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Abstract: The purpose is to study the geological resource planning and environmental impact
assessments based on the geographic information system (GIS). In this study, the land resources of
Yinan County in southeastern Shandong Province are taken as the research object. Based on a GIS, the
current situation of land resource development is analyzed, land resource planning is carried out, and
environmental impact mitigation measures are evaluated and analyzed through the environmental
impact. The results obtained depict the distribution of cultivated land; the development area is
1617.31 hm2, of which 577.32 hm2 is cultivated land, 30.43 hm2 is garden land, 399.66 hm2 is forest
land, 40.87 hm2 is urban and rural construction land, 10.11 hm2 is traffic water conservancy and other
construction land, and 558.92 hm2 is natural reserve land. In the layout of the construction land, the
development area is 841.94 hm2, of which 175.44 hm2 is cultivated land, 47.88 hm2 is garden land,
100.54 hm2 is forest land, 0.1 hm2 is other agricultural land, 90.45 hm2 is urban and rural construction
land, 3.66 hm2 is traffic water conservancy and other construction land, 11.33 hm2 is water area,
and 412.54 hm2 is natural reserve land. The impact of the implementation of planning on most
indicators is positive and beneficial, while the impact of negative indicators is relatively small. It is
revealed that the implementation of the plan has little impact on most of the ecological environment
indicators. Construction and cultivated land development further improve the level of urbanization.
In the process of planning implementation, corresponding measures should be taken to slow down
or eliminate the negative development of the ecological environment.

Keywords: GIS; land resource planning; environmental impact assessment; Yinan County; low hills
and slopes

1. Introduction

Geographic information system (GIS) is a special spatial information system which
combines geography with cartography, remote sensing, and computer science. It is used to
input, store, query, analyze, and display geographic data [1]. It is a technical system for
collecting, storing, managing, calculating, analyzing, displaying, and describing geographic
distribution data of the whole or part of the earth’s surface (including the atmosphere)
space with the support of computer hardware and software systems [2].
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Geological research planning should be implemented for proper utilization of land
suitability depending upon the current scenario. To achieve the proper utilization of
land use planning and to improve the productivity, proper geological research planning is
required. Utilizing the exact usage and need of land resource evaluation can be beneficial for
the identification and recognition of land resource usage for a predefined specified purpose.
It would be beneficial for assessing the land related requirements and considerations to
identify the particular strategic areas for particularly specified activities.

GIS can integrate the unique visualization effect and geographic analysis function of
a map with general database operations (such as query and statistical analysis) to map
and analyze the phenomena and events on the earth [3]. It is divided into five parts:
personnel, data, hardware, software, and process [4]. The method of geological resource
planning involves correctly and reasonably arranging and designing land resources within
a certain range [5]. There are several considerations for effectual GIS resource planning and
implementation which are described in Figure 1.
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According to the scope controlled by geological resource planning, it can be divided
into three types: national, regional, and enterprise units. On the basis of a comprehensive
inventory of land resources, various types of land are classified and evaluated comprehen-
sively. Then, according to the needs of national economic development, land use should
be rationally organized, and land use scope and planning and design among industries,
agriculture, water conservancy, culture, education, health, and other departments and
enterprises should be allocated and determined [6]. Land is the most important natural
resource. Rational planning and utilization of land and continuous improvement of its
agricultural production level are of great significance to the realization of agricultural
modernization and the development of national economies [7]. Environmental impact
assessment, as a scientific method and technical means, refers to the analysis and demon-
stration of the possible environmental impacts caused by the proposed human activities.
On this basis, the preventive measures and countermeasures are put forward [8]. The
basic contents of environmental impact assessments include: the specific content of the
construction plan, the environmental background of the construction site, the possible
impact and damage to the environment after the completion and implementation of the
project, the countermeasures to prevent these impacts and damage, and the economic and
technological demonstration [9]. Environmental impact assessments have a preventive
function before decision-making and development and construction activities begin. After
the decision-making or the start of development and construction activities and through
the implementation of environmental monitoring plans and sustainability studies, envi-
ronmental impact assessments are still continuing, constantly verifying the evaluation
conclusions and feeding back to decision makers and developers to further modify and
improve their decision-making and development and construction activities [10].

The major motivation behind this research work is to assess the land resources and
provide a conceptual framework for land evaluation. The GIS-based analysis of land



Sustainability 2022, 14, 906 3 of 12

suitability is done for assessing the land resources and evaluating the land related require-
ments for the identification of various domains which are strategically essential for certain
activities. The data management perspective is also the evaluation criteria for GIS analysis
and automation in the land evaluation domain.

This article assesses the impact of the geological resource planning and environmental
assessments based on the geographic information system (GIS). This study considers the
land resources of Yinan County in southeastern Shandong Province and is based on the GIS
system implementation; the current situation of the land resource development is analyzed.
The major research objectives of this work are:

• The development of a method for land resource planning and environmental impact
mitigation measures;

• The analysis of the geological resource planning and environmental assessments
through environmental impact;

• An indicator-based assessment of land resource planning based on the geographic
information system.

The analysis revealed that the impact of the implementation of planning on most indi-
cators is positive and beneficial, while the impact of negative indicators is relatively small.
The implementation of the plan has little impact on most of the ecological environment
indicators. It was revealed that construction and cultivated land development will improve
the level of urbanization if the corresponding measures are taken to slow down or eliminate
the negative development of ecological environment.

The remainder of this article is organized as follows. Section 2 depicts the survey of
literature presenting the current state-of-the-art work done in this field. Section 3 details
the complete methodology of the article followed by the results and discussion in Section 4.
Concluding remarks are indicated in Section 5 of the research article.

2. Literature Review

There are several methodologies in the literature which employ various traditional
approaches for assessing the quality of land suitability and analyze the environmental
impact using GIS-based technologies.

Several technological approaches are based on Boolean algebra-based fuzzy ap-
proaches, weighted linear combination-based methods, and different regression-based
techniques. Several methods are indicated in Table 1 showing the attempt of various
researchers in the field of land suitability analysis.

Table 1. Different state-of-the-art methods for the analysis of land suitability.

Authors Methods Employed for Analysis

Bagherzadeh and Gholizadeh [11] Artificial neural network (ANN)
Bagherzadeh et al. [12] Fuzzy approach

Danvi et al. [13] Machine learning (ML)
Lopez-Blanco et al. [14] Fuzzy-based method + ML

Raza et al. [15] Fuzzy-based method
Bhermama et al. [16] GIS+ land suitability evaluation (LSE)

Apart from these techniques, there are several other methods which assess the impact
on the environment as well as risks involved in maintaining the quality of environment
by environmental exposure to pollution, noise, gas emission, and various other economic
activities [17,18].

A wide variety of methodologies and frameworks are available in the literature for
performing environmental impact assessments and analyses. A holistic approach was
considered by the authors in [19] which evaluates all the potential environmental factors
generated by various activities involved in different organizations such as the mining
industry, mineral processing, etc. [20–22]. The integrated approach was proposed by
the researchers focusing on the design of mining and their sustainable development [23].
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The various challenges were investigated by Salom and Kivinen [24] for the sustainable
environmental image and development. An analytical approach was presented by Lyu [25]
for minimizing the impact of environmental degradation and for optimizing the economic
aspects of resource planning. Some of the mathematical matrix-based methods were
presented by the authors in [26] for determining the environmental impact on various
land resources.

There are several approaches that are being used for assessing the land suitability in
terms of high, moderate, and low degree of utilization [27–29]. The quantitative assessment
of numerical indicators has been done using mathematical modeling of various physical
and geological conditions [30].

The land suitability is evaluated in a broader sense using the qualitative methods
and various technical procedures [31,32]. Some of them are statistical, parametric, and
arithmetic procedures, and the variations lie in their technical applicability [33,34]. The real-
world challenges have been applicable to hybrid land evaluation systems, which further
improve the accuracy, reliability, and suitability of various land resources [35]. There have
been varying characteristics for land suitability evaluations, and the numerical values
as well as the accountability of interactions expressed in terms of various indices is very
important [36]. The index scores affect the overall suitability of the land evaluation method,
and there may exist a bottleneck in terms of uncertainty and vagueness of the various
determining factors.

The research has developed the geological resource planning and environmental
impact in terms of application and methodological phases. There are several studies on
land resource planning of low hills and gentle slopes, which cannot meet the needs of
the low hilly and gentle slope land resources. Therefore, in this study, Yinan County
in southeastern Shandong Province is taken as the research object, and its geological
resource planning and environmental impact assessments are discussed on the basis of GIS
technology, which provides a theoretical basis for geological resource planning on low hills
and gentle slopes.

3. Materials and Methods

The raw field data involves geographical information providing insights on the spa-
tial, temporal, and attributional reference framework. The raw data indicates the units of
measurements, relevant data based on the time scale, and qualitative or quantifiable phys-
ical attributes associated with the land resource situation in Yinan County. The uniform
dataset comprises consistent attributes and the type of dataset is GIS, which is collected
from the current land resource situations of Yinan County. The raw data is collected from
various physical geographical conditions, socio-economic conditions, and land resource
development situations, which result in the analysis of land resource characteristics ob-
tained using insights from the behavioral relationship and field observations supporting
the environmental assessment. The relevant data was incorporated for the study, which
is available from a reference system. The present research work uses the ArcGIS software
package that has embedded inbuilt tools for enabling the transformation in the projection
and data standardization. The data analysis is performed using the ArcGIS software pack-
age (https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview) (accessed on
20 September 2021).

The entire methodology of this work has been divided into various steps, depicted in
the flowchart shown in Figure 2, which is further detailed in the following subsections.

The land resources are initially analyzed for the physical geographical conditions of
the study area, its socio-economic conditions, and the land resource development situation.
The analysis of land resource characteristics is based on the data obtained from GIS. Further-
more, the analysis of land resource planning is based on the theoretical potential analysis
and planning model. The environmental impact was assessed using various mitigation
measures such as ecological, human settlement, and socio-economic indicators.

https://www.esri.com/en-us/arcgis/products/arcgis-pro/overview
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3.1. Current Situation of Land Resource Development in Yinan County

Physical geographic conditions: Yinan County is located in low mountain and hilly
areas. Geomorphological zoning features are obvious. From west to east, the order is low
mountain area, plain area, and hilly area. The altitude is between 88 and 762.8 m. There are
more than 3400 hilltops, mostly in the western part of the county. Among them, there are
19 mountains 500 m above sea level. Its soil classification includes five soil types: brown
loam, cinnamon soil, Chao soil, ginger black soil, and paddy soil. The physical geographical
location of the study area map of Yinan county is depicted in Figure 3.
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Socio-economic conditions: GDP per capita is US$3092. The proportion of the
first, second, and third major industries is 19.4:47.8:32.8, respectively. The industrial
economy has achieved rapid growth with the added value of all industries reaching
6.27 billion yuan, an average annual growth of 27.3%. The added value of the tertiary
industry is 5.01 billion yuan, and its proportion has increased significantly.
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Current situation of land resource development: The total land area of the county is
171,928.18 hm2, and the agricultural land area is 136,395.02 hm2, accounting for 79.33% of
the total land area. The area of construction land is 2150.92 hm2, accounting for 12.52% of
the total land area. The other land area is 14,002.24 hm2, accounting for 8.14% of the total
land area. Through the spatial analysis of GIS, it is concluded that the resources of low hills
and gentle slopes are about 82,579.17 hm2, accounting for 48.03% of the total land area of
the county.

Analysis of land resource characteristics: The county’s low hill and gentle slope
resources are relatively concentrated, and the total amount is relatively rich. The area with
middle slopes less than 15 degrees accounts for 87.12%, which is suitable for comprehensive
development and utilization. Natural reserved land accounts for 7.58% of the total area,
which is relatively low. Due to the low proportion of natural reserves, the development and
utilization of natural reserves should pay attention to further adjusting the rational use,
focusing on tapping potential, combining with special planning, and carrying out rational
development and utilization in a planned and step-by-step manner. The analysis output of
land resources assessed on the basis of GIS are shown in Figure 4.
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3.2. Analysis of Land Resource Planning

Theoretical potential analysis: The county’s land resource area is limited. Especially in
recent years, with the rapid development of the social economy, with the enhancement of
economic strength, and the improvement of the investment environment, the development
of industrialization and urbanization has accelerated, and the demand for construction
land has increased. According to the requirement of construction land for the balance of
arable land occupation and compensation and the balance of arable land ownership, the
current land reserve resources are insufficient. It is necessary to actively develop and utilize
low hill and gentle slope resources, increase construction land, and supplement the source
of arable land. Generally speaking, low hilly, gentle slopes with slopes ranging from 6 to
15 degrees are of high value for development and utilization. The area with better soil and
water conditions can be basically cultivated land, and the part with high land quality of
15–25 degrees can be cultivated land. The rest of the gentle sloping land can be developed
into economic forests and various types of forestry land. Blocks near residential areas
with good traffic conditions are developed into construction land. Lower hills and gentle
slopes are concentrated in the western part of the county, and there is a certain scale of
concentrated distribution in Sun Zu Town, while other places show discrete distribution.

Planning model analysis: According to the requirements of local conditions and scien-
tific development, the comprehensive development, improvement, and transformation of
low hilly and gentle slope farmland reclamation are carried out through the main measures
of land leveling, irrigation and drainage facilities, field roads, soil testing, and formula
fertilization. In the construction land, it is necessary to strengthen environmental protec-
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tion, implement soil and water conservation measures, rationally arrange the development
schedule, and achieve ecological, safe, and orderly development. By sharing regional infras-
tructure, the land use structure within the block can be improved, the land development
model can be optimized, and efficient, intensive, and rational utilization can be achieved.

3.3. Environmental Impact Assessment

Environmental status: There are more people and less land in the county. Moreover,
the unreasonable exploitation and utilization of land, forest, water, and mineral resources
for a long time have resulted in the lack of necessary protection and construction of the
ecological environment and the increasingly stringent ecological environment. The main
manifestations are soil erosion, vegetation destruction caused by unreasonable develop-
ment and utilization, shrinkage of lakes, rivers, and wetlands, threats to biodiversity, and
destruction of the ecological environment caused by the mining of mineral resources. In
some places, ecological destruction and environmental pollution have become impor-
tant factors restricting economic development, affecting social stability, and threatening
people’s health.

Environmental impact assessment: The development of low hills and gentle slopes can
solve the bottleneck problem of land shortage faced by the current agricultural development
and urban construction to a large extent. However, the development of the hills, low
hills, and gentle slopes project is the transformation and renewal of the original ecological
environment, which will lead to the change of land use types, thus resulting in the change of
ecosystem in the development area. In addition, many pollutants from modern construction
equipment, machinery, industrial production activities, etc., will also bring adverse effects
on the surrounding ecological system and environmental conditions.

3.4. Environmental Impact Mitigation Measures

Environmental protection: In the development of construction land, people should
deal with the relationship between development and protection. In site leveling, people
should strengthen the protection of existing water systems, reservoirs, and other water
conservancy facilities, do a good job in flood control and waterlogging drainage projects,
and pay attention to soil and water conservation. In block construction, people must
strictly implement the “three simultaneous” system of soil and water conservation and
environmental protection facilities construction, implement the requirements of discharge
up to standard, and strengthen the inspection of water and soil conservation and the
construction of the environmental protection facilities of the project. For development
projects that fail to complete the relevant water and soil conservation and environmental
protection facilities as required, they must be ordered to fulfill the requirements and protect
the ecological environment in earnest. In the future, the industry guidance insists on the
ecological environment as an important indicator, forbids pollution projects to occupy
low hills and gentle slopes for construction, introduces low-consumption, light-pollution,
and high-tech industries, and establishes a complete set of corresponding mechanisms
to strengthen the supervision and management of enterprises entering the region. When
cultivating cultivated land on low hills and gentle slopes, people should try their best to
preserve the original ecological features, respect the production and living habits of farmers,
and avoid the uniform modern pastoral style. In planning and design, many factors such
as topography, landform, irrigation conditions and so on should be fully considered to
design the direction of the field rationally. Terrace layout is used to reduce the amount
of land leveling work. In the construction of the project, it is necessary to reduce the
environmental impact of construction machinery and protect the surface organic tillage
layer. In the development of construction land, it is necessary to implement the stripping
project of tillage layer in the block as far as possible. The stripped organic tillage layer can
be used to improve the quality of adjacent farmland as well as for the development projects
of cultivated land so as to improve the quality of new cultivated land.
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Geological hazard prevention and control: For the construction of sensitive areas with
serious excavation, it is necessary to avoid the rainy season. Temporary rockfill and plastic
film mulching should be used to prevent rainwater from scouring slopes and eroding the
surface soil. For the cultivated land newly reclaimed on low hills and gentle slopes, suitable
tillage methods are generally adopted, such as contour tillage and no tillage. Various water
and soil conservation measures, such as building drainage ditches and reservoirs and other
plant measures, are adopted to conserve the newly developed land. Making terraces as
far as possible can not only keep water and soil, but also improve yield. In addition, the
assessments of geological hazards should be strengthened to ensure the feasibility and
safety of the geological resource planning.

4. Results
4.1. Result of Land Resource Planning and Distribution

In the distribution of cultivated land, the development area is 1617.31 hm2. It is
divided into two parts: land development reclamation and construction land reclamation,
of which 577.32 hm2 is cultivated land, 30.43 hm2 is garden land, 399.66 hm2 is forest land,
40.87 hm2 is urban and rural construction land, 10.11 hm2 is traffic water conservancy
and other construction land, and 558.92 hm2 is natural reserve land. In the layout of
construction land, the development area is 841.94 hm2, of which 175.44 hm2 is cultivated
land, 47.88 hm2 is garden land, 100.54 hm2 is forest land, 0.1 hm2 is other agricultural land,
90.45 hm2 is urban and rural construction land, 3.66 hm2 is traffic water conservancy and
other construction land, 11.33 hm2 is water area, and 412.54 hm2 is natural reserve land.
The land resource planning and distribution outcomes are shown in Figure 5.
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Figure 5. Results of land resource planning and distribution ((A): cultivated land distribution results;
1: cultivated land, 2: garden land, 3: forest land, 4: urban and rural construction land, 5: traffic
water conservancy and other construction land, 6: natural reserve land; (B): construction land
distribution results; 1: cultivated land, 2: garden land, 3: forest land, 4: other agricultural land, 5:
urban and rural construction land, 6: traffic water conservancy and other construction land, 7: waters,
8: natural reserve).

Similarly, the suitability of the construction land area is also identified out of the total
planning area and is shown in Figure 6.

4.2. Results of Environmental Impact Assessment

A hierarchical structure system with index level, criterion level, and target level is
formed through three factors: ecological environment, human settlements environment,
and socio-economic environment. Classification and grading are given, as shown in Table 2
and Figure 7.
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Criterion Level Index Level Environmental Impact Assessment

Ecological environment

Development of new cultivated land in unused land suitable for cultivation −4

Reclamation scale of construction land 2

Development of suitable forest land −4

New construction land 2

Human settlement environment

Unit construction land 4

Development of new forest land 6

Per capita urban construction land area 6

Proportion of construction land to regional area −2

Socio-economic environment

Per capita net income 10

Per capita GDP 10

Urbanization level 8
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It can be seen that most of the indicators are positive and beneficial, while the negative
indicators have relatively small impacts.

5. Discussion

The results obtained from the land resource planning and distribution provide the
description of cultivated land area which can be further divided into land development
reclamation as well as construction land. Further, the subdivision is provided in terms of
garden land, cultivation land, forest land as well as urban and rural land. The land is further
sub-divided in terms of lands to be utilized as natural reserve land, construction land,
traffic water conservancy, and various other construction lands. The results are depicted
in terms of land resource planning and distribution as per the percentage of land suitable
for construction and unsuitability of land resources. This research work also assesses the
environmental impact of land resource planning and its assessment. A hierarchal structure
is presented along with various index levels, criterion levels, and target levels. The criteria
levels were sub-divided into ecological environment, human settlement environment as
well as socio-economic environment. The index levels are provided in terms of ecological
environmental factors such as development of new cultivated land in unused land suitable
for cultivation, reclamation scale of construction land, development of suitable forest land,
and new construction land. The human settlement environment is depicted in terms of
development of new forest land, per capita urban construction land area, and proportion
of construction land to regional area. The socio-economic environment is provided as
per-capita net income, per capita GDP, and urbanization level. The environmental impact
assessment indicators are provided ranging from −10 to 10.

The effectiveness of the environmental analysis providing insights on spatial and tem-
poral attributes requires a thorough understanding of the factors that determine the validity
of the assessment. The GIS analysis ensures the accountability of output assessments which
use the optimal data availability for obtaining reliable outcomes. The various assessment
stages involve different modelling methods, and the assessment parameters are analyzed
through various flexible GIS-based land resource planning stages. The efficacy and perfor-
mance assessment of different assessment stages are conducted in terms of environmental
reports and evaluation of environmental impact factors. However, further development of
the potential performance can be performed using the comprehensive approach. The future
of GIS-based research can be improved through public participation and by enhancing the
research-oriented applications. Further, the precise output interpretation and evaluation
should involve better planning and environmental management by utilizing the impact
assessment process.

6. Conclusions

In this study, geological resource planning and environmental impact assessments
based on GIS are studied. The land resources of Yinan County in southeastern Shandong
Province are taken as the research object. Based on GIS, the current situation of land resource
development is analyzed, land resource planning is carried out, and environmental impact
mitigation measures are evaluated and analyzed through environmental impact. In the
distribution of cultivated land, the development area is 1617.31 hm2, of which 577.32 hm2

is cultivated land, 30.43 hm2 is garden land, 399.66 hm2 is forest land, 40.87 hm2 is urban
and rural construction land, 10.11 hm2 is traffic water conservancy and other construction
land, and 558.92 hm2 is natural reserve land. In the layout of construction land, the
development area is 841.94 hm2, of which 175.44 hm2 is cultivated land, 47.88 hm2 is
garden land, 100.54 hm2 is forest land, 0.1 hm2 is other agricultural land, 90.45 hm2 is urban
and rural construction land, 3.66 hm2 is traffic water conservancy and other construction
land, 11.33 hm2 is water area, and 412.54 hm2 is natural reserve land. The impact of the
implementation of planning on most indicators is positive and beneficial, while the impact
of negative indicators is relatively small. Generally speaking, the implementation of the
plan has little impact on most of the ecological environment indicators. Construction
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and cultivated land development will improve the level of urbanization. In the process
of planning implementation, corresponding measures should be taken to slow down or
eliminate the negative development of the ecological environment.

Therefore, in this study, geological resource planning and environmental impact
assessments based on GIS are studied. Generally speaking, the implementation of the
plan has less impact on most of the indicators of the ecological environment. In this
study, although a qualitative environmental impact assessment has been carried out, it is
difficult to quantitatively assess the impact of the development process on the ecological
environment. The mitigation measures mentioned in the study are also inadequate and
need further study.
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