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Abstract: In the context of urbanization, desakota villages and towns, which feature mixed land
utilization, a diversified industrial structure, and “half-city and half-town”, have gradually come
into being and play a big part in impacting the development of towns and villages. As the top-down
policy guidance and control play a minor role, and the bottom-up construction runs out of control,
various human settlement problems, such as the waste of land resources, low energy efficiency, high
carbonization, and disappearing ecological livability, stand out. The core problems confronting China
in the next phase concern the rational utilization of village resources and the guidance for and control
over the low-carbon development of villages and towns in the future. Based on the demand for the
low-carbon development of the human settlements in desakota villages and towns, the analyzed
points in this article include the correlation between the carbon emission intensity and the spatial
form characteristics and other related elements in Zhejiang Province. The low-carbon construction of
the desakota village-and-town communities is transformed into the spatial form structure in order to
gain a better understanding of the low-carbon control elements. A correlation evaluation model is
established to provide the basis for the optimization and improvement of a low-carbon construction
system from multiple dimensions and perspectives, thus providing a theoretical basis and practical
guidance for the future low-carbon construction of desakota villages and towns.

Keywords: desakota villages and towns; carbon emission intensity; spatial form; correlation
evaluation model

1. Introduction

As the urbanization in China slows down, and carbon emissions begin to reach their
peak, the traditional construction mode [1] of scale expansion and “vigorous demolition and
construction” has halted. The transformation and upgrading of urban and rural construc-
tion and the renewal of community construction have evolved into the current construction
priorities. Driven by urbanization externally, desakota village-and-town communities have
evolved into areas of intensive human mobility, frequent material exchange, industrial
renewal iterations, and diverse construction activities. Meanwhile, as the top-down policy
guidance and control play a minor role, and the bottom-up construction runs out of control,
desakota village-and-town communities gradually become prominent habitats of high
carbon. Therefore, the key to the sustainable development of desakota village-and-town
communities is to accurately identify the influencing elements of carbon emissions and to
build a construction system based on regional realities.

Under the context of urbanization development, desakota villages and towns, as areas
where the most dramatic interaction occurs between urban and rural areas, gradually
confront problems such as high-carbonization development and extensive construction.
On this basis, this study was conducted to explore the spatial influencing elements related
to the carbon emission intensity of desakota villages and towns, and to provide a holistic
theory for the low-carbon construction system of desakota villages and towns. Desakota
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village-and-town communities feature multiple types, complex functions, diverse spatial
forms, complex construction elements, etc. There are numerous and trivial influencing ele-
ments of the carbon emission intensity. Without the overall understanding and systematic
sorting out of the relevant influencing elements of the carbon emissions in village-and-town
communities, it is very hard to identify them. Based on the desakota village-and-town
communities of Zhejiang Province, their spatial form features and carbon emission char-
acteristics were explored, and the low-carbon elements were identified through the gray
correlation model, with sustainable development as the basic concept. This provides a
theoretical basis for the construction of a low-carbon construction system.

2. Literature Review

(1) Research on desakota villages and towns

Desakota villages and towns, due to their complex system structure and extensive
content coverage, have been replaced by various nouns, such as “semi-urbanization”,
“peri-urbanization”, “regional unity”, and “transitional communities”, in the literature.

In the 1960s, Gottman depicted the phenomenon of the mixtures of urban and rural
areas with compound land use on the east coast of the United States and believed that
it would appear in other countries and regions [2]. Engels put forward [3] the concept
of “urban-rural integration” for the first time in 1974, with the purpose of alleviating the
contradictions between urban and rural areas that were getting worse at that time and
eliminating the problems of imbalanced labor division and the uneven distribution of urban
and rural populations. Friedmann [4], by studying the regional development elements
and the relationship between cities and regions in the United States, concluded that the
regional center would continue to be expanded under [5] the action of external power, and
the desakota phenomenon might appear. In 1987, McGee, after studying urbanization-
based problems in Asian developing countries, defined “desakota” as the spatial form
featuring blurred boundaries between urban and rural areas, diversified industrial activities,
and mixed land use. Daniel Goodkind [6] studied the population structure of China in
2002, with a focus on the migration of rural populations. Currently, urbanization and
industrialization continue to see further development, and some developed countries are
already in the “post-urbanization” stage. Foreign scholars pay more attention to various
problems such as poor economic performance, environmental damage, poor employment,
urban–rural integration, and others that occur after urbanization [7–10].

(2) Research on low-carbon theory

In response to the increasingly serious environmental problems in desakota village-
and-town communities, scholars and experts have discussed and researched the relevant
theories and opinions and have thus provided a theoretical basis for the sustainable de-
velopment and low-carbon construction of villages and towns. Metabolism and carbon
cycle systems serve as important theories in the study of low carbon in villages and towns:
according to the metabolism theory, a cycle system of material and energy exchange is
established between the system inside villages and towns and the system outside them
from the viewpoint of biological metabolism; the carbon cycle theory is formed based on
the metabolism theory and the process in which carbon elements circulate between the
whole village-and-town system and the outside world [11–13].

(1) Metabolism theory: In 1965, Wolman [14] first proposed this theory, according to
which the operation of cities refers to the process in which material and energy ele-
ments in the environment are transformed into products and fertilizers. This theory,
rooted in the industrial era, and based on the law of the conservation of mass, mainly
focuses on the material input, the internal flow, and the final discharge in the region.
From the perspective of the metabolism theory, desakota village-and-town communi-
ties are a large, artificially created biological organism: as its internal materials and
information and energy elements fail to develop in a coordinated manner, a series
of environmental problems arise; when an organic coordination occurs in the main
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core systems of the village-and-town communities, the three subsystems of supply,
demand, and waste see an overall balanced state of development. Thus, sustainable
development within village-and-town communities is realized.

(2) Carbon cycle theory: In 1997, Nakazawu [15] first proposed a global carbon cycle
model, containing two main components: the atmosphere and the biosphere. Fang
Jingyun et al. [16] later refined the components of the inland ecology of the biosphere
in this model. The circulation of carbon elements in the ecosphere as a whole is
considered in these studies, while there is a lack of description of human activities.
Therefore, such a model can rarely be applied to urban or rural systems with intensive
human activities. With regard to this problem, Qian Jie [17] constructed a carbon-
source–sink model with Shanghai as an example, as well as conducting a quantitative
measurement analysis; Zhang Wang et al. [18] proposed that urban components, such
as population, industry, buildings, transportation, and green space, should be used
as the carriers of the carbon cycle system. A qualitative description is established
according to the changes in land patterns, so as to clarify the urban forms and low-
carbon development types. The study on the carbon cycle system of a whole city
facilitates an understanding of the carbon cycle process of the whole ecosystem and
provides a relevant theoretical basis for the construction of the carbon cycle system of
the desakota village-and-town communities.

(3) Study on the correlation between spatial forms and carbon emission intensity.

The analysis of the correlation between spatial forms and carbon emissions matters
to the quantitative research on the influencing elements of carbon emissions. Two main
perspectives are involved here: one is to conduct a top-to-bottom study on the changes in
demographic structure, income, industrial structure, architectural style, and other indicators
amid urbanization under the support of geography, statistics, urban and rural planning,
and regional economics; the other is to conduct a bottom-to-top study on the correlation
between spatial morphology and energy consumption based on architecture, typology, and
urban morphology.

In many studies, qualitative descriptions and quantitative analyses are used to basi-
cally prove that spatial forms significantly impact carbon emissions, but there are differences
in the model and variable selection, as shown in Table 1.

Table 1. Study on the correlation between spatial forms and carbon emissions.

Research Scholar Sample Case Research Model Main Conclusion

Bagley and Mokhtarian [19] Five communities in the US Model of structural formulas

Travel behavior and lifestyle play a more
significant role in transportation demand than

the spatial form variables of
residential communities.

Wahlgren [20] Finland Scenario analysis
In terms of the city and community, planning

strategies significantly impact
carbon emissions.

Gleaser and Kahn [21] Sixty-six metropolitan areas in the US Regression model

The utilization intensity is negatively correlated
with household carbon emission intensity, and
the city size is positively correlated with carbon

emission intensity.

Kennedy et al. [22] Ten cities in the world Comparative analysis Urban density is negatively correlated with
energy consumption.

Chen Fei and Zhu Dajian [23] Shanghai Contextual analysis
Urban density and land use structure impact

traffic travel patterns and then carbon
emission intensity.

Lv Bin and Sun Ting [24] Eight domestic cities Scenario simulation

The quantitative index of the “function compact
index” was proposed. The quantitative study

indicated that it is more likely to reflect the
connotation of compactness than “external
form compactness”. It is conducive to the

development of low-carbon cities.

Han Sunsheng and Qin Bo [25] Fifteen communities in Beijing Regression model
Carbon emission intensity is impacted to some

degree by residential area, building density, and
connectivity between community roads.

Huang Xin and Yan Wentao [26] Twelve communities in Chongqing Correlation analysis

Carbon emission intensity is correlated with
road network planning, spatial layout, land

utilization, building construction, and
natural landscape.
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It is found from the literature that there are many qualitative descriptions and quanti-
tative analyses on how to control traffic carbon emissions. However, there is still a lack of
empirical and theoretical research on the correlation between specific spatial form elements
and carbon emissions. With regard to this problem, a correlation evaluation model of
carbon emissions and spatial form was established with 12 desakota villages and towns in
Zhejiang Province as examples. Concrete practical strategies are put forward for low-carbon
construction. The methodological framework of our research is shown in Figure 1.
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3. Selection of Typical Samples
3.1. Sample Selection

In this article, 12 desakota villages and towns in Zhejiang Province were selected and
investigated as the research samples. Their spatial form, carbon emissions, carbon sink,
and other aspects are described and analyzed. Based on the conclusions, strategies and
suggestions for the low-carbon construction and development of desakota villages and
towns in the future are proposed.

Located on the southeast coast of China, Zhejiang Province is at the core of the Yangtze
River Delta. There are 11 cities, including Hangzhou, Shaoxing, and Huzhou in Zhejiang.
It is inclined from the southwest to the northeast in terms of the terrain. The complex
terrain elements consist of plains, hills, basins, mountains, and islands. The climate here is
a subtropical monsoon humid climate. In 2019, the GDP here reached CNY 6.2352 trillion,
ranking fourth in the country. The GDP here from the secondary and tertiary industries
accounts for 96.5% of the total. There are 58.5 million permanent residents, among which the
urban population accounts for 70.0% of the total, an increase of 20.2% compared with that
in 2000. In terms of the employment structure, those working in the secondary and tertiary
industries account for 88.6% of the total. Remarkable characteristics are demonstrated in
terms of the population, economic development, and industrial structure [27–29].

Rural areas with excellent conditions (coastal areas or surrounding areas of big cities)
in Zhejiang Province have witnessed rapid economic development, fast expansion of
non-agricultural industries, gradual transformation of land, a highly non-agricultural
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employment structure, and an industrial structure. The characteristics of urban areas are
shown in these rural areas. While under the influence of the rural systems, land utilization,
and administrative policies, the rural characteristics are still presented in terms of the spatial
form here; that is, desakota villages and towns have come into being. The rapid economic
development and the transformation of the industrial structure have led to the continuous
transfer of high-carbon urban functions to desakota villages and towns, a gradual increase
in carbon emissions and energy consumption, the occupation of farmland landscapes, and
an unbalanced structure of human settlements.

As one of the keys to the development and construction of Zhejiang Province, desakota
villages and towns have become the key to promoting the free flow and reorganization of
urban and rural elements, as well as an experimental field for future desakota development.
Desakota village-and-town communities at different development stages provide a certain
range of samples for comparative study and analysis. Meanwhile, as the pioneer of
various construction activities, desakota village-and-town communities have laid a good
foundation for the application of low-carbon construction systems in these communities.

In this article, 12 research samples were selected (see Table 2), including desakota
village-and-town communities (with administrative villages and organic towns as units) in
Hangzhou, Jiaxing, Shaoxing, and other cities. Rural communities in urban areas, such as
urban villages, were not taken into account due to their special geographical location and
other elements. On the basis of the principles of demonstration, representativeness, and
diversity, relatively independent rural communities in geographical space were selected
as samples to present the differences in the spatial forms of the desakota village-and-
town communities in different stages under the context of urbanization and to reflect the
characteristics of life, production, and regional culture of the desakota village-and-town
communities in Zhejiang Province. Due to the limited data and personal time, it is hoped
that the general situations and characteristics of village-and-town communities at all stages
of urbanization can be reflected as much as possible in this article. However, personal
subjectivity cannot be avoided in the sample selection.

Based on the classification criteria of different types of desakota villages and towns,
four desakota village-and-town communities of similar population size, economic status,
and community scale were selected for research and analysis as samples from three types:
the industry-led type, the trade-led type, and the tourism-led type.

Table 2. Basic information on the samples of village-and-town communities.

Number
Name of

Village-and-Town
Communities

County and
District City

Number of
Households/Total

Population
GDP per Capita

Industry-led type

A-1 Gaoping Village Yuecheng District Shaoxing City 492/1350 36,746
A-2 Longchuan Village Jinyun County Lishui City 824/2031 25,642
A-3 Dushantou Village Anji County Huzhou City 460/1670 38,721
A-4 Xishan Village Xinchang County Shaoxing City 816/2232 31,798

Trade-led type

B-1 Yima Village Tongxiang City Jiaxing City 862/2551 37,892
B-2 Bainiu Village Lin’an District Hangzhou City 555/1589 30,718
B-3 Caijiafan Village Zhuji City Shaoxing City 436/1276 35,781
B-4 Xiwan Village Yima City Jinhua City 891/2097 31,819

Tourism-led type

C-1 Jingwu Village Anji County Huzhou City 771/2878 26,817
C-2 Tongwu Village Xihu District Hangzhou City 609/2021 29,671
C-3 Gaopingxin Village Suichang County Lishui City 432/1328 23,675
C-4 Huangao Village Xinchang County Shaoxing City 486/1286 28,185

3.2. Identification of Form Elements of Desakota Village-and-Town Communities

The spatial form of the village-and-town communities is presented as a material entity
with the evolution of urban–rural integration. It has also been the basis of life and social
interactions for a long time, and there are certain correlations between its internal elements.
In the second chapter, the relationship between the elements is briefly explained via qualita-
tive analysis, but the impact of the urban–rural integration characteristics and spatial form
on carbon emissions is not described and interpreted through accurate quantitative analysis.
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Therefore, in this article, the characteristics of the external geometry and urban–rural inte-
gration status of the village-and-town communities are presented via quantitative analysis
by screening the measure parameters of the spatial form and urban–rural integration degree
for the 12 sample village-and-town communities. On this basis, it is hoped that the spatial
distribution status of the relevant elements of the village-and-town communities, as well as
the relevant form characteristics, can be obtained [30].

3.2.1. Parameter Selection

(1) Measure parameters of spatial form

The main characteristics of the measure parameters of the spatial form constitute the
use scale of various elements in village-and-town communities, the organizational structure,
and the development intensity of land utilization and reflect the boundary characteristics
and main control elements of village-and-town communities. A reasonable and efficient
spatial form is conducive to the orderly operation of the village-and-town community itself,
on the one hand, and serves as a requirement for low-carbon development, on the other
hand. The main indicators involve the total area of construction land (Sb_area), the average
homestead coverage rate (Sph_area), the homestead coverage rate (h_density), the facility
coverage (p_density), and the population density (pp_density).

(a) Total area of construction land (Sb_area)

For the measurement of the total area of construction land, the boundary of the built
environment of village-and-town communities needs to be clarified first; that is, it is
connected by the boundaries of building units (entities), and it is formed by the boundaries
of the transition area between the units. Among them, the boundaries of the transition area
determine the size of the overall boundary [31].

In this study, the maximum spanning distance of 30 m was used as the transition area
boundary distance to delimit the boundaries between village-and-town communities via
Pu Xincheng’s method of plane quantification of rural settlements; thus, the total area of
construction land was obtained. This measurement indicator is different from the total area
land of the village-and-town communities, which includes non-construction land such as
agricultural, forestry, and farming land, meaning that the actual value will be larger than
the value of the total area of construction land (Figure 2).
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(b) Average homestead area (Sph_area)

The homestead area is composed of two parts: the area of the main house and that of
the entrance. The area of the main house mainly refers to the building construction area
of the main function; the entrance part involves the courtyard before the homestead and
behind the house. The average homestead area represents the degree of land utilization by
individual households. When the number of living households is n, the specific formula is
as follows:

Sph_area = The total area o f homestead o f all house types/the number o f households = ∑n
i=1 Si/n (1)

where Si represents the area of each homestead.

(c) Homestead coverage rate (h_density)

The homestead coverage rate indicates the overall relationship between the residential
buildings and the environmental space of village-and-town communities and reveals the
land utilization of the households in the village-and-town communities. It is obtained from
the ratio of the sum of each household’s area (Si) to the total area of construction land
(Sb_area). The specific formula is as follows:

h_density = ∑n
i=1 Si/Sb_area (2)

(d) Facility coverage (p_density)

The facilities mainly include community buildings and industrial buildings. The
community buildings are mainly the places where the residents in village-and-town com-
munities live and enjoy entertainment, while the industrial buildings mainly serve as the
places where the production activities of the households are carried out. Facility coverage
symbolizes the overall relationship between the supporting facilities (buildings) and the
environmental space of village-and-town communities. To a certain extent, it reveals the
production and living situations of households in village-and-town communities. The
specific formula is as follows:

p_density = ∑n
p=1 Sp/Sb_area (3)

where Sp means the area of the building base of each facility.

(e) Population density (pp_density)

Population density indicates the population concentration degree of the unit construc-
tion land area, which is one of the indicators used to judge and measure the spatial capacity
of land in village-and-town communities. The formula is as follows:

pp_density = total population/total area o f land f or construction use (4)

(2) Urban–rural integration measurement

The urban–rural integration measurement mainly shows the degree of urban–rural
integration development and the development stage of village-and-town communities
under the context of urbanization. Here, the main indicators are people integration, land
integration, and capital integration. In this article, the form characteristics of desakota
villages and towns are mainly studied; so, the main measure parameters include the land
use blending degree (MXLL), the urban–rural landscape mixing degree (MXLUR), and the
non-agriculturalization rate (n_rate).
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(a) Land use blending degree (MXLL)

The land use blending degree illustrates the complexity of land use in village-and-
town communities under the context of rural–urban integration. Lands in village-and-town
communities refer to state-owned land and collective land. In this article, the floor area of
the physical buildings is calculated, excluding external environmental spaces such as hilly
land. The land use blending degree reflects the land use pattern characteristics and stages
of village-and-town communities in the evolutionary process of urban–rural integration.
The specific formula is as follows:

MXLL = SL ×
2SgSv

S2
g + S2

v
(5)

In the formula of SL =
min(Sg ,Sv)
max(Sg ,Sv)

, MXLL represents the land use blending degree;

SL is defined by the ratio of the area of state-owned land to that of collective land in
village-and-town communities (low value divided by high value); Sg represents the area
of state-owned land; and Sv symbolizes the area of collective land. The larger the MXLL,
the higher the land use blending degree of village-and-town communities. If the area of
state-owned or collective land is 0, MXLL is 0.

(b) Urban–rural landscape mixing degree (MXLUR)

The urban–rural landscape mixing degree indicates the changes in architectural ap-
pearances in village-and-town communities under the context of urban–rural integration.
Amid urban–rural integration, there are bound to be reconstructed or newly built architec-
tural landscapes in villages and towns. The landscapes of village-and-town communities
are classified based on field research and satellite remote sensing images. The urban–rural
landscape mixing degree reflects the degree of changes and overall characteristics of village-
and-town communities in the evolutionary process of urban–rural integration. The formula
is as follows:

MXLUR = SUR ×
2SUSR

S2
U + S2

R
(6)

In the formula of SUR = min(SU ,SR)
max(SU ,SR)

, MXLUR represents the urban–rural landscape
mixing degree; SUR refers to the ratio of the area of urban scenic buildings to that of rural
scenic buildings in village-and-town communities (low value divided by high value); SU
refers to the area of urban scenic buildings; and SR represents the area of rural scenic
buildings. If the area of the urban scenic buildings or that of the rural scenic buildings is 0,
MXLUR is 0.

(c) Non-agriculturalization rate (n_rate)

The non-agriculturalization rate means the proportion of the non-agriculturalized popu-
lation to the total population. As desakota village-and-town communities are dominated by
secondary and tertiary industries, the non-agriculturalization rate can reflect the characteristics
of urban–rural integration to a certain extent. The specific formula is as follows:

nrate = total non− agriculturalization population/total population (7)

3.2.2. Characteristic Description

According to the formulas of the above measure parameters, the relevant indicators
of each sample village-and-town community were calculated statistically. The obtained
results are shown in Tables 3–5.
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Table 3. Identification description of the measure parameters of the industry-led village-and-
town communities.

Industry-Led Type

Gaoping Village 500 × 500 m2 Longchuan Village 500 × 500 m2 Dushantou Village 500 × 500 m2 Xishan Village 500 × 500 m2
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Table 4. Identification description of the measure parameters of the village-and-town communities of
the trade-led type.

Trade-Led Type

Yima Village 500 × 500 m2 Bainiu Village 500 × 500 m2 Caijiafan Village 500 × 500 m2 Xiawan Village 500 × 500 m2
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Sb_area 150,810 m2 102,467 m2 98,744 m2 212,911 m2
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h_density 0.4073 0.3860 0.2411 0.4118
p_density 0.1572 0.1214 0.2303 0.0634

pp_density 0.0048 0.0044 0.0072 0.0057
MXIL 0.2483 0.1818 0.9446 0.0220

MXIUR 0.4723 0.4347 0.4679 0.1469
n_rate 0.7866 0.8609 0.8340 0.8864

Table 5. Identification description of the measure parameters of village-and-town communities of the
tourism-led type.

Tourism-Led Type

Jingwu Village 500 × 500 m2 Tongwu Village 500 × 500 m2 Gaopingxin Village 500 × 500 m2 Huangao Village 500 × 500 m2
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3.2.3. Comparative Analysis

The values of the measure parameters of the 12 samples were transformed into dimen-
sionless standard scores (Z-scores). Then, they were sequenced and graded according to the
values. A higher grade means a higher original value. Similarly, a lower grade represents a
lower original value. They are presented in the form of radar diagrams for the convenience
of research analysis (Table 6). Therefore, the form structure and element organization were
compared and analyzed to comment on, interpret, and explore the inner factors based on
the measure parameters of the spatial form and urban–rural integration measurement of
each indicator value.

Table 6. Radar diagrams of characteristic parameters of village community samples.
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Note: Z1 = total area of construction land; Z2 = average homestead area; Z3 = homestead coverage rate;
Z4 = facility coverage; Z5 = population density; Z6 = land use blending degree; Z7 = urban–rural landscape
mixing degree; Z8 = non-agriculturalization rate.

It was found from the measure parameters of the spatial forms that distinct differ-
ences exist between the total land use and the total individual use for village-and-town
communities of different types. The total area of construction land (Z1), symbolizing the
total amount of land use, is impacted by the topography and terrain to a certain extent.
For example, Jingwu Village in Anji County, Huzhou, which is impacted by the surround-
ing mountains, has a small total area of construction land available (Z1 = 129,133 m2).
Meanwhile, Xiawan Village in Yiwu City, located in an open plain, has a larger total area
of construction land available (Z1 = 129,133 m2) due to the expansion at the horizontal
level. There are different needs and adjustments for the spatial form, industrial structure,
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functional arrangement, and other elements of the village-and-town communities in terms
of the difference in the total land use scales. The needs can be analyzed and compared
based on other measurement indicators. Additionally, it was found from the comparative
analysis of the radar diagrams that the average homestead area (Z2) of the village-and-
town communities of the tourism-led type is bigger than that of the village-and-town
communities of the other two types. This is because there are external business activities in
B&Bs or farmhouses in most villages and towns of the tourism-led type. A large number of
tourists need to be accommodated; at the same time, a comfortable quality of life needs to
be ensured. The indicator of average homestead area (Z2) is inversely related to population
density (Z5). Generally speaking, a greater number of people accommodated within the
village-and-town communities represents a smaller average homestead area.

The indicators of the measure parameters of the spatial form reflecting the homestead
coverage rate (Z3) and facility coverage (Z4) are more related to the industry type of the
village-and-town communities. It was found from the radar diagrams that the village-
and-town communities of the industry-led type and those of the tourism-led type have
distinctive features. The village-and-town communities of the industry-led type, under
the influence of industrialization, accommodate individual enterprises of multiple types
in the villages and towns. The scale of land utilization is large, and part of the collective
construction land is transformed. Within the community, the production space therefore
becomes larger, and the facility coverage becomes higher. For example, in Dushantou
Village, Anji County, where the industrial economy started earlier, there have been 54
private enterprises. The facility coverage reaches a high percentage of 0.35. In the village-
and-town communities of the tourism-led type that rely on the surrounding natural and
humanistic landscape resources, the tourists tend to be provided with a comfortable living
environment and good spatial quality. Therefore, the homestead coverage rate is high.
For example, the homestead coverage rate of Tongwu Village in Hangzhou City is 0.46;
as the village-and-town communities of the tourism-led type need to have a good natural
and humanistic landscape as the basis of physical resources, they aspire to improve the
living quality of the communities by establishing entertainment and leisure spaces such as
reception centers, landscape squares, and resting places. The facility coverage also occupies
a certain proportion. For example, the facility coverage of Jingwu Village, Anji County, is
0.16. The village-and-town communities of the trade-led type are less likely to be correlated
with these two indicators. For example, e-business thrives in Bainiu Village in Lin’an
District (Z4 = 0.12) and Xiawan Village in Yiwu City (Z4 = 0.06). Their main production
sites are located between the residences; so, the facility coverage in these two villages is
low; meanwhile, the real economy thrives in Yima Village, Tongxiang City (Z4 = 0.16), and
Caijiafan Village, Zhuji City (Z4 = 0.23). There is a certain number of operated enterprises,
and the facility coverage is high.

It should be noted that under the same homestead coverage rate (Z3), the spatial forms
and the degrees of factor aggregation presented by the village-and-town communities are
not the same (Figure 3). For example, the spatial texture of Xiawan Village, Yiwu City
(Z3 = 0.41), is a mechanical barrack-style arrangement, a result of top-down planning and
construction in the urbanization process. There is a lack of relationship elements connect-
ing the links between the preceding and the following at the intermediate levels and the
hierarchical order divisions at the same levels. In contrast, some village-and-town commu-
nities following the top-down development pattern, such as Jingwu Village, Anji County
(Z3 = 0.40), have the scale of hierarchical levels of traditional villages. The spatial structure
relationship between elements of each level presents a rich and complex spatial texture.
Different spatial forms need to be guided by different low-carbon construction patterns so
as to promote the orderly and efficient development of village-and-town communities.
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The homestead coverage rate (Z3), facility coverage (Z4), and population density (Z5)
can be used as the characterization elements of spatial form, but they cannot fully reflect
the relationship between the spatial form structure and the texture of the desakota village-
and-town communities under the process of urbanization. The urban–rural integration
measurement should be considered here for further observation and analysis.

The non-agriculturalization rate (Z8) can directly reflect the number of those en-
gaged in non-agricultural activities. It was found from the radar diagrams that the non-
agriculturalization rate of the village-and-town communities of the tourism-led type is low
because of (to a certain degree) the cyclical nature of the tourism industry: during the tourist
off-season, the residents of village-and-town communities engage in some agricultural
activities to earn income. It can be observed from the values of the characteristic parameters
that although the non-agriculturalization rate is higher in the village-and-town communi-
ties of the industry-led and trade-led types, there are still people engaged in agricultural
activities. This is one of the characteristics of the desakota village-and-town communities.

In terms of the measure parameter values of the land use blending degree (Z6) and the
urban–rural landscape mixing degree (Z7), there is a certain amount of land use blending
and urban–rural landscape mixing in the desakota village-and-town communities of each
type. It was generally found from the homestead coverage rate (Z3) and facility coverage
(Z4) that the land use blending degree and the urban–rural landscape mixing degree impact
facility coverage to some extent. This is essentially because a higher degree of land use
blending indicates a more complex type and structure of land within the village-and-town
communities. Generally speaking, in village-and-town communities, state-owned land is
more likely to boost industrial development and cultural prosperity and have functions
of production and recreation, i.e., the facility coverage is higher; meanwhile, the urban–
rural landscape mixing degree indicates the mixing degree of the landscape within the
village-and-town communities. A higher mixing degree represents a more mixed form of
urban–rural scenic buildings. The urban landscape area is also dominated by industrial
buildings, cultural buildings, entertainment buildings, and other functional buildings.
Possibly, the guidance of top-down planning and construction brings the renewal and
upgrading of landscapes with a residential function. Xiawan Village in Yiwu City can be
taken as an example.

The mixture of land use and urban–rural landscapes occurs fundamentally because
desakota village-and-town communities are still in the transitional stage of urbanization,
and the residents’ deagriculturalization has not yet been completed. Here, deagricultur-
alization relates not only to industry, but also to the economy, identity, culture, etc. The
magnitude of the two values indicates, to a certain extent, the stage and characteristics of
the village-and-town communities amid urbanization.
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4. Model Set-Up
4.1. Construction of Carbon Measurement Model for Desakota Village-and-Town Communities
4.1.1. Organizational Structure of Carbon Measurement

Previous carbon measurement was mainly based on the data of the energy sectors.
According to the study results, the adjustment of industrial strategies, the application of low-
carbon technologies, and the development of energy types are mainly emphasized. Land
utilization elements and spatial form elements are not included in this study; therefore, they
cannot facilitate the development of village-and-town communities. Amid urbanization,
the original single village-and-town community system has gradually changed. Social
life, the economic industry, the spatial form, and the natural environment become the key
elements impacting carbon emissions, and the related measurement needs to be carried
out urgently.

Based on the element organization of spatial forms, the value of the carbon emissions
is measured to reflect the level of energy activities in different spatial elements. Specifically,
five parts are involved here: carbon basis (C1), carbon boundary (C2), carbon group (C3),
carbon node (C4), and carbon corridor (C5) (Table 7). Carbon basis and carbon node mainly
refer to the amount of carbon sequestration and storage by the natural environment and the
artificial green land within the village-and-town communities; carbon boundary involves
the amount of carbon elimination by green land and the emission value of the carbon
sequestration of the construction land used for stores along the street; carbon group mainly
covers the carbon accounting of the building functional units under the face area form of
the village-and-town communities, including the accounting of carbon emissions generated
by house groups, industrial buildings, public buildings, supporting buildings, and others
amid the production activities and the residents’ daily life. Carbon emissions mainly
involve the transportation land in village-and-town communities, specifically reflecting the
value of the transportation level during the residents’ life and their daily activities.

Table 7. Classification of carbon structure elements and energy composition.

Carbon
Structure Types Major Outline of Activity Data Energy Composition

Carbon basis C1 Green land C1-G Absorption and elimination of fixed carbon /
Carbon

boundary C2
Green land C2-G Absorption and elimination amount of fixed carbon /

Stores C2-H Lighting, cooking, heating, cooling Electricity, liquefied gas,
firewood

Carbon group C3

House C3-H Lighting, cooking, heating, cooling Electricity, liquefied gas,
firewood

Industry C3-M Lighting, production, heating, cooling Electricity
Public building C3-P Lighting, heating, cooling Electricity

Supporting facilities C3-F Lighting, heating, cooling Electricity
Carbon node C4 Green land C4-G Absorption and elimination amount of fixed carbon /

Carbon corridor C5 Transportation C5-T Fuel consumption for travel of motor vehicles Gasoline, diesel, electricity

The carbon emission values of the village-and-town communities are related to the
values reflecting the level of energy consumption activities in the region. In terms of the
carbon measurement, the accounting method based on the energy consumption amount is
most suitable for village-and-town communities. It is easy to obtain the relevant basic data.
In this study, the scope of measurement was defined mainly for carbon emissions from
production activities, mobile carbon sources, and natural carbon in fixed carbon sources.

4.1.2. Establishment of Carbon Emission Model

1. Carbon emission calculation model

Carbon emissions are composed of carbon emissions and carbon sinks; so, the emis-
sions from carbon sources and carbon sinks in the desakota village-and-town communities
should be calculated separately.

(1) Calculation model of carbon source emissions
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In May 2019, the “2006 IPCC Guidelines for National Greenhouse Gas Inventories
2019 Revision” were adopted by the IPCC (Intergovernmental Panel on Climate Change of
the UN). Here, the concept of deducing greenhouse gas emissions based on atmospheric
concentrations (remote sensing measurements and measurements of base stations on the
ground) was proposed, thus validating the traditional bottom-up measurement through
inventories. This method is accurate, but it has limitations: the large workload, the high
cost of equipment, and the fact that base stations have not yet been established in villages
and communities. In this article, the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories (2006 Guidelines for Inventories for short) [32] were used. The accounting
method of traditional GHG emissions proposed in the 2006 Guidelines for Inventories is
mainly obtained through the calculation of the activity data and the energy consumption
emission coefficient (emission factors). It can be expressed as Equation (8):

E = AD× EF (8)

where E represents greenhouse gas emissions; AD is the activity data; and EF is the energy
consumption emission coefficient. Here, the greenhouse gas emissions generated by the
activities in the village-and-town communities are quantified by the activity data, such as
energy activities, industrial and agricultural production, and waste disposal. Considering
the variability caused by subjective perceptions in the selection process of the activity data,
the activity data in the actual calculation process are converted into a relatively unified
“physical unit activity level quantity”, i.e., the standard coal data method. Then, the actual
carbon emissions are calculated based on the carbon emission conversion factor of standard
coal, as shown in Equation (9):

C1 = ∑ Qi × EFi (9)

where C1 represents the value of the total carbon dioxide emissions; i is the ith energy; Qi
is the energy use amount of standard coal; and EFi is the ith emission factor coefficient
of energy consumption. Here, energy mainly includes coal, coke, gasoline, diesel, gas,
firewood, electricity, and gas.

The activity data (energy consumption values) of the energy of all types are mainly
obtained from field sampling surveys, relevant energy statistics websites, and the Survey
Yearbook for China’s Rural Households. In the field survey, the abstract energy consump-
tion values are converted into visual parameters such as cost (e.g., annual gasoline cost)
and weight (e.g., annual coal use amount) to facilitate the understanding of the residents in
village-and-town communities. The formulas for converting these visual parameters into
CO2 emissions are listed in Table 8. Due to the shortage of time and effort, the field survey
was conducted mainly based on the standard range selected for each sample village and
town. Its spatial boundary and scale issues are considered [33].

Table 8. Formula for converting energy consumption values into CO2 emissions.

Energy Consumption Carbon Conversion Formula

Coal (Annual coal use amount× conversion rate of standard coal for coal)× emission factor coefficient
Firewood (Annual firewood use amount× conversion rate of standard coal for coal)× emission factor coefficient

Gasoline (Annual gasoline cos t/unit price of gasoline×gasoline density× conversion rate of standard coal for
gasoline× emission factor coefficient

Diesel fuel (Annual diesel fuel cos t/unit price of diesel fuel× diesel fuel density× conversion rate of standard coal
for diesel fuel× emission factor coefficient

Coal gas (Annual coal gas cos t/unit price of coal gas× density of coal gas)× emission factor coefficient

Electricity (Annual electricity cos t/unit price of electricity× conversion rate of standard coal for electricity)× emission
factor coefficient

Fuel gas (Annual gas cos t/unit price of gas× gas density)× emission factor coefficient

The emission factor coefficient of each type of energy varies in different countries and
regions under different technological levels. The emission factor coefficient of each type of
energy required in this study was obtained after the comparison with and reference to the
2006 Guidelines for Inventories, the People’s Republic of China National Greenhouse Gas
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Inventory (2007), the Guidelines for Provincial Greenhouse Gas Inventory Compilation
(for Trial Implementation) (2011), China’s Low Carbon Development Report (2014), and
related literature (Table 9). The emission factor coefficient of power-based carbon was
determined with reference to the regional baseline emission factor of the power grid
from the Department of Response to Climate Change, National Development and Reform
Commission of China; Zhejiang belongs to the regional power grid of East China, and the
power emission factor there is 0.81 tCO2/MWh, that is, 0.81 × 10−3 tCO2/KWh.

Table 9. Values of energy emission factors (unit CO2/tce).

Energy Type Coal Diesel Fuel Gasoline Diesel Fuel Coal Gas Fuel Gas

Emission factor 2.68 1.44 2.99 3.16 8.55 tCO2/10,000 m3 19.97 tCO2/10,000 m3

(2) Calculation model of carbon sink absorption

The carbon sink absorption value is mainly calculated by the area of carbon sink
land of various types and the carbon sink coefficient of the carbon sink land, as shown in
Equation (10):

C2 = ∑ Gi × SFi (10)

where C2 represents the total absorption value of carbon dioxide; i is the carbon sink land of
the ith type; Gi is the area of the carbon sink site of the ith type; and SFi refers to the carbon
sink coefficient of the carbon sink land of the ith type. Here, the main types of carbon sink
land include woodland, wetland, grassland, and cropland. The carbon sink coefficients
vary under the influence of the topography, the species environmental conditions, etc.
Therefore, via the summarization and screening of the existing carbon sink-related studies,
the carbon sink coefficients of the carbon sink land of the various types required in this
study were obtained (Table 10).

Table 10. Carbon sink coefficient values of carbon sink land.

Land Type Woodland Wetland Grassland Cropland

Carbon sink factor 2.36 tCO2/hm2.a 0.62 tCO2/hm2.a 0.07 tCO2/hm2.a 1.19 tCO2/hm2.a

In summary, the total CO2 emissions of the village-and-town communities is calculated
using Equation (11):

C = C1 − C2 (11)

2. Accounting model of carbon emissions

The accounting model of carbon emissions refers to the conversion of energy con-
sumption values into the accounting method, where the land utilization model plays a
leading role based on spatial form elements, as shown in Formula (12).

C = C2−H + C3−H + C3−M + C3−P + C3−F + C5−T − C1−G − C2−G − C4−G (12)

Via the calculation of the values of energy consumption or absorption for land utiliza-
tion of various types in village-and-town communities, the carbon emission values of each
spatial form element can be obtained. This facilitates the generation of the simulation of the
carbon map of the village-and-town communities (e.g., Figure 4). The research and analysis
are intuitively conducted to provide certain guidance on the land utilization, spatial form,
and behavioral activities in the village-and-town communities.
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4.1.3. Schematic Simulation of Carbon Map

Mapping is a systematic methodology, according to which graphical thinking is used
to summarize, abstract, and generalize complex phenomena or processes. On the basis
of GIS technology, a carbon map is used to analyze the spatial form of carbon emissions
and related issues within the village-and-town communities via quantitative spatial forms
and information schemas. Through the simulation of carbon maps, the corresponding
carbon emission information is integrated and presented, facilitating the optimization and
adjustment of the elements related to carbon emissions in land utilization, spatial elements,
and other elements in the village-and-town communities.

The process of carbon map generation in villages and towns is as follows: (1) the
carbon emissions and carbon sink values of the various spatial elements in the sample
villages and towns were calculated via the calculation formula in Section 4.1.2. in order
to ensure that the corresponding database can be established. (2) The most appropriate
classification of the calculated data was established so as to ensure that the maximum
difference is presented in each category. In this study, the “Natural Breaks” method was
adopted to classify the values of the carbon emissions and carbon sinks. The carbon
emission data were divided into four sections: I, II, III, and IV. Here, “I” means the section
of low carbon emissions, and “IV” represents the section of high carbon emissions. The
carbon sink data were divided into two categories: high-carbon-sink area and low-carbon-
sink area. In the GIS software, color blocks of different shades were used to mark the
carbon values of the spatial elements in the village-and-town communities, thus producing
the carbon map of the sample village-and-town communities. Finally, the carbon map
simulation of all the samples was obtained (Table 11).

Table 11. Carbon maps of the sample village-and-town communities.
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4.2. Selection of Correlation Evaluation Method of Low-Carbon and Indicator Construction

The influencing factors of carbon emission intensity in the desakota village-and-town
communities have their specific regional characteristics and are often impacted by many
aspects, such as economic development, population density, and spatial form. However,
the degree of influence of these relevant factors on carbon emission intensity cannot be
quantitatively presented; therefore, it can be analyzed as a gray system [34]. Gray relational
analysis, as a type of analysis method of gray system theory, depicts the correlation between
factors by gray relevance ranking and emphasizes the relevance ranking among factors.
Moreover, gray system theory has the characteristic of dealing with multi-factor and non-
linear problems. It goes beyond the limitation of the sample size. Therefore, gray relational
analysis was adopted in this article to analyze the factors influencing carbon emissions in
the desakota village-and-town communities and to rank the influence degree of each factor.

4.2.1. Establishment of Gray Relational Model

The gray relational analysis method is mainly used for the quantitative analysis of
correlations between multiple factors. The higher the value of the correlation, the higher
the correlation between factors. First of all, the correlation characteristic sequence and
correlation comparison sequence need to be classified. Y0 = {yo(1), y0(2), · · · , yo(n)}
is set as the correlation characteristic sequence; Xi = {xi(1), xi(2) , · · · , xi(n)} is set as
the correlation comparison sequence. Here, i = 1, 2, · · · , m. On this basis, the incidence
coefficient is calculated as

ξi(k) =
min

i
min

k

∣∣y0(k)− x′i(k)
∣∣+ ρ max

i
max

k

∣∣y0(k)− x′i(k))
∣∣∣∣y0(k)− x′i(k)

∣∣+ ρ max
i

max
k

∣∣y0(k)− x′i(k)
∣∣ (13)

Here,

x′i(k) =
xi(k)

xi
(14)

In the formula of k ∈ (0, n), ξi(k) represents the incidence coefficient between the ith
indicator of the kth item and y0(k). xi(k) represents the original data of the ith indicator
in the kth item. Considering the magnitude difference in the original data, it is necessary
to standardize the indicator data. x′i(k) represents the standardized data. xi is the mean
value of all the data of this indicator. ρ is the identification coefficient, which is used to
improve the significance of the difference between the incidence coefficients and weaken
the influence of the extreme value on the calculated results. Generally, ρ is equal to 0.5. The
final correlation is obtained by finding the mean value of the incidence coefficients.

In

ri =
1
n

n

∑
k=1

ξi(k) (15)

ri represents the correlation between y0(k) and the ith indicator.

4.2.2. Selection of Relevant Indicator Elements

According to the preliminary analysis of the influence factors of the carbon emission
intensity, the factors that have a certain influence on the carbon emissions of desakota
village-and-town communities can be integrated into the correlation comparison sequence.
The degree of correlation between desakota village-and-town communities and the relevant
factors is measured by the gray correlation model; thus, the priorities of the desakota
village-and-town communities in terms of the control over the carbon emission intensity
are identified, and a basis is provided for the development of low-carbon construction in
the village-and-town communities.

In this article, the relevant influence indicators of carbon emission intensity in the
village-and-town communities were studied. These indicators specifically include three
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major categories: comprehensive information indicators, spatial morphology indicators,
and urban–rural integration indicators (Table 12).

Table 12. Indicators of correlation comparison sequence.

Indicator Categories Indicators of Correlation
Comparison Sequence Calculation Formula Unit

Comprehensive information
indicators

GDP per capita (x1 ) x1 = GDP/total population CNY
Population density (x2 ) x2 = pp_density /

Energy intensity (x3 ) x3 = consumption amount
o f standard coal/GDP

Standard coal (ton)/ CNY
(10 thousand)

Spatial morphology indicators

Construction land area (x4 ) x4 = Sbarea m2

Average homestead area (x5 ) x5 = Sph_area m2

Homestead coverage rate (x6 ) x6 = h_density /
Facility coverage (x7 ) x7 = p_density /

Urban–rural integration indicators
Non− agriculturalization rate (x8 ) x8 = n_rate /

Land use blending degree (x9 ) x9 = MXLL /
Urban–rural landscape mixing degree (x10 ) x10 = MXLUR /

(1) The comprehensive information indicators mainly reflect some of the basic informa-
tion on the desakota village-and-town communities, including the GDP per capita,
the population density, and the energy intensity. Based on the analysis of the corre-
lation between the comprehensive information elements and the carbon emissions,
the influence of the development level of the village-and-town communities and
the energy efficiency can be judged; thus, the overall development direction of the
village-and-town communities can be guided and optimized.

(2) The spatial morphology indicators mainly reflect the spatial form characteristics of
the desakota village-and-town communities, including the scale of relevant elements,
the land use structure, and the development intensity of the land. The indicators
include construction land area, average homestead area, homestead coverage rate,
and facility coverage. Via the analysis of the correlation between the spatial form
elements and the carbon emissions, the impact of the spatial form composition on the
carbon emissions of the village-and-town communities is clarified and thus provides
theoretical guidance in the process of the low-carbon construction and development
of the desakota village-and-town communities.

(3) The urban–rural integration indicators mainly reflect the degree and stage of urban–
rural integration in the desakota village-and-town communities. The main indicators
involved are the non-agriculturalization rate, the land use blending degree, the and
urban–rural landscape mixing degree. The correlation between the urban–rural
integration elements and the carbon emissions mainly indicates the influence of the
urban–rural integration degree on carbon emissions amid urbanization. Such an
analysis provides a theoretical basis for the future low-carbon development of the
desakota village-and-town communities.

5. Results
5.1. Description of Carbon Emission Characteristics of Desakota Village-and-Town Communities
5.1.1. Spatial Typology

In the urbanization process, desakota village-and-town communities are influenced
by both top-down construction guidance and bottom-up agglomeration development.
Different spatial form characteristics are presented based on industries of different types in
terms of the carbon emission intensity. It was found from the simulated carbon map of each
sample village and town in Table 11 that three spatial forms are presented in the distribution
of the high-carbon spots: cluster pattern, scattered pattern, and balanced pattern.

The high-carbon spots in the village-and-town communities of the industry-led type
are distributed in a clumped style of spatial form. Based on the advantages of the industrial
economy and geographic conditions, the manufacturing and processing industries, as well
as other secondary industries, are vigorously developed with raw material production and
processing as the core. The carbon emissions mainly originate from the energy consumption
from enterprise production and individual living. The high-carbon points are mainly
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distributed in the industrial clusters. For example, in Gaoping Village in Yuecheng District,
the carbon map shows that the high-carbon points are collectively distributed in the upper-
right industrial group area, where the production and processing enterprises play a big
part. The annual carbon emissions of the element unit of the local industrial group are
even higher than 1213 tCO2. It was found from the analysis of the carbon maps that
the high-carbon points in the village-and-town communities of the industry-led type are
clustered in clumps and mainly located in the industry group area; although the carbon
corridor elements are in the range of level II, relatively speaking, the carbon emissions here
account for a certain proportion of the total carbon emissions due to the transportation
activities of the enterprises in the village-and-town communities, to a large degree. Most
village-and-town communities of the industry-led type are located in the open plain areas.
The development and construction of secondary industries have encroached on the original
landscape farmland areas of the villages and towns, resulting in a reduction in the area
of carbon sink land in the villages and towns, and a decline in the overall environmental
spatial quality in the communities.

The high-carbon points in the village-and-town communities of the trade-led type
are distributed in a scattered spatial pattern. Based on the advantages of a good regional
economic performance and great transportation conditions, physical trade and e-businesses,
as well as other tertiary industries, are vigorously developed in such village-and-town
communities. The carbon is mainly emitted through transportation energy consumption,
industrial energy consumption, and individual energy consumption. For example, in
two e-business villages, Bainiu Village in Lin’an District and Xiawan Village in Yiwu
City, the carbon is mainly emitted from family business activities. The local high-carbon
points are generated mainly because of the storage and logistics places within the village-
and-town communities, as well as the individual enterprises for commodity processing.
Meanwhile, in Yima Village in Tongxiang City and Caijiafan Village in Zhuji City, two
villages where physical trade is at the core of the industry, the high-carbon points are
presented in a typical scattered pattern. On the one hand, they are influenced by some
individual enterprises within the village and town; on the other hand, there is a family
workshop model for the community residents. For example, most families in Yima Village
are equipped with home textile machines. Trade is carried out through the self-operation
mode or the mode of centralized sales. Under the influence of transportation conditions
and business interfaces, the high-carbon points in the village-and-town communities of
the industry-led type are also distributed in the buildings along the street in the boundary
elements. The element of the carbon corridors of village-and-town communities is one of
the elements that contribute to high carbon emissions due to the frequent traffic behaviors
such as trade and transportation. Additionally, the scale of the carbon sink land varies
in the different topographies and terrains in which the village-and-town communities
are located; thus, the absorption value of the carbon sinks is impacted. For example, the
woodland around Bainiu Village and Caijiafan Village provides a large amount of carbon
sink land for the village-and-town communities, therefore regulating the internal carbon
cycle system to a certain extent.

The high-carbon points in the village-and-town communities are not obvious, and the
overall carbon emissions are distributed in a balanced manner. Through the advantages
of the humanistic characteristics and landscape resources, tertiary industries with service
and tourism as the core, such as B&Bs and farmhouses, are vigorously developed in such
village-and-town communities. Here, the carbon is mainly emitted from residential energy
consumption and transportation energy consumption, among others. The carbon emissions
of B&Bs or farmhouses that the farmers build and operate themselves are higher than those
of the daily residential groups. However, there is no big difference between these two
in general, and the overall carbon emissions are distributed in a balanced spatial pattern.
However, under the influence of resource distribution and a landscape environment,
these groups with higher carbon emissions are mostly clustered in the places where the
transportation is convenient or the environment is superior. Their industrial characteristics
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lead to a higher carbon emission of the element of carbon corridors in village-and-town
communities. This is one of the high-carbon elements in the village-and-town communities.
Compared with the desakota village-and-town communities of the other two types, the
village-and-town communities of the tourism-led type have a high carbon sink value. This
is inextricably linked to the industry type they depend on.

5.1.2. Temporal Periodization

It was found from the statistics of the carbon emission data for each village community
sample (Figure 5) that a cyclical variation occurs in terms of carbon emissions over time.
It can be seen from the figure that the carbon emission changes in spring and autumn are
stable, while such changes in summer and winter are volatile. The temporal periodization
of carbon emissions occurs in village-and-town communities due to various factors. It
occurs due to the hot summer and cold winter climate of Zhejiang Province, on the one
hand, and the industrial activities in the village-and-town communities of each type, on
the other hand.
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The total carbon emission value of the village-and-town communities of the industry-
led type is higher than that of the other two types. In addition, the overall carbon emissions
fluctuate more sharply with seasonal changes. Carbon is emitted mainly from the industrial
activities of the manufacturing industry and processing industry. There are some fluctu-
ations because of the industrial characteristics of the carbon emissions. For example, in
Dushantou Village in Anji County, the village-and-town communities mainly earn income
through the bamboo product processing industry. Bamboo product processing activities
thrive throughout the year. However, there are obvious fluctuations in carbon emissions
due to the increase in the number of production orders in summer and winter. Moreover,
the differences in the types of industries and the levels of production activities accommo-
dated in the village-and-town communities also lead to a large difference in overall carbon
emissions. For example, the number of enterprises in Longchuan Village is half of the
number of village-and-town enterprises in Dushantou Village.

The carbon emissions of the village-and-town communities of the trade-led type are
relatively stable. Carbon is emitted mainly from transportation energy consumption and
production energy consumption brought by the industrial activities. In the village-and-
town communities that depend on physical trade, carbon is obviously emitted in a regular
manner. Carbon in these communities is mainly emitted in the market period or the
period of trade demand growth. In addition, some residents of such village-and-town
communities are engaged in manufacturing or processing production activities at home.
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For example, most residents of Yima Village in Tongxiang City have home textile machines,
which are also one of the carbon emission sources in village-and-town communities. In
the village-and-town communities relying on e-business, the carbon emissions are stable
and less likely to be influenced by seasons. Carbon is emitted mainly from the energy
used in household production and transportation energy. The total carbon emissions in
such communities are lower than those in the village-and-town communities relying on
physical trade.

In the village-and-town communities of the tourism-led type, the total carbon emis-
sions are low but are more likely to be influenced by seasonal cycles. The main industries
in the village-and-town communities of the tourism-led type are B&Bs, farmhouses, and
other tertiary industries with service as the core. They mainly attract tourists outside these
communities and are the main influencing factors of carbon emissions in village-and-town
communities. The carbon emissions mainly fluctuate due to the off and high seasons of
tourism. The carbon emissions in the off season are as low as less than half of those in the
high season. The high season is mainly related to holidays—summer holidays and winter
holidays. During the high season, there is an explosive influx of people. Air conditioners
and other instruments are needed to cool or heat the area, resulting in an increase in total
carbon emissions.

5.1.3. Averaging of Carbon Emissions

By averaging carbon emissions, we can indicate the carbon emissions per capita and
the carbon emissions per unit of land that are characterized by sustainable and low-carbon
development, as well as reflect the level of spatial form energy consumption and the level
of the carbon cycle in the village-and-town communities. It was found from the statistical
survey (Figure 6) that the per capita carbon emissions of the sample village-and-town
communities fluctuated slightly based on a certain value. A drastic fluctuation occurs
due to the population density of communities for individual samples. However, generally
speaking, the per capita carbon emissions are homogeneous. The differences in the types of
industries make the carbon emissions per unit of land in the sample villages and towns
vary in type; the overall carbon emissions per unit of land in the same type do not vary
significantly. However, due to the limitation of the sample size, more definite results
cannot be obtained. If the carbon emissions per capita are compared with the carbon
emissions per unit of land, it can be seen that there is a positive correlation between these
two. Such a correlation is inextricably linked to the spatial activity level of the residents in
village-and-town communities.
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5.1.4. Diversification of Elements

Via the study of the relationship between the spatial, temporal, and individual ele-
ments and carbon emissions, a simple conjecture and analysis can be established on the
influencing elements related to carbon emissions in village-and-town communities.

(1) The spatial form of village-and-town communities reflects the influence and associ-
ation of the function and size of each group. For example, in the village-and-town
communities of the industry-led type, more energy is consumed by the industrial
groups. Meanwhile, the carbon emissions in the village-and-town communities of
the tourism-led type are influenced, to some extent, by the area of the mansion group.
However, there is not a completely positive correlation, i.e., a large area does not
necessarily mean high carbon emissions.

(2) The effects of temporal periodization changes reflect the differences in the industrial
types and social attributes of the desakota village-and-town communities. The char-
acteristics of the industry types, such as the B&B industry and the service industry,
determine, to some extent, the values of the energy activity level, and the cyclical
variation characteristics of carbon emissions in village-and-town communities.

(3) The relationship between income and carbon emissions reflects the level of trans-
formation between energy and the economy. As can be seen in Figure 7, there is a
certain positive correlation between the level of per capita income and total carbon
emissions, but the difference presented here is not significant. For example, in terms
of the village-and-town communities of the industry-led type, the secondary industry
is vigorously developed to boost the per capita income and improve residents’ living
standards. Meanwhile, the huge energy consumption has also caused an increase in
total carbon emissions.

(4) Within the village-and-town communities, there are imitative behaviors among resi-
dents under the influence of crowd mentality and social comparison. Some similarities
are presented in the spatial forms for them. For instance, in the village-and-town
communities of the tourism-led type, the areas with higher carbon emissions are often
clustered in areas with convenient transportation or superior natural landscapes. This
is determined by the industrial characteristics, on the one hand, and the imitation
construction behavior of residents, on the other hand.
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5.2. Model Application of Correlation Evaluation Performance Evaluation
5.2.1. Identification of Correlation Evaluation Results

1. Correlation evaluation process
(1) The determination of the correlation characteristic sequence and the correlation com-

parison sequence was conducted. The carbon emissions of each sample village-and-
town community were taken as the correlation characteristic sequence and recorded
as Y0 = {Yo(k)|k = 1, 2, · · · , 12}; the GDP per capita, population density, energy in-
tensity, construction land area, and other related impact indicators were taken as
the correlation comparison sequences and recorded as Xi = {Xi(k)|k = 1, 2, · · · , 12}
(i = 1, 2, · · · , 10). The carbon emissions and related indicators of each sample village-
and-town community were calculated statistically. Then, the correlation characteristic
sequence and correlation comparison sequence were processed via the dimensionless
method according to Equation (14). The sequence obtained after the dimensionless
treatment is shown in Table 13.

Table 13. Dimensionless sequence.

Sample y0 x1 x2 x3 x4 x5 x6 x7 x8 x9 x10

A-1 1.654 1.168 1.311 0.802 1.262 0.584 0.799 1.048 1.051 1.742 1.551
A-2 1.314 0.815 1.024 1.772 0.826 1.033 1.112 1.533 1.003 1.657 1.094
A-3 0.505 0.812 1.684 0.451 0.867 1.158 1.883 0.492 0.906 0.889 2.028
A-4 1.718 1.011 1.106 1.348 1.065 0.874 1.013 1.142 1.007 1.687 1.571
B-1 0.811 1.205 0.983 0.625 1.033 1.089 1.111 0.924 0.964 0.761 0.897
B-2 0.589 0.977 0.901 0.887 0.702 1.110 1.053 0.713 1.055 0.557 0.825
B-3 0.894 1.138 1.474 0.736 0.676 0.426 0.658 1.353 1.022 2.895 0.888
B-4 0.737 1.012 1.167 0.403 1.458 0.924 1.123 0.373 1.086 0.067 0.279
C-1 0.595 0.853 0.840 0.875 0.884 1.266 1.116 0.947 0.925 0.343 0.727
C-2 0.655 0.943 0.860 0.539 1.395 1.389 1.256 0.363 0.988 0.147 1.115
C-3 0.495 0.753 0.983 0.897 0.700 1.198 1.230 0.715 0.885 0.415 1.201
C-4 0.559 0.896 0.758 0.899 0.845 1.242 0.997 0.855 0.910 0.602 1.358

(2) The incidence coefficient was calculated. The incidence coefficients of carbon emis-
sions and 10 relevant impact indicators, such as GDP per capita, population density,
energy intensity, and construction land area, were calculated based on Equation (13).

(3) The correlation degree was calculated. Based on Equation (15), the correlation co-
efficients of the correlation characteristic sequence and the correlation comparison
sequence were derived.

2 Comprehensive correlation evaluation results considered as a whole

The correlation degrees of all the sample data were calculated, and Table 14 was ob-
tained as follows. The carbon emissions in the village-and-town communities are correlated
with the non-agriculturalization rate, GDP per capita, population density, construction
land area per capita, homestead coverage rate, energy intensity, facility coverage, land use
blending degree, average homestead coverage rate, and urban–rural landscape mixing
degree (they are arranged from high to low in terms of the correlation degree).

Table 14. Correlation between carbon emissions and each relevant influencing indicator.

Influencing
Factors

GDP
Per

Capita

Population
Density

Energy
Intensity

Per Capita
Land Area

Average
Homestead

Area

Homestead
Coverage

Rate

Facility
Cover-

age

Non-
Agriculturalization

Rate

Land Use
Blending
Degree

Urban–
Rural

Landscape
Mixing
Degree

Correlation 0.87 0.84 0.77 0.84 0.67 0.79 0.72 0.94 0.69 0.63
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3. Results of correlation evaluation of different industrial types
(1) The correlation degree of the sample data in the village-and-town communities of the

industry-led type was calculated, and Table 15 was obtained. Carbon emissions in
such village-and-town communities are correlated with the non-agriculturalization
rate, land use blending degree, facility coverage, GDP per capita, population density,
construction land area per capita, homestead coverage rate, average homestead area,
urban–rural landscape mixing degree, and energy intensity (they are arranged in
descending order in terms of the correlation degree).

Table 15. Correlation between carbon emissions of village-and-town communities of the industry-led
type and each relevant influencing indicator.

Influencing
Factors

GDP Per
Capita

Population
Density

Energy
Intensity

Per
Capita
Land
Area

Average
Homestead

Area

Homestead
Coverage

Rate

Facility
Coverage

Non-
Agriculturalization

Rate

Land Use
Blending
Degree

Urban–
Rural

Landscape
Mixing
Degree

Correlation
degree 0.90 0.89 0.81 0.88 0.83 0.85 0.92 0.98 0.95 0.82

(2) The correlation degrees of the sample data in the village-and-town communities of
the trade-led type were calculated, and Table 16 was obtained. The carbon emissions
in such village-and-town communities are correlated with the non-agriculturalization
rate, GDP per capita, population density, construction land area per capita, homestead
coverage rate, energy intensity, facility coverage, average homestead area, land use
blending degree, and urban–rural landscape mixing degree (they are arranged in
descending order in terms of the correlation degree).

Table 16. Correlations between carbon emissions and relevant influencing indicators in the village-
and-town communities of the trade-led type.

Influencing
Factors

GDP Per
Capita

Population
Density

Energy
Intensity

Construction
Land Area
Per Capita

Average
Homestead

Area

Homestead
Coverage

Rate

Facility
Coverage

Non-
Agriculturalization

Rate

Land Use
Blending
Degree

Urban–
Rural

Landscape
Mixing
Degree

Correlation 0.94 0.89 0.79 0.86 0.71 0.80 0.73 0.96 0.70 0.66

(3) The correlations of the sample data of the village-and-town communities of the
tourism-led type were calculated, and Table 17 was obtained. The carbon emissions
in such village-and-town communities are correlated with the non-agriculturalization
rate, average homestead area, population density, GDP per capita, homestead cov-
erage rate, per capita construction land area, urban–rural landscape mixing degree,
energy intensity, facility coverage, and land use blending degree (they are arranged in
descending order in terms of the correlation degree).

Table 17. Correlation between carbon emissions of village-and-town communities of the tourism-led
type and each relevant influencing indicator.

Influencing
Factors

GDP Per
Capita

Population
Density

Energy
Inten-
sity

Per Capita
Land Area

Average
Homestead

Area

Homestead
Coverage

Rate

Facility
Coverage

Non-
Agriculturalization

Rate

Land Use
Blending
Degree

Urban–
Rural

Landscape
Mixing
Degree

Correlation 0.92 0.93 0.80 0.86 0.96 0.92 0.73 0.97 0.70 0.81
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5.2.2. Evaluation of Low Carbon Correlation Elements

The correlation between the non-agriculturalization rate and carbon emission intensity
is the strongest in both the overall correlation evaluation analysis and the correlation
evaluation of the different industry types. In addition to the non-agriculturalization rate,
the correlation between GDP per capita and carbon emission intensity is the strongest
in the overall correlation evaluation analysis and the correlation evaluation analysis of
the village-and-town communities of the trade-led type. In the analysis of the correlation
evaluation of the village-and-town communities of the industry-led type, the correlation
between facility coverage and the land use blending degree and carbon emission intensity
is the strongest. In the correlation evaluation analysis of the village-and-town communities
of the tourism-led type, the correlation between the average homestead area and carbon
emission intensity is the strongest.

(1) Performance evaluation of the correlation between the overall information indicators
and carbon emissions

It was found from the overall correlation evaluation analysis that, among the overall
information indicators, GDP per capita and population density have a greater influence
on carbon emissions, because both GDP per capita and population density directly impact
the activity-level energy consumption of village-and-town communities. The GDP per
capita represents the economic development of village communities to a certain extent.
The economic development of village-and-town communities significantly impacts carbon
emission intensity [35]; it was found from communities of the same industry type that
the higher the GDP per capita, the higher the carbon emissions. For example, the carbon
emissions amount in Dushantou Village (GDP per capita: CNY 38,721) are higher than
those in Xishan Village (GDP per capita: CNY 31,798). Population density represents
the spatial capacity of land in village-and-town communities. The higher the number
of residents per unit area, the higher the level of behavioral activities. The activity level
directly impacts carbon emissions. Energy intensity is an indicator reflecting the energy
efficiency and referring to the amount of energy consumed per unit of economic output
volume; the lower the intensity, the higher the energy efficiency, and the lower the carbon
emission amount. In the low-carbon construction of village-and-town communities, the
carbon emissions of village-and-town communities can be reduced by improving energy
efficiency and introducing new technologies. From the correlation evaluation of different
industry types, the results obtained are similar. Therefore, it can be seen that, whatever the
industry type is, GDP per capita and population density impact carbon emission intensity
to a certain degree.

(2) Performance evaluation of correlation between spatial morphology indicators and
carbon emissions

It was found from the overall correlation evaluation analysis that each spatial morphol-
ogy indicator has a large influence on carbon emissions. The indicators directly impact the
spatial structure, the area of built-up area, the building density, and the construction level
of village-and-town communities. The higher the construction level of the village-and-town
communities, the higher the carbon emissions. The area of built-up area symbolizes the land
utilization scale of village-and-town communities. As the land utilization scale increases,
more mansions and supporting facilities are built, and the level of activities becomes higher;
thus, more carbon is emitted overall. However, in the process of carbon growth, if the
carbon emissions in the construction process are controlled, new construction techniques,
such as assembly techniques, are adopted, and the energy efficiency can be improved; thus,
the overall carbon emissions of the village-and-town communities can be controlled. Two
indicators—the homestead coverage rate and the facility coverage—reflect the building
density in the village-and-town communities. They directly impact the carbon emissions of
the fixed carbon source in the carbon cycle system of the village-and-town communities
and play a key part there. The average homestead area and homestead coverage rate are
mainly correlated with the industrial nature of the village-and-town communities. It was
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found from the correlation evaluation analysis in the village-and-town communities of
the tourism-led type that the average homestead area and homestead coverage rate are
strongly, and positively, correlated with carbon emission intensity. For example, the carbon
emissions in Tongwu Village (average homestead area: 328 m2) are higher than those in
Gaopingxin Village (average homestead area: 283 m2). It was found from the analysis that
the overall scale of land use and the scale of individual use in the spatial form elements
have an influence on the carbon emissions of the village-and-town communities to different
extents rather than to a large extent.

(3) Performance evaluation of the correlation between urban–rural integration indicators
and carbon emissions

It was found from the overall correlation evaluation analysis that the non-agriculturalization
rate of urban–rural integration indicators impacts carbon emissions to the largest degree. Mean-
while, the two indicators that represent the integration stage of “land” in the village-and-town
communities have a relatively small influence on carbon emissions. The non-agriculturalization
rate of the village-and-town communities reflects the number of people engaged in secondary
and tertiary industries. The impacts of the industries of different types on carbon emissions
are significantly different. It was found from the comparative analysis that carbon emissions
in the village-and-town communities of secondary industries are much higher than those in
the village-and-town communities of tertiary industries. The difference in carbon emissions
between the village-and-town communities of the two types with tertiary industries as the
core is insignificant. The land use blending degree and urban–rural landscape mixing degree
represent the degree of “land” integration in the desakota village-and-town communities. They
mainly impact the spatial form structure of the village-and-town communities, thus indirectly
influencing the carbon emissions of the village-and-town communities.

In summary, the 10 correlation indicators are all influencing elements correlated with
the carbon emission intensity of the village-and-town communities. The correlation analysis
was conducted to illustrate the influencing factors of carbon emissions in the desakota
village-and-town communities and to determine the strength of the correlation and thus
provide a direction and theoretical basis for the low-carbon construction of future desakota
village-and-town communities.

6. Discussions

As urbanization gradually slows down, the “tipping point” comes. The desakota
village-and-town communities where there is a strong interaction between urban and rural
areas are gradually evolving from extensive development to deep construction. Problems
in the initial development period are exposed gradually: the symbiotic relationship is fuzzy;
land resources are wasted in the community; the internal spatial form layout falls into chaos;
extensive high-carbon construction frequently emerges. In this article, in order to cope
with the ecological and environmental pressure caused by various high-carbon behaviors
during the development of desakota village-and-town communities, a model reflecting
the correlation between the carbon emissions and the spatial forms was established to
provide a basis for the establishment of a low-carbon construction system and thus improve
the human settlements in the village-and-town communities and drive the development
of the village-and-town communities in the direction of low-carbon concretization and
systematization.

Relevant discussions are drawn from the following three aspects in this study:
Theoretical principles: desakota villages and towns and their elements and compo-

sitions were described. To fully understand the desakota village-and-town communities
and the causes of high carbon, their spatial and temporal evolutions were analyzed, and
their basic characteristics were interpreted, including complex demographic structure,
diversified industrial structure, frequent element flow, and dynamic spatial development.
On this basis, the complex and diversified desakota village-and-town communities were
classified into different types. In this article, the spatial form characteristics and carbon
emission intensity of the desakota village-and-town communities of different industry
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types were analyzed based on sample desakota village-and-town communities from the
perspective of industry types. Based on the relevant theoretical research, a basic analysis
was conducted on the composition of the spatial form elements and that of the carbon
cycle system. From the perspective of the composition of the spatial form elements, five
major elements, basis, boundary, group, nodal point, and traverse, were included; from the
perspective of the carbon cycle system, the fixed carbon source, the mobile carbon source,
the process carbon source, and the natural carbon were included. The interaction of these
two elements influenced and determined, to a certain extent, the basis for the construction
of the low-carbon correlation model of the village-and-town communities.

Quantitative analysis: analysis of the spatial form characteristics and carbon emission
intensity was performed. Based on the empirical research, the spatial form structure, the
urban–rural integration characteristics of the desakota village-and-town communities and
the measure parameter indicators, which symbolize the size of the spatial elements and the
land utilization in the village-and-town communities, as well as reflect the development
stage of urban–rural integration, were summarized. These indicators mainly included: total
area of construction land, average homestead area, homestead coverage rate, facility cover-
age, population density, land use blending degree, urban–rural landscape mixing degree,
and non-agriculturalization rate. Here, the urban–rural integration measurement (land use
blending degree, urban–rural landscape mixing degree, and non-agriculturalization rate)
verified that the desakota village-and-town communities are still in the transitional stage
of urbanization.

Additionally, a carbon emission measurement model based on the organization ele-
ments of spatial form was proposed to describe the energy consumption of each spatial
form element. Moreover, the carbon map simulation was used to show the high-carbon
points under different industry types. On this basis, the carbon emission characteristics
were described, including spatial typology, temporal periodization, carbon emission av-
eraging, and element diversification. Meanwhile, the correlation between spatial form
characteristics and carbon emissions was analyzed by qualitative description.

Correlation interpretation: the evaluation of the relevant influencing elements of
carbon emission intensity was performed. Based on the gray correlation model, the com-
prehensive information contents of the 12 sample village-and-town communities and the
spatial form and urban–rural integration measurements proposed in this article were
summarized and organized. A quantitative analysis was conducted on carbon emission
intensity and these elements in order to obtain the correlation between them. It was found
from the comprehensive results that the element that has the strongest correlation with
carbon emission intensity is the non-agriculturalization rate, which reflects the degree of
urban–rural integration; in terms of the correlation, it is followed by GDP per capita, which
reflects the level of economic activities of the village-and-town communities. Meanwhile,
the land use blending degree and urban–rural landscape mixing degree are weakly cor-
related with carbon emission intensity. It was found from the analysis results of various
types that the non-agriculturalization rate still has the strongest correlation with carbon
emission intensity. In addition, facility coverage has the highest correlation with carbon
emission intensity in the village-and-town communities of the industry-led type. The
average homestead area has the highest correlation with carbon emission intensity in the
village-and-town communities of the tourism-led type. Meanwhile, the correlation with
carbon emissions in village-and-town communities is similar to the comprehensive result.
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7. Conclusions

In this article, the spatial components and carbon cycle system of the desakota village-
and-town communities are interpreted from a macroscopic qualitative concept description.
Here, their meaning is extended, and the organizational structure of the village-and-town
communities is sorted out and improved. A quantitative mathematical model is adopted
to describe the spatial form characteristics and carbon emission characteristics of the
desakota village-and-town communities. The elements impacting the carbon emissions
of the village-and-town communities are interpreted based on qualitative description,
quantitative comparison, and the gray correlation model. On this basis, the relationship
between energy consumption and the characteristics of the village-and-town communities is
clarified, and the traditional low carbonization concept is extended to lay a solid theoretical
foundation for the construction and optimization of a low-carbon construction system.
Relevant conclusions are drawn from the following three aspects in this study:

Firstly, according to the different types of industries in the desakota village-and-town
communities, the village-and-town communities of the industry-led type, trade-led type,
and tourism-led type that emerged out of urbanization and industrialization in recent years
were selected for investigation and research. Secondly, the composition of the spatial form
elements and the carbon cycle system of the desakota village-and-town communities was
analyzed to clarify the entry points of the study.

Then, based on the composition of the relevant elements of the desakota village-and-
town communities, a relevant calculation model was constructed to quantitatively analyze
the spatial form characteristics and carbon emission characteristics of the village-and-town
communities and to describe them quantitatively.

Finally, the gray correlation model was selected to evaluate and analyze the correlation
between carbon emission intensity and the elements related to it in the desakota village-and-
town communities. The qualitative description was extended to quantitative comparison
analysis, and the specific elements impacting the carbon emissions of village-and-town
communities were interpreted, thus laying the foundation for the establishment of a low-
carbon construction system.

On the basis of the quantitative analysis of the correlation evaluation, the correlation
between carbon emission intensity and spatial form elements was studied to identify the
relevant influencing elements. This study was conducted on desakota village-and-town
communities of different types with different economic situations in different regions to lay
a foundation for the proposal of a regionalized, differentiated, and dynamic construction
model, to avoid the appearance of “thousands of villages with the same features”, and to
provide guidance for their future development and construction.
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Nomenclature
Symbol Description
Sb_area Total area of construction land
Sph_area Average homestead coverage rate
hdensity Homestead coverage rate
p_density Facility coverage
pp_density Population density
MXLL Land use blending degree
MXLUR Urban–rural landscape mixing degree
SL Ratio of the area of state-owned land to that of collective land

in village-and-town communities
Sg The area of state-owned land
Sv The area of collective land
SUR Ratio of area of urban scenic buildings to that of rural scenic buildings

in village-and-town communities
SU Area of urban scenic buildings
SR Area of rural scenic buildings
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