emergy ecological footprint method to measure the area of land
use change in the Cing-jing region. The emergy ecological footprint applies the emergy theory,
which includes actual consumption of six types of biologically productive land (fossil energy land,
arable land, grassland, forest, building land and waters) and the amount of resources provided. It
can be added into common metrics - energy value, and can incorporate energy value density (based
on the value of the number of all renewable energy resources per unit area) and transform an easy
area concept that people can understand.

The emergy ecological footprint is divided into two biological resources and energy.
Biological resources include agricultural products, forest products, livestock products, aquatic
products, and respective four types of biological productivity of land corresponding to the type,
namely farmland, woodland, grassland waters. Energy included coal, crude oil, natural gas, electric
power, and building land, corresponding to the remaining land and fossil energy. The biological
productivity of land consumption types, the physical quantity corresponding to the number of
energy values and the value of the number of (c:) available per capita consumption, divided by (P1),

can be obtained to find per capita Ecological Footprint (¢f) . The formula as defined in formula (2-1):

of =X a =% ¢ /P, @1

i=1
In the formula, i is the type of resource consumption; ef is per capita emergy ecological footprint;

ai is per capita consumption of resources corresponding to the i-th area; ci is the i-th value per capita
energy consumption of the resource, unit is sej; P1 is regional energy density value , P: = the area to

obtain the total energy value / regional area, in units of sej / m2.

Emergy ecological footprint of ecological carrying capacity is all renewable energy resources in
the study region and the global average value emergy density ratio. In calculating the energy value
of the regional ecological carrying capacity, first, the amount that a region's population can obtain
renewable resources, including solar, wind, rain and potential chemical energy, and energy value of

rotation of the Earth should be calculated. In addition, in order to avoid double counting, the
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maximum value is taken as the regional one, and the number available resources per capita energy
supply (e), divided by the energy density value (P2), per capita energy value can be obtained

ecological carrying capacity (ec). The formula as defined in formula (2-2):

ec = e/ P, (2-2)

In the formula, ec is the per capita emergy ecological carrying capacity ; e is the supply of

energy resources per capita amount of value; P: is global energy density, units with Pi, calculated
as follows: P>= The total energy value of the Earth / Earth area = Earth's biosphere major energy

values of the reference value is1.583x1025 sej/a.

When EFI is equal to 1, ecological carrying capacity supply and demand are balanced and the
ecosystem is in a critical state of sustainable development. Since emergy ecological footprint
calculations are based on official statistics of regional, national and international government
departments, more objective accuracy is also important in determining environmental carrying
capacity. This research constructed indicators to assess the environmental carrying capacity as
follows:

2.2.2 the ecological pressure index

In this study, we used the Ecological Footprint Method to measure the ecological resources
of the Cing-jing region to determine if it exceeded the carrying capacity of the land in the area. EFI
is defined as the renewable resources per capita Ecological Footprint (¢f’) and emergy ecological
carrying capacity ratio (ec), this index carried the degree of the Cing-jing regional ecological

environment. The formula as defined in formula (2-3):

EFI=ef "/ ec (2-3)

In the formula , EFI is the ecological pressure index; ef is people can update resource emergy

ecological footprint; ec is per capita emergy ecological carrying capacity.

When EFI is equal to 1, energy ecological carrying capacity supply and demand are balanced
and ecosystems are in a critical state of sustainable development. When EFI is less than 1, emergy
ecological carrying capacity is greater than the ecological footprint and the ecosystem load will be
normal and in the sustainable development of the state. When EFI is greater than 1, the Ecological
Footprint is greater than the emergy ecological carrying capacity, and thus human consumption has
exceeded the ecological carrying capacity, in departure of a sustainable development state.

2.2.3 Corresponding quotiety of ecological
Corresponding quotiety of ecological (DS) was used to measure the functional relationship
between Cing-jing regional development and the ecological environment, in order to compensate
for the lack of ecological deficit. The formula is defined in formula (2-4):
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D = ef + ec
JafT+ ac? (2-4)

In the formula, DS is the regional per capita corresponding quotiety of ecological; ¢f is the per
capita emergy ecological footprint; ec is the per capita ecological carrying capacity.

DS as an important indicator of ecological harmony and the react ecological sustainability
status in Cing-jing area, it can be obtained by the formula: When the DS closer to 1, Cing-jing area
emergy ecological footprint is higher than the ecological carrying capacity, when the ecological
harmony worse, the lower the degree of regional development; Conversely, Cing-jing area emergy
ecological footprint and ecological capacity balance, coordination in the best state. Thus, the
Corresponding quotiety of ecological in response to a certain extent the eco-security of the region.

Per capita EECC and per capita EEF to were used to calculate the 2008-2014 EFIs of the research
area (Table 1). We found that EFI increased from 1.08 in 2008 to 2.14 in 2014; thus the ecosystem is

continually stressed and eco-security is threatened.

Table 1. The 2008-2014 EFI, DS and ES of Cimg-jing region

Year 2008 2009 2010 2011 2012 2013 2014
EFI 1.08 1.34 1.36 1.43 1.80 1.97 2.14
DS 1.92 1.76 1.68 1.52 1.47 1.25 1.13
ES level 2 2 2 2 2 2 2
ES evaluation Safe Safe Safe Safe Safe Safe Safe

Source: Data collected and organized by this study.

3. Results

Based on the fundamental data of the grey prediction model, we predicted the 2015-2024 per
capita EEFs and per capita EECCs of the Cing-jing region (Table 2). Although the 2015-2024 per
capita EECCs of the Cing-jing region increased slightly, the 2020-2024 capacities decreased. In
addition, the 20152024 per capita EEFs grew substantially. This is expected to enlarge the regional
per capita ecological deficit and render the development of the entire region unsustainable, thereby
further endangering the ecological environment of the region.

Based on the prediction results for 2015-2024, the 2015-2024 per capita ecological deficit and
surplus values can be attained (Table 2). The results showed that the 2015-2024 ecological deficits of
the Cing-jing region gradually increased. In future development of the Cing-jing region, because EF
and per capita demand continually increase annually while natural supplies continue to decrease,
the per capita ecological deficit in 2024 is anticipated to be -23.03 hm2/cap. This means that human
demand will exceed the load capacity of natural systems considerably, thereby causing the
ecological environment to deteriorate. In addition, in 2015-2024, although the eco-security level of
the Cing-jing cingregion satisfied the safety standard, the EFI increased, which will induce a rapid
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deterioration of the ecological environment.

By using EFl-related data and integrating these data with eco-security standards, eco-security of
2015-2024 can be obtained (Table 2). In 2018, the Cing-jing region is expected to reach the Grade 2
intermediate level, and the early-warning level will increase rapidly over time. The reason may be
that tourist demand for resources and services (e.g., bus service, road constructions, and waste
production) increase as the number of people increase. Therefore, we suggest that the managers of
the Cing-jing region continue to track the recreational demands and usage conditions of
recreational facilities and resources of tourists by using satisfaction surveys. Thus a basis for
revising EEF calculation methods and for precisely evaluating the capacity for tourist load in the

Cing-jing region can be attained.

Table 2. The evaluation and early warning stage of ES

Per Per Ecological EFI ES.early
. . .. warning state
Year capita capita deficit/ Safet
EECC EEF surplus Index Grade Y Level Status
Status

2015 3.92 9.24 -5.32 2.36 2 Safe 1 Mild

2016 3.95 10.40 -6.45 2.63 2 Safe 1 Mild

2017 3.99 11.71 -7.72 293 2 Safe 1 Mild

2018 4.03 13.18 -9.15 3.27 2 Safe 1 Mild

2019 4.07 14.83 -10.76 3.64 2 Safe 1 Mild

2020 4.02 16.70 -12.68 4.15 2 Safe 1 Mild

2021 3.96 18.79 -14.83 4.74 2 Safe 1 Mild

202 393 2115 17.22 5.38 2 Safe 2 nter-
mediary

2023 387 23.80 -19.93 6.15 2 Safe nter-
mediary

2024 376 2679 -23.03 7.13 2 Safe 2 nter-
mediary

Source: Data collected and organized by this study.

4. Discussion

This study applied the EEF method and adopted a comprehensive evaluation method, involving
the EFI and the grey prediction model, to conduct evaluation, prediction, and early warning studies
of eco-security for the Cing-jing region. We obtained the following conclusions.

We employed the EEF model to calculate ecological deficit and surplus. Moreover, EFls were
obtained by comprehensively analyzing and evaluating the 2008-2014 eco-security. The results
indicated that during 2008-2014, the ecological environment of the Cing-jing region was in a safe
state; however, the related indices increased annually.

The grey model was adopted to predict the 2015-2024 EEFs and ecological carrying capacities of
the Cing-jing region. Next, ecological deficit values and EFIs were calculated to predict the
eco-security trend and relevant early warning status. The results showed that the 2015-2024
ecological carrying capacities of the Cing-jing region decreased, the regional per capita EF increased
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considerably, and the ecological deficit and EFI increased. The results of eco-security evaluation
revealed that between 2015 and 2024, the eco-security level of the Cing-jing region met the safety
condition. However, combined with the EFIs, the eco-security status exhibited a declining trend,
which is expected to cause the ecological environment to deteriorate. The eco-security level during
2015-2024 was greater than that of 7 years ago and is anticipated to reach the Grade 2 intermediate
level in 2022. Moreover, the early warning level will also increase rapidly over the years.

Based on the conclusions above, this paper suggests, in order to effectively control biocapacity
and to achieve the goal of conservation and sustainable development of the Cing-jing region, the
regulations on land planning and use should continue being used and a more explicit conservation
program geared towards Cing-jing’s regional resources characteristics should be formulated in
order to attain long-term preservation of the unique and scenic natural environments, biodiversity
and historical relics. In addition, the management office should designate special persons for patrol
and inspection to keep a strict control of recreational activities in the park and prevent improper
behavior of tourists, which may damage or contaminate the environment, and should at the same
time demolish illegal buildings or facilities. As well as meeting the demand for transport and
recreation by appropriately widening and renovating the road so as to ensure smooth transport, it
is also suggested that COz-emission-reduction and energy-saving leisure tourism be popularized.
People should be encouraged to use mass transportation means or ride low-carbon,
low-power-consumption and low-pollution bicycles, while prudently assessing the safety of the

geographic environment and road.

5. Conclusions

The environmental impact of tourists can vary in space and in time, as tourist activity is
influenced by such factors as climate, holidays and celebration events. The frequency of tourist
activities and the concentration of tourists can change the ecosystem (e.g., concentrated excessive
emission of pollutants can have impacts) as well as cause permanent damage. However EEF is

calculated on an annual basis and these variations in impacts are thus not considered.
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