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Abstract
The gully region of Loess Plateau is one of the earliest human settlement areas and the most ecologically sensitive areas in China. It has been facing challenges for future development. Gully village is the smallest social units on Loess Plateau that owns large amount of agricultural population.
However, due to inappropriate development planning and lack of developing directions, they are
gradually disappearing. Based on the practical investigations of the Gully Regions of Loess Plateau,
this paper aims to explore a new way for the future development of gully villages. Firstly, it classifies the gully villages by the distribution of location. Secondly, selecting ecological construction
evaluation factors of gully village and completing the quantitative evaluation are applied on the
suitability and sensitivity of ecological sustainable development classification. Thirdly, according
to the comprehensive evaluation, the developing condition of each gully village is divided into
“Good”, “General” and “Poor”. Finally, this paper figures out the future developing direction for
gully villages in different developing conditions.
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1. Introduction
1.1. Background
The Loess Plateau is located in the west of China, which is covered with 30 m - 300 m calcareous yellow soil,
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about 530 thousand square kilometers, accounting for 1/l8 of total Chinese territory [1]. Gully regions of Loess
Plateau is also one of the earliest human settlement areas and one of the most fragile ecological areas in China
[2]. The administrative areas of it totally include 6 cities, 18 counties, a population of about 4.3 million, a total
area of about 14.8 thousand square kilometers (Figure 1).
Within the area, landscape can be divided into tableland, slope, and gully. Villages’ distribution in this region
is dispersed and owns obvious local characteristics, mainly distributed in tableland, ditch, slope and gully [3].
Figure 2 shows the mainly village types, including tableland village, slope village and gully village. As the
smallest social units, gully villages usually located at the bottom of gully regions and have a large number of
agricultural populations. The necessary condition for this distribution is sufficient gap width, so as to ensure the
development of villages. These villages are often located at the bottom of gullies that are in the shape of “U”,
and often near perennial gully-typed rivers. Such kinds of villages are widely distributed in the Loess Plateau,
accounted for 30% to 40% of all villages.
Since the 21st century, with the progress of “population transfer to tableland”, large number of population
who used to live in slope villages and gully villages gradually moved to the tableland. On the one hand, it
caused the disappearance of the slope village and gully village. On the other hand, it increased ecological pressure of tableland where was densely populated originally. Therefore, for the ecological and sustainable development of gully villages and even the whole loess plateau, it is very important to explore a scientific way to save
resources and use energy effectively, protect ecological environment, improve living environment of local
people, and guide the construction of gully villages.

Figure 1. Scale of the loess plateau and gully regions.

Figure 2. Cross section to show villages’ types in gully regions.
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1.2. Classification of Gully Villages

Gully villages are located in the gully region of third level tributary. The third level tributary can be identified
by length that is about 50 km, and there are 5 km small scale rivers. The conception here is in compliance with
what used in the protection and conservation of soil and water [4]. It is made up by main gullies with rivers and
branch gullies without rivers, which are also the smallest settlement typologies in the Loess Plateau [5]. According to the different locations of these gully villages, there are two physical features: villages located in the
main gullies and villages in the branch gullies (Figure 3).
1) Villages located in main gullies
This type of villages located in the main gullies of the third level tributary. Gully villages own broad land that
is near water sources and main roads. Thus, the village size is larger than those located in gully branches, and
high population density area. The following figures show a typical main gully village, the name of that is Zhang
Jia He village. There are 135 families, 516 people, 102.33 hectares of cultivated land, and the annual per-capita
income is approximately 5000 RMB (816 USD) (Figure 4).
In addition, even in the same third level tributary gully, the distributions of gully villages has different forms.
If the villages in the main gullies are close to the gullies junction or plateau surface, the developing conditions of
these villages are quite better than other villages [6].

Figure 3. The two kinds of gully villages.

Land distribution of Zhang Jia He village

Existing condition of Zhang Jia He village

Figure 4. Zhang Jia He village located in main gullies.
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2) Villages located in branch gullies
Because of limited geography, the villages located in branch gullies of the third level tributary, in form of a
closed space, which creates an independent, quiet and harmonious neighborhood living unit in Loess Plateau.
The villages have a small size with small number of population. The following figures show a typical branch
gully village, the name of village is Wu Jia Shan village. There are 68 families, 258 people, and 30.93 hectares
of cultivated land. There is no primary school and clinic, meanwhile, infrastructure is poor. Annual per-capita
income is less 2000RMB (327 USD) (Figure 5).

2. Methodology
Although the distribution of gully villages in main gullies and branch gullies are different, their component elements, distribution forms and the developing influenced elements are almost the same. As there is not much difference between these two kinds of villages, only for the developing conditions are different, they are different.
Thus this study uses a same method to evaluate these two kinds of villages. Based on the established ecological
system of tableland, the ecological construction of gully villages aims to achieve sustainable development
through practical investigation, documentation research, and by contemporary ecological theory and methods.
The process of evaluation is shown in Figure 6.

Present distribution of Wu Jia Shan village

Existing condition of Wu Jia Shan village

Figure 5. Wu Jia Shan village located in branch gullies.

Figure 6. Analysis process of quantitative evaluation.
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The determination of index factors used in the process of ecological suitability and sensitivity evaluation
makes possible for evaluating the effects of ecological construction by qualitative and quantitative methods. The
ecological index evaluation of gully villages’ human living ecology is a typical multi-objective decision; each
index reflects the importance on ecology. Due to the different contributions of these index factors to the ecological aim, these factors should be treated differently during the process of comprehensive evaluation [7].
For this reason, the sequencing of index factors with different degree is the basis for the evaluation, and it is
also show the understanding of society, economy, the nature, and the implement of governmental guidelines. At
present, there is no systematic data statistics of related data in the gully regions. In this research, the index
weights are mainly according to large amount of literature review and field research. Basic data are mainly received from local governments and villagers during the field research. According to the importance of factors on
people’s production and living, these factors are estimated and classified.

3. Ecological Suitability Evaluation
Evaluation on the suitability of ecological construction is based on weighted grading method [8]. Firstly, identifying the evaluation factors that have influence on the villages’ ecological suitability, and then investigating the
distribution and characteristics of each factor and classifying them. Secondly, according to the effects on the
villages’ ecological construction, factors’ importance will be identified. More weights will be put to those factors that own more effects on ecological construction. Finally, on the basis of classification, all factors will be
weighted sum, thus the result shows the comprehensive evaluation value for suitability.
The main ideas can be listed as the following:
1) The selection and classification of suitability evaluation factors. The factors’ suitability can classify into 5,
3, 1, which can also be used to show the suitability levels of ecological construction of gully villages [9]. 2) Assessment and evaluation of the weight value of each factor, and drawing a hierarchical graph for each factor. 3)
Single factor is stacked and classified according to the stacked results. 4) According to the result of suitability
evaluation, factors are divided into three different ranges: suitable, more suitable, not suitable, and the suitability
of ecological construction are divided into good, general and poor.

3.1. Selection of Evaluation Factors
According to different influence factors on production, living and adapting methods, and documents utility, author selected ten evaluation factors: 1) slope gradient of both slopes in gullies, 2) gully width, 3) surface water, 4)
cultivated land per capita, 5) population size, 6) transportation, and 7) village land use degrees, 8) soil productivity, 9) plants diversity, and 10) public infrastructure. Ten evaluation factors are described as follows:
1) Slope gradient of both slopes in gullies
The influence caused by slope gradient is one of the most important factors for land suitability. According to
the research of runoff plots of soil and water conservation, if the slope gradient is within 30˚ and under the same
utilization conditions, the bigger the slope gradient, the soil and water erosion will be worse, and soil productivity will be lower thus slope gradient and soil and water erosion is positive correlated [10]. The weight is 0.100.
 Slope gradient < 5˚: basically is flat land, soil erosion which is suitable land for village development. The
evaluation value is 5.
 Slope gradient 5˚ - 25˚: have a certain slope gradient, which can be use for terrace field. There are limitations
for villages’ development. The evaluation value is 3.
 Slope gradient > 25˚: slope gradient is large, the farmland there should be returned into forest or grass land.
The limitation for villages’ development is large. The evaluation value is 1.
2) Gully width
Gully width directly limits the scale of village land use, land area, thus affecting the development of the
whole village. The weight is 0.125.
 Gully width > 300 m: there is enough developing space that can satisfy the demand for village development.
The evaluation value is 5.
 Gully width 100 m - 300 m: land scale is general and there is not too much space for further development.
The evaluation value is 3.
 Gully width < 100 m: land scale is too small and unsuitable for villages’ development. The evaluation value
is.
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3) Surface water
Surface water is one of the very important elements for wild animals and natural ecological system. Thus water area is a judge standard. The weight is 0.075.
 Gully villages are located in the area of reservoir and the coverage area. The evaluation value is 5.
 Gully villages are located in the coverage area of rivers or springs. The evaluation value is 3.
 Gully villages are located in the no water area. The evaluation value is 1.
4) Cultivated land per capita
Cultivated land per capita is the most important production condition and essential guarantee for certain
productivity. The weight is 0.100.
 >3.0 mu/per: villagers have large area of production land and in good condition, thus good living conditions
can be guaranteed. The evaluation value is 5.
 1.5 - 3.0 mu/per: Production land is enough and villagers’ living conditions can be guaranteed. The evaluation value is 3.
 <1.5 mu/per: Production land is not enough and in bad conditions, villagers’ life is very hard. The evaluation
value is 1.
5) Population size
Population size is the basic element to ensure the villager development. The weight is 0.100.
 >300: population is large size and developing conditions are related mature, which is suitable for further development. The evaluation value is 5.
 100 - 300: Population is moderate size and developing conditions are relatively common, which can be reserved and developed. The evaluation value is 3.
 <100: Population is relatively small size and developing conditions are relatively poor, which is better to relocate to other places. The evaluation value is 1.
6) Transportation
Numerous gullies, fragment landform and lower accessibility are the main characteristics of gully villagers’
transportation. Thus, transportation is the main index to measure the accessibility and convenience among cities
and towns, which own the positive relation with villagers’ development degree [11]. The weight is 0.100.
 Transportation joint: the joint of logistics, energy flow, information flow and species flow. The evaluation
value is 5.
 Beside transportation thoroughfares: the place that logistics, energy flow, information flow and species flow
pass. The evaluation value is 3.
 Faraway from transportation thoroughfares: the place is far away from logistics, energy flow, information
flow and species flow. The evaluation value is 1.
7) Village land use degrees
Village land use degree is an important influence factor for developing invest and construction, which is also
one of the basis for deciding villagers developing directions in a period of planning process. The higher degree
of land use means the larger population and the bigger developing potential. It is how that the proportion of existing residential area. The weight is 0.100.
 Village land use degree > 30%: The proportion of residential land use is high. The evaluation value is 5.
 Village land use degree 5% - 30%: The proportion of residential land use is relatively high. The evaluation
value is 3.
 Village land use degree < 5%: The proportion of residential land use is low. The evaluation value is 1.
8) Soil productivity
Soil productivity refers to the food production capacity and quantity in farmland per unit, and also the comprehensive reflection of effective thickness of soil layer, soil organic elements, and water condition and soil texture. The weight is 0.125.
 High productivity: effective thickness of soil layer > 200 cm, soil organic elements >1.2% soil texture is
medium loam, no soil erosion. The evaluation value is 5.
 Medium productivity: effective thickness of soil layer 100 - 200 cm，soil organic elements 1% - l.2%, soil
texture is light loam, soil erosion is middle degree. The evaluation value is 3.
 Low productivity: effective thickness of soil layer < 100 cm，soil organic elements <l%，soil texture is sandy
loam, soil erosion is high degree. The evaluation value is 1.
9) Plants diversity

6

T. Zhang et al.

Plants play very important ecological functions in protecting natural sources, and stabilizing gully and slope,
soil and water conservation, improvement of fragile ecological environment and anti-interference ability, reduction of ecological sensitivity variation. Plants can be classified in the following three kinds according to their
species, areas and values. The weight is 0.075.
 Dense forest zone: mainly with natural vegetation and rich in wild animals. The evaluation value is 5.
 Half forest and half village zone: mainly with artificial vegetation and farmland plants. The evaluation value
is 3.
 No vegetation zone: mainly with farmland plants and without natural vegetation and wild animals. The
evaluation value is 1.
10) Public infrastructure degrees
Public infrastructure is the important guarantee for life, the developing level of which is one of the important
elements to measure the degree of life convenience. The weight is 0.100.
According to the conditions and distribution, and take the reference of the public infrastructure standards,
public infrastructure can be divided into good, general and poor.

3.2. Standards for the Suitability
According to the grading standards of single factors, a hierarchical graph can be made and the evaluation results
of single factors should also be stacked. Using weighting factor method to evaluate, the computational formula
is:
n

Si = ∑ BkiWk

(1)

k =1

In Equation (1):
i—refers to the name of gully village, whose ecological construction conditions will be evaluated.
k—refers to the serial number of evaluation factors for ecological suitability evaluation.
n—refers to the total number of factors for ecological suitability evaluation.
Wk—weight value of factor k for ecological suitability evaluation, W1 + W2 + … + Wk = 1.
Bki—suitability evaluation value of factor k in gully village i.
Si—comprehensive evaluation value of ecological suitability in gully village i.
In Table 1, the comprehensive value of all stacked factors is changing within 1.00 - 5.00, in order to combine
the future developing strategy with suitability evaluation, this paper divides the suitability evaluation into three
levels: 1) 3.70 < S ≤ 5.00, villages with good suitability of ecological construction. 2) 2.40 < S ≤ 3.70, villages
with general suitability of ecological construction. 3) 1.00 < S ≤ 2.40, villages with poor suitability of ecological
construction [9].

4. Ecological Sensitivity Evaluation
Ecological sensitivity refers to the ecological factors’ adaptability under the outside pressure or interference
without damage or lower environmental quality [12]. Different ecological system responses differently for human activities, some of them own strong resistance, while some systems are fragile. The aim of ecological sensitivity is to analyze the responses of village natural ecological system to human activities.
Factors’ weighted grading method is adopted for evaluating the ecological sensitivity of gully villages. Firstly,
identifying the evaluation factors that have influence on the villages’ ecological sensitivity, and then investigating the distribution and characteristics of each factor and classifying them. Secondly, according to their effects
on the villages’ ecological construction, factors’ importance will be identified. More weights will be put to those
factors that own more effects on ecological construction. Finally, on the basis of classification, all factors will be
weighted sum, thus get the comprehensive evaluation value for sensitivity. The basic method is as the following:
1) The selection and classification of ecological sensitivity factors. The factors’ sensitivity can classify into 5,
3, 1, which can also be used to show the sensitivity levels of ecological construction of gully villages [9]. 2) Deciding the weights of each factor and evaluating one by one, and making the hierarchical graph for each factor. 3)
Single factor is stacked and classified according to the stacked results. 4) According to the result of sensitivity
evaluation, ecological sensitivity values can be divided into three degrees: high, general, and low ecological
sensitivity, villages can be divided accordingly into high, general and low ecological sensitivity villages.
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Table 1. Standards and weights of suitability evaluation factors in gully villages’ ecological construction.
Ecological factors

Evaluation standards

Slope gradient
of both slopes
in gullies

The smaller the slope gradient is, the higher
suitability of ecological construction

Gully width

Surface water

Cultivated
land per capita

Population size

Transportation

Village
land use
degrees

Soil
productivity

Plants diversity

Public
infrastructure
degrees

The wider the gully is , the higher
suitability of ecological construction

The better the surface water is, the higher
suitability of ecological construction

The larger the cultivated land per capita is,
the higher suitability of ecological construction

The larger the population size is, the higher
suitability of ecological construction

The better the transportation is, the higher
suitability of ecological construction

The higher the village land use degrees are,
the higher suitability of ecological construction

The better the soil productivity is, the higher
suitability of ecological construction

The more diversity the plants are, the higher
suitability of ecological construction

The higher lever the public infrastructure degrees are,
the higher suitability of ecological construction

Classification

Evaluation
value

<5˚

5

5˚ - 25˚

3

>25˚

1

>300 m

5

100 m - 300 m

3

<100 m

1

Reservoir and the coverage area

5

Rivers and springs

3

No water areas

1

>3.0 mu/per

5

1.5 - 3.0 mu/per

3

<1.5 mu/per

1

>300 people

5

100 - 300 people

3

<100 people

1

Transportation joint

5

Transportation thoroughfares

3

Faraway from
transportation thoroughfares

1

>30%

5

5% - 30%

3

<5%

1

High productivity

5

Medium productivity

3

Low productivity

1

Dense forest zone

5

Half forest and half tillage zone

3

No vegetation zone

1

Good

5

General

3

Poor

1

Weights

0.100

0.125

0.075

0.100

0.100

0.100

0.100

0.125

0.075

0.100

4.1. Selection of Evaluation Factors
Taking the gully nature and social economy into consideration, there are six limitation factors: 1) slope gradient
of gully slopes, 2) soil erodibility, 3) surface runoff sediments, 4) soil and water loss, 5) plant coverage, 6) pollution. Table 2 shows the different influence degrees of human activity of these six factors.
1) Slope gradient and length of both slopes
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Evaluation
Weights
value

Ecological factors

Evaluation standards

Classification
>25˚, <12 m

5

Slope gradient
and length

The bigger the slope gradient and length is,
the higher sensitivity of ecological construction

5˚ - 25˚, 12 m - 60 m

3

<5˚, >60 m

1

Sandy soil, clay

5

Light loam

3

Medium loam

1

Runoff and sediments collecting area

5

Runoff and sediments source area

3

Runoff and sediments formative area

1

Serious

5

General

3

Slight

1

<50%

5

50% - 90%

3

>90%

1

High

5

Medium

3

Low

1

Soil erodibility

The higher the soil erodibility is,
the higher sensitivity of ecological construction

Surface
runoff
sediments

The more surface runoff sediment is,
the higher sensitivity of ecological construction

Soil and
water loss

The more serious the soil and water loss is,
the higher sensitivity of ecological construction

Plants
coverage

Pollution

The more the plants coverage is,
the higher sensitivity of ecological construction

The more serious pollution is,
the higher sensitivity of ecological construction

0.250

0.250

0.100

0.150

0.150

0.100

Slope gradient and length is an important factor that influences soil erosion sensitivity. Under a certain condition, the same slope gradient but longer slope, the kinetic energy of water flow is larger, soil erosion intensity is
higher, geological conditions is less stable, thus it is very sensitive for human activity. The weight is 0.250.
 Slope gradient < 5˚, slope length < 12 m: Basically are flat land and the ideal land for village development.
The evaluation value is 5.
 Slopes gradient 5˚ - 25˚, slope length 12 m - 60 m: Have a certain slope gradient, which can be used for terrace field. There are a certain limitations for villages’ development. The evaluation value is 3.
 Slope gradient > 25˚, slope length > 60 m: The slope is large, slope gradient is large, the farmland there
should be returned into forest or grass land. The limitation for villages’ development is large. The evaluation
value is 1.
2) Soil erodibility
The higher the soil erodibility is, the erosion sensitivity will be higher. The weight is 0.250.
 Sandy soil, clay. The evaluation value is 5.
 Light loam. The evaluation value is 3.
 Medium loam. The evaluation value is 1.
3) Surface runoff sediments
Surface runoff sediments is the most direct motivation for soil and water loss, thus kinetic energy of surface
water and sediment movement is the most important factor to evaluate the soil erosion sensitivity. The weight is
0.100.
 Runoff and sediments collecting area. The evaluation value is 5.
 Runoff and sediments source area. The evaluation value is 3.
 Runoff and sediments formative area. The evaluation value is 1.
4) Soil and water loss
The more serious the soil erosion means that ecology is more sensitive to human activity, which can be di-
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vided into serious, the evaluation value is 5; general, the evaluation value is 3; and slight, the evaluation value is
1. The weight is 0.150.
5) Plants coverage
The rain erosion and kinetic energy of water flow can be reduced greatly if the soil is covered by plants. At
the same time, rainfall infiltration and surface runoff can be increased, thus reduces the soil erosion. Therefore,
plants coverage is an important factor that influences soil erosion sensitivity. The weight is 0.150.
 Plants coverage > 90%: Means that plant coverage area accounts for more than 90% of unit area. The evaluation value is 5.
 Plants coverage 50% - 90%: Plant coverage area accounts for 50% - 90% of unit area. The evaluation value
is 3.
 Plants coverage < 50%: Plant coverage area accounts for less than 50% of unit area. The evaluation value is
1.
6) Pollution
Pollution caused by industry, agriculture, domestic pollution, and can be divided into high, the evaluation
value is 1; medium, the evaluation value is 3; and low, the evaluation value is 1. The weight is 0.100.

4.2. Standards for the Sensitivity
According to the hierarchical graph of single factors, factors should be stacked. Then using weighting factor
method to evaluate, the following is computational formula:
n

Si' = ∑ Bki' Wk'

(2)

k =1

In the equation:
i—refers to the name of gully village, whose ecological construction conditions will be evaluated.
k—refers to the serial number of evaluation factors for ecological sensitivity evaluation.
n—refers to the total number of factors for ecological sensitivity evaluation.
Wk' —weight value of factor k for ecological sensitivity evaluation, W1 + W2 + … + Wk = 1.
Bki' —sensitivity evaluation value of factor k in gully village i.

Si' —comprehensive evaluation value of ecological sensitivity in gully village i.
In Table 2, the comprehensive value of all stacked factors is changing within 1.00 - 5.00, in order to combine
the future developing strategy with sensitivity evaluation, this paper divides the suitability evaluation into three
levels: 1) 3.70 < S ≤ 5.00, villages with high ecological sensitivity. 2) 2.40 < S ≤ 3.70, villages with general
ecological sensitivity. 3) 1.00 < S ≤ 2.40, villages with poor ecological sensitivity [9].

5. Developing Direction of Gully Villages
According to the ecological suitability and sensitivity evaluation of gully villages, the developing condition can
be divided into “Good”, “General” and “Poor”:
 “Good” is defined that the comprehensive evaluation for ecological suitability > 3.70, and ecological sensitivity ≤ 2.40.
 “General” is defined that the comprehensive evaluation for ecological suitability > 2.40, and ecological sensitivity ≤ 3.70.
 “Poor” is defined that the comprehensive evaluation for ecological suitability < 2.40, and ecological sensitivity > 3.70.
If the self-conditions is the basic requirement for the ecological construction and social development of gully
villages, then the ecological developing conditions of surrounding villages also play an important role in it. On
the basis of quantitative and qualitative analyses of self-conditions of gully villages, this paper also analyze the
relationship between gully villages and the surrounding villages. The surrounding villages’ developing level can
directly or indirectly contribute the developing directions of gully villages. Combining with the surrounding villages’ developing situation, Table 3 analyzes the future developing directions for gully villages with different
ecological construction.
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Table 3. The future developing directions for gully villages
Distribution of
surrounding villages

Ecological self-conditions
of gully villages

Future developing directions

Good

Villages can develop by themselves, and also can be
merged into the surrounding villages with better developing conditions.

General

It is better to be merged into the surrounding villages with better
developing conditions, and also they can develop by themselves.

Poor

These villages should be merged into the surrounding village
with better developing conditions.

Good

It is better to develop independently, and also they
can merge into the surrounding villages.

General

Villages can develop by themselves, and also can be merged
into the surrounding villages with better developing conditions.

Poor

These villages should be merged into the surrounding villages
with better developing conditions.

Good

These villages should merge with the small size villages
with poor developing conditions.

General

These villages can develop by themselves, and also can be merged
into the surrounding villages with better developing conditions.

Poor

These villages can merge with the surrounding villages,
and also can be moved to other areas.

Good

These villages should develop independently.

General

These villages should develop independently,
and also can be move to other areas.

Poor

These villages should be move to other areas.

Large villages
with good developing
conditions

General size villages
with general
developing conditions

Small size villages
with poor developing
conditions

No villages
distribution

6. Conclusions
China, as the largest developing country in the world, is experiencing rapid development now. Along with this
rapid development and recent new socialist rural construction, gully villages of Loess Plateau are also experiencing a great change. How to make them to achieve a better development in the future is a big challenge for
this region. At the same time, as one of the most fragile ecological area in China, it is very significant to improve their soil and water protection, ecological system, during the whole developing process.
This paper studies the gully villages of Loess Plateau in detailed, which are very typically facing “death” in
recent years, and finds out factors that influences ecological construction and development. The classification of
suitability and sensitivity factors of ecological construction makes it possible to evaluate the efficiency of ecological construction by qualitative and quantitative evaluation, and at the same time provides as the basis for
ecological management. However, human living’s ecological environment of gully village is continuous developing. These independent and limited index factors are impossible to reflect overall functions, structure relationships, developing levels and tendency. The comprehensive index system is not necessary and sufficient. And
these standards are not absolute suitable for ecological construction. They must combine with specific time,
space and social conditions. Therefore, what could be provided here are only relative references, which are imprecise and periodically. This paper hopes to explore a new way for the future development of gully villages,
and provides reference and guidance for better and scientific development in the future.
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