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Abstract: Optimizing rural settlements is an important measure to cope with rural decline, and
improve the quality of rural life and attractions. This study introduces the "life quality theory".
Based on the mechanisms governing the interactions between rural settlement space and life
quality, this study examines how to optimize the spatial organization of rural settlements.
Three aspects are evaluated — the integration of rural settlement spatial functions, optimi-
zation of spatial structure, and regulation of spatial scale — with the objective of building an
optimization mode and framework for the spatial organization of rural settlements with high
life quality. Our results suggest the following: (1) The settlement is the spatial carrier of life
quality, which is an essential settlement component, and these two aspects influence and
improve each other. Therefore, reasonable rural settlement space is an important precondi-
tion for higher life quality. (2) The spatial function types of rural settlements can be divided
into those that maintain livelihoods, develop industry, and upgrade life quality. Optimizing
spatial organization of rural settlements based on life quality requires promoting the main-
tenance of livelihood, integration of industrial development, and implantation in quality im-
provement. (3) There are two important components of optimizing the spatial organization of
rural settlements. One is promoting the organic concentration of living, agricultural, and
industrial spaces, the reasonable distribution of social intercourse, recreational, and services
spaces, and the organic balance of living, production, and ecological spaces, so as to rea-
sonably optimize the combination of internal spatial types in settlements. The other is forming
a functional structure level of a “comprehensive village—featured village” and building spatial
organization settlement modes connected by rural roads by relocating and adjusting the
function of villages. These changes would require the destruction of underdeveloped villages,
retaining normal villages, enlarging important villages, and constructing new villages. (4) As
an ideal mode for optimizing rural settlements space based on life quality, the Rural
Road-Oriented Development Model (RROD model) should be built at a rational scale for unit
settlement and distance between settlements, leading to a fully functional RROD system with
rational structure, auxiliary facility, and well-organized distribution.
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1 Introduction

Rural settlements are residential areas in rural environments, where the population has set-
tled based on the close relationship with agriculture, in both geography and function (Li and
Chen, 1994; Zhao et al., 2006). As world urbanization processes have expanded, rural de-
cline has been a global issue (Liu and Li, 2017), and rural settlement has become a popular
topic for scholars and experts in relevant fields both internationally and domestically. Inter-
national research on rural settlements has been progressing over a longer period of time, and
suggests four stages — sprouting, preliminary development, development and revolution, and
restructuring (Li and Zhang, 2012a); this systematic and rich research has addressed settle-
ment patterns (Amarasinghe et al., 2005; Banski and Wesotowska, 2010), ecology (Gilman,
1991; McKenzie et al., 2011), and landscapes (Antrop, 2004; Goérka, 2016; Montis et al.,
2017). In recent years, as human geography has transformed socially and culturally, interna-
tional research on rural settlement geography has focused on interdisciplinary research in
sociology and history, extending to rural reconstruction (Hoggart and Paniagua, 2001a;
2001b; Nelson, 2001), rural-urban relationships (Hidding and Teunissen, 2002), and rural
social problems (Anthopoulou et al., 2017; Flynn and Kay, 2017; Woods, 1997), i.e., re-
search has become more diverse.

During the transformation from “rural China” to “urban China”, rapid urbanization has
resulted in rural transformation and development and spatial reconstruction in China (Long,
2013); rural China is entering a new development stage (Liu, 2007; Long ef al., 2011). With
the migration of urban and rural populations, and the restructuring of economic and social
development factors, non-agriculture diversification has been a powerful impetus for rural
development and has accelerated the destruction of the ecological environment and rapid
loss of agricultural land. The depopulation and hollowing has resulted in the loss of “order”
and “vitality” from rural society, accelerating the decline of rural culture, so equalizing
urban and rural public services is facing severe challenges. Rural settlements, as the spatial
carrier of rural economic and social development, are confronted with the problem of re-
construction. Understanding the optimal scale and spatial patterns of rural settlements (Li,
2013) and constructing rural settlement spaces that meet the needs of farmers’ desires for
production and living through reasonable spatial organization of rural settlement are key
factors in rural settlements addressing “rural disease” (Liu, 2013). Furthermore, these are
also key factors in gradually developing competitive and beautiful homes. These are im-
portant topics that need to be addressed urgently in the field of theoretical rural geography
research and new construction practices.

Many scholars have conducted research on rural settlements since the 1990s (Guo and
Wang, 1999; Hai and Li, 2013; Li Q L et al., 2012; Liu et al., 2011; Long et al., 2016; Ma et
al., 2016; Tian, 2011; Zhang and Sheng, 2005; Zhou and Zhang, 2005; Zhu et al., 2016). In
recent years, there has been a special focus on rural settlement transformations and spatial
reconstruction (Li and Zhang, 2012b; Long, 2014; Wang and Li, 2011; Yang et al., 2015;
Zhang et al., 2016), the spatial evolution and influencing mechanisms of rural settlements
(Feng and Chen, 2003; He et al., 2013; Huo et al., 2016; Li and Shi, 2008; Li X J et al., 2009;
Luo and Li, 2011; Qiao et al., 2009; Zhou et al., 2013; Zhang et al., 2017), hollowing of
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rural settlements and renovation of village-hollowing (Chen et al., 2010; Hu et al., 2016; Liu
et al.,2009; Liu et al., 2013; Long et al., 2009; Tan et al., 2017; Zhu X H et al., 2010), and
rural human settlements and the protection of settlement landscapes (Fang and Liu, 2009; Hu
etal., 2013; Li B et al., 2009; Li et al., 2014; Li et al., 2009; Liu, 2006; Wu, 2001; Zhou,
2009; Zeng et al., 2016). In general, the research on rural settlements space varies from
simple to comprehensive, qualitative descriptions to quantitative analysis, and spatial
analysis to humanistic social paradigms. Nevertheless, issues, including weakness in fun-
damental theory, dominate regional spatial research, which requires enhancing the multid-
isciplinary coherence analysis. In particular, there are insufficient data on the interactions
between people, community subjects, and their settlement environment; residential demands;
and potential improvements to life quality function.

This study is an attempt to elucidate the intrinsic connections between rural settlements
and life quality based on three aspects: the integration of rural settlement spatial functions,
optimization of spatial structure, and regulation of spatial scale. The ultimate goal is to build
an optimization mode and framework of spatial organization for rural settlements with high
quality of life. The results should enrich spatial structure theory in settlement geography and
provide theoretical guidance for the development of rural settlement space optimization
policy to meet National Strategic Needs.

2 The relationship between rural settlement space and life quality
2.1 Life quality and its evaluation framework

“Life quality” was first proposed in 1958 by the American economist John Kenneth
Galbraith in The Affluent Society; he posited that “the life quality is comfortable and con-
venient degree of people’s life and the enjoyment and pleasure of the spirit”. In the 1970s,
the American economist Walt Whitman Rostow further studied “life quality,” and formally
proposed and explicitly elaborated on a “life quality theory” (Rostow, 1971) in Politics and
the Stages of Growth. The author argued that economic modernization in each country oc-
curs in five basic stages of varying length: traditional society, preconditions for take-off,
take-off, drive to maturity, and high mass consumption, the fifth stage reflecting a charac-
teristic quantitative consumption. Subsequently, citizens might turn to “pursuit of quality”,
the quality is “life quality”. He suggested that pursuing an improvement in life quality was
an inevitable trend in human society, and economic growth, from tangible products to intan-
gible products, should be regarded as an important manifestation. Subsequently, the interna-
tional study of life quality gradually shifted from theoretical to empirical (Boyer and Sav-
ageau, 1981; Boyer and Savageau, 2000; Massam, 2002; Myers, 1988), especially on the
measurement and evaluation of “life quality”. Researchers analyzing satisfaction over a
whole life and 13 other specific aspects of life conducted a survey of life quality in the
United States (Galbraith, 1958).

Domestic research on life quality started relatively late, and primarily from the perspec-
tive of sociology or economics, which resulted in some proposed methods and index systems
to evaluate life quality (Chen, 1993; Li, 1986; Lin and Lu, 1989; Mao, 2003; SUSEST,
2002). In terms of defining life quality, Li hypothesized that it was a symbol of life and a
welfare condition, including both natural and social aspects. The natural condition referred
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to beautification and purification of residential environments. In comparison, social condi-
tions included culture, education, health, transportation, status of life services, social fashion,
and social safety; Lin regarded life quality as satisfaction with a living environment and
comprehensive living assessment. In contrast, Chen defined life quality based on two aspects,
social supply and citizen needs, which should be comprehensive and perfect; that is, life
quality was “the living adequacy and satisfaction from social provisions.”

Life quality is a multidimensional concept used to measure citizen living standards and
states, which incorporates the economy, society, culture, politics, and ecology, and includes
both material and nonphysical components. Furthermore, life quality is both individual and
social. Life quality depends on the degree of protection of objective living conditions, and
on the satisfaction of subjective needs, the former being the foundation. Therefore, life qual-
ity must be evaluated based on various aspects. Learning from previous research, this study
proposes an “MIOS” evaluation framework for rural life quality based on the characteristics
of farmer living demand (Figure 1); income, living conditions, public service, ecological
environment, culture and entertainment, neighborhood relationship, organization and man-
agement, and social security are all evaluated.

Objective evaluation of |  |Objective evaluation of
material conditions |—{ human environment

1

Economic income Objective Culture and entertainment
evaluation
Living conditions Neighborhood
£ . | relationship
Material [mmaterial
Public service Organization and
management
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condition satisfaction environment satisfaction|

Figure 1 “MIOS” evaluation framework for rural life quality

As reflected in the objective indicators (Table 1), farmers’ income and living conditions
have reached a high level in China. Specifically, in 2015, rural per capita net income reached
10772 yuan, which is close to double the basic standard of a comparatively well-off life
level in rural areas after deducting for the impact of price factors. Rural per capita steel or
brick structures reached 33.4 m” per person, which is more than twice the basic standard
(farmer) of comparatively well-off residents in the entire country. Public service facility
construction, such as transportation, water improvement, and education, has achieved sig-
nificant advances, whereas indicators of social pension, environmental health, culture, and
entertainment still need improvements. Most farmers are relatively satisfied with their cur-
rent living conditions, according to the subjective satisfaction survey of 650 households in
50 villages in 6 provinces in the central region (He et al., 2013).
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Table 1 The objective index values of the quality of national rural life evaluation in 2015

Index Index Index Index
value value
Rural per capita net income (yuan/person) 10772 Cumulative rate of return to water in rural 98.5
areas (%)
Engel’s Coefficient (%) 37.1 Average number of elderly welfare agencies 0.81
per township
Rural per capita steel brick structure 33.4 Rate of rural residents participating in new 98.8
(m?*/person) rural cooperative medical system (%)
Compulsory student—teacher ratio 14.0 Prevalence rate of sanitary toilet (%) 78.4
Average number of technical training schools ~ 2.26 Expenditure on cultural and educational en- 10.5
for each township tertainment (%)
Rural access roads proportion of administra- 95.5 Average number of comprehensive cultural 0.86
tive village (%) stations per township
Number of rural doctors and health workers 1.47

per thousand agricultural population

Sources: Rural Statistical Yearbook of China in 2016, China Statistical Yearbook in 2016, and Bulletin of Statistics
on the Development of Health and Family Planning Undertakings in China in 2015. “Rural per capita steel brick

CLITS LIS

structure”, “average number of technical training schools for each township”, “average number of elderly welfare agen-
cies per township” are from the statistical data of 2012, “the cumulative rate of return to water in rural areas” is from
2014, and “rural access roads proportion of administrative village” is from the second agricultural census data (2006).

Farmers’ happiness scoring 90 points or more accounted for 17%, 80 to 89 points ac-
counted for 37%, 70 to 79 points accounted for 31%, 60 to 69 points accounted for 12%, and
under 60 points accounted for 3%. With regard to public service, the satisfied and very satis-
fied results of farmers in terms of electricity and communications were 58% and 52%, re-
spectively, while unsatisfied and quite unsatisfied with medical, business, and cultural and
leisure were 30%, 34%, and 42%, respectively. In addition, a synthesis of prior living satis-
faction results in other areas (Table 2) generally indicates that current farmer life satisfaction
is at the upper middle level, although there are still many regional differences. Farmers’ sat-
isfaction for living conditions, road traffic, power, and communication is relatively high.
However, satisfaction is relatively low for income, culture and entertainment, health care, and

Table 2 Research and results on the satisfaction of rural life quality

Research Study area Res.earch Main findings
time

Ren et al.,  Chengdu 2005 In the reform of household registration system, living conditions, road

(2006) traffic facilities, and ecological environment are rated as having high
public satisfaction, up to 40%. However, satisfaction is low in terms
of per capita income, industrial development, and employment and
social security, the proportion of general satisfaction being 54%, 48%,
and 40%, respectively. For the policy system and medical insurance,
dissatisfaction reached more than 30%.

Zhang and  Anhui 2008 Farmers are not satisfied with rural production and living conditions,

Pan (2008) highlighting that despite rural infrastructure construction has im-

proved, development has been irregular. Rural cultural infrastructure
has received fewer investments, and the rural financial system has lit-
tle effect on rural economic and social development. Furthermore, ru-
ral environmental pollution has become a problem, and the prospects
for farmland protection are poor. After 30 years of reform and open-
ing-up, farmers’ income have been raised, but not significantly.

(To be continued on the next page)
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(Continued)
Research Study area Res.earch Main findings
time
Zhu Ningxia 2008 Farmers’ life satisfaction in Yanchi County; more satisfied and very
et al. satisfied ratings account for 36%, unsatisfactory and quite unsatisfac-
(2009) tory ratings account for 14%, and generally satisfied accounts for
about 50% of the total survey. Farmer life satisfaction and income
have a very significant correlation.
LiH Yunnan, Henan 2010 Farmer life satisfaction responses indicate general satisfaction, but
etal lower-class groups have scores that are significantly lower than those
(2010) of other groups in overall life satisfaction and each factor.
Zheng Zhejiang 2010 First, under the premise of limited public financial resources, the total
(2010) amount of public services in rural areas is low and per capita indica-
tors are relatively low; therefore, the farmer satisfaction rates are not
high. Second, constrained by input and output factors, the comprehen-
sive efficiency of rural public service is low and effective supply is
relatively inadequate.
Hu and Jiangsu 2011 The comprehensive score of rural resident satisfaction is 3.12, indi-
Chen cating general satisfaction, among which family satisfaction has the
(2012) highest score (3.67) and economic status has the lowest score (2.09).
The main factors that have a positive impact on improving the satis-
faction of rural residents are interpersonal relationships and govern-
ment public policy; however, economic status, work, and environment
are important factors that lower life satisfaction.
LiWY Hubei 2012 Farmer satisfaction with rural public infrastructure is better than in
(2012) other regions, but the proportion of very satisfactory responses is not
high; reasons for poor responses are insufficient funds for investing in
infrastructure, overlapping functions in agricultural institutions, low
investment benefits, and poor investment quality. The primary role of
farmers participating in construction is also unclear.
Li and Hubei 2012 Farmers have a high degree of satisfaction with power supply facili-
Huang ties, drinking water facilities, and transportation facilities, and are
(2013) generally satisfied with information and communication facilities and
with educational and medical facilities. The maintenance of infra-
structure and construction of infrastructure, irrigation and irrigation
facilities, waste water treatment facilities, and recreational facilities
are ranked as having a low degree of satisfaction.
LiF Guangxi, He- 2013 The proportion of farmer life satisfaction responses that are unsatis-
et al. nan, Heilong- factory and quite unsatisfactory is only 18%, whereas the proportion
(2013) jiang, Jiangxi, of more satisfactory and very satisfactory is 49%, indicating a gener-
Ningxia, Si- ally high quality of life. The life satisfaction of poor households is
chuan, Gansu, lower than that of middle and affluent households in general. Higher
Anhui, Yun- life satisfaction is correlated with age of householder, health, housing
nan, Shandong area, types of consumer durables, road condition, village democracy,
and social intercourse. Finally, farmer life satisfaction first increases
and then decreases with increasing educational.
Zheng Jiangsu 2014-2015  Farmers show a high degree of satisfaction with their rural human set-
et al. tlement environment (infrastructure) and rural human settlement en-
(2017) vironment (natural environment), but they are less satisfied with the

rural ecological environment and rural eco-economy. The farmer sat-
isfaction scores are higher in electric power facilities, air quality, life-
style, water facilities, garbage collection facilities, irrigation facilities,
and greening status. Low satisfaction scores are in pond pollution
treatment, industrial pollution treatment, fertilizer and pesticide pollu-
tion treatment, domestic sewage treatment, eco-industrial develop-
ment, both human and poultry excrement treatment, eco-agriculture
development, and ecological services development.
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education. Meanwhile, farmers worry about ecological environment, social secu-
rity, and neighborhood relationships. Therefore, from the objective indicators and synthesis
of prior living satisfaction results, subjective and objective analysis is basically consistent.
However, the income is inconsistent. An important reason of this inconsistent lies
in the gap between urban and rural areas and promotion of farmers’ demands.

With the construction of the new socialist countryside, the life quality of farmers has been
greatly improved in China. However, there are still many problems, such as the lower in-
come of farmers compared to urban residents, unbalanced rural public service development,
poor medical education, inadequate culture and entertainment, weak social security, and
threatened rural ecological environment quality. Lack of industrial support and revenue
sources directly affects the improvement of farmers’ income level, and insufficient invest-
ment and low investment efficiency have directly influenced the improvement of public ser-
vices. The degree of subject participation and the sense of belonging to a place have directly
impacted the relationship between public security and neighborhood relations. Furthermore,
unreasonable development and non-intensive construction directly affect the ecological en-
vironment. Rural settlements are carriers of production and living, and provide space for
rural economic development, public service construction, and social interaction between
farmers. Therefore, it is necessary to build a rational optimization framework of spatial or-
ganization of rural settlements to fundamentally solve the obstacles affecting the life quality
of farmers.

2.2 Rural settlement space, and the mechanisms governing its interactions with life
quality

The settlement is the spatial carrier of life quality, and life quality is an essential component
of settlements; they influence and improve each other (Figure 2). The organic renewal of
rural settlement space, embracing the integration of rural settlement spatial functions, op-
timization of spatial structure, and regulation of spatial scale, can provide farmers with better
production and living places, create more opportunities for social communication, and re-
duce facilities use cost. Concurrently, these changes can beautify the eco-landscape envi-
ronment, to improve the life quality of farmers, and lead to an accumulation of more con-
struction capital, create higher space requirements, and cultivate stronger creative abilities for
the organic renewal of rural settlement space. The goal is to achieve a benign cycle between
spatial optimization of rural settlements and sustainable enhancement of life quality.

Provide farmers with Insufficient resources to update capital
production and living places Limitation of farmers’ spatial
Reduce facilities use cost requirements capacity
Create opportunities for Decrease of renovation
social communication ability
Beautify the eco-landscape environment
Im t Organi Spatial Decline in
rovement anic : i i
in the lfe Benign renewal of fonctions Disorganized Vicious the life
quality of Cycle settlement space Cycle quality of
farmers space farmers

Spatial Spatial
structure scale ) .
Accumulate more construction capital Shortage of f_ar.mers production
Create hich ' " and living places
Teate higher space requirements Increase in facilities use cost,
Cultivate a stronger Reduced opportunity for

creative ability social intercourse
Destruction of eco-landscape environment

Figure 2 Two-way interactive mechanisms between rural settlement space and life quality
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In contrast, disorganized rural settlement space and lack of space function will lead to
shortages in farmer production and living places, a reduction in opportunities for social
intercourse, decreases in facility construction, and use cost increases due to irrational scaling
and clustering. Poor planning can destroy the eco-landscape environment, so as to cause a
decline in the life quality of farmers, which will lead directly to insufficient resources to
update capital, limitation of farmer spatial requirements capacity, and decrease in ability to
renovate. This chaotic settlement space results in a vicious cycle of disordered rural set-
tlement spaces and declining life quality for farmers. The two-way interactive mechanism
between rural settlement space and life quality reveals the significance of spatial optimiza-
tion of rural settlements based on farmers’ life quality.

3 The optimization framework for the spatial organization of rural settle-
ments based on life quality

Meeting the requirements for farmer production and living, and improving their life quality
is a basic starting point for optimizing the spatial organization of rural settlements. To
achieve this goal, we must first ensure the optimization and improvement of functional
services of settlements. Optimizing the spatial organization of rural settlements is actually an
adjustment process that proportions the relationships and spatial combination of spaces that
carry different functions. In comparison, optimizing the spatial organization of the rural
settlement system means arranging the spatial relationships of different settlements with
different leading functions. The scale of the settlement space should be conducive to the
function of the settlement, and conform to their spatial organization; therefore, the following
sections are primarily based on integrating the spatial function while optimizing spatial
structure and regulating the spatial scale to create an optimization mode and framework for
the spatial organization of rural settlements based on life quality.

3.1 [Integration of spatial function based on life quality

Function integration has been found in rural settlements (Zhu X H et al., 2010). The most
basic simple and busy rural life mode of beginning well before sunrise and ending at sunset,
is just for survival, promoting the integration of traditional production and residential
functions. As the rural economy has transformed and living standards have improved, di-
verse lifestyles that include work, business, communication, recreation, and entertainment
have gradually emerged; the rural settlement function has inevitably changed from homo-
geneous isomorphism to heterogeneous variety (Luo and Li, 2011), shifting from integration
of traditional production and residential functions into a new multi-functional integration.
Organic multi-functional integration is beneficial for improving the convenience of
production and life of farmers, enriching public life, increasing spatial vitality, cultivating
good neighborhood relationships, and making intensive use of space. In contrast, disor-
ganized multi-functional integration may lead to ecological damage, rural loss, spatial in-
efficiency, and other issues, which decreases the quality of life. Therefore, we can rea-
sonably optimize the function of the settlement space according to the needs of different
stages of development, including functional adjustment, implantation, and upgrading (Chen
and Lu., 2010). Based on the transition locus of rural territorial function (Liu et al., 2012),
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the types of rural settlement spatial functions can be divided into maintaining livelihoods,
developing industry, and optimizing quality, in which agricultural production and living are
categorized as maintaining livelihood; industrial production, tourism, trade, and service are
categorized as developing industry; and public service, culture, and leisure are categorized
as optimizing quality. Optimizing the spatial function of rural settlements based on life
quality requires us to promote maintaining livelihood, integrate developing industry, and
implant optimizing quality (Figure 3). For livelihood maintenance, it is better to enhance the
function and improve the efficiency of agricultural production and quality of agricultural
products to ensure food safety, while also improving the living conditions of residents to
realize farmer innovations in household function. To develop industry, it is best to retain and
promote functions in tourism and processing of agricultural products that are adapted to rural
development, remove industrial production functions that are in conflict with rural devel-
opment or cause pollution, and adjust business services based on economic logic. Methods
for optimizing quality include foster cultural and leisure functions, organizing public ac-
tivities, creating neighborhood communication opportunities, improving public service
function, and protecting education, medical care, health, social security, and infrastructure
services according to the requirements of rural modernization, and equalizing urban and
rural residential life to improve resident culture, facilities and neighborhood satisfaction.

Improvement
in the life
quality of

farmers

Industrial Agricultural

production ﬁ production

. Optimization of Livelihood
Trade and Industrial  peeprate spatial function of Promote intenance
service development rural settlements

Residential

Tourism support

Implant

Quality
upgrade

Cultural and

leisure functions Public service

Figure 3 Integrated spatial function of rural settlements based on life quality

3.2 Optimizing spatial organization based on life quality

Decentralization, depopulation, hollowing, intermixing, and the simple mechanical con-
centration of town apartments separated from actual rural areas are outstanding problems in
the rural settlement space of China. These problems are clearly related, so optimizing the
spatial organization of rural settlements is a fundamental factor. The spatial organization of
rural settlement involves internal settlement and settlement system structure; notably, the
former is a problem of proportion relationships and spatial combinations of spaces with
differing functions, while the key aspect of the latter is in the spatial location and correlation
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of each settlement in the system.

Optimizing the internal spatial structure of rural settlements based on life quality (Figure 4),
can be based on the integration of spatial function of rural settlements, and realizes an or-
ganic combination of spatial types in functional integration. Rural settlement space can be
divided into living, production, ecological, service, social intercourse, and recreational
spaces. Judging from the current situation, the continuous improvement of rural life quality
in China has increased the sense of belonging, neighborhood harmony, and cultural identity
for farmers in rural settlements. However, agricultural and ecological spaces are being oc-
cupied or destroyed due to urbanization and non-agricultural rural activities.

Proportion structure Ab;g:g:f [()) ;'hf:{,rir(l;rs Combination layout
of spatial type of spatial type
Protection of bottom R
lines of agricultural g Social Organic concentration of
and ecological spaces intercourse] . < residence, agriculture,
space | Livingspace) and industry

Reasonable regulation
of living space Living space

Y

Service | Agricultural ;

space :
P — Space H Organic balance of
. . - poeeeee? living, production
Extension of social Industrial space| and ecology
intercourse >
and recreational space
- < Reasonable distribution
Appropriate Ecological space of social intercourse,
conﬁguratlon > recreation, and services
of services space

Enhance Improve the Promote
environmental convenience of neighborhood
comfort space use harmony

Figure 4 Optimizing the internal spatial organization of rural settlements based on life quality

Therefore, the focus of optimizing internal spatial structure of settlements in terms of
proportion is protecting agricultural and ecological spaces, expanding social intercourse and
recreational spaces, and moderately allocating services space to control the size of each
space type according to the regional situation. The goal is to ensure spatial function diversity
and enhance the comfort of the spatial environment. The optimal combination of internal
spatial type in settlements should abide by the spatial behavior habits of farmers for living,
consumption, employment, and social interaction (Massam, 2002). This optimal combina-
tion should gradually achieve a communalization of living, large-scale agriculture and
grouped industrial spaces, and the reasonable distribution of social intercourse, recreational,
and services spaces, to achieve an organic balance of living, production, and ecological
spaces. In summary, optimization should improve the efficiency and convenience of space use.

Optimizing the spatial structure of rural settlement systems based on life quality, aimed at
improving the coordination of the settlement system, needs to effectively integrate the
functional hierarchical structure of the rural settlement system and promote the interaction
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between rural settlements. The objective is to build a stable, coordinated, and sustainable
rural settlement system. Optimizing the spatial organization of rural settlements is essen-
tially a process of relocation and function adjustment, where transforming settlements in-
cludes individual and group relocation and functional changes. During the process, we
should gradually relocate underdeveloped villages that are scattered and unsuitable for living,
retain some normal moderate-scale villages suitable for living, enlarge important villages,
expand parts of key villages that have the appropriate housing and gathering potential, and
build some new villages that have superior and well-equipped locations (Figure 5). The
resettlement function should be modified based on the advantages and disadvantages of the
location and development foundation, and form a functional level of structure characterized
as “comprehensive village — featured village.” This concept highlights the integrity of
functional structure and external radiation of the comprehensive village, while emphasizing
the unique aspects of the featured village. To better promote the interactions of rural set-
tlement, relocation should consider farmer communication habits and behavior, the impact
of traffic conditions on farmer production and life, and the influence of geographical factors.
In summary, the spatial organization of rural settlements connected by rural roads should
employ a spatial organization optimization mode based on life quality.

Relocation of
underdeveloped
villages

Retaining of
normal villages

Enlargement of
important villages

Construction of
new villages

| Current road |

| New road |

| Bus station ‘

Figure 5 Optimizing the spatial organization of settlement system connected by rural roads
3.3 Regulating the spatial scale of rural settlements based on life quality

The settlement single-scale and distance between settlements are two key indices for de-
scribing the spatial scale of rural settlements. The settlement single-scale is the settlement
self size, while the distance between settlements reflects the spatial morphology of the set-
tlement system. The appropriate settlement scale can greatly improve rural resident daily
travel and facilities utilization convenience, increase the efficiency of construction, and
decrease use costs of public service facilities for education and medical care. A reasonable
distance between settlements can effectively facilitate rural public transport, improve the
overall operation efficiency of the settlement system, and promote interactions between
settlements. To improve the life quality of farmers, the requirements for farmers’ production
and living, and the ability to control the environment are both important for regulating the
spatial scale of rural settlements. Factors that are incorporated in those requirements include
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the environment and location conditions, travel mode and distance perception, productivity
level and mode of production, neighborhood relationship and psychological identity, facili-
ties distribution threshold, and organizational management benefits (Figure 6). In practice,
determining the spatial scale of a settlement is closely related to regional natural conditions,

the level of development and functional orientation, and geographical differences.
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Figure 6 Diagram outlining the mechanisms influencing the spatial organization of rural settlements based on
life quality

4 Optimization mode for the spatial organization of rural settlements
based on life quality

4.1 Basic RROD concepts and spatial structures

Guided by the basic optimization mode for the spatial organization of rural settlements based
on life quality, a new optimization model is established, termed the Rural Road-Oriented
Development Model (RROD model) (He et al., 2014). In the RROD model, rural settlements
rely on the layout of rural roads, and form a new type of rural community that is perfect in
function and moderate in scale. Within a certain area, there are many RRODs that employ a
dominance hierarchy and reasonable layout, and may be associated with each other. A
RROD system is based on the regional geographical environment conditions and relies on
the rural road system,.

An RROD generally consists of three to six functional groups, while the functional group
type can be divided into residential, integrated, and special functions (Figure 7). The main
residential function is living. The integrated function group can be a collection of residential,
tourism, and public services and other functions. The special function group is dedicated to
the optional space unit comprised of industrial production, tourism, and other special fea-
tures. The logical arrangement of functional groups in space can achieve the organic coor-
dination of living, production, and ecological spaces. The RROD has the advantages of
convenient transportation, drainage, power supply, sanitation facilities, convenient produc-
tion and living of farmers, harmonious neighborhoods, and comfortable living environments.
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Public service centers are located in the integrated function group, arranged with kinder-
garten, primary school, medical center, integrated store, cultural station, elderly activity
center, and other facilities. According to the degree of facility improvement and status dif-
ference in the RROD system, the overall RROD can be divided into the central RROD,
general RROD, and base RROD. Based on the industrial structure and functional differences,
the RROD can be divided into traditional agriculture, modern agriculture, mixed workers
and farmers, integrated service, and tourism-oriented. Different levels and types of RROD
are coordinated to form the RROD system.

® Residential function <> Cultural center
© Special function /\ Primary school
@ Comprehensive function O Elderly activity center
) Public service O General store
Agricultural production .
m se%grlice centeIr, 4k Medical center
¢ Fammland, forestland @ Transit stop
and grassland Y% Administrative organization
<= Rural road — Lane

> <= Residential street

Figure 7 Diagram outlining the basic structure of a complete RROD unit
4.2 RROD parameter values

The spatial scales of rural settlements are regulated based on life quality, unit radius,
population size, and distance between RRODs, and should be considered during RROD
mode regulation. The maximum social circle of farmer neighborhood interactions and
maximum power radiation range of organization and management should determine the
RROD scale, which can be controlled within a certain range to form a sense of identity and
belonging. Furthermore, the RROD scale can play an important role as public institutions
organize personnel, govern villages, and set policies. According to existing research (Guo
and Chen, 2017; Li, 2007; Wang, 2010; Zhang and Xiao, 2009), the internal population size
of an RROD should be in the range of 300 to 900 households. Conversely, based on the
minimum threshold requirements for rural public service facilities, the settlement population
should reach a certain size to achieve economies of scale, improve facility utilization, and
reduce waste. In general, the minimum service population threshold size for public service
facilities, such as primary schools, clinics, and integrated stores, is around 1500 people (Hui
et al.,2010), and the service radius of these public service facilities is also directly related to
the RROD unit radius. Generally, 510 min and 400—800 m, at a walking speed of 5 km/h, is
an appropriate walking scale; beyond this scale, even if there is a good walking environment,
it is difficult to stimulate the residents’ willingness to walk. Therefore, the service radius of
the public service facility is basically within this range, and the unit radius of a RROD
should also be controlled within 800 m. Travel within a settlement is mainly on foot, but
travel between settlements is usually by bus or bicycle. Setting a suitable travel speed of
10-20 km/h, the travel time distance is 10—15 min; then, the maximum travel distance is 5
km, and the distance between adjacent RRODs should be controlled to within 5 km. More
importantly, travel mode and distance perception will also affect the tillage radius. The
agricultural production function is the most basic function in the countryside, for both tra-
ditional agricultural time and modern rural economic transformations, and a reasonable
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tillage radius must be considered in determining the RROD spatial scale. In general, farmers
cultivate at a time distance of about 15 min; therefore, with agricultural transport support, the
maximum tillage radius can reach 6.25 km, calculated at 25 km/h; under walking conditions,
the maximum tillage radius is about 1.25 km, calculated at 5 km/h (Jiao et al., 2006; Tang et
al., 2014; Zhao and Hui, 2008). These values directly affect the distance scales between
RROD units. Initial calculations indicated an RROD unit radius of 400-800 m, RROD
population size as 1500-3000 people, and distance between RRODs as 3.5-5.0 km (Table 3).
However, this initial calculation is based on a general assumption of homogeneity, and does
not fully take into account the differences in topography and economic development level,
and their influence on RROD mode. Therefore, particularly in mountainous and hilly areas,
we should adjust the spatial scale according to rural road facilities network construction.

Table 3 Parameter values for the RROD spatial scale in different landform areas

RROD scale
RROD distance (km)
Unite radius (m) Population size (person)
Plain 650-800 2000-3500 4.0-5.0
Hilly 450-700 2000-3000 3.5-4.5
Mountain 400-600 1500-2500 4.5-55

4.3 The important role of the RROD model in improving the life quality of rural set-
tlements

In accordance with the theory of science of human settlements proposed by Academician Wu
Liangyong (2001), the human settlement environment consists of five major elements: natu-
ral, human, social, living, and supporting network. Decentralization, depopulation, hollow-
ing, intermixing, and the simple mechanical concentration of the town apartments separated
from true rural areas have largely destroyed the organic combination of the five major ele-
ments, which is an important challenge in improving the quality of rural life. The RROD
model focuses on the organic synergy of these five factors and forms the “Five Collaborative
Effect™:

(1) Protect the natural ecological foundation of settlement development through the
protection and promotion of natural landscape patterns.

(2) Promote the rational distribution of population in urban and rural areas by guiding the
rural population to gather logically in rural areas, and gradually developing into a service
center and growth center of the village, and then controlling the rural population (especially
young people) pouring into cities, restraining rural decline.

(3) Reconstruct the social relationships within the settlement, constructing a harmonious
neighborhood environment, and improving the sense of living belonging through proportion
and layout optimization of living, service, social intercourse, and leisure spaces.

(4) Effectively organize the spatial connections in the rural settlement system and promote
the interaction among rural settlement units by reasonably planning the scale of rural set-
tlement units and the distance among them.

(5) Improve the service capability of the settlement support network, reduce the use cost
for facilities, and enhance the convenience of the rural residents’ production and living using
road locations, a reasonable radius for services, and an economic threshold to guide the scale
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of settlement units and configuration of various

facilities. Moderate agglomeration

In summary, the RROD model can guide rural
settlement to realize multiple targets, which
strengthens natural ecosystem service functions,
enhances the livelihood maintenance function,
optimizes the industrial development function,
and implants the quality optimizing function, to
improve the life quality of rural residents. Im-
plementing the RROD model can result in the
ideal goal of gradually equalizing the residential

lives of urban and rural citizens in the coordinated Figure 8 Diamond diagram of the “Five Col-
laborative Effect” around the RROD model to

improve the quality of rural life

development of urban and rural areas (Figure 8).

5 Conclusions and discussion

(1) With the promotion of new national urbanization and country construction strategies,
the rural economy and society are facing a drastic transformation. Key problems in this
transformation are i) understanding the optimal scale problem and spatial structure of rural
settlements, and ii) identifying the spatial organization of rural settlements that can provide
better settlement functions. Addressing these problems is urgently required. Rural devel-
opment has been gradually transformed from basic survival to the pursuit of life quality in
China; therefore, studying the spatial organization of rural settlements based on life quality
is particularly prescient as we explore human development.

(2) Optimizing rural settlements is an important measure for coping with rural decline and
improving the quality of rural life and attractions. With the construction of a new socialist
countryside, the life quality of farmers has been greatly improved in China. However, many
problems remain, such as the lower incomes of farmers compared to urban residents, im-
balanced rural public service development, poor medical education, limited culture and
entertainment, weak social security, and threats to rural eco-environmental quality. Settle-
ments are the spatial carriers of life quality, and life quality is an essential component of
settlements; they influence and improve each other, following a two-way interactive
mechanism. Building a rational optimization framework for the spatial organization of rural
settlements is required to fundamentally solve the obstacles affecting the life quality of
farmers.

(3) The optimization mode for the spatial organization of rural settlements based on life
quality embraces the integration of rural settlement spatial functions, optimization of spatial
structure, and regulation of spatial scale. The integration of rural settlement spatial functions
promotes livelihood maintenance, integrates industrial development, and engages quality
optimization based on the transition locus of the rural territorial function. The optimization
of spatial structure for rural settlements optimizes agricultural and ecological spaces, ex-
pands social intercourse and recreational spaces, and moderately allocates services space,
which reasonably proportions the internal spatial organization of a settlement. The organic
concentration of living, agricultural, and industrial spaces, the organic growth of social
intercourse, recreational, and services spaces, and the organic balance of living, production,
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and ecological spaces can achieve an optimal combination of internal spatial types in set-
tlements. This forms a functional structure, the “comprehensive village — featured village,”
and creates a spatial organization mode for settlements connected by rural roads using re-
location and function modification. These changes are implemented through the destruction
of underdeveloped villages, retention of normal villages, expansion of important villages,
and construction of new villages. To regulate the spatial scale, it is necessary to guide both
the settlement size and the distance between settlements.

(4) As an optimization mode for the spatial organization of rural settlements based on life
quality, the RROD model incorporates the RROD and RROD system as the basic framework,
supporting the organic integration of the spatial function, organic balance of spatial struc-
tures, and organic constraints from the spatial scale. It can provide theoretical guidance for
the construction of rural complexes. In addition to guiding the optimization mode for the
spatial organization of rural settlements based on life quality, the model has also inspired
some of new types of rural agglomeration. However, it still faces the challenge of planning
and design, economic cost, policy system, and regional environment differences, which need
more specific design criteria, comprehensive investment plans, detailed action guidance, and
a better policy framework. Here, the RROD is proposed only as a preliminary theoretical
framework based on homogeneous assumptions, to guide more detailed and thorough ar-
guments and research. Applying a typical sample area to this model is the subject of future
work, where it can be further developed to better test and improve the practice mode.

(5) The internet and rapidly developing information technology are becoming important
aspects of the productive lifestyles of rural residents in the new era, and important driving
factors of the spatial change of rural settlements. Large geographical spatio-temporal data-
sets are becoming new data sources to study the production and life behavior of urban and
rural residents and spatial changes in urban and rural areas. Making full use of large data to
comprehensively understand the behavioral characteristics of urban and rural residents,
discuss the changing spatial orientations of rural settlement under the influence of the
internet and information technology, and construct more livable and attractive rural settle-
ments in the information age are topics that should be addressed in future research.
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