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Abstract The traditional Hakka spirit of Taiwan gives the impression of a frugal people

who believe in the virtue of hard work, in their relationship with the land and in envi-

ronmental stewardship. This study contrasts the ecological economic systems of Hakka and

non-Hakka villages in the Lui–Tui area in southern Taiwan, and the features of and

changes in the development of diverse Hakka villages in the area from the view of eco-

logical economics through emergy analysis methods. The study found that from the 1920s

to the 2010s, there were significant differences in environmental sustainability between

Hakka and non-Hakka villages in the Lui–Tui area. Hakkas knew how to make good use of

environmental resources and properly allocate external economic resources. There were

few differences among the Hakka villages, in particular the right militia, former militia and

rear militia. Over half a century, Hakkas in the Lui–Tui area used their resources more

efficiently. In terms of energy usage density, there was no significant difference between

Hakka and non-Hakka villages in the 1920s; however, in the 1970s non-Hakka villages had

greater density than Hakka villages.
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1 Introduction

Faced with climate change and the escalating threat of greenhouse effect, sustainable

development has become a global campaign. Ecosystem planning is being applied to urban

and rural planning, and sustainable community and eco-settlement is becoming the goal of

local business development.

Hakka is a derivative of Han ethnicity. The Hakka people were Han people who

migrated south to the border area of Fujian, Guangdong and Jiangxi Provinces during the

late Tang and early Song dynasties. Under the Qing Dynasty, in the southeast coastal

provinces of Mainland China, there were too many people with limited fertile land; there

was also a rice shortage. A group of Hakka ancestors from the Guangdong Province moved

to the Gaoping River Plain, forming a community of 13 large and 64 small villages. The

word ‘‘Lui–Tui’’ was introduced when organizations recruited more than 8000 young men

and divided them into center, left, right, former, rear and forward militias (in the Hakka

dialect, ‘‘Tui’’ and ‘‘Militia’’ are homophones), to assist the government in fighting civil

disorder and to defend Lui–Tui Hakka territory.

Over a thousand years of migration and development, Hakka people experienced

conflict, adjustment and integration with their environment. They learned to live in har-

mony with the land, to make good use of natural resources and to choose a hos-

pitable living environment. Hakka understood symbiosis with the environment and how to

make the best use of geographical conditions. A Hakka village is not only site for tradi-

tional food, language, folklore, songs, but also a place to inherit and pass on Hakka culture.

Again, Hakka emphasize mutualism between the village and water, symbiosis of the Hakka

group and the environment, and thus the formation of a Hakka human–geographic

landscape.

International environmental resource utilization strategies have focused on the pro-

motion of sustainable communities (Gouzee and Eeckhout 1999; Shmelev 1999),

improvement in the relationship between human activities and the natural environment

(i.e., thinking globally and acting locally). However, there will be a problem if this concept

is used to evaluate the development of Hakka settlements. In the past, economic research

methodologies were used in studies of settlements and communities (i.e., to evaluate the

environmental cost on humans by currency value); however, the value of environmental

systems often cannot be measured in monetary terms. More recently, the prices of raw

materials, agricultural products and fossil fuels have been rising due to growing demand

from developing countries. Was the true value of resources underestimated in the past? Can

money reflect the actual value of fossil fuels and water resources? On the one hand, an

ecological method cannot provide a way to fully understand the significance of the

ecosystem in human activities. On the other hand, ecological research methodologies stress

the environmental assessments of ecosystems, ignoring the impact and feedback of human

and settlement development on the ecosystem, thus making it difficult to explore the real

impact on the environment.

In summary, to evaluate whether a region uses its resources in a sustainable way, and

whether a settlement makes good use of resource symbiosis, a different method of eval-

uation is required. The field of ecological economics seems to offer a comprehensive

evaluation of urban and rural ecosystems. In view of this, this study, through emergy

analysis, and from the perspective of ecological economics, evaluates the evolution of the

ecosystem of Hakka villages, as the way in which the Hakka are environmental stewards,

and how they wisely allocate external economic resources.
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Although very little direct evidence on this issue is currently forthcoming, it is possible

to contribute further insights into the comprehensive understanding of the Hakka ancestors’

use of their environmental resources and the ecological characteristics of Hakka villages

and agriculture. Thus, contributing to the problem is the lack of understanding of envi-

ronmental resources and ecological economics by different cultures.

In order to understand the Hakka ancestors’ use of their environmental resources and the

ecological characteristics of Hakka villages and agriculture, this study focuses on the

Japanese colonial period in the 1920s, 1970s and 2010s, when Taiwan’s settlements had

yet to become highly urbanized and industrialized. We study the evolution and charac-

teristics of economic systems between Hakka and non-Hakka villages in the Lui–Tui area

and among different militias. Does the Hakka village emphasize agricultural development?

Is the way that the Hakka use environmental resources more sustainable? Is the frugality of

the Hakka reflected in their pattern of settlement development?

2 Ecological economics and emergy analysis

2.1 Ecological economics

The terms ‘‘ecology’’ and ‘‘economics’’ are both derived from the Greek word Oikos.

Ecology focuses on problems and the management of nature, and economics on those of

human society. Both disciplines require discussions of a complex system, but environ-

mental and economic policies have tended to be mutually exclusive in the long term

(Huang 1991). Unlike traditional economics and ecology, ecological economics explores

the interactions between the environment and the economy by taking a broad, long-term

view. Given that the monetary system does not include the value of nature, energy is

recommended for use as a common unit of evaluating the relations between the human

economic system and the ecological system.

Based on Lotka’s theory (1925), the ecologist Howard T. Odum posited the maximum

power principle to explain the structure and function of an ecosystem: A system that can

maximize the flow of its useful energy will outperform other systems. Odum’s energy-

building methods include the self-design principle, meaning building the feedback

mechanism and autocatalytic reaction on the energy illustration that he designed (see

Fig. 1). In this way, we can explore the role of a biological system in energy utilization and

the development of an ecosystem, through its self-design function, and can improve the

efficiency of energy utilization, gather more information and establish the symbiosis of

different components of the system (Huang 2002, pp. 192–193).

In order to compare the contribution and impact of forms of energy contained by the

molecular components of a system, Odum argued that the quantity of a type of energy is

contained by another type of energy-flow storage (Huang and Odum 1991; Odum 1988a).

In the 1960s, ecological planning and design entered a stage of expansion and interdis-

ciplinary integration. Odum’s Fundamentals of Ecology (date) laid the cornerstone of

ecosystem theory. The theory contends that every ecosystem has its own energy-flow

mode, which corresponds to its system structure. All flows originate from solar energy and

successively distribute energy to the organisms throughout the system via photosynthesis.

In 1989, Odum updated the textbook Ecology and Our Endangered Life Support System,

stating that the analysis of energy has become part of the core structure of the ecosystem.
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In this core structure, based on ecological economics, using general system theory and

the laws of thermodynamics, a set of energy illustrations was designed (Wu et al. 2015).

Through energy analysis, urban economic wealth was estimated on the basis of energy

complex systems and emergy (Campbell and Garmestani 2012; Dang and Liu 2012; Wu

et al. 2014; Zhao et al. 2014). Energy language is used to study the interactions between

creatures and non-creatures and even between human beings and the natural environment

(Hossaini and Hewage 2013; Sharmaa et al. 2016; Wijitkosum 2016). It establishes a

conceptual ecosystem through illustrations, assisting researchers in understanding the

operative process of system components and sub-elements, and then proposing appropriate

policies.

Fig. 1 Emergy analysis step. Source: Huang and Odum (1991, p. 193)
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2.2 Emergy analysis

‘‘Emergy’’ converts various types of energy in a system to the same unit for comparison

(Pulselli 2009; Zhang et al. 2011). The energy quality of components in an ecosystem can

be compared and measured through conversion into a standard quantization unit (Günther

2001; Gasparatos 2010). According to the theory of emergy, transformity can be used to

represent the quality of different types of energy in a hierarchical system, defined as the

amount a type of energy required to generate an energy unit of another type. The higher the

level of component or function in the ecosystem, the higher the transformity, and vice

versa. This is because, within system operation, energy is not only a quantity; energy

contains comparisons of energy quality, meaning that the functions and the quality of

energy in a system are different on each level.

Emergy is the virtual monetary value of resources, including the virtual value of solar

energy. The most basic solar energy is used as the quantity representing the circulation of

money, to illustrate the relationship between human and nature and between the envi-

ronment and the economy, with the unit being solar emjoules (sej). Emergy is defined as

‘‘the quantity of a type of energy, contained by another type of energy-flow storage’’

(Odum 1988b). Its purpose is to make various types of energy flow or to store energy, to

reflect their contribution to the system (Huang 1991).

According to the concept of emergy, transformity can be used to represent the energy

quality of different energy types in a hierarchical system, defined as the quantity of a type

of energy required to generate an energy unit of another type. The energy of various

storage or functions multiplied by the solar transformity equals the solar emergy contained

by the storage or function. The conversion method is as follows:

Solar Emergy¼Energy � Transformity

The higher the level of components or functions in the ecosystem, the higher the level of

transformity. That is because in the process of system operation, energy is not only a

quantity, but, more importantly, contains a comparison of energy quality. This means that

the functions and the quality of the energy in a system are different on each level (Huang

1993). Solar transformity is defined as the solar energy required to form 1 Joule of a certain

type of energy, the unit of which is solar emjoule/joule (sej/j). The calculation formula is:

Solar Transformity of Energy A¼ Solar Emjoule used/1 Sej of Energy A

For example, in the process of system energy flow, 159,000 joules of solar energy must

be consumed to generate 10.3 joules of rain energy. We calculated the solar transformity of

rain energy to be 1.54 E4 sej/j; in other words, each joule of rain energy contains 15,400

units of solar emergy. As shown in Fig. 1, there are six steps when applying emergy

analysis in the discussion of the ecological economic characteristics in an area (Cheng

2011; Huang and Odum 1991). Emergy can convert various types of energy in a system to

the same unit for purposes of comparison.

In the early 1980s, academics started to use emergy analysis to discuss sustainable

urban development and environmental quality evaluation. Since 1986, the emergy analysis

method created based on ecological economics has matured into a theory. Relevant papers

have been published by Ferreyra and Brown (2007), case studies on sustainable devel-

opment by Cheng (2011), research on spatial organization and urban development by

Huang (2004), Huang et al. (2011) and Cheng (2011). Because dynamic interactions

among components of the ecosystem can be understood through computer simulations, and
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with the assistance of geographic information systems, the distribution of emergy analysis

in a geographical space reflects the relations with the urban economic system (Wu et al.

2015). It is more widely used in urban development and regional governance, such as the

relationship between a river and changes in urban development (Huang et al. 2011), space

simulation of land resources (Huang et al. 2012; Wang et al. 2012), studies of the impact

on urban ecological economic system by changes in the global environment and land use

around urban areas (Huang et al. 2010; Wang et al. 2012; Table 1).

2.3 Ecological economic system modeling

Using Odum’s energy illustration, this study will organize the flow data of types of energy,

socioeconomic conditions and characteristics of the natural environment to construct a

conceptual ecological economic system in the Lui–Tui Hakka area. The following char-

acteristics are considered in the construction process: (1) the main components of the

ecological economic system; (2) the functions and roles of the components; and (3) the

relationship with the external world of the components. Different types of energy are

ranked according to their hierarchal level, and clockwise from bottom to top, and from left

to right.

2.3.1 Standardized land-use numerical image data

This study collected numerical image data of land use in the 1920s, 1970s and 2010s. The

original unit of each type of energy is regarded as the calculation basis of spatial energy

flow. This study performs standardization when estimating various types of land-use

emergy and then follows the research steps to achieve the research objectives of this study.

2.3.2 Simplified land-use ecological economic system model

This study divides the ecological economic system model in Fig. 2 into three types of

lands—natural, agricultural and architectural—and then estimates based on the inputs and

outputs of the energy type. For example, in the natural environment, only renewable

resources inputs such as solar, wind and rain energy (e.g., potential energy, chemical

energy) are calculated. Agricultural land, in addition to the renewable resources of natural

environment, includes groundwater or surface water, fertilizer, fossil fuel, electricity and

other goods and services required in the production process. Outputs are based on the

agricultural products produced in agricultural sub-systems.

Table 1 Emergy analysis table. Sources: Odum et al. (1987) and Huang and Odum (1991)

Item Flows of materials labor and
energy

Solar transformities—solar emjoules
per joule

Solar
emergy

em$
value*

(units/year) (sej/unit) (sej) (1970
US$)
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2.4 Emergy index evaluation

Taiwan had experienced Japanese occupation for 50 years, and modern science and civ-

ilization was introduced for researching Taiwanese local resources and finishing 1/25,000

ordnance survey map of Taiwan as well. Thus, these set up accurate observational data,

detailed statistics and township governance of socioeconomic status each year. The present

study has used of the aforementioned data and numerical estimation of land-use map by

Kriging method in geographic information system and spatial analysis to carry out research

into the natural environment of number systems and then convert the Japanese official

statistics districts (villages) input and output analysis of urban and rural socioeconomic

situation (Cheng 2015). Thus, all inputs were converted into emergy values either via

original emergy calculations or by using previously calculated unit emergy values which

relate input flows in the inventory to emergy values (Odum 1996).

The emergy index is a series of emergy indicators established by Odum and colleagues

through the study of the earth effect viewpoint. The emergy index is used as the mea-

surement of interactions between the natural environment and human economic systems,

and through the result shown by the emergy index, we can understand the living standard

and the real value of the natural environment in the system. Therefore, the emergy index is

used as a basis for public policy. The establishment and estimation of the emergy index is

used to examine and test the system characteristics in emergy analysis. The symbolic

importance of a different emergy index is reflected in the study of different calculations

and interpretations. The emergy index selected for this study will assist in explaining

resource utilization in the agricultural land-use changes in Lui–Tui Hakka villages, in

addition to the relationship between energy characteristics of the settlements and their

Rivers

Typhone

Rain

wind

Sun

Forest / coastal / 
Wilderness Area

Groundwater

Urban System

Electricity / fuel / fertilizer / 
goods and services

Population

waste

Water supply

Rural Area
Agricultural System

Process

Heavy / light Industry

Mining 
(cement)

Sugar industry

Transport system

Commerce

residence

Government

Market

Fig. 2 Ecological economic system of a Hakka village
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interactions with the system. In general, the analysis of ecosystem emergy mostly converts

numerical data calculated from various types of energy flow in the system components into

the following types of energy indices. The emergy index is divided into five types:

structure of emergy source (01 renewable emergy ratio, 02 non-renewable emergy ratio, 03

self-sufficient emergy ratio), energy intensive and density (04 emergy intensity, 05 emergy

concentrated ratio, 06 electricity of total emergy ratio), the exchange relations of resources

(07 emergy exchange ratio, 08 emergy self-sufficiency ratio), emergy efficiency of pro-

duction inputs (09 environmental loading ratio, net emergy yield ratio, 11 emergy

investment ratio) and sustainable development (12 ecological footprint, 13 emergy sus-

tainable index, 14 emergy index for sustainable development); see Table 2 for their

meaning and calculation methods.

3 Data analysis and research findings

The difference of Hakka and non-Hakka villages is that Hakka villages have been largely

shaped by the new environment which they had to alter many aspects their culture to adapt,

which helped influence their architecture and cuisine. When the Hakka expanded into areas

with preexisting populations in the south, there was often little agricultural land left for

them to farm. Thus, the self-defense against attack from outside is their cultural virtue that

they cherish generation after generation. Hakkas villages are on the whole more inde-

pendent, daring and prone to act than native non-Hakka villages (Cheng 2015; Kiang

1991).

Below is a brief analysis on the emergy index meaning of the sustainable development

of different Hakka villages in the Lui–Tui area in the 1920s, 1970s and since 2010, the

difference between Hakka and non-Hakka villages, among Hakka villages and the dif-

ference in the emergy index of Hakka village over the past 90 years.

3.1 Emergy index evaluation

Tables 3, 4 and 5 show differences in the emergy index of ecological economic systems of

Hakka villages in the Lui–Tui area in the 1920s, 1970s and since 2010. The characteristics

of the ecological economic systems of Lui–Tui Hakka villages are analyzed according to

the meaning and characteristics of the five types of emergy indices.

3.1.1 Structure of energy source

Table 3 shows that in the 1920s Hakka and non-Hakka villages in the Lui–Tui area did not

differ much in terms of renewable and non-renewable emergy ratio and self-sufficient

emergy ratio. Table 4 shows that these three indices of non-Hakka villages decreased

significantly, and resource utilization also moved toward being less sustainable. However,

compared to 1970s, Table 5 shows that under sustainable development and global change

in the common market, both Hakka and non-Hakka villages increased their use of local

resources and helped the land revert to its natural environment.
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3.1.2 Energy intensity and density

In terms of energy intensity and density, forward and rear militias were similar to non-

Hakka villages, with relatively high density. In terms of electricity of total emergy ration,

all six militias were lower than non-Hakka villages, showing that their living standards

(quality) were more rural.

3.1.3 The exchange relations of resources

Emergy exchange ratio indicates the opening of settlement system and its impact on the

external world. Data in the two tables show that in the 1920s or 1970s, all Hakka villages

had higher emergy exchange ratios than non-Hakka villages in the Lui–Tui area, showing

better efficiency in resource output and utilization. There were few differences between

Hakka and non-Hakka villages in the emergy self-sufficiency ratio. After 2010, in both the

Hakka and non-Hakka villages in the Lui–Tui area, local input in the system decreased

greatly and depended more on outside resources.

3.1.4 Emergy efficiency of production inputs

From the perspective of system economic inputs efficiency, in the 1920s less economic

activity was affecting the natural environment of Hakka villages. In the 1970s, rear militia,

forward militia and non-Hakka villages faced increasing environmental loads. In terms of

net emergy yield ratio, the energy inputs and internal non-renewable resources of Lui–Tui

Hakka village areas were far higher than internal renewable resources, showing that the

economic development benefits of all militias in the Hakka village area were higher than

those in non-Hakka villages. Since 2010, the environmental loading capacity of all villages

was under great pressure.

3.1.5 Sustainable development of Hakka villages

It is not feasible to assess the differences between Hakka and non-Hakka villages in the

Lui–Tui area by ecological footprint in the 1920s and 1970s, and it is still inaccurate to

assess the sustainability of a place based on its ecological footprint. Using Emergy Index

for Sustainable Development (EISD) to reflect the sustainable development emergy index

of the contribution the system has made to human society; it is obvious that the Lui–Tui

Hakka villages are more sustainable than non-Hakka villages.

3.2 Difference analysis of Lui–Tui Hakka village emergy indices

3.2.1 Difference analysis of Hakka and non-Hakka villages in the 1920s

The analysis of results in Table 6 shows that in the 1920s, Hakka and non-Hakka villages

had significant differences in 9 out of 14 indices—non-renewable emergy ratio, self-

sufficient emergy ratio, emergy intensity, emergy concentrated ratio, emergy exchange

ratio, environmental loading ratio (ELR), emergy investment ratio (EIR), ecological

footprint, and emergy index for sustainable development.

Among these indices, Hakka villages were higher than non-Hakka villages in non-

renewable emergy ratio and self-sufficient emergy ratio, indicating that Hakka village areas
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relied more on renewable resources, and less on external resources, and were more self-

sufficient than non-Hakka villages.

In emergy intensity, emergy concentrated ratio, emergy exchange ratio, environmental

loading ratio, emergy investment ratio, ecological footprint and emergy index for sus-

tainable development, non-Hakka villages were higher than Hakka villages, indicating that

the capacity of Hakka villages’ natural environment for economic activities, and the

investment process of Hakka villages was more economical. Moreover, the ecological

economic system of Hakka villages made a better contribution to society by having

characteristics of sustainable development.

3.2.2 Analysis of different militias in Lui–Tui area in the 1920s

By adopting Scheffe’s method, we know that in the 1920s, the militias in Lui–Tui had

significant differences in 3 out of 14 indices (see Table 7)—emergy concentrated ratio,

environmental loading ratio and emergy investment ratio. In emergy concentrated ratio,

rear militia was higher than the right, left and former militias. In environmental loading

ratio, rear militia was higher than left militia. In emergy investment ratio, the rear militia

was higher than the right and left militias. Among the six militias, the rear militia was

under greater environmental pressure, and its resource utilization was less economical.

3.2.3 Analysis of Hakka and non-Hakka villages in the 1970s

A comparison of Hakka and non-Hakka villages in the 1970s reveals significant differences

in 9 out of 14 emergy indices (Table 8)—non-renewable emergy ratio, self-sufficient

emergy ratio, emergy intensity, emergy concentrated ratio, the exchange relations of

resources, emergy exchange ratio, environmental loading ratio, emergy investment ratio

and ecological footprint.

Among these indices, Hakka village areas were higher than the non-Hakka in non-

renewable emergy ratio and self-sufficient emergy ratio, indicating that the ecological

economic system of Hakka villages relied more on local resources and was more self-

sufficient. In emergy intensity, emergy concentrated ratio, the exchange relations of

resources, emergy exchange ratio, environmental loading ratio, emergy investment ratio

and ecological footprint, non-Hakka areas were higher than Hakka areas, indicating that

non-Hakka areas had higher emergy utilization density, higher development intensity and

greater environmental ecological pressure and that resource utilization was less

economical.

3.2.4 Analysis of different militias in the Lui–Tui area in the 1970s

In the 1970s, the militias in Lui–Tui (Table 9) had significant differences in 6 out of 14

emergy indices—renewable emergy ratio, non-renewable emergy ratio, self-sufficient

emergy ratio, emergy self-sufficiency ratio, environmental loading ratio and emergy

investment ratio.

In renewable emergy ratio, non-renewable emergy ratio and self-sufficient emergy ratio,

right militia was higher than former militia, showing that right militia used more local

resources, and there were more local resources in its ecological economic system. In the

emergy self-sufficiency ratio, center and former militias were higher than the right militia,

indicating that the resource inputs in their ecological economic systems were more local. In

Evaluation of the sustainability of Hakka villages in the… 2845
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environmental loading ratio, right militia was higher than former militia, meaning that the

right militia had greater capacity of environmental loads, with its input emergy indices

obviously higher than the environmental bearing capacity. In emergy investment ratio,

former militia was higher than right militia, indicating that former militia used resources

more economically.

3.2.5 Analysis of Hakka and non-Hakka villages in since 2010

Table 10 shows that in the 2010s, comparisons between Hakka and non-Hakka villages, 9

of 14 indexes have a significant difference, particularly in emergy intensity. On the one

Table 8 Difference analysis of Hakka and non-Hakka villages in the 1970s

Item Emergy indices Average Standard deviation T value p value

Non-
Hakka
village

Hakka
village

Non-
Hakka
village

Hakka
village

Structure of
energy source

Renewable emergy
ratio

0.03 0.04 0.06 0.03 -1.850 0.065

Non-renewable
emergy ratio

0.06 0.16 0.11 0.17 -5.574 0.000**

Self-sufficient
emergy ratio

0.09 0.20 0.15 0.19 -5.660 0.000**

Energy
intensive and
density

Emergy intensity 39,151.44 1740.91 77,825.19 2519.27 15.849 0.000**

Emergy
concentrated ratio

53.64 4.22 119.93 4.49 13.561 0.000**

The exchange
relations of
resources

0.02 0.01 0.02 0.01 8.848 0.000**

The exchange
relations of
resources

Emergy exchange
ratio (EER)

3057.75 389.07 16,817.92 550.70 5.231 0.000**

Emergy self-
sufficiency ratio
(ESR)

16.74 2.49 452.61 3.77 0.323 0.747

Emergy
efficiency of
production
inputs

Environmental
loading ratio
(ELR)

54.23 4.65 101.34 4.89 16.025 0.000**

Net emergy yield
ratio (EYR)

0.92 1.27 2.14 0.85 -1.669 0.095

Emergy investment
ratio, EIR

23.27 1.42 51.76 2.50 13.824 0.000**

Sustainable
development

Ecological footprint 372.33 12.28 797.81 42.75 14.741 0.000**

Emergy
sustainability
index

7.13 0.63 173.73 0.88 0.383 0.702

Emergy index for
sustainable
development,
EISD

2771.58 149.71 42,218.11 200.28 0.636 0.525

* p\ 0.05, ** p\ 0.01
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hand, the emergy concentrated ratio shows the difference between Hakka and non-Hakka

villages. On the other hand, in the emergy efficiency of production inputs ELR, EYR and

EIR have significant differences. Hakka villages were shown to show more sustainable

development.

3.2.6 Analysis of different militias in the Lui–Tui area in since 2010

Table 11 shows a significant difference among villages, especially former and right militia,

since 2010. Former militia is near urbanized non-Hakka villages, so in terms of devel-

opment, former militia had developed unsustainably and relied more on outside resources.

However, right militia had used local resources. Thus, in terms of the intensity of resource

use, former militia is higher than others.

3.2.7 Analysis of the 1920s and 1970s

Tables 6, 8 and 10 show that from the 1920s to since 2010, Hakka and non-Hakka villages

differed greatly in emergy intensity and emergy index for sustainable development. In the

1920s, there was no significant difference between Hakka and non-Hakka villages in

emergy intensity, but in the 1970s non-Hakka areas had a higher emergy intensity than

Hakka areas. Emergy density is used to assess the intensity of an area’s energy utiliza-

tion—the higher the emergy density, the more economic activity, and in the 1970s, non-

Hakka areas were rapidly developing. In the emergy index for sustainable development,

there was a significant difference between Hakka and non-Hakka villages in the 1920s with

non-Hakka groups higher than Hakka groups. However, in the 1970s there was no obvious

difference, reflecting the contribution the ecological economic system of Hakka villages

made to human society. Thus, Hakka villages were more sustainable in their development.

From the 1920s to the 1970s, there were obvious differences among Lui–Tui Hakka

villages in terms of renewable emergy ratio, non-renewable emergy ratio, self-sufficient

emergy ratio, emergy self-sufficiency ratio, environmental loading ratio and emergy

investment ratio.

In renewable emergy ratio, non-renewable emergy ratio and self-sufficient emergy ratio,

the militias had no significant differences in the 1920s, but in the 1970s right militia was

higher than former militia. In emergy self-sufficiency ratio, there was no significant dif-

ference among the militias, but in the 1970s center and former militias were higher than

right militia. Self-sufficient emergy refers to non-renewable resource emergy and renew-

able emergy, which are intensively and extensively used in the system, meaning that the

emergy provided to the area’s development depends less on external energy inputs. The

development of center and former militias depended more on external energy inputs than

right militia.

In emergy concentrated ratio, there was a significant difference among the militias in the

1920s—rear militia was higher than the right, left and former militias. However, in the

1970s there was no obvious difference among all militias. The emergy concentrated ratio is

used to reflect the development degree of an area and people’s living standards—the higher

the value, the higher the development degree and people’s living standards in an area.

Therefore, in the 1970s, development and living standards were similar among militia. In

environmental loading ratio, there was a significant difference among the militia in the

1920s—rear militia was higher than left militia. However, in the 1970s right militia was

higher than former militia. The bearing capacity of environmental loads changed, and the

environmental development of right militia was greater than former militia. In emergy

Evaluation of the sustainability of Hakka villages in the… 2851
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investment ratio, there was a significant difference among the militias in the 1920s—rear

militia was higher than right and left militias; however, in the 1970s former militia was

higher than right militia. The emergy investment ratio is the ratio of emergy inputs of the

economic system to the renewable emergy of the natural environment. The higher emergy

investment ratio of former militia indicates that imported energy and internal non-re-

newable resource emergy are much higher than the internal renewable resource emergy in

this area, so the natural environment tolerates a large amount of economic activity.

Hakka villages since 2010 unlike those are the 1920s or 1970s are becoming sustainable

villages. Because of their geographic location, traffic network and environmental differ-

ences, former and center militias near cities were becoming unsustainable, like non-Hakka

villages. Right and forward militias had maintained the village characteristics of resource

use; however, they were no longer like resources and economy of use in the 1920s.

4 Discussion and conclusion

This study, through emergy analysis and from the perspective of ecological economics,

evaluates the evolution and differences of the ecosystems of Hakka villages in the Lui–Tui

area. The results show that in the 1920s, the Japanese colonial period, and in the 1970s the

early stage of economic development, and since 2010, Lui–Tui Hakka settlements were

indeed more sustainable in development than non-Hakka areas. Hakka people in the Lui–

Tui area knew how to make the best use of natural resources and to properly allocate

external economic resources. Thus, Hakka people were more efficient in resource uti-

lization. The present study is consistent with some studies (Agostinho et al. 2008; Bakshi

2002; Hau and Bakshi 2004a). It can be argued that emergy analysis can provide insight

into the environmental performance and sustainability of the industrial process or product.

However, in an analysis of Chinese agriculture between 1980 and 2000 using emergy

offers background on the emergy concept (Chen et al. 2006). Their findings show the

decreasing sustainability of Chinese agriculture as it moves from traditional methods

toward methods that are based on consumption of non-renewable resources.

The results of the present study have demonstrated that the spatial model can offer

insights into the spatial patterns of emergy in relation to human settlement. Moreover, the

types of analyses presented demonstrate that new advances in computer and GIS tech-

nology have greatly increased the potential for researching new aspects of these complex

spatial patterns (Cheng 2015). Ecological footprint is a means of assessing sustainable

development. If we use the ecological footprint in the 1920s, 1970s and 2010s to assess

sustainability of militias in the Lui–Tui Hakka and the non-Hakka areas, it is not feasible to

assess the differences. Therefore, when using the ecological footprint to evaluate the

sustainability of a place, because the settlement area is used as the reference but there is

great ambiguity on the territory of each militia, its estimated results are still biased (Le-

htonen et al. 2016; Mooney 2016). If assessed by the contributions made by sustainability

indices and response system outputs to human society, as well as the emergy indices of

sustainability development, it is apparent that Lui–Tui Hakka villages were more sus-

tainable in their development than non-Hakka villages.

There are, of course, some limitations in the approach presented in the current study.

For instance, to realize the full potential of comparable results, subsequent studies should

be preceded by consensus on the values for transformities that should be used to convert

various forms of values into emergy values (Voora and Thrift 2010). However, the scope of
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the present study was necessarily limited by time and resources available. It was limited to

processes and ecosystems that were operational and had some historical data. By its very

nature then, the present study had to be more or less successful. Thus, conclusions that

might be drawn concerning indices regarding systems that might be unsuccessful were

limited.

While literature data were cross-referenced, sometimes the lack of published data

resulted in educated estimates in order to carry out the evaluations. This problem was

especially true for the current study. As a result of relying on data specific to only a few

sites within Hakka villages, the evaluations reflect conditions found at villages, and

average values for Hakka villages should be derived with caution. Moreover, computer

simulation of simplified models and evaluation of empirical data might lend insight into the

question of when to double the size or when to duplicate.

Although the emergy approach has a ubiquitous appeal, it has weaknesses, like many

other environmental accounting methods (Hau and Bakshi 2004b). Emergy approach

critics generally complain that the method: Lacks formal links with related concepts in

other disciplines; lacks adequate details on the underlying methods; is computationally and

data intensive; and is based on sweeping generalizations that remain unproven. Thus, using

emergy to value goods and services has been criticized for ignoring one of the fundamental

tenets of economics, which centers on human preference and demand (Cleveland et al.

2000).

However, the use of emergy as an indicator of resources has significant benefits since it

reduces the various inputs and environmental issues (Hau and Bakshi 2004a). Yet the

indices are unfamiliar to many, and wide range acceptance of the methodology is still to

come. Still, since it includes not only economic inputs, but environmental inputs as well, it

is more inclusive than financial analysis. However, to apply this model to particular

applications, the amount of each alternative index for the application is required. To

understand a benefit of sustainability to the society, the next research should focus on

ecosystems and processes. Future studies should simulate and discuss other land policies.

Using scenario analysis, they should investigate agricultural land issues and man-land

relationships in Hakka villages.
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