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ABSTRACT

The overall land use planning is the basis for the implementation of the land use control system and the
advance estimation of the future land use development trend. The smooth implementation of the plan-
ning will directly affect the direction and status of land use. Taking the preparation of rural land use plan-
ning as an example, this study realizes “one map” to control village development and planning through
the scientific and rational use of planning methods and technologies. Guide the reasonable arrangement
of various land use at the village level to make it consistent with the revitalization and development of
the village, so as to put forward suggestions and Countermeasures for the preparation of village land use
planning. Then, according to the specific actual situation of the countryside and making full use of the
comparative analysis method and ecological service value analysis method, this paper makes a compre-
hensive qualitative and quantitative evaluation from the realization degree of planning control indica-
tors, the protection of cultivated land and basic farmland, and the progress of spatial layout of
construction land. The results show that cultivated land and basic farmland have been well protected,
but due to the great potential of rural industrial and mining surplus indicators. In future construction pro-
jects, local modifications within the scope of the village can be appropriately carried out according to the
construction needs of the project.
© 2023 The Author. Published by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introductions

logical benefits, and better protect land resources (Jankowski et al.,
2019).

The general planning of land use is the general arrangement of
land use in the future period (usually 15 years) from the perspec-
tive of time and space, according to the needs of national economic
and social development, and following the relevant laws of natural,
economic and social development (Barton et al., 2020). As a basic
planning, the overall land use planning is the basis for the state
to implement land use control, which covers all land space and is
the basic planning in the national planning system (Williams,
2020). Through the scientific organization, utilization and manage-
ment of land, we can improve the land utilization rate and output
rate, so as to achieve the balance among economic, social and eco-
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Rural development is closely linked with land, and rural land
use planning is an effective part of land use planning system. Rural
land use planning plays a key role in the implementation of rural
revitalization strategy, which is conducive to better realize the
beautiful rural construction and rural modernization (Zhu et al.,
2019). The last level of land use planning system is rural land
use planning. The implementation of planning directly affects the
rural land use situation (Gangopadhyay et al., 2020). The current
overall land use planning is divided into national, provincial,
municipal, county and township levels. Although the existing over-
all land use planning at township level involves the arrangement of
various land use activities in rural areas, the scale is small and the
content arrangement is relatively rough (Markanday et al., 2019).
Some areas need to further refine the contents and arrangements
of the overall land use planning of villages and towns through
the compilation of village land use planning, so as to more effec-
tively regulate rural land use activities from the micro perspective
(Wang and Cao, 2022). In order to better adapt to the needs of rural
land use and management under the new situation, it is necessary
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to encourage the areas where conditions permit to work out the
rural land use planning, fine management of rural land resources,
and reasonable overall arrangement of rural land use activities
(Shilewant et al., 2020).

Rural revitalization is a new task of rural development in the
new era. It is a strategic upgrade based on the previous theory of
rural development and construction, a full recognition of rural
value and status, a change from “priority development of agricul-
ture* to “rural modernization development”, and an upgrade from
“beautiful new rural construction* to “rural revitalization”
(Markiewicz, 2020). The rural revitalization strategy puts forward
a new idea of urban-rural integration development, plans a new
order of rural governance, and stabilizes the rural land contract
relationship (Pan et al., 2021). It provides new impetus for increas-
ing farmers’ income, rural economic prosperity and rural ecological
civilization. The implementation of rural revitalization strategy
includes the revitalization of rural industry, rural construction,
ecological environment protection, cultural revitalization and
other work (Grochowska and Maecka, 2020). The key is to promote
the coordinated development of rural production, life and ecology.
Only with reasonable layout and scientific planning, can we pro-
mote the implementation of rural revitalization strategy step by
step and target (Ramezanian and Hajipour, 2020). In particular,
we should further create a new situation of beautiful countryside
with the symbiosis and integration of production, life and ecology
of different construction scales and different construction time
sequence, so as to realize the comprehensive revitalization of the
countryside (Hao et al., 2022). On the basis of respecting the orig-
inal mountains, water and context of rural areas, we should inject
new ideas into rural development and optimize the rural func-
tional layout for the compilation and implementation of village
level land use planning. It is one of the effective ways to realize
the Rural Revitalization Strategy (Atumane and Cabral, 2021).

At present, rural land use and management are still faced with
such problems as extensive and inefficient land use, scattered con-
struction layout, lack of public facilities, and rural style degrada-
tion, which are not conducive to the implementation of rural
revitalization strategy (Laari et al., 2019). The core measure to
solve this problem is to make full use of the village level land
use planning to optimize the allocation of land resources and coor-
dinate the scale, structure, layout and time sequence of various
types of land use (Felix et al., 2019). It can be said that the village
level land use planning plays a fundamental role in the process of
Rural Revitalization and development, is the basis of realizing the
strategic measures of rural revitalization, and provides an impor-
tant guarantee of land elements (Bodini et al., 2019). Carrying
out village level land use planning not only opens a new era of
“fine management* for rural land, but also has profound signifi-
cance for optimizing the structure and layout of rural land,
strengthening the fine management of rural land use supply, and
supporting and serving the implementation of rural revitalization
strategy (Wang et al., 2022). Through the implementation of village
level land use planning, the purpose of specific plots in the village
area can be clarified, and all kinds of land use in the village can be
registered and recorded, so that the competent departments and
villagers can know that there is a land use account book (Tang
and Zhu, 2020). Due to the current research on village level land
use planning is relatively backward, there are many types of village
level planning, overlapping projects, different focus of each plan-
ning, and lack of coordination and overall planning
(Apostolopoulos et al., 2020). It really needs a village level land
use planning to coordinate all kinds of special planning to specifi-
cally implement the land layout of these planning, so as to make it
in line with the actual situation of grass-roots land and the desire
of users to develop production, and further promote the healthy
and sustainable development of new urbanization.
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2. Related work

The application of system method, applied economics and pol-
icy science have become the important technical means to evaluate
the planning scheme and its decision-making, which improves the
rationality of the planning scheme, especially the content
arranged; Kiryluk-Dryjska et al. (2020) think that the evaluation
should be made from the environment and background of planning
policy-making, the mechanism and procedure of planning imple-
mentation process, and the elements and conditions of planning
results. Yanbo et al. (2021) have conducted a lot of empirical
research. If the whole plan has a strict formulation and implemen-
tation process and good control and guidance standards, the con-
sistency between the planning results and the design scheme
will not become the only and final standard for the evaluation of
the implementation effect of the plan. At present, researchers
mostly use the combination of quantitative and qualitative meth-
ods to carry out the research on the implementation evaluation
of the overall land use planning, and have made a lot of research
results. Most of these studies evaluate the implementation of land
use planning based on index system and related evaluation mod-
els. Kozera et al. (2021) evaluation system for the implementation
of general land use planning is mainly composed of result evalua-
tion, benefit evaluation and effectiveness evaluation. Through dif-
ferent quantitative models, the effect evaluation index and
implementation evaluation index are established. The characteris-
tic of the theory is simple and practical. Although the consideration
is not comprehensive, it plays a positive role in evaluating the
implementation of the plan and making decisions on the adjust-
ment and revision of the plan. Wu Ci fang added the improved
coordination degree model into the evaluation index system of
the implementation of the overall land use planning, and achieved
remarkable results in considering the comprehensive evaluation of
multiple factors. However, it is difficult to determine the upper and
lower limits of each evaluation factor in the model. Cook (2019)
have made active exploration in designing and simplifying the
index system and calculation model of implementation evaluation.
Pérez-Calderén et al. (2020) deeply analyzed the basic concepts,
characteristics, system structure and other key factors of the
implementation evaluation of the overall land use planning, and
developed the implementation evaluation support system of the
overall land use planning based on the mathematical model and
specific process.

3. Research methods
3.1. Compilation of land use planning in rural revitalization

(1) Planning procedure

The compilation process of village level land use planning is
shown in Fig. 1, which can be divided into the following six steps.
Preparatory work: including the organization of personnel, equip-
ment and materials, funding support, data collection. Field investi-
gation and research: collect basic data carefully and carry out the
current situation of economic and social development of villages.
Investigation and research on land resource utilization, land own-
ership, farmers’ residential areas, village industry, public service
demand, engineering construction and other aspects. Data analysis
and research: according to the investigation and research and data
collection, study and analyze the village land use, economic devel-
opment, population development, ecological environment, social
undertakings and other aspects. Plan design and preparation:
around the goal and task of rural revitalization and development,
carry out the analysis of land use supply and demand, optimize
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Fig. 1. Preparation process of village level land use planning.

the layout of village land use according to local conditions, and
combine with zoning guidance and control. We will make overall
arrangements and adjustments to optimize land for production,
living and ecological use, strengthen the protection of cultivated
land and the management and protection of permanent basic
farmland, and promote land consolidation in an orderly manner.
Carry out planning demonstration: hold expert demonstration
meeting for village land use planning compilation, invite relevant
planning experts and local government industry authorities to dis-
cuss, study and demonstrate; Announcement of planning approval:
after villagers’ satisfaction and consent, it shall be submitted to

governments at all levels and competent departments for approval
step by step according to the procedures, and the approval results
shall be publicized.

In the process of rural transformation and development con-
stantly promoted by industry, the relationship between industry
and village has evolved into the “synergistic symbiosis* between
industry and village from the drive of industry and the promotion
of village. It can be seen that there are three main relationships in
the integration of industry and village, namely the upgrading of
rural industries, the synchronization of various functions and the
integration of corresponding spaces.
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(2) Reasonable planning and arrangement of construction space

The arrangement of homestead should be in strict accordance
with the national policy of “one house for one household” and
the standard of homestead area in various places, and reasonably
determine the scale of land use in combination with the population
scale and change trend of villages. On the basis of determining the
scale of village homestead, optimize the layout, make full use of
unused land in the village as much as possible, and facilitate the
arrangement of land for public infrastructure. At the same time,
the principles of beautiful living environment, convenient resi-
dents’ life, convenient agricultural production and reflecting local
characteristics shall be taken into account. For villages with large
population, concentration and active economy, homestead can be
arranged in combination with road traffic and industrial structure
layout, so as to give full play to the asset function of homestead.

(3) Rational planning and arrangement of agricultural space

Implement the responsibility system for cultivated land protec-
tion, take adhering to the strict observance of the red line of culti-
vated land as the most basic task of village land use planning, and
focus on the delimitation and protection of permanent basic farm-
land. Village level land use planning mainly divides and defines
permanent basic farmland protection area and general farmland
in farmland protection. The basis of division is to investigate and
evaluate the quality of cultivated land reserve resources first, and
according to the results of agricultural land grading (Li et al,
2021). Based on the comprehensive analysis of the cultivated land
fertility grade, slope, plot contiguous degree, and fully considering
the industrial needs, villagers’ willingness, ecological protection
and other factors, the high-grade cultivated land is classified into
the high-grade cultivated land.

(4) Reasonable planning and arrangement of ecological space

The most precious wealth of rural areas is its good ecological
environment, which is the biggest advantage different from the
reinforced concrete everywhere in cities and towns. The special
ecological function of rural areas should be considered in the vil-
lage level land use planning, and as an important content, the plan-
ning measures should be used to protect the rural ecological
environment and optimize the layout of rural ecological space. In
terms of layout, we should make orderly use of nature, adjust
and optimize the structure, delimit the red line of agricultural
space and ecological protection, and build a scientific and reason-
able pattern of urbanization, agricultural development, ecological
security and natural coastline. After the ecological space layout
planning is determined, it should be strictly controlled according
to the ecological space use zoning, and it is forbidden to change
into construction space and agricultural space. On the basis of
restoration and control, in view of the problems of soil and water
loss, desertification and rocky desertification in the village, we
should make an overall plan, promote comprehensive treatment,
carry out the reclamation of damaged land, protect and improve
the ecological environment and protect green villages.

3.2. Traffic demand forecasting method for land use

(1) Traffic occurrence

Traffic demand is a function of land use, the total traffic demand
generated by a piece of land is a certain time, usually the number
of people or vehicles generated and attracted by the land within a
day. The size of traffic production is closely related to the nature of
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land and the scale or intensity of activities on the land. The resi-
dents travel for a certain purpose and lead to the production of
traffic. Traffic is not an end, but a process in which the residents
achieve a certain purpose. The individual characteristics, residen-
tial location (accessibility) and social development level are all fac-
tors that affect the occurrence of residents’ travel. The purpose of
residents’ travel is simplified to work, school, shopping and enter-
tainment, and the model is calibrated according to the survey
results of relevant residents’ travel. The model is in the form of:

hoqji
Sm><Un><

h
S =
mn mn

m+n (1)
m is the community number, n is the destination number, h is the
location code, U is the population of the community, and S is the
number of trips for the purpose.

(2) Traffic attraction model

Traffic attraction refers to the travel attracted by the end point
in people’s travel activities. The intensity of traffic attraction varies
with regional location, land use nature, travel distance and travel
purpose. Different land use properties have different attraction
intensity. It is assumed in this plan that jobs on industrial land,
commercial land, administrative office land and residential land
attract work travel; The number of school Posts attracts students
to travel to school; Commercial land attracts people to travel for
shopping and entertainment purposes; Administrative public
buildings and residential land attract travel for other purposes.

Based on the above assumptions, a classified land use attraction
right model is established in the form of:

C"mzlm_[(\/fxd+C:)\/m2+n2 )

n

where C represents the attraction of the cell, m represents the cell, n
represents the travel volume, f represents the number of types, and
d represents the proportion coefficient.

(3) Trip generation model

According to the socio-economic situation of the planning year
and the current socio-economic situation of the planning area, the
per capita number of trips in the planning year can be predicted on
the basis of the current per capita number of trips, and then the
total number of trips in the planning year can be calculated accord-
ing to the total population in the planning year of the planning
area.

Q- [@xp+ (Qt x Zﬁ) 3)
- t=0

where Q represents the current number of trips per capita, B Repre-
sents the growth coefficient, and T represents the total population.

(4) Trip generation model
Hn =Y (UnVi) +f U? x (m + n) 4)
m=0 mn

where H represents the number of communities, m and n represent
the number of buildings and the number of trips per building
respectively, and V represents the coefficient of change.
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3.3. Ecosystem service value analysis method

Ecosystem service value analysis method is a common and
important analysis method for scientific management of ecological
land (Li et al., 2017). Through analysis and comparison, the equiv-
alent table of ecosystem service value per unit area of terrestrial
ecosystem has high credibility, This table can be used to calculate
the coefficient values of ecosystem types and ecological values cor-
responding to land use types. The ecological service value formula
of various land use types is calculated by using the ecological value
coefficient.

i=1

w=>" (arcsindsin '0) + (Q; x B) 5)
i

where: W is the total value of ecosystem services in the assessed

area; Q is the ecosystem service value of class I land use type per

unit area; B is the area of type I land use type.

3.4. Fuzzy cognitive graph learning algorithm

The key to the fuzzy cognitive graph learning is to find the opti-
mal weight matrix of the target iteratively by using the known data
according to the search strategy of the algorithm, so as to build a
more accurate fuzzy cognitive graph model (Yuan et al., 2021).
Therefore, the learning algorithm is very important for the con-
struction of fuzzy cognitive graph.

Hebbian rules is an unsupervised technique originally applied
to artificial neural network training. The main feature of this learn-
ing rule is that if two neurons, one of which activates the other, are
repeatedly and continuously activated, then the value of the con-
nection between them should be strengthened. That is, if two units
have similar activation values, then their connection values will
continue to strengthen as the connection between them. The
mathematical formula for weight change is as follows:

Awyj = ny;(n)x; (6)

where, 7 is the normal number that determines the learning rate,
and x; and y; are the activation values of the two neurons.

The initial structure of the fuzzy cognitive map is determined by
the expert knowledge, and the determination of the initial weight
value will have a great impact on the final FCM performance. For
the application areas where it is difficult to give expert knowledge,
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evolutionary algorithms can be used to update the weight matrix
by learning the rules of historical data.

4. Research on the implementation evaluation of rural land
planning

4.1. Evaluation of realization degree of planning control indicators

Taking village A as an example, village A has convenient trans-
portation and superior location conditions. The railway runs
through the north and south, the national and provincial roads
meet in the whole town and connect with the high-speed kilome-
ters in the town, and the highway covers the whole town 100 %,
forming a very developed land transportation network; Land and
water transportation crisscross, forming a transportation network
extending in all directions, providing a good transportation envi-
ronment for the economic development of villages and towns.
Fig. 2 shows the geographical location of village A.

In order to ensure the objectivity, comprehensiveness and
rationality of the planning implementation evaluation, according
to the situation of the small town and based on the research results
at home and abroad, the main control indicators are selected for
evaluation. The appraisal scope covers all the land within the juris-
diction, and the appraisal period is 2005-2025.

4.2. Realization degree of binding indicators

In the current plan, by 2025, the amount of cultivated land in
rural a will not be less than 285.25 ha. By the end of 2020, rural
a has 389.65 ha of cultivated land, 104.4 ha more than the planning
target. In the current plan, the protected area of rural a basic farm-
land shall not be less than 198.22 ha from 2005 to 2025. By the end
of 2020, village a has 205.25 ha of basic farmland, 7.3 ha more than
the planning target. The basic farmland protection tasks assigned
by the superior planning have been implemented, and the basic
farmland protection area has fully met the requirements of the
planning target. It is planned that by 2025, the scale of urban
and rural construction land will be controlled within 1356.25 ha.
By the end of 2020, the actual urban and rural construction land
scale of village a is 585.25 ha, 771 ha less than the current plan-
ning, as shown in Fig. 3.

Expressway
=== Railway

|:| Village A
[:I Other villages

Fig. 2. Geographical location of village A.
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Fig. 3. The realization degree of rural A binding index.

4.3. Realization degree of expected indicators

It is planned that by 2025, the total scale of rural a construction
land will be controlled within 1287.22 ha. By the end of 2020, the
total construction land of village a will be 780.42 ha, 806.80 ha less
than the planning target. It is planned that the scale of rural indus-
trial and mining land will be controlled within 1266.56 ha by 2025.
By the end of 2020, the scale of urban industrial and mining land in
village a will be 675.45 ha, 591.11 ha less than the planning target.
It is planned that by 2025, the scale of new construction land in vil-
lage a will be controlled within 956.34 ha. In 2020, 146.77 ha of
construction land will be added in village a, and the implementa-
tion speed of the plan is lower than that of the current plan. It is
planned that by 2025, the scale of agricultural land occupied by
new construction land in village a will be controlled within
855.36 ha. In 2020, rural a will actually add 125.66 ha of construc-
tion land, and the implementation speed of the plan is lower than
that of the current plan, as shown in Fig. 4.

—#— Land used for building

—— Industrial and mining land

—4A— New construction land

—wv— Scale of occupied agricultural land

1600 =

1400 +

1200 +

1000
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200
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Time

Realization degree of expected indicators (Hectare)

Fig. 4. The realization degree of rural A expected indicators.
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4.4. Assessment of farmland and basic farmland protection

In 2005, the cultivated land of village a was 402.46 ha. Accord-
ing to the special account for agricultural land of village a, the cul-
tivated land of village a decreased year by year. From 2005 to 2020,
the cultivated land of village a decreased by 22.81 ha due to the
occupation of construction land, of which 8.77 ha were used for
traffic and water conservancy projects, 6.73 ha for industrial con-
struction projects, and 2.53 ha for public infrastructure projects,
1.36 ha are used for commercial service construction projects
and 3.42 ha are used for residential construction projects. By
2020, the cultivated land area of the whole town will be
379.65 ha, as shown in Fig. 5.

5. Empirical study on village level land use planning
5.1. Land use status

(1) Current situation characteristics

Taking village B as an example, the survey results of land use
change in 2020 show that the agricultural land area of village B
is 256.44 ha; The ecological land area is 167.22 ha; The construc-
tion land area is 67.89 ha; 88.87 ha of tourist land; Industrial land
is 126.55 ha. In the land use structure of Village B, the proportion of
agricultural land and ecological land is relatively close, the propor-
tion of construction land is small, and the distribution of land use
types is uneven, as shown in Fig. 6.

(2) Current problems

From the analysis of the current land use situation of rural B,
there are the following main problems: the number of cultivated
land is small, the reserve resources of cultivated land are scarce,
and the cultivated land area of the whole village accounts for only
13.7 % of the total land area. The development of reserve cultivated
land resources can be strengthened through land consolidation and
reclamation. The consolidation of construction land needs to be
strengthened. There is a large demand for funds for rural residen-
tial consolidation, and it is difficult to promote rural residential
consolidation on a large scale. The efficiency of land use and the
degree of economical and intensive use can be improved by pro-
moting the centralized and continuous construction of rural resi-
dential areas. The basic security work still needs to be improved.
The traffic in the village is underdeveloped and it is difficult to
communicate with the outside world; In the future, there is still
a lot of room for improvement in the village’s basic security work.
We can strengthen the construction of basic public service facilities

Occupied area

W Traffic and water
conservancy projects

B Industrial construction
projects

Public infrastructure
projects

M commercial service
construction projects

Fig. 5. Annual decrease of cultivated land in rural A.
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PROPORTION OF LAND

B Agricultural land area M Ecological land area

M Industrial land

M Tourist land

B Construction land area

Fig. 6. Status of rural B land structure utilization.

in the village in combination with the construction of beautiful
villages.

5.2. Land use structure adjustment

(1) Overall structural adjustment

After optimization and adjustment, the overall land use struc-
ture of village B will be relatively stable by 2033 (Fig. 7). The agri-
cultural land area of the whole village is 282.68 ha, accounting for
38.38 % of the total land area, 0.48 % lower than that in 2018; The
total construction land of the whole village was adjusted to
28.06 ha, accounting for 4.12 % of the total land area, an increase
of 0.48 % over 2018; The ecological land area of the whole village
remains unchanged.

—

éA/ /\m

[ |Miningland [ | Grassland

[ cutivatedland|[ | Homestead

I;] Garden plot
- Ecological area - Education District

Lake region

(2) Planning functional zoning

According to the planned land type of village C, from the per-
spective of urban planning, the village is divided into five func-
tional areas: ecological restoration area, living and residential
area, ecological forest area, landscape sightseeing area and agricul-
tural and forestry planting area (see Fig. 8).

Rural B development should first ensure the protection of eco-
logical trees and basic farmland. On this basis: in the near future
(1-5 years), enhance the satisfaction and happiness of living, that
is, the construction of public service facilities, the organization of
activities and the convenience of road transportation; In the med-
ium term (5-10 years), develop the landscape tourism industry
and increase the vitality and vitality of the village; In the long term
(10-15 years), it will take time for the ecosystem to achieve bal-
ance, and mine greening requires patience and efforts. The above

S

Fig. 7. Land use planning of village B.
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Agricultural reserve
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Residential areas

Lake area

Ecological restoration area
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Fig. 8. Functional distribution of village C.

development time series are roughly long, and specific projects are
arranged. If the time is ripe, it can be developed at the same time or
Cross.

6. Conclusion

The overall land use planning is the basis of the land use control
system in China, and it is a pre estimate of the future land use
development trend. The smooth implementation of the plan will
directly affect the direction and status of land use. Optimizing
the allocation of land resources plays an irreplaceable role in the
implementation of rural revitalization strategy. It is necessary to
make full use of the micro scale of village land use planning to opti-
mize the allocation of land resources, so as to coordinate the scale,
structure, distribution and timing of land use in various rural
industries. At present, the planning of rural land use is in its
infancy. The rural land use and management are still facing the
problems of extensive and inefficient land use, scattered construc-
tion and distribution, lack of public facilities and degradation of
rural style, which is not conducive to the implementation of the
strategy of Rural Revitalization. Through the analysis of the imple-
mentation of the main rural planning indicators. The results show
that: (1) both the rural a farmland and the basic farmland have
reached the planning goal, which shows that the land and basic
farmland in the village are well protected. (2) According to the
total index of construction land, the scale of construction land,
the scale of urban and rural construction land and the scale of
urban and rural industrial and mining land are 53.51 %, 46.29 %
and 38.68 % respectively, which have not highlighted the planning
objectives. (3) The implementation of new construction land is
low, only 15.53 %. The main reason for this phenomenon may be
the relatively backward production conditions in rural areas, and
it is difficult to get effective support from policies and funds. We
should promote the further decoupling of economic growth and
construction land by reasonably formulating the long-term goal
of economic growth, adjusting the economic structure with

advanced manufacturing industry and modern service industry
as the breakthrough point, reducing the consumption of construc-
tion land resources for economic development, innovating the
management mode of construction land and improving the control
effect of construction land.
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